
CliniCal artiCle

The optimal treatment of sporadic, small- to medi-
um-sized vestibular schwannoma (VS) remains 
highly controversial.4,8 Some centers use up-front 

proactive therapy, believing that this strategy provides the 
best chance of long-term tumor control and preservation 
of function.15,22 Others advocate for an initial so-called 
wait-and-scan approach, understanding that many VSs do 
not grow for extended periods of time.24 The goal of mi-

crosurgery is complete tumor removal and cranial nerve 
preservation. In contrast, successful tumor control with 
stereotactic radiosurgery (SRS) is variably defined as lack 
of growth after treatment, lack of symptomatic growth, 
freedom from additional treatment, and (more narrowly) 
as freedom from additional nonradiation treatment, allow-
ing for repeat radiation if necessary. Because the natural 
history of VS predicts that many untreated tumors will 
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obJeCtive Over the last 30 years, stereotactic radiosurgery (SRS) has become an established noninvasive treatment 
alternative for small- to medium-sized vestibular schwannoma (VS). This study aims to further define long-term SRS 
tumor control in patients with documented pretreatment tumor growth for whom conservative observation failed.
methods A prospective clinical database was queried, and patients with sporadic VS who elected initial observation 
and subsequently underwent SRS after documented tumor growth between 2004 and 2014 were identified. Posttreat-
ment tumor growth or shrinkage was determined by a ≥ 2-mm increase or decrease in maximum linear dimension, 
respectively.
resUlts Sixty-eight patients met study inclusion criteria. The median pre- and posttreatment observation periods 
were 16 and 43.5 months, respectively. The median dose to the tumor margin was 13 Gy (range 12–14 Gy), and the 
median maximum dose was 26 Gy (range 24–28 Gy). At the time of treatment, 59 tumors exhibited extracanalicular (EC) 
extension, and 9 were intracanalicular (IC). Of the 59 EC VSs, 50 (85%) remained stable or decreased in size following 
treatment, and 9 (15%) enlarged by > 2 mm. Among EC tumors, the median pretreatment tumor growth rate was 2.08 
mm/year for tumors that decreased or were stable, compared with 3.26 mm/year for tumors that grew following SRS (p 
= 0.009). Patients who demonstrated a pretreatment growth rate of < 2.5 mm/year exhibited a 97% tumor control rate, 
compared with 69% for those demonstrating ≥ 2.5 mm/year of growth prior to SRS (p = 0.007). No other analyzed vari-
ables were found to predict tumor growth following SRS.
ConClUsions Overall, SRS administered using a marginal dose between 12–14 Gy is highly effective in treating VSs 
in which initial observation fails. Tumor control is achieved in 97% of VSs that exhibit slow (< 2.5 mm/year) pretreatment 
growth; however, SRS is less successful in treating tumors exhibiting rapid growth (≥ 2.5 mm/year).
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remain quiescent during many years of follow-up, it has 
been suggested that the true efficacy of SRS can only be 
accurately appraised after analyzing treatment outcomes 
of tumors that have demonstrated definite radiological 
growth prior to SRS.12,16

Stereotactic radiation therapy for VS can be delivered 
in a single fraction, as SRS; as hypofractionated stereo-
tactic radiation therapy in 2–5 sessions; or with more con-
ventional fractionation schemes, usually over a several-
week period.20 The precise radiobiological mechanism 
that mediates tumor control in VS remains unknown.25 
Many of the theories to explain the efficacy of radiation 
in VS have been extrapolated from the study of malignant 
tumors, which is problematic given contrasting biologi-
cal behavior. Because cells are most sensitive to ionizing 
radiation during mitosis, one could hypothesize that tu-
mors with a large population of proliferating cells would 
be more susceptible to radiation-induced apoptosis com-
pared with slow-growing tumors. Alternatively, tumors 
with rapid growth may exceed the capacity of the local 
vascular distribution, resulting in tumor hypoxia and ra-
dioresistance, suggesting that slow-growing tumors would 
be more susceptible than fast-growing VS. Specific to VS, 
several studies have demonstrated that low-dose radiation 
has little direct effect on VS cells but secondarily impedes 
tumor growth through endothelial injury and arterial 
thrombosis.13,14

