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Gamma Knife Radiosurgery for Vestibular Schwannomas
Tumor Control and Functional Preservation in 70 Patients
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Objective: We present the previously unreported outcornes of 70 patients

treated with Gamma knife radiosurgery for vestibular schwannoma (VS),
including comprehensive analysis of clinical outcones and the effects of
lower marginal doses, ’
Methods: We performed a retrospective study of patients treated for VS at
Gamma knife of Spokane between 2003 and 2008. Endpoints measured
include tumor control, kearing preservation, and facial nerve preservaticn,
inciuding the effect of fumor size and marginal dose. Siatistical analysis was
performed with Wilcoxon signed-rank test, paired Student s test, Mann-
Whitney U test, Kendall’s rank correlation, Fisher exact test, and Liddell's
exact y* test for matched pairs,

Resuits: With a mean follow-up of 26 months, 93.8% of tumors either
shrank or remained static afler receiving a mean marginal dose of 12.7 Gy.
“Temor control was independent of marginal dose or tumor size, Hearing
preservation was achieved in 64% of patients with serviceable function
before the weatment. Hearing changes were independent of dose or tumor
size. Preservation of goed facial nerve function was achieved in 95% of
patients, Post-treatment hydrocephalus occurred in 4,4% of patients, but no
ofher significant morbidities were elucidated.

Conclusions: In the treatment of VS, contemporary radiosurgical technigues
and the use of marginal doses below 3 Gy offer exceilent tmor control, at
high rates relative to surgical intervention. These findings are independent of
marginal dose and tumor size. Patients shoutd be informed about the benefits
and risks of radiosurgery and microsurgery before choosing an infervention.
Further analysis of post-treatment outcomes should be encouraged as fol-
low-up times increase and the treatment protocols continue to evolve.
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Vestibular schwannomas (VSs) are benign tumors arising within
the internal acoustic meatus about the vestibulocochtear nerve
{CN IX). Incidence is approximately 1 per 100,000 person-years and
diagnosis occurs with a median age of 50 years.! Because of
projecting into the cerebellopontine angle and mass effect, VS
commonly cause symptoms of adjacent cranial nerves, brainstem
nuclei, and the cersbeflum. The most common ipsilateral symptoms
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are hearing loss, tinnitus, disequilibrium, vertigo, dizziness, facial
numbness, and facial paresis.?

Patients diagnosed with VS have several management op-
tions. Ultimately, selection of a treatment modality may depend on
mmer size, symptom profile, comorbidities, and patient preference.
Choices include observation with serial magnetic resonance (MR)
imaging, surgical rescction, stereotactic radiosurgery {SRS), and
fractionated radiotherapy (FRT). Conservative observation is non-
invasive; however, up to 20% of patients will eventually require
intervention, because of tumor growth or symptom progression.>”
Surgery offers the greatest rate of tumor control (>98%) but it is
also the most invasive, offering the lowest preservation rates of
cranial nerve function,*® The use of external beam radiation, in the
form of radiosurgery or radiotherapy, seeks to arrest tumor growth
while minimizing morbidity rates. Reported rates of tumor control
are more than 90% for both SRS and FRT, and side effect profiles
appear better than microsurgery, 514

The use of SRS in the treatment of VSs has been the subject
of several meta-analyses. Reported rates of tumor control range from
91% to 95%.>¢51" The risk of morbidity asseciated with
Gamma Knife (GK) treatment has also been assessed. Serviceable
hearing, defined by the maintenance of a speech recognition thresh-
old (SRT) less than 50 dB and speech discrimination score (SDS)
more than 50%, has been maintained in 44% to 63% of patients
foltowing SRS.%*'5!7 Toxicity to the trigeminal and facial nerves
has resulted in ncuropathy rates reported between 9%—-17% and
4%-19%, respectively.*!%'7 Finally, post-treatment hydrocepha-
tus occurs in rarely, affecting 2% to 3% of patients.%®!7 There is a
small risk of radiation-induced malignancy, but definitive incidence
rates have not been identified in patients treated for VS. The risk of
mortality due to radiosurgery is essentially absent,

Over the past decade, protocols for treating V3s using GK
radiosurgery have evolved considerably. Changes come in the form
of improved MR resolution and more powerful plinning software
for the GK, which ultimately allow greater precision in defining a
conformal dose to the tumor volume.'®*" In addition, doses pre-
scribed to tumor margins have been lowered with the goal of
minimizing morbidity rates,"**">? Most recently, marginal doses of
12 to 13 Gy have been indicated for the treatment of V8s.2! Yang et
al reviewed the effect of such protocols finding a statistically
significant difference between low dose (=13 Gy) and high dose
groups with respect to hearing preservation rates (39% vs. 53%, P =
0.0285) and facial neuropathy rates (1.5% vs, 5.3%, P < 0.001),'51¢
As additional data becomes available, we will be able to determine
more definitively whether technique improvements and lower doses
affect tumeor control or morbidity rates.

