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Abstract
Background. Vestibular schwannomas (VS) are nonmalignant tumors of the eighth cranial nerve and are the most 
common nonmalignant nerve sheath tumor. This study provides the most comprehensive and current analysis of 
VS epidemiology in the United States.
Methods.  Incidence data were obtained from the Central Brain Tumor Registry of the United States, from 2004 to 
2016 for VS. Age-adjusted incidence rates (AAIRs), rate ratios (AAIRRs), and prevalence ratios (AAPRs) per 100 000 
were analyzed by age, sex, race and ethnicity, and laterality. Additional analyses were performed to assess differ-
ences in treatment, laterality, and diagnostic confirmation.
Results.  Incidence of VS was highest among adults (aged 65–74  years, AAIR: 3.18, 95% confidence interval [CI]: 
3.15–3.25). However, there was a much higher distribution of bilateral tumors compared to unilateral in children aged 
0–19 years (28.5% vs 1.0%, P < .001). VS incidence was highest among white non-Hispanics (AAIR:1.30, 95% CI: 1.29–1. 
31) and lowest among black non-Hispanics. Incidence of radiographically confirmed VS increased from 2004 to 2016 
(annual percent change: 1.64, 95% CI: 0.15–3.16, P = .03). For treatment, 40.1% received surgery, while only 23.7% 
received radiation. There were an estimated 44 762 prevalent cases of VS in 2016 (AAPR: 12.17, 95% CI: 12.06–12.29).
Conclusions. VS incidence and prevalence are highest among adults and white non-Hispanics. Bilateral VS was 
more common among children. There was an increase of radiographically confirmed VS over time. A higher pro-
portion of patients received surgical treatment than radiotherapy. Population-based statistics provide healthcare 
professionals with vital information regarding disease burden and help improve patient care.

Key Points

	•	 Vestibular schwannoma incidence was highest among white non-Hispanics (AAIR: 1.30, 
95% CI: 1.29–1. 31) and lowest among black non-Hispanics.

	•	 Incidence of vestibular schwannoma was highest among adults (aged 65–74 years, AAIR: 
3.18, 95% CI: 3.15–3.25).

	•	 Overall, there was a higher distribution of bilateral tumors compared to unilateral in 
children aged 0–19 (28.5% vs 1.0%, P < .001) from 2004 to 2016.

Epidemiology of vestibular schwannoma in the 
United States, 2004–2016
  

applyparastyle "fig//caption/p[1]" parastyle "FigCapt"
applyparastyle "fig" parastyle "Figure"

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:jsb42@case.edu?subject=


 2 Cioffi et al. Vestibular schwannoma epidemiology in the United States, 2004–2016

Vestibular schwannomas (VSs) are nonmalignant tumors of 
the eighth cranial nerve. VS, previously known as acoustic 
neuroma, is the most common nonmalignant nerve sheath 
tumor (97.5%) and the third most common nonmalignant 
primary brain tumor (12.3%), after meningioma and tumors 
of the pituitary.1,2 While rarely fatal, VS can cause physical 
impairment such as hearing loss, tinnitus, disequilibrium, 
and vertigo.3 Management options include serial observa-
tion to determine growth or intervention (microsurgical re-
section or use of radiation therapy) in cases of persistent 
growth or upfront larger size of the tumor. These decisions 
are complex and should be undertaken after extensive 
counseling of patients and caregivers in a multidisciplinary 
fashion.3

Prior epidemiological studies assessing the incidence 
of VS were not comprehensive as they evaluated either a 
smaller sample population or a shorter timeframe.4–7 We 
provide an up-to-date epidemiological study that evalu-
ates the incidence and prevalence of VS by demographic 
and histological factors, utilizing data from the Central 
Brain Tumor Registry of the United States (CBTRUS) for di-
agnosis years 2004–2016. Population-based statistics pro-
vide researchers and healthcare professionals with vital 
information regarding the burden of the disease and help 
inform patient care and prognosis.

Methods

CBTRUS, which receives data in collaboration with the 
Centers for Disease Control and Prevention’s National 
Program of Cancer Registries (NPCR) and the National 
Cancer Institute’s Survival, Epidemiology, and Ends 
Results Program (SEER), is the largest population-based 
registry focused exclusively on primary brain and other 
central nervous system tumors in the United States, cov-
ering the entire US population.1

First-sequence, microscopically or histologically con-
firmed cases of VS diagnosed between 2004 and 2016 were 
identified using the International Classification of Diseases 
for Oncology, Third Edition (ICD-O-3) histology and mor-
phology code 9560/0 (Neurilemoma, NOS), and primary 
site code C72.4 (acoustic nerve). Only Neurilemoma, NOS 
found in the acoustic nerve can be labeled VS.

