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Abstract

Purpose of Review To examine and summarize the existing literature surrounding early stereotactic radiosurgery for hearing
preservation in the treatment of vestibular schwannoma.

Recent Findings There is no universally accepted definition of “early” stereotactic radiosurgery or “hearing preservation”
within the vestibular schwannoma literature. Most recent studies originate from the University of Pittsburgh, where upfront
stereotactic radiosurgery is routinely pursued in patients of all tumor sizes and hearing capabilities. The preliminary data
suggests that short-term hearing preservation may be improved when radiating patients with smaller tumors and better
hearing when compared to radiating those who present “later” in their disease course. Unfortunately, the existing literature
suffers from significant limitations in study design such that proper conclusions about long-term hearing outcomes of “early”
stereotactic radiosurgery and its comparison to observation or microsurgery cannot be drawn.

Summary There is insufficient evidence in the current literature to support early stereotactic radiosurgery for hearing pres-
ervation in the treatment of vestibular schwannoma.
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Introduction

Our understanding of the natural history of vestibular
schwannoma (VS) and the principles of its management has
changed dramatically in recent years. The incidence of VS is
rising, which may be due to increased detection or possibly a
true biological shift of unknown mechanism [1-4]. Regard-
less of the cause, patients on average are now presenting
earlier in their disease course with better hearing and smaller
tumors. Overall, there has been a recent trend towards favor-
ing observation as the initial treatment of choice over treat-
ment with stereotactic radiosurgery (SRS) or microsurgery
[5-7]. However, some studies have explored early SRS for
hearing preservation, theorizing a healthier cochlea may bet-
ter tolerate radiation. In this article, we present our review
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of the existing literature on early SRS for hearing preserva-
tion for VS and summarize that it is currently insufficient
to support early SRS as a superior treatment for preserving
hearing.

Defining Early Stereotactic Radiosurgery

There are few articles in the literature that describe “early”
SRS. “Early treatment” has been loosely defined in terms
of time to treatment after initial tumor detection, time to
treatment after initial consultation, timing relative to tumor
size, and timing relative to ipsilateral hearing status. An
inherent flaw with a “time to treatment” definition is that
it ignores the amount of time the tumor may have existed
prior to detection. Thus, a tumor which slowly grew over
the course of 25 years but was treated immediately upon
detection may be considered “early treatment,” whereas a
tumor that was observed for 2 years prior to treatment would
not be considered to receive “early treatment.” Therefore,
its most sensible to define “early treatment” in terms of the
natural history of the disease process, which is clearly diffi-
cult to define in VS. For this article, patients who are treated
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“early” are those with normal hearing or smaller tumors. In
this context, treatment is “early” in that it takes place before
there is progression in tumor size or deterioration of hearing.

Defining Hearing Preservation

Additionally, there is no standard definition for hearing
preservation. Many studies, including all those reviewed
in this article, define hearing preservation as remaining an
American Academy of Otolaryngology-Head and Neck Sur-
gery (AAO-HNS) grade A/B or Gardner—Robertson (GR)
grade II or better after treatment [8—10]. In other words,
those patients that maintain serviceable hearing i.e., the
retained ability to derive benefit from a hearing aid, are con-
sidered to have their hearing preserved. This creates a simple
binary distinction for the purposes of statistical analysis;
however, its significant lack of granularity limits its interpre-
tation in most settings. For example, a patient with normal
hearing pre-treatment who declines to 50 dB PTA and 50%
SDS is considered to have “hearing preserved.” However, a
patient who starts at 50 dB PTA and declines to 51 dB PTA
is no longer characterized as “hearing preserved.” The mat-
ter is further complicated by recent evidence that suggests
there are biological differences in VS that cause hearing loss,
theorizing that VS secrete ototoxic products that cause direct
cochlear injury [11, 12]. It is not known how outcomes may
differ between SRS for secreting and non-secreting VS. Two
VS patients with (and therefore tumor secretion) and without
hearing loss may both classify as GR I and therefore fail to
be separated in statistical analysis of hearing preservation
outcomes.

Further, the concept of hearing preservation can only
be interpreted in the timeframe in which the study is con-
ducted. Very few studies include audiometric data beyond
10 years post-treatment. Therefore, with VS commonly diag-
nosed around 60 years of age, and the average life expec-
tancy around 80 years of age, there is a dearth of informa-
tion on long-term hearing preservation outcomes following
treatment.

