
September 2017 | Volume 7 | Article 2001

Original research
published: 04 September 2017
doi: 10.3389/fonc.2017.00200

Frontiers in Oncology | www.frontiersin.org

Edited by: 
Sean P. Collins,  

Georgetown University  
School of Medicine,  

United States

Reviewed by: 
Michael Chuong,  

Baptist Health South Florida,  
United States  

Jill Barnholtz-Sloan,  
Case Western Reserve University, 

United States  
Gregory W. J. Hawryluk,  

University of Utah, United States

*Correspondence:
Lawrence R. Kleinberg  

kleinla@jhmi.edu

Specialty section: 
This article was submitted to 

Radiation Oncology,  
a section of the journal  

Frontiers in Oncology

Received: 23 June 2017
Accepted: 18 August 2017

Published: 04 September 2017

Citation: 
Patel MA, Marciscano AE, Hu C, 

Jusué-Torres I, Garg R, Rashid A, 
Francis HW, Lim M, Redmond KJ, 

Rigamonti D and Kleinberg LR (2017) 
Long-term Treatment Response  

and Patient Outcomes for Vestibular 
Schwannoma Patients Treated  

with Hypofractionated  
Stereotactic Radiotherapy.  

Front. Oncol. 7:200.  
doi: 10.3389/fonc.2017.00200

long-term Treatment response  
and Patient Outcomes for Vestibular 
schwannoma Patients Treated  
with hypofractionated stereotactic 
radiotherapy
Mira A. Patel1, Ariel E. Marciscano1, Chen Hu1, Ignacio Jusué-Torres1, Rupen Garg2,  
Arif Rashid3, Howard W. Francis1, Michael Lim1, Kristin J. Redmond1,  
Daniele Rigamonti1 and Lawrence R. Kleinberg1*

1 Johns Hopkins University, Baltimore, MD, United States, 2 University of California, Irvine School of Medicine, Irvine, CA, 
United States, 3 Drexel University College of Medicine, Philadelphia, PA, United States

Purpose: The aim of this study is to evaluate long-term treatment outcome and toxicities 
among vestibular schwannoma (VS) patients treated with hypofractionated stereotactic 
radiotherapy (HSRT).

Methods: 383 patients with unilateral VS treated with HSRT (25  Gy, five fractions) 
between 1995 and 2007 were retrospectively reviewed. Treatment failure was defined 
as requiring salvage microsurgery. Posttreatment new/progressive clinical symptoms or 
increases in baseline tumor volume (BTV) due to treatment effect or progression were 
noted. Symptom outcomes were reported as baseline and posttreatment ±  improve-
ment, respectively. Symptoms were grouped by cranial nerve (CN) VII or CNVIII. 
Audiometry was assessed baseline and posttreatment hearing. Patients were grouped 
as having greater than serviceable hearing [Gardner Robertson (GR) score 1–2] or less 
than non-serviceable hearing (GR score 3–5) by audiometry.

results: Median follow-up was 72.0 months. Nine (2.3%) experienced treatment failure. 
At last follow-up, 74 (19.3%) had new/progressive symptoms and were categorized as 
radiologic non-responders, whereas 300 (78.3%) had no tumor progression and were 
grouped as radiologic responders. Average pretreatment BTV for treatment failures, 
radiologic non-responders, and radiologic responders was 2.11, 0.44, and 1.87 cm3, 
respectively. Pretreatment CNVII and CNVIII symptoms were present in 9.4 and 93.4% 
of patients, respectively. Eight (24%) with pre-HSRT CNVII and 37 (10%) with pre-HSRT 
CNVIII symptoms recovered CN function post-HSRT. Thirty-five (9%) and 36 (9.4%) 
experienced new CNVII and CNVIII deficit, respectively, after HSRT. Of these, 20 (57%) 
and 18 (50%) recovered CNVII and CNVIII function, respectively, after HSRT. Evaluable 
audiograms were available in 199 patients. At baseline and at last follow-up, 65.8 and 
36.2% had serviceable hearing, respectively. Fifty-one percent had preservation of ser-
viceable hearing at last follow-up.

conclusion: Treatment of VS with HSRT is effective with treatment success in 97.7% 
and an acceptable toxicity profile. Less than one-third of patients experience any new 
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CNVII or CNVIII deficit posttreatment. Greater than 50% of patients with serviceable 
hearing at baseline maintained hearing function. Improved methods to differentiate 
treatment effect and tumor progression are needed.

Keywords: vestibular schwannoma, acoustic neuroma, hypofractionated radiotherapy, hearing loss, cranial 
nerves

inTrODUcTiOn

Vestibular schwannomas (VS) are benign skull base tumors that 
are managed by observation, surgical resection, or radiotherapy. 
The optimal approach to radiotherapy is unknown and includes 
single-dose stereotactic radiosurgery, hypofractionated ste-
reotactic radiotherapy (HSRT) delivered over 2–5 treatments, or 
conventionally fractionated stereotactic radiotherapy generally 
administered over 25–30 sessions (1–22). In our practice, we 
preferentially utilized HSRT, 25 Gy in five fractions, based on a 
hypothesis that this would maintain the excellent tumor control 
achieved with high daily dose treatment but with reduced toxici-
ties compared to single-dose stereotactic radiosurgery.

The long-term impact of HSRT on local control, hearing, and 
treatment-related toxicity remains uncertain, although data from 
a few small cohorts suggest that the majority of patients main-
tain preserved serviceable hearing and low rates of facial nerve 
dysfunction after HSRT (1, 3–10). In addition, the association 
of imaging outcome with clinical endpoints has not been rigor-
ously explored. We present long-term tumor volume progression, 
cranial nerve (CN) function, and audiometric data for a cohort of 
patients treated with HSRT.