Given the controversies surrounding the true efficacy 
of SRS for growing VSs, we sought to review our experi-
ence over the last decade, during which we used contem-
porary low-dose treatment parameters. Herein, we present 
the results of treatment in 68 patients who ultimately re-
ceived Gamma Knife radiosurgery (GKS) for sporadic VS 
after an initial wait-and-scan approach failed in tumors 
that demonstrated growth of at least 1 mm/year.

methods
data Collection

After institutional review board approval, a prospective 
VS clinical database was queried, and all patients who re-
ceived SRS for sporadic VS between 2004 and 2014 at a 
single large tertiary academic referral center were initially 
evaluated. All tumors that demonstrated > 1 mm/year lin-
ear growth and that subsequently underwent SRS follow-
ing an initial observation period of at least 6 months were 
included in the study. Patients with a history of neurofi-
bromatosis Type 2, macrocystic features, prior treatment, 
or < 14 months of post-SRS radiographic follow-up were 
excluded.

Data pertaining to tumor laterality, location, size, 
growth, Gamma Knife dose parameters, need for salvage 
treatment, and hearing status were collected. Radiosurgi-
cal data points included tumor volume treated, dose to 
the tumor margin, maximum tumor dose, and number of 
isocenters. Tumor size, location, and hearing outcomes 
were reported according to the 1995 American Academy 
of Otolaryngology–Head and Neck Surgery (AAO-HNS) 
guidelines.5 Patients with serviceable hearing (Class A or 
B) at the time of SRS were included in audiometric analy-
sis. Tumor measurements were made on axial T1-weighted 

post-Gd MRI scans by an otolaryngologist (A.P.M.) and 
neurosurgeon (M.J.L.). For VSs that were exclusively in-
tracanalicular (IC), the size of the tumor was measured 
along the length of the internal auditory canal. For tumors 
with extracanalicular (EC) extension, the portion within 
the cerebellopontine angle was measured in 2 axial planes: 
one parallel to the posterior axis of the petrous bone and 
the other perpendicular to the posterior axis of the petrous 
bone. The EC tumor size was then calculated by taking 
the square root of the product of these 2 diameters.5

treatment and surveillance
At our institution, patients are considered for wait-and-

scan management in the setting of sporadic, minimally 
symptomatic IC VSs and EC tumors < 2 cm in maximum 
posterior fossa diameter. Additional factors that influ-
ence initial management include patient preference, age, 
comorbid medical conditions, presence of symptoms at-
tributable to mass effect, and hearing status of the contra-
lateral ear without tumor. For patients who elect an initial 
wait-and-scan approach but who ultimately demonstrate 
tumor growth on follow-up imaging, it is recommended 
that they undergo treatment with microsurgery or SRS. 
Microsurgery is commonly recommended for younger pa-
tients, those with peritumoral or intratumoral macrocysts, 
and those with symptoms associated with mass effect, 
whereas radiosurgery is often advised for growing tumors 
in older patients, those with advanced medical comorbidi-
ties, or those with minimal symptomatology.

We routinely obtain imaging at 6 months after diag-
nosis of VS for patients who elect initial observation. 
Tumors that demonstrate stable size at the first 6-month 
scan are then followed annually with MRI. Posttreatment 
tumor growth or shrinkage was determined by a ≥ 2-mm 
increase or decrease, respectively.