Early Studies and the “Early Treatment”
Hypothesis

In 2010, Régis et al. compared the hearing preservation rates
of intracanalicular VS with those who pursued observation
versus Gamma Knife SRS [13e]. All patients who received
SRS had serviceable hearing at treatment initiation, although
it is not specified whether they were treated upfront or after a
period of observation. In their series, the observation group
of 47 patients had a hearing preservation rate of 75%, 52%,
and 41% at 3, 4, and 5 years. Further, within the observation
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group, 16 patients started with GR I hearing. Of these, 11
(69%) patients had no change in hearing during the follow-
up period (median 26.3 months). By comparison, the SRS
cohort of 34 patients had a hearing preservation rate of 77%,
70%, and 64% at 3, 4, and 5 years. The authors concluded
that based on their data there should be a paradigm shift
towards offering early Gamma Knife SRS to patients with
serviceable hearing and intracanalicular tumors. There are
significant limitations to this study, including small sample
size, short duration of follow-up, and below average hear-
ing preservation rate during observation when compared
to the literature (54% at 5 years, Reznitsky et al.; 66% at
5 years, Hunter et al.) [14, 15]. Perhaps most importantly,
those patients who pursued observation without hearing
loss at the beginning of the study period had a significantly
higher hearing preservation rate than the observation group
as a whole. It is not clear that early SRS for these patients
carries an advantage in short-term hearing preservation as
compared to those patients who observed their VS. Despite
these limitations, some centers began to transition towards
early SRS.

A unique study by Yomo et al. aimed to compare the
rate of hearing decline after Gamma Knife SRS to the nat-
ural rate of hearing decline of VS [16]. They specifically
addressed the limitation of the binary definition of hear-
ing preservation as “loss of serviceable hearing during the
study period” by measuring the annual hearing decrease
rate (AHDR) in decibels per year. While this study was
not specifically aimed at patients treated with “early” SRS,
there were a number of patients included in the analysis that
could be considered “early” as they were GR I and/or graded
Koos I (intracanalicular tumor) at initiation of treatment.
The mean audiological follow-up before and after SRS were
22 and 52 months, respectively. They found a significant
difference in mean AHDR in GR Class I patients pre- and
post-GKS: —0.57 dB/year (95% CI1—-2.95 to 1.81 dB/year)
and 3.59 dB/year (95% CI 2.52-4.65 dB/year), respectively
(»=0.007). Among patients who had already experienced
hearing loss due to their VS, but still had serviceable hear-
ing at initiation of treatment (GR II), there was no signifi-
cant difference in AHDR: mean AHDR pre-GKS 5.09 dB/
year (95% CI 1.36-8.82 dB/year) and post-GKS 4.98 dB/
year (95% CI 3.86—6.10 dB/year) (p >0.05). In grouping all
patients, they reported no significant difference in AHDR
overall: pre-GKS 5.39 dB/year (95% CI 3.31-7.47 dB/year)
and post-GKS 3.77 dB/year (95% CI 3.13-4.40 dB/year)
(p>0.05). The authors concluded that Gamma Knife SRS
does not increase the rate of hearing loss within the short
term when compared to the natural progression of hearing
loss from VS. However, their data indicate that this is not
universally true as their patients who started as GR I had
a significant increase in the rate of hearing loss following
SRS. Unfortunately, individual pre-treatment hearing was
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not reported, so it is not possible to determine how many
GR I patients had normal hearing at treatment initiation.
Additionally, there are significant flaws in the calculation
of AHDR that limit its interpretability. To start, the pre-
treatment AHDR is guaranteed to be overestimated because
it is impossible to know exactly when the patients developed
a VS. Thus, the “pre-treatment AHDR” does not truly repre-
sent the annual rate of hearing decline in untreated VS, but
rather the annual rate of hearing decline of VS under active
surveillance. The post-treatment AHDR is limited by the
short audiometric follow-up period. Despite its limitations,
this data suggests that Gamma Knife SRS may increase the
rate of hearing loss in patients who are GR I at initiation of
treatment.

