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Purpose: This prospective cohort evaluated patients with acoustic neuroma treated with
proton irradiation at Loma Linda University Medical Center. A dose of 50.4 Gy in 28
fractions was given to improve hearing preservation while maintaining tumor control.
Patients and Methods: Ninety-five patients were treated from March 1991 to March
2008. Fractionated proton radiotherapy at daily doses of 1.8 Gy was employed.
Patients were treated to 1 of 3 total doses: 59.4 Gy, used initially for patients without
serviceable hearing; 54 Gy, used for patients with serviceable hearing through October
2000; and 50.4 Gy used since 2001 for patients with serviceable hearing. Survival and
local control were calculated using the Kaplan-Meier method. Logistic regression
analysis was preformed comparing dose, tumor size, and tumor location with hearing
preservation.
Results: Ninety-four patients were assessable; the median follow-up was 64 months.
Five-year local control rates for the 59.4 Gy, 54 Gy, and 50.4 Gy groups were 95%,
97%, and 92%, respectively (P ¼ .80); the overall 10-year actuarial control rate was
90%. Cranial nerve injuries occurred in ,5% in all groups. Four-year actuarial rates of
hearing preservation were maintained in 44% of patients treated with 54 Gy and 64%
treated with 50.4 Gy (P ¼ .284). On multivariate analysis, initial tumor diameter (1.5
cm) was found to be a prognostic factor for maintaining serviceable hearing in both
groups (P ¼ .011).
Conclusions: Fractionated proton therapy of 50.4 Gy offers excellent local control and
minimal cranial nerve toxicities. Improved rates of hearing preservation that are
comparable with radiosurgery were seen with 50.4 Gy compared with higher doses,
although this did not reach significance. Maintaining hearing was found to be
associated with smaller initial tumor size.
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Introduction
Acoustic neuromas (or vestibular schwannomas) are benign tumors that arise from the
Schwann cells lining the VIIIth cranial nerve at the internal auditory meatus. Patients often
present with unilateral sensorineural hearing loss, associated vertigo, and/or tinnitus, or
the tumors may be found incidentally on imaging examinations.
The diagnosis is typically made with imaging techniques such as contrast-enhanced
magnetic resonance imaging (MRI), and the use of this examination has been increasing
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Patients and Methods
Under institutional review board approval, we analyzed 96 acoustic neuromas in 95 patients treated with proton-beam therapy
between March 1991 and March 2008. Pretreatment workup included a neurological examination, brain MRI with gadolinium,
and audiometric evaluation. Fractionated proton therapy was used at daily doses of 1.8 Gy to 1 of 3 doses: 59.4 Gy was used
initially for patients without serviceable hearing; up to October 2000, 54 Gy was used for patients with serviceable hearing;
thereafter, the dose was reduced to 50.4 Gy. Patients were classified as having serviceable hearing by being designated
grade 1 or 2 according to the Gardner-Robertson Hearing Scale. Hearing was deemed unserviceable if the pure tone average
and speech reception threshold showed more than a 50 decibel hearing loss or if the patient had ,50% speech discrimination.
If the grade of hearing preservation did not correlate between the 2 groups (pure tone average/speech reception threshold or
,50% speech discrimination), the poorer of the 2 was used to determine the overall grade [7].
All patients were treated at the hospital-based proton treatment facility at Loma Linda University Medical Center. Patients
were immobilized with a thermoplastic mask and treatment planning was done via 3-dimensional–based contrast enhanced
computed tomography with magnetic resonance imaging registration. The gross tumor volume was contoured as seen on the
contrast enhanced imaging with no additional clinical target volume margin. Software specifically designed for proton beams
was used in planning, and the appropriate apertures and tissue compensators were fabricated. Most patients were treated with
passively scattered proton beams using 2 to 3 fields; typically 2 fields were treated daily. An appropriate planning target
volume margin of 2 to 3 mm was added to account for penumbra and immobilization uncertainty, and the dose equivalent (in
relation to photons) was done with a relative biological effectiveness volume value of 1.1. For tumors smaller than 1 cm, fieldspecific calibration measurements were required for accurate field-specific dosimetric calculations.
After treatment, local control and hearing preservation were monitored with biannual brain MRI and audiometry for the first 5
years. The same tests were done yearly thereafter.
Local control was determined by contrast-enhanced MRI. If a patient could not receive an MRI, a computed tomography
scan of the head with contrast was used for comparison. Disease progression was documented by radiologic evidence of
tumor growth as confirmed by a neuroradiologist at Loma Linda University Medical Center, using Response Evaluation Criteria
In Solid Tumors criteria or by clinical evidence of progression leading to surgical removal of the tumor. Cranial nerve deficits or
other neurologic injury were determined with routine clinical history and physicals.
Univariate and multivariate statistical analyses were performed to compare hearing preservation with radiation dose, tumor
location, and size. Tumor location was organized as either being solely confined to the internal auditory canal or tumor that
also had a component in the cerebellopontine angle. The size of the tumor was classified as either medium to large (maximum
tumor diameter .1.5 cm) or small (maximum tumor diameter 1.5 cm).
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in the last few decades. The increased use of MRI imaging has also lead to an increase in diagnosis of smaller acoustic
neuromas [1]. The incidence in the last 25 years increased from an estimated 5 tumors per 1 million people annually in 1976 to
19.3 tumors per 1 million in 2001. [1, 2]
Options for managing acoustic neuromas have included observation, surgical resection, and radiotherapy. Surgical
resection offers excellent local tumor control but has been associated with significant risk of injury to the Vth, VIIth, and VIIIth
cranial nerves [3]. More recently, stereotactic radiosurgery (SRS) has been used as a noninvasive approach for definitive
treatment for small to medium-sized tumors as it offers excellent rates of local control and, with long-term follow-up, the range
of hearing preservation from single-institution reports has been 32% to 71% [4].
Charged-particle beams, such as protons, have physical properties that allow tumor irradiation with maximal sparing of
normal tissues by depositing energy along the Bragg peak. The dose is minimal on entry and reaches a maximum at the
stopping region, which is planned to occur in the target volume [5]. These characteristics have made it theoretically possible to
maximize tumor local control while sparing adjacent tissues from the negative effects of radiation. The treatment of acoustic
neuromas using photon-based techniques has been well studied, but data analyzing patients with fractionated proton-beam
radiotherapy are limited.
In a previous trial at this institution, a dose of 54 Gy in 30 fractions offered excellent local control and minimal cranial
nerve deficits but resulted in suboptimal rates of hearing preservation [6]. This study now examines patients treated with a
decreased dose of 50.4 Gy in 28 fractions in an attempt to maximize serviceable hearing while still offering excellent tumor
control rates. It will also update the rates of local control, treatment toxicity, and hearing preservation in all patients
previously treated.