Stereotactic radiosurgery was performed with either 
the model 4C or Perfexion (after 2007) Gamma Unit (Ele-
kta AB), as previously described.10 Following placement 
of the Leksell model G stereotactic head frame (Elekta 
AB) under local anesthesia, 1-mm-thick axial spoiled gra-
dient–recalled acquisition high-resolution post-Gd MRI 
through the posterior fossa is obtained on a 1.5-T scan-
ner. Additionally, a CT scan of the temporal bones (also 
1-mm-thick axial slices) is performed to better visualize 
the inner ear structures and to optimize stereotactic ac-
curacy. Multiple-isocenter, conformal dose planning was 
performed using the Leksell GammaPlan software (Ele-
kta AB) with the aid of the imaging set, including coronal 
and sagittal reconstructions.

Patients were routinely seen every 6 months for the 1st 
year after treatment, then annually for the next 3 years, 
and at least biennially thereafter. Follow-up intervals were 
shortened in cases of new symptoms or radiographic evi-
dence of progression. Tumor surveillance imaging was 
performed at each follow-up interval, using thin-slice con-
trast-enhanced T1-weighted MRI.

statistical analysis
Continuous features were summarized with medi-

ans, interquartile ranges (IQRs), and ranges; categorical 
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features were summarized with frequency counts and 
percentages. Comparisons of pretreatment growth rates, 
brainstem contact, fundal cap, and tumor size at treatment 
among tumor outcomes (decrease vs stable, vs increase or 
combined decrease and stable, vs increase) and between 
patient groups of interest were evaluated using Kruskal-
Wallis, Wilcoxon rank-sum, and Fisher exact tests. The as-
sociation of pretreatment growth rates with tumor increase 
was also evaluated using a logistic regression model, and 
summarized with an odds ratio and 95% confidence in-
terval. Survival free of revision treatment was estimated 
using the Kaplan-Meier method. The duration of follow-
up for survival free of revision was calculated from the 
treatment date to revision date or the last MRI study date. 
Statistical analyses were performed using version 9.3 of 
the SAS software package (SAS Institute). All tests were 
2-sided, and p values < 0.05 were considered statistically 
significant.

results
study population

Between 2004 and 2014, a total of 432 patients with 
VSs were treated with SRS at our institution. During this 
time period, 68 patients with unilateral VS met study cri-
teria. Specifically, these patients had documented tumor 
growth rates exceeding 1 mm/year during the observation 
period and were subsequently treated with SRS (Table 1). 
The median patient age at the time of SRS was 67.0 years 
(range 23–88 years). During the observation and follow-up 
periods a total of 473 MRI studies were reviewed. Forty 
patients (59%) were female and 28 (41%) were male. The 
median pretreatment observation period was 16 months 
(range 6–80 months), and the median posttreatment fol-
low-up period was 43.5 months (range 14–147 months). 
The median tumor volume treated was 807 mm3 (range 
97–11,000 mm3). The median dose to the tumor margin 
was 13 Gy (range 12–14 Gy), and the median maximum 
dose was 26 Gy (range 24–28 Gy). The median number of 
isocenters used was 6 (range 1–15 isocenters).

tumor Control for eC and iC vss
Of the 68 total patients included in the study, 59 (86.8%) 

had an EC component at the time of treatment, whereas 9 
(13.2%) had purely IC tumors. Fifty-nine (86.8%) of the 68 
patients with EC and IC lesions achieved tumor control, 
meaning that tumor growth > 2 mm was not detected at 
the last follow-up imaging session, which occurred within 
a median follow-up period of 43.5 months (range 14–147 
months) after primary SRS treatment.

Tumor Control for EC VSs
Of the 59 tumors that were EC, 15 (25.4%) began the 

observation period as IC tumors and later converted to EC 
tumors prior to SRS. Among all EC tumors, 29 (49.2%) 
decreased in size, 21 (35.6%) were stable, and 9 (15.3%) 
increased in size following SRS at the last imaging fol-
low-up, for a tumor control rate of 84.7% for growing EC 
tumors (Figs. 1 and 2). The median follow-up duration 
among the patients with EC tumors was 43 months (range 
14–147 months). The combined pretreatment growth rate 

