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ABSTRACT

We conducted a retrospective observational study to assess the consequences of
conservative management of vestibular schwannoma (VS). Data were collected from
tertiary neuro-otological referral units in United Kingdom. The study included 59 patients
who were managed conservatively with radiological diagnosis of VS. The main outcome
measures were growth rate and rate of failure of conservative management. Multivariate
analysis sought correlation between tumor growth and (i) demographic features, (ii) tumor
characteristics. The mean tumor growth was 0.66 mm/y. 11 patients (19%) required
intervention. Mean time to intervention was 37 months with two notable late ‘‘failures’’
occurring at 75 and 84 months. Tumors extending into the cerebellopontine angle (CPA)
grew significantly faster than intracanalicular tumors (p¼ 0.0045). No association was
found between growth rate and age, sex, tumor laterality, facial nerve function, and grade of
hearing loss. Conservative management is acceptable for a subset of patients. Tumors
extending into the CPA at diagnosis grow significantly faster than intracanalicular tumors.
No growth within 5 years of surveillance does not guarantee a continued indolent growth
pattern; surveillance must therefore continue.
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Vestibular schwannoma (VS) is a benign tumor
of Schwann cells insulating the vestibulocochlear nerve.
Three approaches to management are employed: surgical
resection or debulking, radiotherapy, or conservative
management (via serial magnetic resonance imaging
[MRI] surveillance). The advent and greater availability
of MRI has increased the detection of much smaller and
sometimes asymptomatic tumors. This contrasts with a
previous era in which VS were characteristically large at

diagnosis and necessitated urgent surgical resection.
Consequently, increasing numbers of patients are being
managed according to a ‘‘wait-rescan’’ protocol. This
provides an opportunity to gain insights into the natural
history of the disease; promising better decision-making
with regard to time and type of intervention and im-
proved patient counseling.

Interestingly, incidence of VS appears to be
increasing.1–3 Data from Denmark (based upon an
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established comprehensive VS tumor registry) suggest
an increase from 7.8 to 12.4 cases per million from 1976
to 1995.4 As incidence appears to be increasing, tumor
size at time of diagnosis is falling, while median age at
diagnosis remains relatively static.5 In addition, there
has been a marked decrease in the incidence of ‘‘giant’’
tumors from 28 to 1%. These findings probably reflect
better diagnostic methods rather than a genuine in-
crease in VS incidence. Intriguingly, significantly lower
numbers of patients are presenting in need of treatment
than these incidence figures suggest ought be neces-
sary.6 It is therefore likely that the vast majority do not
grow to a clinically relevant extent and therefore never
require treatment.

MANAGEMENT STRATEGIES FOR VS
The choice of management strategy for VS is multi-
factorial; influenced by tumor size, patient age, and
general health (providing an idea of their longevity and
stratifying the risks of surgery), extent of hearing loss
and other neurological signs, and the patient’s own
preference. The fundamental benefit of successful sur-
gery is capacity to achieve complete tumor resection.
Although surgical resection provides an opportunity to
cure, it also involves potential significant morbidity.7,8

Radiation therapy, such as surgery, is becoming more
refined as delivery techniques improve and radiation
doses fall. Although it is generally well tolerated,9

concerns remain regarding long-term tumor control
and the potential for malignant transformation.10,11

Moreover, the need for surveillance persists even after
this intervention. In addition, there is debate as to
whether radiosurgery makes subsequent surgery more
difficult.12 The risks attributable to surgery and radio-
surgery are arguably inappropriate in the context of an
histologically benign and often minimally symptomatic
lesion. As a result, patients with small tumors, ad-
vanced age, or with comorbidities precluding safe
anesthetic are candidates for a conservative approach.
In addition, some patients chose themselves to watch
and wait.

GROWTH PATTERNS AND NATURAL
HISTORY OF VS
Growth rate of VS is variable and difficult to predict.
Tumor size either remains static, increases, or (in a small
minority) regresses. When growth occurs, it is typically
quite slow. Some VS, however, will behave differently
and may cause life-threatening neurological signs due to
growth and brain stem compression. There is a need to
identify those tumors that pose a threat from those that
will behave indolently. This study aims to add and
improve the quality of existing data assessing the efficacy
of a conservative approach to VS management. In due

course, this may inform the results of more robust meta-
analysis.