Proton therapy for acoustic neuroma

Table 1. Patient characteristics.
Number treated

96

50.4 Gy

43

54.0 Gy

34

59.4 Gy

19

Male female

45:50

Median age (y)
Range

56
21–80

Serviceable hearing

44 (46%)

Tumor size
Mean (cm)

1.4
0.7–3.7

Nonhearing
Tumor size
Mean (cm)
Range (cm)

1.6
0.3–3.8

Bilateral tumors

5

Previous surgery

14

Univariate analysis was done by either a Pearson’s v2 test or a Fisher 2-sided exact test. Multivariate analysis was done by
logistic regression and linear regression generated Kaplan-Meier curves. Actuarial hearing preservation and local control rates
were determined from these data. A Mann-Whitney U test was used to assess a difference in patient characteristics.

Results
Of the 96 patients that were treated in all 3 groups, 94 were assessable for local control. One patient died of a myocardial
infarction 2 months after treatment and was deemed unassessable; another was lost to follow-up. Forty-four patients treated
had serviceable hearing; all of these patients were assessable for radiation effects. Patient characteristics of all patients are
shown in Table 1, and characteristics of the hearing preservation cohorts are shown in Table 2. Fourteen patients were treated
with surgical resection initially; 12 of them were treated in the 59.4 Gy group.

Local Control
Radiologic follow-up ranged from 0.6 years to 16 years in the entire case series; median follow-up periods were 4.3, 7.4, and
6.6 years in the 50.4 Gy, 54 Gy, and 59.4 Gy groups, respectively. Local tumor control for the entire group is shown in Figure
1A. Tumor progression was documented in 6 patients, and surgical resection was required in 4 patients (Table 3). Radiologic
disease regression, however, was noted in 39%, 44%, and 50% of patients treated to 50.4 Gy, 54 Gy, and 59.4 Gy,
respectively. Five-year local control rates were found to be 95%, 97%, and 92% in these respective groups (Figure 1B). A
trend for improved local control was seen in tumors 1.5 cm in diameter (P ¼ .18). (Figure 1C).