for EC lesions that achieved tumor control was 2.08 mm/
year (IQR 1.59–3.17 mm/year; range 1.10–10.64 mm/
year), whereas the pretreatment growth rate for EC tumors 
that continued to increase in size following SRS was 3.26 
mm/year (IQR 2.76–5.27 mm/year; range 2.34–5.8 mm/
year) (p = 0.009) (Table 2). Based on this result, a pretreat-
ment growth rate of 2.5 mm/year was used to best sepa-
rate the observational cohort based on probability of post-
treatment tumor growth. As such, control was achieved in 
32 of 33 (97.0%) EC tumors with a pretreatment growth 
rate < 2.5 mm/year, compared with 18 of 26 (69.2%) EC 
lesions with a pretreatment growth rate ≥ 2.5 mm/year in 
which tumor control was achieved (p = 0.007).

No other feature aside from pretreatment growth rate 
was found to be significantly associated with tumor con-
trol following SRS. Specifically, 19 of 50 (38.0%) EC tu-
mors that decreased or were stable had brainstem contact 
at the time of SRS treatment, compared with 2 of 9 (22.2%) 
tumors that increased in size (p = 0.47). Twenty-eight of 
50 (56.0%) EC tumors that decreased or were stable had 
a fundal cap, compared with 4 of 9 (44.4%) tumors that 
demonstrated growth (p = 0.72). Finally, pretreatment le-
sion size was not different between EC tumors that were 
stable or decreased in size versus those that grew. The me-
dian EC tumor size for lesions that were controlled was 
8.58 mm (IQR 5.54–11.57 mm; range 2.97–24.88 mm) 
versus 7.98 mm (IQR 7.21–10.07 mm; range 5.72–12.67 
mm) (p = 0.91) for tumors that failed treatment.

Nine EC tumors increased in size by > 2 mm and dem-
onstrated ongoing sequential growth at the most recent 
follow-up imaging study. Of these 9 patients, 5 had 4 MR 

table 1. pretreatment patient characteristics and srs treatment 
parameters in 68 patients with vs

Characteristic Value %

Age in yrs
 Mean (SD) 65.6 (12.0)
 Median (range) 67 (23–88)
Sex
 Male 28 41
 Female 40 59
Tumor laterality
 Lt side 36 53
 Rt side 32 47
Tumor location
 IC 9 13
 EC 59 87
AAO-HNS hearing classification pre-SRS
 A 14 21
 B 18 26
 C 3 4
 D 17 25
 No data 16 24
SRS treatment parameters in Gy
 Median dose to margin (range) 13 (12–14)
 Median maximum dose (range) 26 (22–28)
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scans and 4 had 3 MR scans following SRS at a median 
follow-up period of 38 months (range 24.5–116 months). 
Importantly, all patients who were found to have post-
treatment growth had a minimum follow-up of 2 years, 
minimizing the risk for mistaking tumor growth for tran-
sient post-SRS tumor swelling.18 Five of 9 (55.6%) patients 
required a secondary treatment at 2.2, 2.7, 3.1, 3.8, and 6.6 
years following SRS treatment. Three patients had repeat 
SRS and 2 had salvage microsurgery at a median inter-
val of 3.1 years (range 2.2–6.6 years) following the initial 
radiosurgical treatment. Among the EC tumor group, the 
estimated rates of survival free of revision SRS or salvage 
surgery (expressed as 95% CI; number still at risk) at 1, 3, 
5, and 7 years following the primary SRS treatment were 
100% (100–100; 59), 96% (90–100; 39), 90% (80–100; 19), 
and 80% (62–100; 6), respectively, with a median follow-
up duration of 3.6 years for the 54 tumors that did not re-
quire revision intervention (IQR 2.2–5.2 years; range 1.1–
12.1 years) (Fig. 3). Of the 4 patients with EC tumors that 
grew > 2 mm but who did not undergo revision treatment, 
all 4 were without severe symptoms or associated neuro-
logical sequelae and chose follow-up with repeat imaging.