METHODS
We conducted a retrospective observational study of 453
consecutive cases of VS treated at two neuro-otological
tertiary referral units (Department of Neurosurgery,
Royal Free Hospital, London; and Department of
Neuro-otology, University College London Ear Insti-
tute, Royal National Throat, Nose and Ear Hospital,
London) from 1988 to 2010. These cases were filtered to
include only those patients who had followed a con-
servative ‘‘wait-rescan’’ management plan and adhered to
the following criteria:

Inclusion Criteria

Patients aged 16 years and above with a radiological
diagnosis of VS managed from the outset with a con-
servative radiological surveillance plan.

Exclusion Criteria

Patents with cerebellopontine angle (CPA) lesions
deemed radiologically to not represent VS. Patients
with neurofibromatosis type 2 were also excluded, as
were patients with recurrent VS who were being ob-
served with regular MRI surveillance following a pre-
vious intervention (in the form of surgery or stereotactic
radiosurgery). The following data were collected for each
case:

� Patient age (in years) at time of diagnosis
� Patient sex
� Initial tumor size and size at serial follow-up(s)
� Laterality of tumor
� Gross tumor location (categorized into tumors con-

fined to the internal auditory canal (IAC) and those
extending from IAC into CPA)

� Presenting symptoms at time of diagnosis
� Clinical signs at time of diagnosis including cranial

nerve palsies
� Reason(s) for choice of conservative management
� Whether (and why) conservative management failed

and what form of intervention was required
� Where possible, a calculation of tumor growth rate

was ascertained, based on tumor size measurements at
interval imaging

� The tumor growth pattern was also subjectively char-
acterized based on patient records (see categorization
below), for those cases that lacked sufficient objective
data from which to measure growth from available
imaging or radiology reports

� Duration of total follow-up and duration of successful
conservative management was calculated
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Outcome Measures

The primary end-point was whether or not intervention
occurred in a patient who, at diagnosis, had embarked on
a conservative treatment pathway. Secondary end-points
were the rationale and justification for intervention
(when required), duration of successful conservative
management, tumor growth rate, and nature of inter-
vention. To identify factors associated with tumor
growth, a multivariate analysis was performed investi-
gating for any correlations with tumor growth.

When possible, tumor size was measured accord-
ing to the Committee on Hearing and Equilibrium
guidelines (written by the American Academy of Oto-
laryngology - Head and Neck Surgery).13 Tumor growth
patterns were additionally categorized descriptively ac-
cording to the following criteria:

� No growth/insignificant growth, defined as <2 mm
increase in size during follow-up period

� Continuous growth, defined as >2 mm increase dur-
ing early follow-up

� No growth followed by significant growth
� Regression
� Growth followed by regression

The Mann-Whitney U test was used to compare
growth rates in different patient groups (as the data
are nonparametric). Kaplan-Meier survival curves were
adapted to illustrate the probability of continuing
successful conservative management over time. Med-
Calc software (Brockstraat, Mariakerke, Belgium) was
used for statistical analysis (http://www.medcalc.be/).
Calculations were deemed to be statistically significant
when p< 0.05.

RESULTS
Of 453 patients, 46 underwent radiotherapy, 336 under-
went surgery, and 71 were managed conservatively
(diagnosed between 1988 and 2010). One further patient
was excluded due to a diagnosis of neurofibromatosis
type 2. Two patients were excluded as their CPA lesion
was considered radiographically more likely to represent
a meningioma. Nine other patients were excluded from
our analysis as they left our catchment area and their
follow-up was managed elsewhere. Fifty-nine suitable
patients are therefore included in this analysis, having
been radiographically diagnosed with unilateral VS be-
tween 1988 and 2007.

Patient Demographics, Symptoms, and Signs

Of the cohort, 25 (42%) were females and 34 (58%) were
males. Mean patient age at diagnosis was 53.5 years
(range, 16 to 79 years). The breakdown of presenting
symptoms at time of diagnosis is shown in Table 1. In

the majority of cases hearing loss was accompanied by
another symptom, with the combination of hearing loss
and tinnitus most frequent.

For 41 of the 59 patients, it was possible to
ascertain facial nerve function and the extent of hearing
loss at the time of diagnosis. All of the 41 patients were
House-Brackmann grade I. Of 41 patients, 28 were
assessed to be Gardner-Robertson grade 1 (good/excel-
lent hearing) at diagnosis while the remaining 13 of the
41 patients were assessed as Gardner-Robertson grade 2
(serviceable hearing).

Rationale for Conservative Management

The primary reason for opting for a conservative man-
agement strategy was identified in 55 of the 59 patients
and is illustrated in Table 2. Small tumor size (84% of
cases) dominated as the primary reason cited for choos-
ing a ‘‘wait-rescan’’ approach. One patient was managed
conservatively as she was pregnant at the time of her
diagnosis. After delivery, it was apparent that significant
tumor growth had occurred and she subsequently under-
went surgical resection.