Table 2. Characteristics of patients with serviceable hearing.
50.4 Gy

54.0 Gy

Median age (y)
Median tumor diameter (cm)*

54
1.1

56
1.6

No. with serviceable hearing

28

16

1

17

10

2

11

6

Gardner-Robertson Scale

*P ¼ .225.
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Figure 1. Kaplan Meier curves to assess for local control. (A) All
patients treated, (B) local control by dose group, and (C) local control
by tumor diameter. Patients treated with previous surgery were
excluded in the size analysis.
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Table 3. Tumor recurrence characteristics.
No. (%)

Mean time to disease

Mean tumor

with progressiona

progression (range)

diameter (cm)

3 (7%)

3.4 y

2.0

2 (5%)

(12 mo to 5.35 y)

50.4 Gy
54.0 Gy

2 (6%)

3.3 y

2.4

59.4 Gy

2 (6%)
1 (5%)

(5 mo to 6.27 y)
4.1 y

3.8

0 (0)
a

Italics indicate surgery required.

Barnes et al. (2018), Int J Particle Ther

31

Proton therapy for acoustic neuroma

Figure 2. Kaplan Meier estimates of hearing preservation by (A) does
and (B) tumor diameter.

Major cranial nerve toxicities were minimal and were seen in 2 patients, or 2.1% of the total patient population. One of these
patients had a 3.7-cm diameter tumor treated to 54 Gy and developed facial paralysis with difficulty in swallowing; the other
had prior surgical resection, treated to a dose of 59.4 Gy, and then developed partial facial paralysis with decreased sensation.
One patients in the 50.4-Gy group had only facial twitching, which was controlled with anticonvulsant medication, and 1 patient
in the 54-Gy group developed a peritumor cyst requiring surgical intervention but without cranial nerve deficits. Seven subjects
(7.4%) had transient facial and/or trigeminal nerve dysfunction following treatment. There were no secondary malignancies
within the treatment region encountered during this follow-up period.

Hearing Preservation
Audiometric follow-up ranged from 8.7 months to 10.2 years in those with serviceable hearing. Of the 16 patients with
serviceable hearing treated in the 54-Gy group, 43% maintained useful hearing with a median follow-up time of 58.2 months.
The median time to observe patients decreasing from a Garden-Robinson scale of 1 or 2 to an unserviceable hearing status of
at least 3 took 14.8 months (range, 4.7 to 49 months). Of the 28 patients treated in the 50.4-Gy cohort, 64% maintained useful
hearing with a median follow-up time of 42.7 months. Of the patients who did not maintain useful hearing, the median time to
hearing loss was 12 months (range, 6 to 61 months). The difference in serviceable hearing between the 50.4-Gy and 54-Gy
groups at 24 months and 48 months was not statistically significant (P ¼ .362 and P ¼ .284 respectively). The Kaplan-Meier
curves of the 50.4-Gy and 54-Gy groups are shown in Figure 2.
To account for other possible reasons of improved hearing preservation between the latter 2 groups, univariate analysis
was also done (Table 4). Factors included tumor location (intracanicular or extending into the cerebellopontine angle) and
Barnes et al. (2018), Int J Particle Ther
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Table 4. Univariate analysis of hearing preservation variables
All Patients

Variable

No.

Preserved hearing

P valuea

Dose

50.4 Gy vs 54.0 Gy

44

64% vs 43%

.185

Diameter

1.5cm vs. .1.5cm

44

68% vs 23%

.007b

Location

IAC vs CPA

44

64% vs 42%

.149

50.4 Gy
Diameter

1.5 cm vs .1.5 cm

28

74% vs 20%

.041

1.5 cm vs .1.5 cm

16

50% vs 38%

1.000

50.4 Gy vs 54.0 Gy

31

74% vs 50%

.341

54.0 Gy
Diameter
 1.5 cm
Dose
a

P values were determined by v2 and Fisher exact tests.

b

Remained significant on multivariate analysis.

maximal tumor diameter (.1.5 cm or 1.5 cm). The rate of hearing preservation of small versus large tumors was 68% versus
23% (P ¼ .007) in both radiation groups combined; and this significance was also seen within the low dose group (P ¼ .041).
On multivariate analysis, the tumor’s initial size (1.5 cm in diameter) was the only significant predicator of hearing
preservation (P ¼ .011).