Tumor Control for IC VSs
Fifteen (62.5%) of the 24 tumors that were originally 

IC became EC tumors at a median of 1.6 years (IQR 1.0–
2.2 years; range 0.5–6.1 years) after their initial diagno-

sis during the observation period. Of the 9 IC tumors that 
were treated with SRS, 2 (22.2%) ultimately decreased in 
size and 7 (77.8%) were stable at a median follow-up pe-
riod of 48.5 months (range 24–97 months) (Fig. 4). In all 
lesions that were IC at the time of SRS, tumor control was 
achieved during the follow-up period.

postradiosurgery tumor swelling
Patients were considered to have tumor swelling sec-

ondary to treatment effect if there was ≥ 2 mm of tumor 
enlargement measured at the first or second follow-up MR 
scan completed at approximately 6 months and 12 months, 
respectively, after the date of radiosurgery, followed by a 
decrease or stabilization in tumor size on subsequent fol-
low-up imaging.18 Six of 59 (10.2%) patients treated for EC 
tumors had postradiosurgery tumor swelling at a median 
of 6 months (range 5–12 months) following SRS treat-
ment. The mean maximum tumor swelling was 2.8 ± 1.1 
mm (mean ± SD). All 6 (100%) patients with EC lesions 
experienced resolution of the transient tumor swelling at 
a median of 25 months (range 11–61 months) following 
SRS treatment.

Cranial nerve and hearing outcomes
No patient had facial nerve weakness, trigeminal nerve 

symptoms, or other localizing neurological findings prior 

Fig. 2. Serial axial contrast-enhanced MRI studies demonstrating progressive tumor growth following GKS for a fast-growing (≥ 
3 mm/year) left-sided VS with cisternal extension (white arrows). a: Initial imaging revealed a 3.1-mm left-sided VS that grew 3.4 
mm over the course of 9 months. b: Planning MRI demonstrated progressive growth into the cerebellopontine angle. C: Follow-
ing SRS using a marginal dose of 12 Gy prescribed to the 50% isodose line, the tumor increased 4.1 mm in size over a period of 
35 months of follow-up.

Fig. 1. Serial axial contrast-enhanced MRI studies demonstrating significant tumor shrinkage following GKS for a slow-growing (< 
3 mm/year) right-sided VS with cisternal extension (white arrows). a: Initial imaging revealed a 13.1-mm right-sided VS that grew 
5.9 mm over the course of 27 months. b: Planning MRI demonstrated progressive growth with increasing mass effect. C: Follow-
ing SRS using a 13-Gy marginal dose prescribed to the 50% isodose line, the tumor decreased in size over a period of 63 months 
of follow-up.
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to or following SRS. Of the 9 patients with tumor growth 
following SRS, 4 had subjective balance difficulty prior to 
SRS and 3 had ongoing balance difficulty post-SRS while 
their tumors continued to grow. There was no clear differ-
ence in associated symptoms between tumors growing < 
2.5 mm/year and those growing ≥ 2.5 mm/year. A total of 
33 patients had serviceable hearing (AAO-HNS Class A 
or B) at the time of GKS. Twenty-two patients did not have 
post-SRS audiogram data available. Of the 11 patients 
with both pre- and post-SRS audiogram data, all exhibited 
tumor control, with 4 (36.4%) who maintained service-
able hearing and 7 (63.6%) who developed nonserviceable 
hearing at a median follow-up period of 24 months (range 
9–92 months).

discussion
The current study was designed to address the impact 

of pretreatment growth rate on post-SRS tumor control in 
a large cohort of patients who initially selected a wait-and-
scan treatment approach. These data demonstrate that for 
EC tumors, pretreatment growth rate is a strong predictor 
of tumor control. Specifically, EC VSs that stabilized or 
decreased in size following SRS grew at a median rate 
of 2.08 mm/year before treatment, whereas the tumors 
that increased in size following radiation had a median 
pretreatment growth rate of 3.26 mm/year (p = 0.009). 
Furthermore, when the preirradiation growth rate of an 
observed EC VS was ≥ 2.5 mm/year versus < 2.5 mm/
year, GKS was found to fail in 31% versus 3% of patients, 
respectively (p = 0.007).