There is limited data on the long-term hearing outcomes
of Gamma Knife SRS for patients with serviceable hear-
ing. Watanabe et al. described their experience with up to
15 years of post-treatment audiometric data [17]. Among
66 patients with serviceable hearing and adequate follow-
up, they estimated an actuarial hearing preservation rate
(defined as maintenance of GR II or higher) of 49%, 24%,
and 12% at 5-, 10-, and 15-years post-treatment. Addition-
ally, they found that more advanced age (> 65 years), larger
tumor volume (=8 cm?), and higher cochlear dose (mean
cochlear dose > 4.2 Gy) were unfavorable factors for hearing
preservation. Pre-treatment hearing status (GR I versus GR
II) did not meet statistical significance as an unfavorable fac-
tor for hearing preservation in this model. It is not reported
how many patients had no hearing loss prior to treatment
initiation, so the application of this model is limited in the
context of hearing outcomes for “early” SRS. It remains a
possibility that no patient included in this series had normal
hearing at the time of treatment. However, assuming “early”
patients are included in the sample, given an estimated 88%
of patients will lose serviceable hearing at 15 years, it seems
unlikely that early Gamma Knife SRS will have a significant
protective effect on hearing preservation in the long term.

The University of Pittsburgh Early Treatment
Experience

The largest series focused on early Gamma Knife SRS out-
comes for VS is from the University of Pittsburgh. In 2016,
they presented their hearing outcomes in treating patients
with “normal hearing” with Gamma Knife SRS. Akpinar
et al. compared hearing outcomes in 88 patients with GR
I hearing at treatment initiation [18]. In this study, they
defined “early” and “late” treatment based on time to treat-
ment. Patients treated within 2 years of presentation were
considered early, and the remainder late. This time frame
was selected based on the median duration of observa-
tion in their cohort, which was 2 years. Their definition of

“early” is thus arbitrary as it is reflective of their cohort
but not necessarily of the disease process. For patients who
received Gamma Knife SRS within 2 years of diagnosis, the
1-year, 3-year, 5-year, and 10-year rates of GR class I hear-
ing preservation estimated rates were 95%, 89%, 77%, and
51%, respectively. The 1-year, 3-year, 5-year, and 10-year
rates of GR class I hearing preservation estimated rates for
patients treated after 2 years of observation were 84%, 65%,
33%, and 29%, respectively. The estimated serviceable hear-
ing (GR I/II) preservation rate at 10 years was 64% in the
early group and 55% in the late group. However, the late
treatment group had a statistically significant difference in
pre-treatment PTA (12 vs 17, p=0.005) and slightly lower
speech discrimination score (100% vs 96%, p=0.57) than
the early treatment group, which is a major confounder in
this study. Given the difference in pre-treatment hearing, it
is impossible to draw accurate conclusions about the effect
of timing of treatment. It is a natural outcome that the group
with worse pre-treatment hearing met hearing loss thresh-
olds of progressing beyond GR I and II sooner than the bet-
ter hearing group. Additionally, while this study considers
its subjects to be patients with “normal hearing,” they do not
delineate between patients with VS and no hearing loss from
patients who have started to lose hearing. In the context of
early Gamma Knife SRS, their data suggests that hearing
preservation in the short term is more favorable in patients
with less hearing loss; however, it is indeterminate whether
this represents a true benefit of early treatment or simply
lead time bias.

In another study from the University of Pittsburgh,
Johnson et al. utilized the hearing outcomes data of 307
patients with serviceable hearing (GR I n=233, GR II
n=74) to create a predictive scoring model for forecast-
ing preservation of serviceable hearing called the Pitts-
burgh Hearing Preservation Score (PHPS) [19e]. Patients
received 1 point if their age was <45 years, 2 points
if their age was 45-59 years, and 3 points if their age
was > 60 years. Patients received 1 point if tumor vol-
ume was > 1.2 cm® and 0 points if less. Finally, patients
received 0 points for GR I hearing, and 1 point for GR
II hearing. This created a 5-point scale with a minimum
score of 1. Within their cohort, increasing PHPS score
reduced the rate of serviceable hearing preservation. At
the extremes, 92% of patients with a PHPS of 1 maintained
serviceable hearing at 10 years. In contrast, no patient with
a total PHPS score of 5 retained serviceable hearing at
10 years. The authors report a multi-center clinical trial is
pending to determine the validity of the PHPS. This data
seems to suggest that young patients with better hearing
and smaller tumors (i.e. “early treatment”) have favora-
ble hearing preservation outcomes at 10-years. However,
this study is limited by its retrospective nature and small
sample size at the 10-year mark. Further, we are unable to
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compare these outcomes to hearing preservation rates with
observation or microsurgery. Additionally, being younger
than 45 years of age prolongs the amount of time they are
at risk for long-term hearing deterioration after Gamma
Knife SRS. It is again impossible to determine if the short-
term hearing preservation represents treatment benefit or
simply lead time bias.