Discussion
Proton beam radiotherapy offers radiation treatment delivery that improves normal tissue sparing that surpasses what can be
achieved with photon base techniques, including tumors located near the base of skull, such as acoustic neuroma [8].
Although there are no published randomized comparisons between these modalities, Arvold et.al compared treatment plans
with proton beam and intensity-modulated radiation therapy and predicted fewer secondary tumors and cranial nerve toxicities
with the use of proton beam [9]. The low rate of significant cranial nerve toxicities in our series using fractionated proton
therapy provides data that appears to support the use of proton therapy for acoustic neuroma as predicted by these reports.
Fractionated proton-beam therapy to a decreased dose of 50.4 Gy yielded minimal cranial nerve toxicities while still
maintaining a level of local control similar to the 54-Gy group. Our evaluation of the low-dose group produced a local control
rate of 93% with a median follow-up of 4.14 years and an actuarial 5-year control rate of 92%. This was not found to be
statistically different from the local control rates of 95% to 97% seen in the higher-dose groups (P ¼ .80). The overall 5-year
actuarial control rate is 95%, and the 10-year rates were 90%, which is consistent with 5-year local control rates published for
stereotactic radiosurgery [4, 10–16].
Actuarial hearing preservation at 48 months was found to be 64% versus 44% for the 50.4-Gy and 54-Gy groups,
respectively (P ¼ .284). When comparing similarly sized small tumors, the rates of hearing preservation with median follow up
times of 58 and 42 months were 74% versus 50%, respectively (P ¼ .341). There may be a trend for improved hearing in the
low-dose cohort, but the sample size for this comparison remain small and continued follow-up will be needed to confirm this
finding. The 64% rate of hearing preservation in the 50.4-Gy cohort compares favorably with published results utilizing
stereotactic radiosurgery. Table 5 summarizes hearing preservation with radiosurgery producing a mean hearing preservation
rate of 54%. It is possible that use of proton beam combined with fractionated therapy to lower doses improves hearing
preservation, although more data is needed to confirm this conclusion. In our study, tumor diameter was the salient predictor of
hearing preservation; tumors smaller than or equal to 1.5 cm had a 68% hearing-preservation rate, compared with 23% for
larger tumors (P ¼ .007). The suboptimal hearing preservation rates of 31% published at this institution 10 years ago [6] at a
higher dose of 54 Gy may be attributed to the larger tumor diameters commonly treated in the past. Patients who are now
diagnosed with acoustic neuromas tend to have smaller tumors compared with those diagnosed 10 years ago; this trend is
likely the result of increased use of MRI, which has allowed an earlier diagnosis [15]. Caution should, therefore, be exercised
when comparing hearing preservation rates across studies and modalities of treatment because there is a significant bias
favoring smaller-sized tumors. The rates of hearing preservation in this study are comparable to photon stereotactic
radiosurgery modalities (Table 5). Hearing preservation rates of 59% to 75% are reported in the stereotactic radiosurgery
literature with a reduced dose of 11-14 Gy and when using the same Gardner-Robertson Scale for assessment [10–22].
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Abbreviations: IAC, internal auditory canal; CPA, cerobellopontine angle.
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Table 5 Comparison of hearing outcomes.
Hearing
Patients (n) with

Dose

preservation

serviceable hearinga

(Gy/No. of fractions)

rate (%)

Loma Linda University Medical Center

28

50.4/28

64

Protons
Komaki12

16
16

54.0/30
.13/1

44
13

GKRS

74

13/1

68

Royal Hallamshire24

49

14.6/1 (mean)b

76

28

14/1 (mean)b

56

36

13.3/1 (mean)b

58

Trial

GKRS
Pittsburg25
Charlottesville26
GKRS
Abbreviation: GKRS, gamma knife radiosurgery, peripheral dose.
a

Serviceable hearing defined as grade I or II on the Gardner-Robertson Hearing Scale

b

Mean denotes average dose used; actual dose varied in these studies.

In support of these findings, Milligan also reported a 28% hearing preservation rate when large tumors (2.5 cm in
diameter) were treated with modern SRS techniques [21]. Despite what this study shows, however, the effect of tumor size still
remains controversial in the literature, as a large meta-analysis by Yang et al found no difference in improved hearing
preservation when comparing tumor volumes [22].
Additional attempts have been made to improve proton planning techniques. Stereotactic radiosurgery with proton-beam
therapy has been explored and published, but investigators reported suboptimal rates of useful hearing when using doses of
13 to 17 Gy prescribed in a single fraction [16]. The rate of hearing preservation was only 33.3% (7 of 21 patients), and the
investigators consequently concluded that fractionated stereotactic radiotherapy should be utilized to improve future results.
Fractionated radiotherapy is well known for reducing normal-tissue damage and has been shown in original acoustic
neuroma data to reduce cranial nerve toxicity and enhance hearing preservation [19, 20]. Andrews et al studied local control
and hearing preservation rates with fractionated photon doses of 50.4 Gy and 46.8 Gy. Both groups had a 100% local control
rate and patients treated with doses of 46.8 Gy had a greater likelihood of maintaining GR level 2 hearing (P ,.0001; log-rank
test) [23]. Rates of hearing preservation, then, may be further improved by dose optimization.