Due to heterogeneous study populations and limited 
patient numbers, previous studies have published conflict-
ing data concerning the influence of preirradiation tumor 

growth on treatment response. In 2011, Timmer et al. com-
pared SRS outcomes between 67 patients with proven tu-
mor growth and 33 patients in whom the history of growth 
was unknown.26 After a mean follow-up of 26 months 
there was no difference between groups with respect to 
rate of SRS failure. In 2012, Varughese and colleagues 
analyzed GKS treatment outcomes in 45 patients with 
growing VS.28 At a mean follow-up of 50 months, they 
found that a slower pretreatment growth rate was associ-
ated with better rates of tumor control; however, this rela-
tionship did not achieve statistical significance (p = 0.06). 
In 2014, Niu et al. investigated 58 patients without neu-
rofibromatosis Type 2, 17 of whom had a prior resection, 
who were treated with either proton or photon therapy in 
which a single fraction or fractionated scheme was used.19 
At a median follow-up of 27 months, they found that stable 
or shrinking posttreatment status was significantly associ-
ated with slower preradiation growth rates. The VSs that 
had postirradiation expansion > 120% of their volumetric 
size at the time of treatment versus nonexpanding tumors 
were found to have preirradiation volumetric growth rates 
of 89%/year and 41%/year, respectively. 

Building on these prior publications, we found a sta-
tistically significant association between pretreatment 
growth and postradiation tumor progression in a large 
population of untreated sporadic EC VS receiving con-
temporary single-fraction GKS. In patients with EC VS 
and tumor growth ≥ 2.5 mm/year during the observation 
period, treatment with microsurgery rather than SRS is 
given consideration on a case-by-case basis. During pre-
treatment patient counseling in cases in which more rapid 
growth has been detected, we are now careful to review 
the results of this study to improve informed decision 
making. In our practice, we do not currently advocate for 
higher doses of radiation in faster-growing tumors; how-
ever, the goal of future research will be to determine the 
optimal treatment modality for patients based on tumor 
growth characteristics.

In addition to the predictive value of pretreatment 
growth rate on tumor control after SRS, we sought to 
investigate the impact of tumor size, brainstem contact, 

table 2. Comparison of pretreatment growth rates among 
tumor outcomes for groups of interest

Group
No. of 

Pts
Median Pretreatment Growth  
Rate in mm/yr (IQR; range)

p 
Value

Treated as EC 59
 Decrease 29 2.07 (1.59–2.45; 1.12–9.86) 0.024
 Stable 21 2.75 (1.50–3.46; 1.10–10.64)
 Increase 9 3.26 (2.76–5.27; 2.34–5.80)
Treated as EC 59
 Decrease & stable 50 2.08 (1.59–3.17; 1.10–10.64) 0.009
 Increase 9 3.26 (2.76–5.27; 2.34–5.80)
IC 9
 Decrease 2 1.13, 3.15* NE
 Stable 7 1.85 (1.59–3.93; 1.21–5.04)
IC → EC† 15
 Decrease 6 2.03 (1.69–4.02; 1.59–5.29) NE
 Stable 7 2.75 (1.74–6.34; 1.30–10.64)
 Increase 2 2.34, 5.27*

NE = not evaluated; Pts = patients.
* The growth values (in mm/yr) are shown for the 2 patients in the group. 
No other statistical analysis was performed in these groups due to the small 
sample size.
† Arrow signifies conversion from IC to EC.