Contributing to the available evidence evaluating contempo-
rary radiosurgical techniques, we present the previously unreported
results of 70 patients treated for VS at GK of Spokane. These
patients were treated between 2003 and 2008, with a mean marginal
dose of 12.7 Gy. We report retrospectively on tumer conirol, hearing
preservation, facial neuropathy, and additional morbidity rates. In

www.amjclinicaloncology.com | 1



Arths et al

American Journal of Clinical Oncology + Volume XX, Number X, XXX 2010

additional, we provide statistical amalysis, shedding light on the
effect of radiation dose, and tumor size on oufcomes. These results
will be valuable for guiding clinical decisions and for the purpose of
future systematic review of VS treatments.

MATERIALS AND METHODS

We examined the pretreatment factors and clinical outeomes
of 70 patients treated for VS at Cancer Care Northwest and Gamma
Knife of Spokane (Deaconess Hospital, Spokane, WA) between
2003 and 2008. The following patient variables were captured from
medical records: age at freatment, laterality of tumor, diagnosis of
neurofibromatosis type 2, and previcus intervention. Pretreatment
records were examined for the presence of refevant symptoms or
signs. These were also evaluated from post-treatment records, along
with the incidenee of morbidities. Follow-up length was determined
as the difference between the date of treatment to the date of most
recent clinical encounter (clinical follow-up), most recent imaging
{imaging follow-up), and most recent audiogram (audiometric fol-
low-up),

Efficacy of' GK was determined based on the response of the
tumor to treatment. Tumors were followed based on direct measure-
ments, or values rcported in radiology reports if images were not
available for our review. Tumor size was defined as the largest linear
dimension, Tumors growing in size by more than 1 mm in any
direction were classified as growing. This accounts for the precision
of tumor measurements, which are at best =1 mm as a result of
differences in contrast uptake and the resolution offered by the 2.5
to 5 mm slice thickness used in most imaging studies. Transient
tumor enlargement during the first year following GK has been well
documented, and so overall outcomes were based on comparison of
the most recent study to the pretreatment magnetic resonance im-
aging.”® Tumor control {GK success) was defined as the absence of
growth.

The effect of radiation on hearing loss was quantitatively
analyzed using audiometric records available for 41 patients, Pure
tene hearing loss was evaluated at 250, 500, 1000, 2000, 4000, and
3000 Hz. Moreover, we recorded SRT, approximated from the
average of pure tone hearing loss at 500, 1000, and 2000 Hz when
appropriate, and SDS. Gardner-Robertson (GR) scores were used as
an assessment of overall hearing function, assigned on the basis of
SRT and SDS.** Serviccable hearing was defined as a GR score of
1 or 2, corresponding to a SRT =50 dB and SDS =50%, as has been
the standard i the published data. Hearing preservation was defined
as the maintenance of serviceable hearing following GK treatment.

Facial nerve outcomes were defined using the House-Brack-
mann (HB) system for grading facial nerve function.®® Scores were
captured from pretreatment and post-treatment records, or estimated
retrospectively based on the symptoms and signs described when
necessary. Good facial nerve function was defined as normal or mild
dysfunction, a HB score of | or 1L

Statistical analysis was performed using StatsDirect (version
2.7.3) and Microsoft Excel. We used the following tests to identify
dependent relationships among variables: Wilcoxon's signed-rank
test, paired Student f test, Mann-Whitney U test, Kendall’s rank
correlation, Fisher exact test, and Liddell’s exact ¥ test for matched
pairs. Statistical significance was arbitrarily set as a P < 0.05.
Summary statistics are presented as a mean, with one standard
deviation when appropriate, untess otherwise noted.