Age-adjusted incidence rates (AAIRs) and rate ratios 
(AAIRRs) per 100 000 persons were generated for age, 
sex, race, ethnicity, histology, and laterality with 95% con-
fidence intervals (95% CIs). Annual percent change (APC) 

was calculated to assess incidence trends. Age-adjusted 
prevalence rates (AAPRs) per 100 000 persons for 2016 
were estimated for age, sex, and race based on the Zheng 
et  al.’s complete prevalence methodology, using inci-
dence data provided by CBTRUS and survival data from 
the NPCR United States Cancer Statistics Survival Dataset 
which includes data from 43 NPCR registries for the years 
2004–2015.8,9 Proportions were calculated to evaluate the 
distribution of histologic confirmation, surgical treatment, 
and radiation therapy. This dataset provides population-
based survival information for approximately 93% of the 
US population for the years 2004–2015 and is a subset of 
the data used for the incidence calculations.

SEER*Stat (version 8.3.6) was used to generate all in-
cidence rates and incidence rate ratios. Incidence trends 
were assessed using Joinpoint Regression Program (ver-
sion 4.7.0; http://surveillance.cancer.gov/joinpoint). All in-
cidence rates were age-adjusted and standardized to the 
2000 US population to adjust for differences in age distri-
bution. Ninety-five percent (95%) CIs were calculated using 
the method described in the work of Tiwari et  al.10 Chi-
square tests were performed to assess differences in pro-
portions. Prevalence analyses and figures were generated 
using R Software (version 3.5.2).

Results

Overall, from 2004 to 2016, there were 49 869 cases of 
VS with an AAIR of 1.14 (1.13–1.15) per 100 000. The ma-
jority of tumors were unilateral (99.2%) and occurred 
mostly in white, non-Hispanics (82.7%), with a slight 
female predominance (52.6%; Table  1). There were no-
table differences in age distribution based on laterality, 
with a significantly larger proportion of children aged 
0–19  years with bilateral VS (28.5% vs 1.0%, P < .001; 
Figure 1).

There was a prominent difference in age distribution 
by diagnostic confirmation and treatment. A significantly 
higher proportion of elderly patients had radiographi-
cally confirmed tumors (65–74 years: 24.8%, 75+ years: 
15.5%) compared to microscopic confirmed tumors 
(65–74  years: 12.3%, 75+ years: 3.2%, P < .001). There 
were also fewer elderly patients who received surgery 
(65–74 years: 23.0%, 75+ years: 9.6%; P < .001; Figure 2). 
For all patients, the primary treatment following diag-
nosis was either surgery (40.1%) or radiation therapy 
(23.7%; Supplementary Figure 1). Though most patients 

Importance of the Study

Vestibular schwannomas (VSs) are the most 
common nonmalignant nerve sheath tumor. 
While rarely fatal, VS diagnoses are associated 
with various comorbidities, such as hearing 
loss, tinnitus, and vertigo. Population-based 
studies provide the healthcare community with 
important information on disease occurrence 

and burden and help guide patient care. This is 
the most current and comprehensive study on 
primary VS in the United States, providing age-
adjusted incidence and prevalence rates for 
age, sex, race, and laterality, as well as statis-
tics on diagnostic confirmation and treatment 
patterns.

http://surveillance.cancer.gov/joinpoint
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa135#supplementary-data
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received either surgery or radiation, only 1.8% of pa-
tients received both.

VS was most common in adults, with incidence per 100 
000 being highest among those aged 65–74 years (AAIR: 
3.18, 95% CI: 3.15–3.25) and 55–64 years (AAIR: 2.88, 95% 
CI: 2.83–2.92). VS was much less common in children, with 
those aged 0–19 years having an AAIR of 0.06 per 100 000 
(95% CI: 0.05–0.06; Figure  3). Incidence in males (AAIR: 
1.13, 95% CI: 1.12–1.15) and females (AAIR: 1.15, 95% CI: 
1.14–1.17) did not differ significantly (AAIRR: 1.02, 95% CI: 
1.00–1.03, P  =  .072). Among race and ethnic subgroups, 
VS incidence was highest among white non-Hispanics 
(AAIR: 1.30, 95% CI: 1.  29–1. 31)  followed by Asian or 
Pacific Islanders (AAIR: 1.05, 95% CI: 1.00–1.09). Black non-
Hispanics had the lowest incidence (AAIR: 0.46, 95% CI: 
0.44–0.48; Table 1, Figure 3).