Fig. 3. Kaplan-Meier plot demonstrating retreatment-free survival fol-
lowing SRS of 59 growing sporadic VSs that demonstrated EC extension 
at time of diagnosis (solid line denotes survival curve; dotted line shows 
the 95% CI; vertical tick-marks indicate censored data).
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and the presence of a fundal cap at the time of radiation 
therapy. To date, conflicting reports exist with regard to 
the predictive value of these factors and post-SRS tumor 
control. In a study by Hasegawa et al., a VS volume of > 15 
cm3 was significantly associated with radiologically con-
firmed growth following treatment, whereas Varughese et 
al. found that patients with larger tumors had the highest 
odds of tumor control.9,28 In a prior analysis we also found 
that larger tumors had decreased tumor control.17 Howev-
er, in the present study, which only included tumors with 
documented pretreatment growth, neither brainstem con-
tact, pretreatment tumor size, nor the presence of a fundal 
cap were found to be predictive of tumor control following 
radiosurgery.

When analyzing tumor control following SRS, the 
phenomenon of transient posttreatment tumor expansion 
must be addressed. Currently, there is no consensus re-
garding how to define tumor expansion due to treatment 
effect versus growth due to true tumor progression. The 
reported frequency of transient tumor swelling following 
SRS ranges from 3% to 74%, with most tumors reaching a 
maximum volume after a median of 5 months and the first 
signs of regression occurring at a median of 15 months.26,27 
In the present study, 6 (10.2%) of 59 patients with an EC 
tumor experienced enlargement by ≥ 2 mm at the time 
of the initial 6-month post-SRS MRI session. Of these 
6 patients, all lesions demonstrated regression and were 
later categorized as tumors that were stable or decreased 
in size. Transient tumor swelling resolved at a median of 
25 months following SRS. None of the 9 EC tumors in 
which SRS failed in the present study grew by ≥ 2 mm 
at the time of the 6-month posttreatment scan. As such, 
early posttreatment tumor swelling does not correlate with 
eventual radiosurgical failure in our experience, and ex-
treme caution must be exercised when increased volume 
of the treated tumor is seen within the first 12 months, 
because this rarely represents true treatment failure. Fur-
thermore, it is apparent that the 9 patients in the current 
study in whom SRS failed represent cases of real tumor 
growth, with a median follow-up duration of 38 months, 
minimum follow-up of 24 months, and ≥ 2 posttreatment 
MR scans. This follow-up duration falls well outside of the 
time course for posttreatment tumor swelling as described 
by previous studies.

Although variable VS growth rates are reported in the 
literature, several large natural history studies have dem-
onstrated convincing evidence that a significant portion 
of VSs do not grow for extended periods of time follow-
ing initial diagnosis.2,21,24 This knowledge has led many 
centers to adopt an initial wait-and-scan protocol for 
small to medium-sized sporadic VS. Stangerup et al. pub-
lished data on 552 patients with VS in whom observation 
was elected and found that only 17% of intrameatal and 
28.9% of extrameatal tumors displayed growth during a 
follow-up of 3.6 years.24 In 2005 Smouha et al. reported 
comparable data based on a meta-analysis comprising 
21 studies and 1345 patients, in which they showed that 
57% of newly diagnosed tumors did not grow or regressed 
during the first 3 years following VS diagnosis.23 These 
data have led many to conclude that published rates of 
SRS tumor control are inflated, because a significant por-
tion of tumors in most series were never destined to grow 
during the typical follow-up period.16 When analyzing a 
population of patients with IC and EC VS that demon-
strated clear radiological growth prior to SRS, we found 
that 59 of 68 (87%) of tumors demonstrated radiological 
control at a median follow-up of 43.5 months, which is 
remarkably similar to the estimate of 85.4% at 4 years by 
Varughese and colleagues.28 Thus, patients with growing 
tumors should be counseled differently regarding the suc-
cess of SRS, compared with those in whom growth status 
is unknown.