MaTerials anD MeThODs

Patient selection and stratification
After receiving institutional review board approval, the electronic 
medical record at a single, high volume institution was retrospec-
tively reviewed for patients with unilateral VS receiving radiation 
therapy alone between 1995 and 2007. Only those who received 
HSRT (25 Gy in five fractions) were included. Data were collected 
on patient demographic information and comorbidities, tumor 
characteristics including laterality and baseline tumor volume 
(BTV), median follow-up, pretreatment CN VII or VIII deficits, 
posttreatment CN VII or VIII deficits, other posttreatment 
complications, Gardner Robertson (GR) Score by audiometric 
assessment at baseline and after treatment completion, and 
changes in tumor volume after treatment and at last follow-up 
(23). Patients were stratified by degree of tumor progression: 
patients were identified as radiologic responders if their imaging 
abnormality volume at last follow-up was <20% larger than their 
BTV, as radiologic non-responders if their imaging volume at 
last follow-up was ≥20% larger than their BTV, and as treatment 
failures if they required any kind of additional salvage therapy 
including microsurgery.

Treatment regimen
Patients received highly conformal HSRT via the BrainLAB 
Treatment Planning System (BrainLAB, Feldkirchen, Germany) 

and Brain Scan software, v. 5.3. Stereotactic radiation was deliv-
ered using the BrainLAB mask and frame immobilization system. 
The dose utilized was 500 cGy × 5 prescribed to the 80% isodose 
line. Contouring of treatment volume was performed using CT 
fused and co-registered with gadolinium contrast-enhanced 
T1-weighted MRI. During treatment, all patients received daily 
localization.

radiologic evaluation
Each patient received a baseline MRI scan prior to treatment and 
serial MRI scans at clinically appropriate time intervals thereafter 
to document changes in tumor volume, measured in cubic cen-
timeter. Tumor volume measurements were performed using the 
cranial–caudal, transverse, and anterior–posterior dimensions. 
Imaging progression or regression was documented as a percent 
change in volume relative to BTV.

landmark analysis of Outcome
To evaluate treatment failures (need for further therapeutic 
intervention) as a function of time based on their tumor volume, 
we performed a landmark analysis. Postradiosurgery imaging 
outcome was assessed. Tumor volume/imaging abnormality 
recorded at intervals of 0–3.99, 4.0–5.99, and >6.0  years after 
baseline imaging. Each patient’s imaging volume was considered 
separately within each time interval, and they were assigned 
response status relative to BTV at each time point. As such, 
response status of one patient could change over time depending 
on the growth characteristics of their tumor. Patients with <20% 
increase in tumor volume relative to the BTV at each time inter-
val were considered radiologic responders, those with a ≥20% 
increase relative to their BTV were radiologic non-responders, 
and those who required salvage microsurgery were treatment 
failures. Given the paucity of evidence regarding measures of 
volumetric response, we reviewed the literature, and on the basis 
of our clinical judgment, we decided upon a volumetric threshold 
of 20% above BTVs, which we felt was a conservative estimate to 
distinguish between progression, the error inherent in estimating 
volumetric changes using simple tri-dimensional measurements, 
and pseudoprogression (24, 25). If a patient did not have imaging 
within a particular time interval, they were excluded from the 
analysis within that time interval.

clinical evaluation of symptomatology 
and hearing
The presence of CN VII or VIII deficit or other symptoms 
unrelated to CN VII or VIII were documented by clinical report 
at baseline prior to treatment and at each clinic visit posttreat-
ment. CN VIII outcomes post-HSRT were reported separately as 
non-hearing and hearing outcomes with non-hearing outcomes 
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Table 2 | Tumor volume progression.

radiologic 
responder 
(n = 300)

radiologic 
non-responder 

(n = 74)

p Value Treatment 
failure (n = 9)

Baseline tumor 
volume

1.87 (2.08) 0.44 (0.58) <0.0001 2.11 (2.28)

Percentage 
change in tumor 
volume at last 
follow-up

−45.5% 
(31.8%)

+165.9% 
(210.3%)

<0.0001 +169.0% 
(228.1%)

Values are average (SD) in cubic centimeter. p value refers to difference between 
radiologic responder and radiologic non-responder.

Table 1 | Baseline patient and tumor characteristics (n = 383).

Age at diagnosis (mean, SD, range) 54.2 (11.4, 18–82)
Race

White 343 (89.6)
Non-white 46 (12.0)

Male 207 (54.0)
Comorbidities 4

Hypertension 91 (23.8)
Diabetes 18 (4.7)
Vascular disease 72 (18.8)

Any smoking history 74 (19.3)
Cranial nerve (CN) VII symptoms

Facial twitching 16 (4.2)
Facial weakness 14 (3.7)
Dysguesia 6 (1.6)

CN VIII symptoms
Hearing loss 358 (93.4)
Ear fullness 83 (21.7)
Imbalance 173 (45.2)
Tinnitus 260 (67.9)

Non-CN VII or VIII symptoms
Facial paresthesia 63 (16.4)
Headache 37 (9.7)
Otalgia 23 (6.0)
Nausea 11 (2.9)
Vomiting 7 (1.8)
Dysphagia 0 (0)
Xeropthalmia 0 (0)
Diplopia 4 (1.0)
Alopecia 0 (0)
Fatigue 5 (1.3)

Laterality of tumor
Left 182 (47.5)
Right 201 (52.5)

Median follow-up in months (range) 72.0 (13.6–181.5)

Values are frequency (%) unless otherwise indicated.
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including imbalance, tinnitus, and dizziness. Hearing outcomes 
were reported as a function of the Gardener-Robertson scale. 
Audiometric evaluation occurred prior to treatment initiation 
and post-HSRT. Only those patients who received audiometric 
evaluation prior to and after treatment were considered evalu-
able. Patients were grouped as having greater than serviceable 
hearing (GR score 1–2) or less than non-serviceable hearing  
(GR score 3–5) by audiometry.

radiation-induced Morbidity
Treatment-related complications during follow-up including 
acute RT-induced neoplasm, hydrocephalus, pituitary treatment 
failure, and RT-related neurologic deficits were assessed and 
documented.