This study was performed in accordance with ethical stan-
dards guiding retrospective chart reviews. Our study and protocol
were approved by Institutional Review Board Spokane (Institutional
Review Board 1554} and the University of Washington Human
Subjects Division (Human Subjects Application 36366).
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TABLE 1. Summary of Study Population and Pretreatment
Characteristics*

Study Population

Patients (N)' 70
Age (yr) 59 = 14 (18-88)
Clinical follow-up (mo) 27 £ 18 (1-72)
Pretreatment tumor characieristics
Tumor size (mm) 18 =7
Tumor volume (cmn™} 1.760 = 2.17
Tumors growing (%) ) 61

Growth rate (mm/yr) 2.9 =47
Presenting symptoms and signs
‘Subjective hearing loss (%6) 94
Tinnitus (%) 71
Disequilibrium (%) 30
Vertigo (%) 39
Frigeminal neuropathty (%) - 23
Facial neuropathy (%) 19
Headaches (%5) 38

#Mean % one standard deviatien, range in parenthesis where appropriate,

TABLE 2. Summary of Gamma Knife Treatment Outcomes
in 65 Patients*

Gamma Knife Freatment Outeome Result
Marginal dose {Gy) 127 = L1 (10-16)
Maximum dose (Gy) 26,2+ 69
Tumor covered by marginal dose (%) 963 £ 4.7
Post-treatment tumor size {mm) 177
Static tumors (%) 45
Shrinking tumors (%) 59
Growing tumars (36) 6

*Mean + one standard deviation, range in parenthesis where appropriate.

RESULTS

We identified 70 patients treated for VS at our instifution. A
summary of the clinical data for these patients can be found in Table
1. OF our study population, | patient was diagnosed with neurofi-
bromatosis type 2, and 12 patients had been subject to previous
intervention for their fumeors.

Pre- and post-treatment imaging records were available for 65
patients who were included in the analysis of tumor control. The
mean imaging follow-up was 26 = 13 months (range, 0.3-72).
Treatment data and outcomes are summarized in Table 2, At niost
recent follow-up, 93.8% of tumors had been controlled by GK
radiosurgery (Fig. 1). Tumor control rates were also calculated as a
function of tumor size, as shown in Figure !. Wilcoxon’s signed
ranks indicated a statistically significant difference between the
tumor diameters pre- and post-ireatment (P < 0.0001). The differ-
ence in tumor size, including an approximate 95% confidence
interval (CT}, was — 1.65 mm (—2.05 to —0.85 mm), Mann-Whitney
U tests failed to identify significamt refationships between marginal
dose, tumor size, and tumor volume with respect to tumor control.

Hearing outcomes were evaluated for 41 patients with pre-
and post-treatment records, with a mean audiemetric follow-up of
17 2 16 months (range, 0.2-65). Pure tone hearing loss data arc
shown in Figure 2. Prior to GK, the mean SRT was 51.6 * 25.5 dB,
and SDS was 45.5% * 36.0%. These were 68.8 = 281 dB and
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FIGURE 1. Tumor control rates grouped by tumor size. Error

bars represent 95% confidence intervals.
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FIGURE 2. Pure tone hearing loss as a function of frequency,
including pre- and post-treatment data. Error bars represent
one standard deviation.

TABLE 3, Median Hearing Preservation Outcomes
Following Gamma Knife Treatment

Result (95% CI%)
17.2 (7.5-21)

—11 (=2 to =2
64.3 (33.2-90.3)

Hearing Outcome
Change in SRTT (dB)
Change in SDS? (%)
Hearing preservation (%)*

*Confidence interval.

fSpeech recognition threshold.

tSpeech diserimination score.

Based on oulcomes in 14 patients with serviceable hearing prior to treatmeat.

34.4% * 36.8% following GK radiosurgery, respectively. Wilcox-
on’s signed ranks test showed a significant change in SRT and SDS
tollowing GK (P < 0.0001 and P = 0.0216, respectively), shown in
Table 3. Kendali’s rank correlation tested the dependence of SRT
and SDS changes with respect to marginal dose, umor size, and
tumor volume. Those relutionships were found to be independent,
and an approximate 2-side test adjusted for ties indicated that any
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correlation was not statistically significant. Hearing preservation
rates in 14 patients with pre-GK serviceable hearing and audiometric
folow-up are shown in Table 3.