Conclusion
A high degree of local control, hearing preservation, and minimal cranial nerve toxicities were seen with fractionated proton
radiotherapy delivering a reduced dose of 50.4 Gy. Improved rates of hearing were also seen in patients with small tumors and
lower doses. Further dose optimization should be explored in future clinical trials to identify the optimal dosing regimen.

ADDITIONAL INFORMATION AND DECLARATIONS
Conflict of Interest Statement: Actual or potential conflicts of interest do not exist for any of the listed authors.
Funding Support: This work was supported by the James M Slater Endowed Chair for Proton Therapy Research.

References
1. Stangerup SE, Tos M, Caye-Thomasen P, Tos T, Klokker M, Thomsen J. Increasing annual incidence of vestibular
schwannoma and age at diagnosis. J Laryngol Otol. 2004;118:622–7.
2. Fortnum H, O’Neill C, Taylor R, Lenthall R, Nikolopoulos T, Lightfoot G, O’Donoghue G, Mason S, Baguley D, Jones H,
Mulvaney C. The role of magnetic resonance imaging in the identification of suspected acoustic neuroma: a systematic
review of clinical and cost effectiveness and natural history. Health Technol Assess. 2009;13:iii–iv, ix-xi, 1-154.
Barnes et al. (2018), Int J Particle Ther

34

Downloaded from http://meridian.allenpress.com/theijpt/article-pdf/4/4/28/1735239/ijpt-14-00014_1.pdf by guest on 29 September 2020

GKRS

Proton therapy for acoustic neuroma

3. Gormley WB, Sekhar LN, Wright DC, Kamerer D, Schessel D. Acoustic neuromas: results of current surgical management.
Neurosurgery/ 1997;41:50–8; discussion 58-60.
4. Murphy ES, Suh JH. Radiotherapy for vestibular schwannomas: a critical review. Int J Radiat Oncol Biol Phys. 2011;79:
985–97.
5. Suit HD, Goitein M, Tepper J, Koehler AM, Schmidt RA, Schneider R. Explorotory study of proton radiation therapy using
large field techniques and fractionated dose schedules. Cancer. 1975;35:1646–57.
6. Bush DA, McAllister CJ, Loredo LN, Johnson WD, Slater JM, Slater JD. Fractionated proton beam radiotherapy for acoustic
neuroma. Neurosurgery, 2002;50:270–3; discussion 273–5.
7. Gardner G, Robertson JH. Hearing preservation in unilateral acoustic neuroma surgery. Ann Otol Rhinol Laryngol. 1988;97:
55–66.