statistical analysis
Categorical data were analyzed using summary statistics and 
presented as frequency (%). Continuous variables were summa-
rized as mean (SD). Two-tailed t-test was performed to compare 
radiologic responders vs. radiologic non-responders with regard 
to BTV and percentage change in tumor volume at last follow-up 
(Table 2). Chi-squared test was performed to compare radiologic 
responders vs. radiologic non-responders with regard to post-
treatment toxicities (Table 4). All statistical computations were 
performed using Stata version 12.1 software.

resUlTs

baseline Patient and  
Tumor characteristics
A total of 446 individuals received radiation therapy for unilateral 
VS at our institution. Between 1997 and 2007, 383 received HSRT 
and had a median follow-up of 72.0 months (Table 1), and 15% 
(57 patients) had greater than 10-year follow-up. Prior to treat-
ment, <5% of patients had any CN VII-related symptom, includ-
ing facial twitching, facial weakness, or dysgeusia. Conversely, a 
significant proportion of individuals presented with CN VIII-
related symptoms at baseline. Nearly all individuals had baseline 
subjective hearing loss (93.4%), while nearly half experienced 
imbalance (45.2%), and more than half suffered from tinnitus 
(67.9%). The most prevalent non-CN VII and VIII symptom 
experienced before treatment was facial paresthesia (16.4%). 
Fifty-two percent of tumors were right sided.

Tumor Volume Progression
Based on our criteria, there were 300 radiologic responders, 
74 radiologic non-responders, and 9 treatment failures within 
his cohort. BTV for radiologic responders, radiologic non-
responders, and treatment failures was 1.87, 0.44, and 2.11 cm3, 
respectively (Table  2; Figure  1). Radiologic responders had 
significantly higher BTV relative to radiologic non-responders 
(p < 0.001; Table 2). While radiologic responders had an average 
decline in tumor volume of 45.5% of their BTV at last follow-up, 
radiologic non-responders and treatment failures had a 165.9 and 
169.0% increase, respectively (Table  2; Figure  1). To ascertain 
the frequency of transient volume enlargement in the post-HSRT 

setting, we evaluated the volumetric changes within 2 years fol-
lowing HSRT. Among the 300 radiologic responders in our series, 
167 patients had tumor volumetric analysis within 2 years after 
HSRT. Seventy-four of 167 (44%) patients demonstrated transient 
volumetric enlargement during this time interval. Of the radio-
logic non-responders, 32 had tumor volumetric analysis within 
2 years after HSRT, and of those 87% had a transient increase in 
their tumor volume relative to baseline.

Landmark analysis of tumor response status revealed that 
there was a 6% increase in the number of radiologic responders 
at >6 years of follow-up relative to BTV, that there were half as 
many radiologic non-responders at >6 years of follow-up relative 
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FigUre 1 | Tumor volume at baseline and change in tumor volume at last follow-up. Tumor volumetric data were gathered from MRI prior to treatment (a) and after 
treatment (b) at the last clinic visit. Percentage change in tumor volume at last follow-up is relative to the baseline tumor volume. LFU, last follow-up.

Table 3 | Response status at follow-up intervals measured in years from 
baseline imaging.

radiologic 
responder

radiologic 
non-responder

Treatment 
failure

0–3.99 years 227 (75.7) 74 (100.0) 9 (100.0)
4.0–5.99 years 187 (62.3) 65 (87.8) 1 (11.1)
>6.0 years 241 (80.3) 44 (59.4) 0 (0)

Time is in years after baseline imaging. Values in parenthesis are percentages of the total.

4

Patel et al. VS HSRT Outcomes

Frontiers in Oncology | www.frontiersin.org September 2017 | Volume 7 | Article 200

to BTV, and that there were no treatment failures after 6 years 
(Table 3). Notably, after 6 years of follow-up, patients continued 
to undergo surveillance imaging every 1–2 years. Moreover, of the 
radiologic non-responders with imaging between 0 and 3.99 years 
after baseline imaging, 30 ultimately became radiologic respond-
ers at last follow-up; of the radiologic responders with imaging 
between 0 and 3.99  years after baseline imaging, 7 ultimately 
became radiologic non-responders at last follow-up, and there 
were 5 treatment failures who initially responded to treatment 
within 1.5 years after baseline imaging. There were 50 radiologic 
responders and 19 radiologic non-responders without follow-up 
within 3.99 years who were excluded in the first interval. There 
were 15 radiologic responders and 7 radiologic non-responders 
without follow-up within 5.99 years who were excluded from the 
first 2 time intervals.

Pretreatment cn symptom resolution
Of those who presented with CNVII and CNVIII symptoms at 
baseline, 8 (24%) and 37 (10%), respectively, recovered affected 
CN function after HSRT.

Treatment-related cn symptoms and 
complications
Thirty-five (9%) patients experienced new CNVII deficit and 
36 (9.4%) patients experienced new CNVIII deficit after HSRT 
(Table  4). The most common transient or permanent CNVII 

deficit was facial spasm (22, 6%), followed by facial weakness (5, 
1.7%). At last follow-up, 3.9% had a persistent facial nerve symp-
tom. Regarding treatment-related CNVIII non-hearing deficit, 7 
(1.8%) patients had dizziness, 6 (1.6%) had tinnitus, and 5 (1.3%) 
had imbalance after HSRT. Of patients with treatment-related CN 
deficit, 20 (57%) patients recovered CNVII function and 18 (50%) 
patients recovered any lost CNVIII function after HSRT (Table 4).

The most common overall posttreatment complication was 
hydrocephalus (five patients, 1.3%), for which one individual 
required ventricular shunt placement.