Incidence of VS was relatively stable from 2004 to 
2016, showing no overall change over time (APC: −0.07, 
95% CI: −1.02 to 0.88, P  =  .87) or among demographic 
factors. Though there were notable trends based on the 
diagnostic confirmation, with decreased incidence of VS 
diagnosed through microscopic confirmation over time 
(APC: −2.08, 95% CI: −2.78 to −1.38, P < .001), and in-
creased incidence of VS diagnosed through radiographic 

  
Table 1.  Frequency and Age-Adjusted Incidence of Primary Vestibular Schwannoma, by Demographic and Histological Factors: CBTRUS 
2004–2016

Frequency, n (%) Age-Adjusted Incidence Rate 
(95% CI)

Age-Adjusted Incidence Rate 
Ratio (95% CI)

Overall 49 869 (100) 1.14 (1.13–1.15)  

Age (years)

  0–19 606 (1.2) 0.055 (0.051–0.06) Ref

  20–44 9742 (19.5) 0.75 (0.73–0.76) 13.58 (12.50–14.76)

  45–54 11 462 (23.0) 1.99 (1.95–2.02) 36.02 (33.19–39.15)

  55–64 13 634 (27.3) 2.88 (2.83–2.92) 52.19 (48.10–56.71)

  65–74 9513 (19.1) 3.18 (3.12–3.25) 57.77 (53.21–62.83)

  75+ 4912 (9.8) 2.05 (1.99–2.11) 37.16 (34.15–40.50)

Sex

  Male 23 636 (47.4) 1.13 (1.12–1.15) Ref

  Female 26 233 (52.6) 1.15 (1.14–1.17) 1.02 (1.00–1.03)

Race and ethnicity

  White non-Hispanic 40 350 (82.7) 1.30 (1.29–1.31) Ref

 � American Indian/Alaska native 
non-Hispanic

252 (0.5) 0.81 (0.71–0.92) 0.62 (0.55–0.71)

 � Asian or Pacific Islander non- 
Hispanic

2206 (4.5) 1.05 (1.00–1.09) 0.80 (0.77–0.84)

  Black non-Hispanic 2210 (4.5) 0.46 (0.44–0.48) 0.36 (0.34–0.37)

  Hispanic 3775 (7.7) 0.80 (0.77–0.83) 0.61 (0.59–0.64)

Laterality

  Unilateral 48 393 (99.2) 1.11 (1.1–1.12) Ref

  Bilateral 414 (0.8) 0.01 (0.009–0.011) 0.009 (0.008–0.01)

Ref indicated the reference group for the age-adjusted incidence rate ratios.
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Figure 1.  Age at diagnosis of primary vestibular schwannoma 
stratified by laterality, CBTRUS 2004–2016.
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confirmation (APC: 1.64, 95% CI: 0.15–3.16, P  =  .03; 
Figure 4).

There were an estimated 44 762 prevalent cases of VS in 
2016, with an overall AAPR of 12.17 per 100 000 (95% CI: 
12.06–12.29). Highest prevalence occurred in those aged 
64–74 years (AAPR: 41.43, 95% CI: 40.67–42.10) and in white 
non-Hispanics (AAPR 9.71, 95% CI: 9.60–9.81; Table 2).

Discussion

This is the first known study to estimate the prevalence 
of VS using complete US data. Our current and compre-
hensive study covers approximately 100% of the US pop-
ulation and provides important national age-adjusted 
incidence, incidence trends, and prevalence rates along 
with information on patterns of treatment of VS. A  2006 
study by Propp et al.7 used data from the existing CBTRUS 

database at the time, which consisted of only 11state 
cancer registries, in addition to the Los Angeles County 
Cancer Surveillance Program, representing just 20% of 
the US population. This study also used data collected be-
tween 1975 and 1998, prior to the implementation of the 
Benign Brain Tumor Cancer Registries Amendment Act in 
2004, that led to CBTRUS expanding to include all central 
(50 states and the District of Columbia) cancer registries 
and greater accuracy in the collection of these tumors.11 
Kshettry et  al.5 published a study using comprehensive 
CBTRUS data from 2004 to 2010, but did not perform ana-
lyses on laterality or treatment patterns. Therefore, the cur-
rent study includes the largest, most up-to-date dataset 
with additional analyses of incidence trends, prevalence, 
laterality, and treatment patterns.