9. Arvold ND, Niemierko A, Broussard GP, Adams J, Fullerton B, Loeffler JS, Shih HE. Projected second tumor risk and dose
to neurocognitive structures after proton versus photon radiotherapy for benign meningioma. Int J Radiat Oncol Biol Phys.
2012;83:4:e495–e500.
10. Kim CH, Chung KW, Kong DS, Nam DH, Park K, Kim JH, Hong SH, Cho YS, Chung WH, Lee JI. Prognostic factors of
hearing preservation after gamma knife radiosurgery for vestibular schwannoma. J Clin Neurosci. 2010;17:214–8.
11. Collen C, Ampe B, Gevaert T, Moens M, Linthout N, De Ridder M, Verellen D, D’Haens J, Storme G. Single fraction versus
fractionated linac-based stereotactic radiotherapy for vestibular schwannoma: a single-institution experience. Int J Radiat
Oncol Biol Phys. 2011;81:e503–9.
12. Hasegawa T, Kida Y, Kato T, Iizuka H, Yamamoto T. Factors associated with hearing preservation after gamma knife
surgery for vestibular schwannomas in patients who retain serviceable hearing. J Neurosurg, 2011;115:1078–86.
13. Gerosa M, Mesiano N, Longhi M, De Simone A, Foroni R, Verlicchi A, Zanotti B, Nicolato A. Gamma knife surgery in
vestibular schwannomas: impact on the anterior and posterior labyrinth. J Neurosurg. 2010;113(suppl):128–35.
14. Meijer OW, Vandertop WP, Baayen JC, Slotman BJ. Single-fraction vs. fractionated linac-based stereotactic radiosurgery
for vestibular schwannoma: a single-institution study. Int J Radiat Oncol Biol Phys. 2003;56:1390–6.
15. Hasegawa T, Fujitani S, Katsumata S, Kida Y, Yoshimoto M, Koike J. Stereotactic radiosurgery for vestibular
schwannomas: analysis of 317 patients followed more than 5 years. Neurosurgery. 2005;57:257–65; discussion 257–65.
16. Weber DC, Chan AW, Bussiere MR, Harsh GR IV, Ancukiewicz M, Barker FG II, Thornton AT, Martuza RL, Nadol JB Jr,
Chapman PH, Loeffler JS. Proton beam radiosurgery for vestibular schwannoma: tumor control and cranial nerve toxicity.
Neurosurgery. 2003;53:577–86; discussion 586–78.
17. Delbrouck C, Hassid S, Choufani G, De Witte O, Devriendt D, Massager N. Hearing outcome after gamma knife
radiosurgery for vestibular schwannoma: a prospective Belgian clinical study. B-ENT. 2011;7(suppl 17):77–84.
18. Andrews DW, Suarez O, Goldman HW, Downes MB, Bednarz G, Corn BW, Werner-Wasik M, Rosenstock J, Curran WJ
Jr. Stereotactic radiosurgery and fractionated stereotactic radiotherapy for the treatment of acoustic schwannomas:
comparative observations of 125 patients treated at one institution. Int J Radiat Oncol Biol Phys. 2001;50:1265–78.
19. Kondziolka D, Lunsford LD, McLaughlin MR, Flickinger JC. Long-term outcomes after radiosurgery for acoustic neuromas.
N Engl J Med. 1998;339:1426–33.
20. Paek SH, Chung HT, Jeong SS, Park CK, Kim CY, Kim JE, Kim DG, Jung HW. Hearing preservation after gamma knife
stereotactic radiosurgery of vestibular schwannoma. Cancer. 2005;104:580–90.
21. Milligan BD, Pollock BE, Foote RL, Link MJ. Long-term tumor control and cranial nerve outcomes following gamma knife
surgery for larger-volume vestibular schwannomas. J Neurosurg. 2012;116:598–604.
22. Yang I, Sughrue ME, Han SJ, Aranda D, Pitts LH, Cheung SW, Parsa AT. A comprehensive analysis of hearing
preservation after radiosurgery for vestibular schwannoma. J Neurosurg. 2010;112:851–9.
23. Andrews DW, Werner-Wasik M, Den RB, Paek SH, Downes-Phillips B, Willcox TO, Bednarz G, Maltenfort M, Evans JJ,
Curran WJ Jr. Toward dose optimization for fractionated stereotactic radiotherapy for acoustic neuromas: comparison of
two dose cohorts. Int J Radiat Oncol Biol Phys. 2009;74:419–26
Barnes et al. (2018), Int J Particle Ther

35

Downloaded from http://meridian.allenpress.com/theijpt/article-pdf/4/4/28/1735239/ijpt-14-00014_1.pdf by guest on 29 September 2020

8. Amichetti M, Amelio D, Minniti G. Radiosurgery with protons or photons for benign and malignant tumours of the skull base:
a review. Radiat Oncol. 2012; 7:210.

Proton therapy for acoustic neuroma

24. Rowe JG, Radatz MW, Walton L, Soanes T, Rodgers J, Kemeny AA. Clinical experience with gamma knife stereotactic
radiosurgery in the management of vestibular schwannomas secondary to type 2 neurofibromatosis. J Neurol Neurosurg
Psychiatry. 2003;74:1288–93.
25. Flickinger JC, Kondziolka D, Pollock BE, Lunsford LD. Evolution in technique for vestibular schwannoma radiosurgery and
effect on outcome. Int J Radiat Oncol Biol Phys. 1996;1;36:275–80.
26. Prasad D, Steiner M, Steiner L. Gamma surgery for vestibular schwannoma. J Neurosurg. 2000;92:745–59.

Downloaded from http://meridian.allenpress.com/theijpt/article-pdf/4/4/28/1735239/ijpt-14-00014_1.pdf by guest on 29 September 2020

Barnes et al. (2018), Int J Particle Ther

36