Posttreatment hearing Outcomes
There were 199 patients (52%) with evaluable hearing at baseline 
(radiologic responders 154, 51.3%; radiologic non-responders 
40, 54.0%; treatment failures 5, 55.6%; Table 5), defined as the 
presence of both pretreatment and posttreatment audiometric 
evaluation (Table 5). One hundred thirty-one patients (66%) had 
greater than serviceable hearing at baseline (radiologic responders 
103, 65.6%; radiologic non-responders 25, 62.5%; treatment fail-
ures 3, 60.0%; Table 5). Twenty-seven (7%) patients experienced 
subjective hearing loss after HSRT. By audiometric evaluation, 
67 (51%) had preservation of serviceable hearing posttreatment 
(radiologic responders 55, 54.5%; radiologic non-responders 12, 
48.0%). Sixty-two (47.3%) had a decline in functional hearing at 
last follow-up, defined as the progression to non-serviceable hear-
ing at last follow-up from serviceable hearing prior to treatment 
initiation. At last follow-up, 72 (36.2%) had serviceable hearing. 
Differences in hearing outcomes between radiologic responders 
and radiologic non-responders were non-significant by Pearson’s 
Chi-squared test (p = 0.981).

DiscUssiOn

Our findings demonstrate that HSRT is an appropriate treatment 
modality for unilateral VS, with an uncommon need for further 
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Table 5 | Hearing outcomes.

radiologic 
responder 
(n = 300)

radiologic 
non-

responder 
(n = 74)

Treatment 
failure 
(n = 9)

Overall 
(n = 383)

Evaluablea hearing at 
baseline

154 (51.3) 40 (54.0) 5 (55.6) 199 (52.0)

Serviceable hearing at 
baseline

103 (66.9) 25 (62.5) 3 (60.0) 131 (65.8)

Preservation of 
serviceable hearing 
post-HSRT

55 (53.4) 12 (48.0) 0 (0) 67 (51.1)

Functional declineb in 
serviceable hearing 
post-HSRT

46 (44.7) 13 (52.0) 3 (100.0) 62 (47.3)

Serviceable hearing at 
last follow-up

58 (37.7) 14 (35.0) 0 (0) 72 (36.2)

Values are frequency (%) unless otherwise indicated.
aEvaluable hearing refers to those with pretreatment and posttreatment audiometric 
evaluation.
bFunctional decline refers to the progression to non-serviceable hearing at last follow-
up from serviceable hearing at baseline. χ2, p > 0.05 between radiologic responders, 
non-responders, and treatment failures.
GR, Gardner Roberston.

Table 4 | Post-HSRT symptoms and complications.

radiologic responder  
(n = 300)

radiologic non-responder  
(n = 74)

p Value Treatment failure  
(n = 9)

Overall  
(n = 383)

Recovery of pre-HSRT CNVII deficit 4 (16.0) 4 (50.0) 0 (0) 8 (2.1)
Recovery of pre-HSRT CNVIII deficit 32 (10.8) 5 (6.9) 0 (0) 37 (9.7)
Post-HSRT CNVII deficit 27 (9.0) 6 (8.1) 0.065 2 (22.2) 35 (9.1)

Facial weakness 5 (1.7) 1 (1.4) 0 (0) 6 (1.6)
Facial paralysis 1 (0.3) 0 (0) 0 (0) 1 (0.3)
Facial pain 1 (0.3) 0 (0) 0 (0) 1 (0.3)
Facial spasm 17 (5.7) 3 (4.1) 2 (22.2) 22 (5.7)
Dysgeusia 0 (0) 2 (2.7) 0 (0) 2 (0.5)

Post-HSRT CNVIII deficit 23 (7.7) 10 (13.5) 0.97 3 (33.3) 36 (9.4)
Hearing loss 17 (5.7) 8 (10.8) 2 (22.2) 27 (7.0)
Tinnitus 3 (1.0) 2 (2.7) 1 (11.1) 6 (1.6)
Imbalance 3 (1.0) 1 (1.4) 1 (11.1) 5 (1.3)
Dizziness 5 (1.7) 2 (2.7) 0 (0) 7 (1.8)

Recovery of post-HSRT CNVII deficit 16 (59.0) 4 (40.0) 0 (0) 20 (5.2)
Recovery of post-HSRT CNVIII deficit 10 (41.7) 7 (70.0) 1 (33.3) 18 (4.7)
Complications 0.35

Hydrocephalus 3 (1.0) 1 (1.4) 1 (11.1) 5 (1.3)
RT-induced neoplasm 2 (0.67) 1 (1.4) 0 (0) 3 (0.8)
Pituitary failure 0 (0) 0 (0) 0 (0) 0 (0)
RT-induced neurological deficit 0 (0) 2 (2.7) 0 (0) 2 (0.5)
Any posttreatment toxicity 5 (1.7) 4 (5.4) 1 (11.1) 10 (2.6)

Values are frequency (%). p value refers to difference between radiologic responders vs. radiologic non-responders with regard to symptom group.

5

Patel et al. VS HSRT Outcomes

Frontiers in Oncology | www.frontiersin.org September 2017 | Volume 7 | Article 200

intervention, low posttreatment CNVII and CNVIII toxicity, and 
hearing preservation in greater than half of treated patients.

Recent studies regarding the efficacy of HSRT for the treat-
ment of VS demonstrate local control rates of 92–100% (5–7, 9, 
10), with control defined as achieving the objective of no fur-
ther treatment requirements. Similarly, in our cohort, we had 
a local control rate of 98%—as defined by the lack of need for 
surgical intervention—with radiologic responders having an 
average decrease in tumor volume of 45.5% at last follow-up. 
Relative to stereotactic radiosurgery (SRS) for VS, HSRT results 

in comparable intervention-free local tumor control (26–29).  
In a large series of 839 patients treated with gamma knife radiosur-
gery that established the role of single-dose stereotactic therapy 
as an important treatment for this illness, control rate was 97% 
defined as no need for further intervention (30). Furthermore, 
similar to studies of SRS treatment of VS, in this cohort, there 
were no new post-HSRT treatment failures after 4–6 years (15).