Another Pittsburgh-based study by Ogino et al.
described the difference in hearing preservation rate
between patients who were GR I at treatment initiation
versus patients who have deteriorated to GR II by the initi-
ation of treatment [20e]. In this study, hearing preservation
was defined as deterioration to GR III or worse in follow-
up. They identified 100 patients who initially presented as
GR I, with 67 remaining GR I at GKS initiation, forming
the hearing maintenance (HM) group and the remaining
33 deteriorated to GR II, forming the hearing deterioration
(HD) group. The median interval between initial diagno-
sis and SRS was 17.4 months (range, 3.1-190.2 months).
Median follow-up after SRS was 4.4 years (range,
0.5-21.0 years). The interval between diagnosis and treat-
ment as well as subsequent follow-up time were not sig-
nificantly different between HM and HD groups. There
was a significant difference in PTA at presentation between
the HM and HD group such that the HM group presented
with better hearing. There was additionally a larger pro-
portion of intracanalicular tumors in the HM group. The
authors reported the serviceable hearing preservation rates
of HM patients were 79.9% at 3 years, 63.4% at 5 years,
and 51.2% at 10 years. In contrast, the serviceable hearing
preservation rates of HD patients were 40.0% at 3 years,
32.7% at 5 years, and 19.6% at 10 years. The authors con-
clude that initiation of Gamma Knife SRS prior to hearing
loss improves long-term maintenance of hearing preserva-
tion. Unfortunately, there are several issues with the study
design that complicate this conclusion. A more reasonable
conclusion from this study is that among patients who will
have SRS, initiation prior to hearing deterioration may
have short-term benefits to hearing preservation. Addi-
tionally, the significant difference in tumor size and PTA
at presentation between groups are obvious confounders.
We cannot separate the effect of radiation prior to hearing
decline from the effect of pre-treatment hearing status and
tumor size in this study. There is also significant limitation
due to lead time bias—if HM patients are treated earlier
than HD patients, they should then require a longer period
of follow-up than HD patients to prove the treatment influ-
enced the natural history of the disease process. Instead,
the HM and HD groups had no significant difference in
follow-up post-treatment. Finally, this study again is lim-
ited by lack of long-term follow-up. It is intuitive that in
the short term a patient with GR II hearing will progress
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to GR III faster than a GR I patient by the simple fact that
their hearing is poorer. It is not clear from this study that
there is a long-term benefit to hearing preservation for
Gamma Knife SRS prior to hearing deterioration.

In an attempt to control for tumor size, a separate study
examined hearing outcomes after early treatment specifi-
cally in patients with intracanalicular tumors [21]. In this
series, 120 patients with intracanalicular VS were identi-
fied who were GR I or II at treatment initiation. The ser-
viceable hearing preservation rates of GR I patients were
88.1% at 3 years, 77.9% at 5 years, and 38.1% at 10 years,
whereas those for GR II were 57.0% at 3 years, 39.7% at
5 years, and 9.6% at 10 years. While this study controls
for tumor size, many of the previously mentioned limita-
tions to the other studies still apply. There are very few
patients with 10-year data, and even this can be considered
short term relative to the patient’s lifespan. Comparing
GR I patients to GR II patients is vulnerable to lead time
bias. Further, there is no clear distinction among the GR
I patients as to whether they had started to experience
hearing decline but remained GR I at initiation of treat-
ment. This data highlights that the majority of patients
will eventually lose serviceable hearing after SRS regard-
less of their hearing status and tumor size at the time of
intervention.

Conclusion

Based on data from a few centers, short-term hearing
preservation is favorable in early Gamma Knife SRS for
young patients with small tumors and good hearing. The
absence of long-term data leaves uncertainty whether this
is a true benefit of early treatment or simply lead time bias.
In the absence of a prospectively designed clinical trial, it
is not clear if early Gamma Knife SRS has better hearing
outcomes than observation or microsurgery. The existing
literature has significant limitations in the study designs
that preclude meaningful conclusions about the true effect
of early Gamma Knife SRS on hearing preservation in VS.
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