The preservation of good facial nerve function (HB class I or
11} was achieved in 95.3% of the 64 patients with geod function
before the treatment. A Liddelt’s exact y” test for matched pairs
yielded a 2-sided test statistic of 1.5 (P = 0,5078), indicating there
was not a significant difference in facial nerve function following
radiosurgical treatment. Identical tests performed for other symp-
toms and signs associated with VS suggest that any changes were
statistically insignificant. These included trigeminal neuropathy
(£ = 0.6875), tinnitus (P = 0.6250), disequilibrium (P = 0.9999),
vertigo (P = 0.6072), and headaches (P = 0.7905). The rate of
post-GK hydrocephalus was 4.4%. There were ro cases of second-
ary malignancy or mortality. At last follow-up, 2 patients had died
of unrelated causes,

DISCUSSION

Scveral articles have identified the necd for phase TTT clinical
trials evaluating the efficacy of current radiosurgical or microsurgi-
cal techniques in the treatment of VSs. %' There exists little
prospective evidence on the topic, so for the moment, systematic
meta-analysis of retrospective data remains the most powerful tool
for basing clinical decisions. Contributing to the available evidence
for such reviews, we present the previously unreported outcomes of
70 patients treated for VS with the GK at our center. Our compre-
hensive study evaluated tumor control, hearing preservation, facial
nerve preservation, and other functional outcomes. Furthermore, we
evaluate the dependence of such outcomes on tumer size and
radiation dose.

Characteristics of our patients before treatment (Table 1) are
similar to existing studies.®®'5'® Patients presented with a spectrum
of symptoms and signs related to dysfunction of the vestibuloco-
chlear nerve and anatomically adjacent structures, The incidence
tates ideatifted for hearing loss, tinnitus, vertigo, trigeminal neurop-
athy, and facial neuropathy (Table 1} were similar to those reported
by Matthies and Samii.® These facts suggest that our study popula-
tion does not consist of a unique demographic of patients with VS,

Patients in this study were treated according to standard
American Society of Therapeutic Radiation Oncology guidelines,
using a mean marginal dose of 12.7 Gy. The majority of patients (55,
79%) were prescribed a marginal dose of 13 Gy or less. Flickinger
et al reported that 12 to 13 Gy offer tumor controf and greater
hearing preservation, and this has remained an arbitrary cutoff point
for low-dose classification in the field.** Therefore, our study results
are relevant for evaluating the efficacy of lower doses in the
radiosurgical treatment of VSs,

Patients in our study were followed-up clinically, with MR
imnaging, and with audiomelry. Results are based on a mean clinical
follow-up of 27.6 months, imaging follow-up of 26,2 months, and
audiometric follow-up of 17.1 months. This magnitude of follow-up
is appropriate for determining the efficacy of GK radiosurgery for
freating paticnts with VS. However, longer-term endpoints are
required fo fully evaluate the benefits and risks of SRS, especially
risks of tumeor recurrence and secondary maligrancy. These out-
comes should be the cbjective of future studies at our center.

GK radiosurgery provided tumor control for 94% of patients,
with a 95% Cl of 88% to 100%. This fits well with control rates
published in existing systematic reviews (91%—-93%).30%151% v
identified a statistically significant decrease in tumor size following
GK intervention and determined that tumor controf was determined
independent of marginal dose. These results indicate that treating
patients with fower doses of 12 to 13 Gy continue to offer significant
control of VSs, as reported elsewhere,”

www.amjclinicaloncology.com | 3



Avthurs ef al

American Journal of Clinical Oncology » Volume XX, Number X, XXX 2010

When grouped by tumor size, similar controf rates were
achieved in tumors smaller than 30 mm in diameter (Fig. 1). Only 5
patients with tumors more than 30 mm existed in our patient
population, and so the significance of results for that group is
limited. However, it is noteworthy that radiosurgical treatment of
tumors more than this size is race, and it has been suggested that
surgery should be the sole option for such patients.”® Statistical tests
identified an independent relationship between tumor control and
cither tumor size or volune, suggesting that the efficacy of GK
radiosurgery not dependent on sitch factors, Future studies may seek
to elucidate whether this trend is equally relevant to patients treated
with tumors greater than 30 mm in size,

Hearing function decreased on average following radiosur-
gery. Mean pure tone hearing loss was worse at all frequencies
tested when compared with pretreatment levels (Fig. 2). It has been
previously postulated that dose margins overlapping the cochlear
nuclei in the brainstem would preferentially cause low-frequency
hearing deficits, whereas exposure to the cochlea would cause
high-frequency deficits,”® We see a similar magnitude of loss at all
frequencies, which may be atiributed to the exposure to both the
brainstem and cochlea. Dose-dependent toxicity beyond the tumor
margin has been reported previously.>” To determine what doses are
toxie, future studies should seek to examine relationships between
pure tone hearing loss and dose to the brainstem or cochlea.