The long-term durability of control after radiosurgery remains 
an important question, especially as the alternative of surgery 
provides durable control albeit with a different risk profile. We 
did not identify any treatment failures later than the first 6 years 
of follow-up, suggesting that HSRT may result in durable control. 
This is emphasized by the fact that patients continued to have 
imaging follow-up every 1–2  years even 6  years after baseline 
imaging. This is similar to the long-term results reported by other 
investigators that suggest that late treatment failure is uncommon 
after single-dose radiosurgery (15, 29). Hasegawa et al. reported 
results of 440 patients with median follow-up of 12.5 years and 
observed 12 treatment failures within 3 years of therapy, 8 treat-
ment failures >3  years after therapy, and no treatment failures 
after 10 years (29). In another large series from the University of 
Pittsburgh, no treatment failures were observed after 4 years (15). 
Interestingly, we observed that transient volumetric enlargement 
of tumors in the initial years after treatment did not necessar-
ily predict treatment failure, as a number of these individuals 
ultimately did not demonstrate further imaging progression but 
actually became radiologic responders.

Indeed, imaging outcome may not be a clear measure of treat-
ment success given radiation-related imaging changes and the 
difficulties of accurate determination of volume by bidimensional 
measurement of relatively small tumors. For this reason, we pro-
pose that long-term avoidance of need for further tumor therapy, 
although subject to some bias, and not imaging stability is the 
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Table 6 | CN toxicity with HSRT vs. SRS: review of the literature.

reference n cn Vii toxicity hearing preservation

hsrT
Hansasuta et al. (32) 383 0.2% 76%
Tsai et al. (35) 117 N/A 81.5%
Vivas et al. (36) 73 N/A 53.5%
Vernimmen et al. (33) 51 8.3% 42%
Anderson et al. (3) 37 2.1% 63.2%

srs
Breivik et al. (28) 113 12% 36%
Hasegawa et al. (29) 440 2.2% 43% 5 years, 34% 8 years
Boari et al. (27) 379 1.1% 49%
Anderson et al. (3) 48 2.1% 60%

HSRT, hypofractionated stereotactic radiotherapy; SRS, stereotactic radiosurgery;  
n, number of patients; CN, cranial nerve.
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ultimate goal and should be the metric for treatment success. The 
imaging outcome reaffirms that enlargement of abnormality after 
radiosurgery for VS may only represent a progressive process that 
will require intervention in a small proportion of patients. Reports 
of outcome emphasize either lack of need for further intervention 
or imaging control as the outcome measure, without standard 
definitions (31). Of note, 44% of responders in our cohort had 
transient tumor volumetric enlargement after HSRT, which may 
have resulted in temporary CNVII and CNVIII symptoms that 
ultimately resolved with tumor regression. In addition, although 
21.7% of patients had enlarged imaging abnormality at last follow-
up, only 1.8% of patients required intervention for a progressive 
process suggestive of tumor growth. This has been demonstrated 
in other studies reporting imaging outcome where the majority of 
patients with imaging enlargement did not require further inter-
vention for recurrent tumor, and treatment failure was defined 
as progressive growth without stabilization of tumor volume  
(15, 27). Boari et al. in reviewing the literature emphasized that 
for 15–30% of cases, there is a transient increase in tumor volume; 
for 5–10% of cases, there is stabilization after increase in tumor 
volume; and for <5% of cases, continuous growth is considered 
to be true progression (27). Although very long-term follow-up 
is required to confirm the significance of enlargement in this 
patients, we hypothesize that there may be both temporary and 
permanent radiosurgery-related imaging changes.

The majority of patients in recent studies experience no per-
manent damage to CN function after HSRT (5, 9, 32, 33). In one 
study, all patients with VS treated with HSRT had total preservation 
of long-term CN function; in another, no permanent trigeminal 
nerve or facial nerve toxicity was observed in any patient as a 
result of treatment, and in a third study of 60 patients with VS 
treated with HSRT, there were no severe treatment-related CN 
complications, and less than 15% of patients experienced any new 
CN symptom after treatment (5, 9, 34). Only 1.7% demonstrated 
a facial nerve palsy or paralysis, similar to other reports (Table 6). 
Indeed, Meijer et  al. demonstrate that the 5-year preservation 
probability of facial nerve function after HSRT is near 100% (6). 
Similarly, we found that in the 9% who had new CNVII and 9.4% 
who had new CNVIII deficits after HSRT, 57 and 50% of those 
individuals, respectively, recovered CN function (Table 4). In this 
retrospective study, we could not assess the severity of the deficits.

Hearing preservation is a topic of great concern after radiation 
therapy for VS, particularly given the close proximity of the struc-
tures of hearing to the planning target volume of radiation. The 
use of hypofractionated stereotactic treatment as an alternative 
to single-dose stereotactic radiosurgery was driven by the goal of 
taking advantage of the greater therapeutic ratio observed with 
fractionation with regard to hearing preservation. Fractionated 
SRT provides the benefit of delivering a lower dose of radiation 
during each treatment visit to such critical structures, rather than 
the high-dose radiation delivered by SRS. Thus far, the majority 
of studies of hearing preservation after HSRT demonstrate that 
greater than half of patients have preserved serviceable hearing 
(42–81%; Table  6) (3, 9, 10, 32, 33, 35–37), although gradient 
deterioration of pure tone averages has been observed even in 
those with hearing preservation (7). Hayden Gephart et al. com-
ment that a higher radiation dose and larger cochlear volume 
within the radiation field result in poorer hearing outcomes post-
treatment (37). Following this logic, the delivery of a high total 
dose of radiation divided into few low-dose fractions via HSRT 
would improve hearing outcomes relative to SRS. Indeed, HSRT 
has demonstrated improved hearing preservation relative to SRS 
in a number of studies (42–81.5% preserved hearing vs. 36–60%; 
Table 6) (27–29, 32, 33, 35, 36). Our results corroborate previous 
findings, as we observed preservation of serviceable hearing in 
51% of patients after HSRT (Tables 5 and 6). This result is similar 
to the hearing preservation observed with stereotactic radio-
surgery and does not support superiority of hypofractionated 
stereotactic treatment (Table 6). Overall, less than 5% of patients 
in our cohort continued to experience treatment-related CNVII 
and CNVIII deficit beyond our follow-up time of 6 years, which 
is consistent with the current literature regarding functional CN 
outcomes after HSRT and is comparable to CN outcomes after 
SRS (15).