The AAIR from 2004 to 2016 was 1.14 per 100 000 with 
the highest incidence of VS occurring in older adults 
aged 65–74 years. Our results were similar to those of 2 
other series using SEER data over a similar time period. 
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Carlson et al.12 showed a VS incidence of 1.1 per 100 000 
(range 1.03–1.21) for patients diagnosed from 2004 to 2011. 
In their study, the AAIR also increased with age. The AAIR 
was 0.75 for patients aged 20–44 years compared to 2.88 
for 55–64 years and 3.18 for 65–74 years. In a state series 
from 2006 to 2016, Marinelli et al.2 showed similar trends 
of incidence of VS increasing with age but they found a 
much higher incidence in their older adults. Incidence 
ranged from a low of 0.4–2.0 per 100 000 for patients 
aged 20–39 years to 9.9–11.1 in patients aged 50–69 years. 
Patients 70 years and older displayed the highest incidence 
rates of any age group at 20.6 per 100 000.2 While both our 
studies showed a gradual increase with age, the difference 
in the higher variability and incidence for patients at least 
70 years noted in the Marinelli study could potentially be 
due to differences in sample size. There were 10 and 15 
cases for patients aged 60–69 and at least 70 years old, re-
spectively, representing a single county in Minnesota for 
the Marinelli analysis. Our study using nation-wide data 
identified 9513 and 4912 cases for patients aged 65–74 and 
at least 75  years old, respectively, and thus with signifi-
cantly larger numbers may better capture the national inci-
dence more uniformly.

VSs demonstrate variability in growth with about 40% 
of tumors shows no clinically significant changes over 
time. Tumors that do grow also demonstrate a relatively 
slow-growing profile with an average growth rate of ap-
proximately 1–3 mm/year.13 Increasing incidence and prev-
alence of VS with age could result from biological factors 
important to tumorigenesis and growth as well as diag-
nostic biases as older patients are more likely to have im-
aging due to unrelated conditions (ie, MRI), leading to an 
incidental diagnosis of VS. In support of the latter, almost 

a quarter of all sporadic VS in a recent report were diag-
nosed incidentally after individuals obtained head im-
aging for unrelated indications.2 Various mutations in the 
neurofibromatosis-2 (NF2) gene are seen in both familial 
and non-familial VS cases.14 Although important, NF2 loss 
alone is not considered sufficient and VS formation likely 
requires additional mutational events in other genes.15 
Accumulation of necessary genetic mutations to initiate 
the formation of VS requires time, and as with other tu-
morigenesis processes, is much more likely to occur later 
in life. Finally, VSs are in general relatively slow-growing 
tumors with an average growth rate of approximately 
1–3 mm/year and are thus, expected to become sympto-
matic and therefore diagnosed much later in life.16

VS management varies and can include observation, 
surgery, or radiation. Better understanding of the nat-
ural history of VS over the past 2 decades has resulted in 
more patients being managed using observation and sur-
veillance testing, with treatment including surgery and/or 
radiation reserved for those who demonstrate progres-
sive tumor growth and/or hearing loss.13 When analyzing 
patterns of care over time, the rate of surveillance has 
increased from approximately 15% in 2004 to more than 
35% by 2014, indicating a preference for this management 
in the modern era where imaging surveillance is easily ac-
cessible.13 While about 75% of patients may have minimal 
growth with surveillance over a course of a year, there is 
still a potential risk of gradual hearing loss despite minimal 
growth.17 Common treatments for symptomatic patients 
include surgery and radiation therapy. In our series, 40.1% 
of patients received surgery, 23.7% of patients received 
radiation therapy, though overall only 1.8% of patients re-
ceived a combination of both treatment types. Numbers in 
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this report are similar to those from the National Cancer 
Database (NCDB), a clinical oncology database sourced 
from hospital registry data, over a similar time period 
(2004–2014).18 The percentage of patients observed, treated 
with surgery, or treated with radiation as the first man-
agement was 27.3%, 39.5%, and 30.2%, respectively.13 For 
smaller tumors confined to the internal auditory canal or 
minimal extension in the cerebellopontine angle, man-
agement options are varied and include observation, ra-
diation, or hearing preservation microsurgery.19 Radiation 
techniques have evolved over time with greater availa-
bility of stereotactic radiosurgery (SRS), a form of focused 
precision high-dose therapy done in 1–5 fractions, which 
offers excellent long-term local control of over 90% of 
these tumors with minimal side effects.20,21 SRS treatment 
has variable hearing preservation rates with factors influ-
enced by initial baseline hearing and time,22 though one 
series noted high rates of almost 90% at 1 year, 68% by 
5 years, and 51% at 10 years.23 In addition, in select cases 
SRS treatment may be more cost-effective.20,24 For larger 
lesions that are not amenable to SRS, fractionated therapy 
with either protons or new forms of photon therapy such 
as intensity-modulated therapy or volumetric modulated 
arc therapy has been shown to have good efficacy in tumor 
control.25,26