The issue of preoperative growth as a potential predic-
tor of radiosurgical failure leads the multidisciplinary VS 
team to consider the following questions. When is the op-
timal timing of treatment? Does waiting for documented 
growth or symptom progression increase the risk of fu-
ture treatment failure? Several groups advise that up-front 
“proactive” SRS offers the greatest chance for tumor con-
trol and function preservation, whereas others contend that 
this strategy stacks the deck in favor of SRS by including 
a large number of tumors that were not destined to grow.22 
Alternatively, given the inherent risk of SRS failure in 
fast-growing tumors, one might consider microsurgery 
for tumors growing ≥ 2.5 mm/year. It has been our ex-
perience that most patients who start with a conservative 
wait-and-scan approach ultimately pursue SRS when there 
is evidence of growth on serial imaging. Ultimately, each 

Fig. 4. Serial axial contrast-enhanced MRI studies demonstrating successful tumor control following GKS for a fast-growing (≥ 
3 mm/year) right-sided IC VS (white arrows). a: Initial imaging revealed a 5.7-mm right-sided IC VS that grew 4.3 mm over the 
course of 10 months. b: Planning MRI demonstrated progressive growth extending to the porus acusticus. C: Following SRS 
using a marginal dose of 12.5 Gy prescribed to the 50% isodose line, the tumor has remained radiologically stable over a period of 
26 months of follow-up.
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patient must be assessed individually, and a decision re-
garding management should be made after assessing the 
growth rate of the tumor, patient preference, and attendant 
risks of treatment.

Among all patients with IC and EC tumors in the 
present study who had AAO-HNS Class A or B hearing 
with available pre- and post-SRS audiograms, the hear-
ing preservation rate at a median of 24 months was 36%. 
Frustratingly, audiometric follow-up was not available for 
approximately 50% of patients who started with service-
able hearing in this study. In a meta-analysis published 
in 2010, Yang et al.29 reported a 51% hearing preserva-
tion rate at a median follow-up just under 3 years, and in 
2013 Carlson et al. reported rates of preserved serviceable 
hearing of 55% at 3 years.3 The higher percentage of pa-
tients who lost serviceable hearing following radiation in 
the current study is most likely attributable to the added 
effects of tumor growth.1 Further investigation and better 
audiometric follow-up will be necessary in the future to 
better understand the impact of tumor growth on hearing 
outcomes.

In closing, several strengths and limitations of the cur-
rent study deserve mention. To our knowledge, this is the 
largest study to date to specifically assess the efficacy of 
SRS in a cohort of patients with growing sporadic VS. We 
only included previously untreated tumors that were then 
treated with contemporary dosimetry and planning soft-
ware. Limitations of the present study include a treatment 
selection bias, short duration of observed tumor growth in 
several patients prior to SRS, several patients with post-
SRS follow-up of < 2 years, and lack of consistent audiom-
etry data. In patients with observation of < 1 year, one may 
argue that it was truly too early to declare failed conserva-
tive management.6,21 In the current study, only those pa-
tients who demonstrated a minimum pretreatment growth 
rate of 1 mm/year underwent treatment, which we believe 
accurately reflects the threshold for most centers to rec-
ommend an intervention. The lack of volumetric measure-
ments imparts a certain degree of error because VSs are 
3D structures. However, the precedent to use a linear size 
difference of ≥ 2 mm to distinguish growth and shrinkage 
is well established in the literature.1,5,9,11 Furthermore, in 
an analysis by Fiirgaard et al. comparing VS tumor vol-
umes to the maximal tumor diameter, the authors found 
good concordance between 2D and 3D measurements and 
concluded that the linear diameter is an accurate and more 
practical parameter for tumor size comparison.7

Conclusions
Overall, SRS is effective in treating VSs in which ini-

tial observation fails. The rate of growth and location of a 
growing tumor prior to radiosurgery are strong predictors 
of tumor control. Stereotactic radiosurgery is successful at 
halting tumor progression in 97% of growing EC tumors 
that exhibit pretreatment growth < 2.5 mm/year. However, 
it is only 69% successful in treating EC tumors exhibiting 
initial rapid growth (≥ 2.5 mm/year). No growing IC VS 
displayed treatment failure following SRS in this patient 
cohort. These data may help guide patient counseling re-
garding treatment choice following failed observation.
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