A weakness of this study is that it is a retrospective analysis 
of patients from a wide geographic base such that a significant 
proportion were lost to follow-up as they ceased care and follow-
up at the treating facility. Indeed, large series reporting results 
of therapeutic options for VS are retrospective, and comparing 
results should be done with caution and understanding of the 
limitations. Nevertheless, this report of outcome for a large 
cohort of patients treated with HSRT does not provide evidence 
to support the hypothesis that control or toxicity is superior to the 
outcome achieved with standard single-dose radiosurgery. This 
study represents results with this treatment approach of hypof-
ractionated stereotactic radiation, and as such there is no direct 
comparison group; the results must be interpreted in the context 
of results at other institutions with this limitation in mind.

We show that HSRT is an appropriate treatment modality for 
unilateral VS, with a high tumor control rate, low CN toxicity, 
and acceptable hearing preservation relative to prior studies of 
SRS. However, the results do not appear to confirm that hearing 
preservation and toxicity could be superior to the outcome with 
standard single-dose radiosurgery, and we have reverted to that 
approach for lesions meeting appropriate size criteria. Continued 
research to document long-term outcomes and to reduce treat-
ment morbidity is required. Research directions may be directed 
at better selection of those who require treatment rather than 
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observation as well as use of other radiotherapy schemas that 
potentially may result in reduced toxicity, including hearing loss.

aUThOr cOnTribUTiOns

MP and AM: data gathering, analysis, and manuscript prepara-
tion. IJ-T, AR, and RG: data gathering and analysis. CH: data 
analysis and statistical methodology. HF, ML, and DR: data 

gathering. KR: data gathering, analysis, and manuscript review. 
LK: research conception, data gathering and analysis, and manu-
script preparation.

FUnDing

This work was supported by a donation from the Nichol Family 
Foundation.

reFerences

1. Chang SD, Gibbs IC, Sakamoto GT, Lee E, Oyelese A, Adler  JR Jr. Staged ste-
reotactic irradiation for acoustic neuroma. Neurosurgery (2005) 56:1254–61. 
doi:10.1227/01.NEU.0000159650.79833.2B 

2. Kapoor S, Batra S, Carson K, Shuck J, Kharkar S, Gandhi R, et al. Long-term 
outcomes of vestibular schwannomas treated with fractionated stereotactic 
radiotherapy: an institutional experience. Int J Radiat Oncol Biol Phys (2011) 
81:647–53. doi:10.1016/j.ijrobp.2010.06.006 

3. Anderson BM, Khuntia D, Bentzen SM, Geye HM, Hayes LL, 
Kuo JS, et  al. Single institution experience treating 104 vestibular 
schwannomas with fractionated stereotactic radiation therapy or ste-
reotactic radiosurgery. J Neurooncol (2014) 116:187–93. doi:10.1007/s11060-013- 
1282-4 

4. Kranzinger M, Zehentmayr F, Fastner G, Oberascher G, Merz F, Nairz O, 
et al. Hypofractionated stereotactic radiotherapy of acoustic neuroma: volume 
changes and hearing results after 89-month median follow-up. Strahlenther 
Onkol (2014) 190:798–805. doi:10.1007/s00066-014-0630-4 

5. Mahadevan A, Floyd S, Wong E, Chen C, Kasper E. Clinical outcome after 
hypofractionated stereotactic radiotherapy (HSRT) for benign skull base 
tumors. Comput Aided Surg (2011) 16:112–20. doi:10.3109/10929088.2011.
565160 

6. Meijer OW, Vandertop WP, Baayen JC, Slotman BJ. Single-fraction vs. frac-
tionated linac-based stereotactic radiosurgery for vestibular schwannoma: 
a single-institution study. Int J Radiat Oncol Biol Phys (2003) 56:1390–6. 
doi:10.1016/S0360-3016(03)00444-9 

7. Morimoto M, Yoshioka Y, Kotsuma T, Adachi K, Shiomi H, Suzuki O, et al. 
Hypofractionated stereotactic radiation therapy in three to five fractions for 
vestibular schwannoma. Jpn J Clin Oncol (2013) 43:805–12. doi:10.1093/jjco/
hyt082 

8. Poen JC, Golby AJ, Forster KM, Martin DP, Chinn DM, Hancock SL, et al. 
Fractionated stereotactic radiosurgery and preservation of hearing in patients 
with vestibular schwannoma: a preliminary report. Neurosurgery (1999) 
45:1299–305. doi:10.1097/00006123-199912000-00004 

9. Sakanaka K, Mizowaki T, Arakawa Y, Araki N, Oya N, Takahashi JA, et al. 
Hypofractionated stereotactic radiotherapy for acoustic neuromas: safety 
and effectiveness over 8 years of experience. Int J Clin Oncol (2011) 16:27–32. 
doi:10.1007/s10147-010-0122-1 

10. Williams JA. Fractionated stereotactic radiotherapy for acoustic neuromas. 
Int J Radiat Oncol Biol Phys (2002) 54:500–4. doi:10.1016/S0360-3016(02) 
03305-9 

11. Chopra R, Kondziolka D, Niranjan A, Lunsford LD, Flickinger JC. Long-term 
follow-up of acoustic schwannoma radiosurgery with marginal tumor doses 
of 12 to 13 Gy. Int J Radiat Oncol Biol Phys (2007) 68:845–51. doi:10.1016/j.
ijrobp.2007.01.001 