We identified 414 patients with bilateral VSs at diag-
nosis, accounting for 0.8% of the total study population. 
Though, among these bilateral patients, there was a 

significantly larger proportion of children aged 0–19, com-
pared to unilateral cases (28.5% vs 1.0%, P < .001). The 
presence of bilateral VSs is considered pathognomonic for 
the diagnosis of NF2, a disease caused by the autosomal 
dominant loss of the tumor-suppressor protein, merlin.20 
Approximately 5% of all patients newly diagnosed with VS 
have NF2. Patients with NF2 have an increased incidence 
of tumors involving the brain and spinal cord including 
VSs, meningiomas, and ependymomas.27 A  hallmark 
of NF2 is the development of VS and other tumors at a 
young age, often in childhood, consistent with our find-
ings. Although bilateral VS is pathognomonic for NF2, 
and more than 90% of patients diagnosed with NF2 will 
develop bilateral VS by age 30, and up to 20% of patients 
with NF2 present only with unilateral VS suggesting that 
we are significantly underestimating the diagnosis of NF2 
in this population by relying solely on the presence of bi-
lateral VS at presentation.27–29

Lastly, our data show a higher incidence among white 
patients with an AAIR of 1.3 per 100 000 and a low AAIR 
among other races with the lowest rate among black pa-
tients at 0.46 per 100 000. Our cohort was 82.7% white non-
Hispanic, and only 4.5% black non-Hispanic and 4.5% Asian 
non-Hispanic. Our distribution of lower incidence among 
non-white rates is similar to other registry data such as 
SEER and NCDB. One SEER series shows the median an-
nual incidence of disease was lowest among black (0.43 
per 100 000 persons) and Hispanic populations (0.45 per 
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100 000 persons) and, in contrast, highest among whites 
similar to our cohort.30 An NCDB-based study identified 
a similar racial distribution with the largest demographic 
being white at 87.7%, and only 4.4% black and 3.0% Asian.13 
The demographic distribution was also mirrored in the 
prevalence among the races. The age-adjusted preva-
lence was 9.71 per 100 000 for white, while only 0.54 for 
black and 0.58 for Asian. While our data are consistent with 
multiple other registry sources, they do not exclude the 
possibility that the findings reflect a possible element of 
ascertainment bias in identifying VSs in certain racial or 
ethnic groups.31 Regarding prevalence, the overall preva-
lence was 12.17 per 100 000 in our study. In other series, 
the asymptomatic incidental VS was 7.5 per 100 000.32 
Additionally, asymptomatic incidental VS prevalence 
was also 10–11 cases per 100 000 for patients older than 
20 years of age in a series by Lin et al.33

Our study has limitations that are inherent to studies 
using registry databases. These include the limited data 
available on the detailed treatment techniques of sur-
gery and radiation therapy after diagnosis. As treatment 
can also be driven by tumor size and clinical presentation 
such as hearing loss, our study was limited by the lack of 
available clinical data on these 2 factors. Similarly, there 
were also limited data on therapy trends over time. In 
spite of this, our study provides for a large national co-
hort of cross-sectional percentage of patients treated with 
the various treatment management strategies. Additional 
correlating clinical information was limited including in-
formative medical correlates such as the presence of NF2. 

While we did not have genetic information available, the 
presence of bilateral VSs is distinctly characteristic of pa-
tients with NF2.

In conclusion, our series is one of the largest cohorts 
to assess nationally the age-adjusted incidence and prev-
alence and treatment patterns of VS in the most recent 
decade. We also have identified one of the largest series 
of bilateral VS and the incidence nationally. These results 
provide researchers and healthcare professionals with vital 
information regarding the burden of this disease and help 
inform patient prognosis and care.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Advances online.
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