As a summary of overall hearing function, we also evaluated
changes in SRT and SDS {Table 3). SRT increased by a mean value
of 17 dB (95% CL 8—21), corresponding to a decrease in function.
SDS also cxhibited a statistically significant trend toward worse
finetion, changing by —11% (95% CI: —20 to —2). Marginal dose,
fumor size, and tumor volume had no effect on the changes in SRT
or SDS upon statistical analysis,

In the treatment of VS, preservable hearing function is typi-
cally defined using the GR scoring system, where SRT <50 dB and
SDS =50% comespond to good function. Before the treatment we
had 17 patients who fit this eriteria, with GR scores of 1 or 2.
Audiometric outcomes were available for 14 patients, and hearing
was preserved in 64% of that population (95% CI: 38-90). In
assuming that patients without follow-up lost function, the preser-
vation rate drops to 53%. These values fit well with the preservation
rates elucidated in large meta-analyses published since 2003 (54%-
63%).%'*'7 In an older meta-analysis by Kaylie et al, hearing was
preserved in only 44% of patients using a significantly higher mean
dose {17.3 Gy). Furthermore, a 2009 review by Yang et al identified
a statistically significant difference in preservation rates in those
patients treated with 12.5 Gy or less (P = (.0285)."° Our study
contained too few candidates for hearing preservation to perform
meaningful analysis on the effect of dose. However, we achieve a
preservation rate comparable to other studies using a mean marginal
dose of 12.7 Gy, supporting the conclusion that low-dose therapy
offers lower risk of hearing loss,

[n patients with good facial nerve function, defined as a HB
score of I or If, we achieved a preservation rate of 95%. Contem-
porary meta-analyses quote control rates of 93% to 96%.5'617
Notably, a study published in 2000 identified a facial nerve preser-
vation rate of 81% in patients treated with an mean of 17 Gy.® We
did not analyze the consequence of dose on facial nerve preserva-
tion, but doses less than 13 Gy have been indicated to offer lower
risk (P < 0.0001)." Current radiosurgical techniques appear to offer
the greatest bencfits with respect to factal nerve preservation as
compared with alternative interventions, as meta-analyses of surgi-
cal outcomes have identified factal preservation rates much lower
(81%-—86%).%%

Treating VSs with radiation also poses potential risks of
toxicity to other intracranial structures. However, we found no
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statistically significant difference between pre- and post-treatment
status for tht following symptoms and signs: facial neuropathy,
trigeminal neuropathy, tinnitus, disequilibrivm, vertigo, and head-
aches. Risk of hydrocephalus was 4.4%, which is slightly higher
than the 3% identified elsewhere,® Treatment posed no risk of
mottality or secondary malignancy; however, definitive risks of
radiation-induced neoplasm will require longer follow-up in future
studies.

CONCLUSIONS

We retrospectively evaluated the outcomes of 70 patients
treated for VS with GK radiosurgery. Our study population repre-
sents a cohort of patients treated since 2003 using low marginal
doses (mean, 12.7 Gy) and modern radiosurgical techniques. Radio-
surgery offered excellent tumor control, with 94% of tumors shrink-
ing or remaining static affer a mean follow-up of 26 months. Control
was independent of dose or tumor size, A statistically significant
decrease in hearing function was observed; however, in those
patients with serviceable hearing before treatment, 64% preserved
function at fast follow-up. Changes in audiometric parameters were
also independent of dose and tumor size. Facial nerve function was
preserved in 95% of patients following treatment. These results
support the conclusion that lower marginal doses, adopted over the
past decade, offer excellent tumor controf and functional preserva-
tion, In the future, prospective studies and meta-analysis of contem-
porary data, such as that published here, will offer more robust
evidence for guiding clinical decisions. For now, our results reveal
that GK radiosurgery is a viable option for all patients with VSs less
than 30 mm in diameter, and we betieve that further study is needed
to quantify the efficacy of treatment for patients with larger tumors.
Practitioners shoukd inform their patients of the benefits and risks
associated with radiosurgery, as well as those of alternatives like
observation, microsurgery, and FRT.
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