12. Fuss M, Debus J, Lohr F, Huber P, Rhein B, Engenhart-Cabillic R, et  al. 
Conventionally fractionated stereotactic radiotherapy (FSRT) for acoustic 
neuromas. Int J Radiat Oncol Biol Phys (2000) 48:1381–7. doi:10.1016/
S0360-3016(00)01361-4 

13. Henzel M, Hamm K, Sitter H, Gross MW, Surber G, Kleinert G, et  al. 
Comparison of stereotactic radiosurgery and fractionated stereotactic radio-
therapy of acoustic neurinomas according to 3-D tumor volume shrinkage 
and quality of life. Strahlenther Onkol (2009) 185:567–73. doi:10.1007/
s00066-009-1959-y 

14. Iwai Y, Yamanaka K, Kubo T, Aiba T. Gamma knife radiosurgery for intracan-
alicular acoustic neuromas. J Clin Neurosci (2008) 15:993–7. doi:10.1016/j.
jocn.2007.09.008 

15. Kondziolka D, Lunsford LD, McLaughlin MR, Flickinger JC. Long-term 
outcomes after radiosurgery for acoustic neuromas. N Engl J Med (1998) 
339:1426–33. doi:10.1056/NEJM199811123392003 

16. Maire JP, Huchet A, Milbeo Y, Darrouzet V, Causse N, Célérier D, et  al. 
Twenty years’ experience in the treatment of acoustic neuromas with frac-
tionated radiotherapy: a review of 45 cases. Int J Radiat Oncol Biol Phys (2006) 
66:170–8. doi:10.1016/j.ijrobp.2006.04.017 

17. Murphy ES, Barnett GH, Vogelbaum MA, Neyman G, Stevens GH, Cohen BH, 
et al. Long-term outcomes of gamma knife radiosurgery in patients with ves-
tibular schwannomas. J Neurosurg (2011) 114:432–40. doi:10.3171/2009.12.
JNS091339 

18. Noren G. Long-term complications following gamma knife radiosurgery 
of vestibular schwannomas. Stereotact Funct Neurosurg (1998) 70(Suppl 1): 
65–73. doi:10.1159/000056408 

19. Pollock BE, Lunsford LD, Kondziolka D, Flickinger JC, Bissonette DJ,  
Kelsey SF, et al. Outcome analysis of acoustic neuroma management: a com-
parison of microsurgery and stereotactic radiosurgery. Neurosurgery (1995) 
36:215–24. doi:10.1227/00006123-199501000-00036 

20. Rutten I, Baumert BG, Seidel L, Kotolenko S, Collignon J, Kaschten B, et al. 
Long-term follow-up reveals low toxicity of radiosurgery for vestibular schwan-
noma. Radiother Oncol (2007) 82:83–9. doi:10.1016/j.radonc.2006.11.019 

21. Shirato H, Sakamoto T, Takeichi N, Aoyama H, Suzuki K, Kagei K, et  al. 
Fractionated stereotactic radiotherapy for vestibular schwannoma (VS): 
comparison between cystic-type and solid-type VS. Int J Radiat Oncol Biol 
Phys (2000) 48:1395–401. doi:10.1016/S0360-3016(00)00731-8 

22. Szumacher E, Schwartz ML, Tsao M, Jaywant S, Franssen E, Wong CS, et al. 
Fractionated stereotactic radiotherapy for the treatment of vestibular schwan-
nomas: combined experience of the Toronto-Sunnybrook Regional Cancer 
Centre and the Princess Margaret Hospital. Int J Radiat Oncol Biol Phys (2002) 
53:987–91. doi:10.1016/S0360-3016(02)02779-7 

23. Gardner G, Robertson JH. Hearing preservation in unilateral acous-
tic neuroma surgery. Ann Otol Rhinol Laryngol (1988) 97:55–66. 
doi:10.1177/000348948809700110 

24. Hayhurst C, Zadeh G. Tumor pseudoprogression following radiosurgery for 
vestibular schwannoma. Neuro Oncol (2012) 14:87–92. doi:10.1093/neuonc/
nor171 

25. Regis J, Delsanti C, Roche PH. Editorial: vestibular schwannoma radiosur-
gery: progression or pseudoprogression? J Neurosurg (2017) 127:374–9. 
doi:10.3171/2016.7.JNS161236 

26. Apicella G, Paolini M, Deantonio L, Masini L, Krengli M. Radiotherapy for 
vestibular schwannoma: review of recent literature results. Rep Prac Oncol 
Radiother (2016) 21:399–406. doi:10.1016/j.rpor.2016.02.002 

27. Boari N, Bailo M, Gagliardi F, Franzin A, Gemma M, del Vecchio A, et al. 
Gamma knife radiosurgery for vestibular schwannoma: clinical results 
at long-term follow-up in a series of 379 patients. J Neurosurg (2014) 
121(Suppl):123–42. doi:10.3171/2014.8.GKS141506 

28. Breivik CN, Nilsen RM, Myrseth E, Pedersen PH, Varughese JK, Chaudhry AA,  
et al. Conservative management or gamma knife radiosurgery for vestibular 
schwannoma: tumor growth, symptoms, and quality of life. Neurosurgery 
(2013) 73:48–56. doi:10.1227/01.neu.0000429862.50018.b9 

29. Hasegawa T, Kida Y, Kato T, Iizuka H, Kuramitsu S, Yamamoto T. Long-term 
safety and efficacy of stereotactic radiosurgery for vestibular schwannomas: 
evaluation of 440 patients more than 10 years after treatment with Gamma 
Knife surgery. J Neurosurg (2013) 118:557–65. doi:10.3171/2012.10.JNS12523 

30. Lunsford LD, Niranjan A, Flickinger JC, Maitz A, Kondziolka D. Radiosurgery 
of vestibular schwannomas: summary of experience in 829 cases. J Neurosurg 
(2013) 119(Suppl):195–9. 

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1227/01.NEU.0000159650.79833.2B
https://doi.org/10.1016/j.ijrobp.2010.06.006
https://doi.org/10.1007/s11060-013-1282-4
https://doi.org/10.1007/s11060-013-1282-4
https://doi.org/10.1007/s00066-014-0630-4
https://doi.org/10.3109/10929088.2011.565160
https://doi.org/10.3109/10929088.2011.565160
https://doi.org/10.1016/S0360-3016(03)00444-9
https://doi.org/10.1093/jjco/hyt082
https://doi.org/10.1093/jjco/hyt082
https://doi.org/10.1097/00006123-199912000-00004
https://doi.org/10.1007/s10147-010-0122-1
https://doi.org/10.1016/S0360-3016(02)03305-9
https://doi.org/10.1016/S0360-3016(02)03305-9
https://doi.org/10.1016/j.ijrobp.2007.01.001
https://doi.org/10.1016/j.ijrobp.2007.01.001
https://doi.org/10.1016/S0360-3016(00)01361-4
https://doi.org/10.1016/S0360-3016(00)01361-4
https://doi.org/10.1007/s00066-009-1959-y
https://doi.org/10.1007/s00066-009-1959-y
https://doi.org/10.1016/j.jocn.2007.09.008
https://doi.org/10.1016/j.jocn.2007.09.008
https://doi.org/10.1056/NEJM199811123392003
https://doi.org/10.1016/j.ijrobp.2006.04.017
https://doi.org/10.3171/2009.12.JNS091339
https://doi.org/10.3171/2009.12.JNS091339
https://doi.org/10.1159/000056408
https://doi.org/10.1227/00006123-199501000-00036
https://doi.org/10.1016/j.radonc.2006.11.019
https://doi.org/10.1016/S0360-3016(00)00731-8
https://doi.org/10.1016/S0360-3016(02)02779-7
https://doi.org/10.1177/000348948809700110
https://doi.org/10.1093/neuonc/nor171
https://doi.org/10.1093/neuonc/nor171
https://doi.org/10.3171/2016.7.JNS161236
https://doi.org/10.1016/j.rpor.2016.02.002
https://doi.org/10.3171/2014.8.GKS141506
https://doi.org/10.1227/01.neu.0000429862.50018.b9
https://doi.org/10.3171/2012.10.JNS12523


8

Patel et al. VS HSRT Outcomes

Frontiers in Oncology | www.frontiersin.org September 2017 | Volume 7 | Article 200

31. Pollock BE, Link MJ, Foote RL. Failure rate of contemporary low-dose radio-
surgical technique for vestibular schwannoma. Clinical article. J Neurosurg 
(2013) 119(Suppl):840–4. 

32. Hansasuta A, Choi CY, Gibbs IC, Soltys SG, Tse VC, Lieberson RE,  
et  al. Multisession stereotactic radiosurgery for vestibular schwannomas:  
single-institution experience with 383 cases. Neurosurgery (2011) 69:1200–9. 
doi:10.1227/NEU.0b013e318222e451 

33. Vernimmen FJ, Mohamed Z, Slabbert JP, Wilson J. Long-term results of ste-
reotactic proton beam radiotherapy for acoustic neuromas. Radiother Oncol 
(2009) 90:208–12. doi:10.1016/j.radonc.2008.11.004 

34. Badakhshi H, Muellner S, Wiener E, Budach V. Image-guided stereotactic 
radiotherapy for patients with vestibular schwannoma. A clinical study. 
Strahlenther Onkol (2014) 190:533–7. doi:10.1007/s00066-014-0646-9 

35. Tsai JT, Lin JW, Lin CM, Chen YH, Ma HI, Jen YM, et al. Clinical evaluation 
of CyberKnife in the treatment of vestibular schwannomas. Biomed Res Int 
(2013) 2013:297093. doi:10.1155/2013/297093 

36. Vivas EX, Wegner R, Conley G, Torok J, Heron DE, Kabolizadeh P, et  al. 
Treatment outcomes in patients treated with CyberKnife radiosurgery 

for vestibular schwannoma. Otol Neurotol (2014) 35:162–70. doi:10.1097/
MAO.0b013e3182a435f5 

37. Hayden Gephart MG, Hansasuta A, Balise RR, Choi C, Sakamoto GT, 
Venteicher AS, et al. Cochlea radiation dose correlates with hearing loss after 
stereotactic radiosurgery of vestibular schwannoma. World Neurosurg (2013) 
80:359–63. doi:10.1016/j.wneu.2012.04.001 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Patel, Marciscano, Hu, Jusué-Torres, Garg, Rashid, Francis, Lim, 
Redmond, Rigamonti and Kleinberg. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License (CC BY). The use, distribu-
tion or reproduction in other forums is permitted, provided the original author(s) 
or licensor are credited and that the original publication in this journal is cited, in 
accordance with accepted academic practice. No use, distribution or reproduction is 
permitted which does not comply with these terms.

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1227/NEU.0b013e318222e451
https://doi.org/10.1016/j.radonc.2008.11.004
https://doi.org/10.1007/s00066-014-0646-9
https://doi.org/10.1155/2013/297093
https://doi.org/10.1097/MAO.0b013e3182a435f5
https://doi.org/10.1097/MAO.0b013e3182a435f5
https://doi.org/10.1016/j.wneu.2012.04.001
http://creativecommons.org/licenses/by/4.0/

	Long-term Treatment Response 
and Patient Outcomes for Vestibular Schwannoma Patients Treated 
with Hypofractionated Stereotactic Radiotherapy
	Introduction
	Materials and Methods
	Patient Selection and Stratification
	Treatment Regimen
	Radiologic Evaluation
	Landmark Analysis of Outcome
	Clinical Evaluation of Symptomatology and Hearing
	Radiation-Induced Morbidity
	Statistical Analysis

	Results
	Baseline Patient and 
Tumor Characteristics
	Tumor Volume Progression
	Pretreatment CN Symptom Resolution
	Treatment-Related CN Symptoms and Complications
	Posttreatment Hearing Outcomes

	Discussion
	Author Contributions
	Funding
	References