Tumor Characteristics

Table 3 illustrates tumor anatomical characteristics;
specifically with regards to laterality, gross tumor loca-
tion (with respect to the IAC and CPA), and tumor
grade (according to the Tokyo Consensus Meeting on
Systems for Reporting Results in Vestibular Schwan-
noma14).

Table 1 Percent Rate of Occurrence of Selected
Presenting Symptoms among the Cohort

Presenting Symptoms % Occurrence

Hearing loss 88

Tinnitus 50

Vertigo 16

Otalgia 3

Altered taste sensation 3

Table 2 Reasons for Choice of Conservative
Management

Primary Reason for

Conservative Management

Number of

Patients

Small tumor size 46

Advanced age 5

Significant comorbidity 1

Patient choice 2

Pregnant at time of diagnosis 1

MANAGEMENT OF VS: MULTIVARIATE ANALYSIS OF TUMOR GROWTH AND OUTCOME/HUGHES ET AL 297



Tumor Growth Rates and Failure Rate

of Conservative Management

Of 59 patients who were enrolled on a conservative
treatment pathway, 11 (18.6%) subsequently underwent
intervention. A breakdown of reasons for, and type of,
intervention is shown in Tables 4 and 5.

Overall mean duration of successful conservative
management (as of January 2010) was 68 months (range,
11 to 156 months, median 60 months). In those patients
who ‘‘failed’’ conservative management, the mean time to
intervention was 37 months (range, 11 to 84 months).

Fig. 1 illustrates the probability of ongoing successful
conservative management for all cases with respect to
time, in the form of a Kaplan-Meier survival curve.

Fig. 2 is a second Kaplan-Meier plot illustrating
the probability of continuing conservative management
with the cohort subdivided into tumors confined to IAC
and those extending into the CPA. Tumors confined to
the internal acoustic canal at diagnosis show a signifi-
cantly higher probability of continued successful con-
servative management over time (log rank test: chi-
squared 8.68, p¼ 0.0032).

Table 3 Gross Anatomical Features of VS

Tumor laterality n¼ 59

Right 32

Left 27

Tumor location n¼ 59

IAC 34

IACþCPA 24

Intracochlear 1

Tumor grade n¼ 58*

Intrameatal 34

Grade 1 (1–10 mm IC) 14

Grade 2 (11–20 mm IC) 10

Grade 3 (21–30 mm IC) 1

Grade 4 (31–40 mm IC) 0

Grade 5 (>40 mm IC) 0

*The single intracochlear VS has been excluded from grading.
CPA, cerebellopontine angle; IAC, internal auditory canal; IC,
intracranial extent (largest diameter).

Table 4 Reasons for Failure of Conservative
Management

Reason for Stopping Conservative Management n

Significant tumor growth 9

Patient choice 1

Deterioration of symptoms 1

Table 5 Nature of Intervention Performed when
Conservative Management Failed

Type of Intervention n

Stereotactic radiosurgery 6

Surgical resection/debulking 3

Ventriculoperitoneal shunt 1

Yet to be decided at MDT meeting 1

MDT, multidisciplinary team.

Figure 1 Kaplan-Meier survival curve adapted to illustrate probability of ongoing successful conservative management.
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The growth rate of 28 of the 34 tumors located
solely in the internal acoustic meatus was measureable.
These intracanalicular tumors had a mean growth rate
of 0.16 mm/y and median of 0 mm/y. This compares
with a mean growth rate of 1.52 mm/y and median of
0.31 mm/y for 17 measureable tumors found, at diag-
nosis, to be extending from internal acoustic meatus
into CPA. This is a statistically significant difference
in growth rate between the two groups (p¼ 0.0045,

Mann-Whitney U test). Overall mean growth rate for
all measureable tumors was 0.66 mm/y.

In addition to objective measurement of
tumor growth rate (possible in 45 of 59 tumors), a
descriptive categorization of growth was possible for
all but three cases. Fig. 3 illustrates this character-
ization.

Age at diagnosis did not correlate with growth
rate (r¼ �0.036, p¼ 0.811, CI -0.323 to 0.257). There

Figure 2 Kaplan-Meier survival curve adapted to illustrate probability of ongoing successful conservative management with

the cohort divided into tumors confined to the internal auditory canal (IAC) at diagnosis (Group 1) and these extending from

internal auditory canal to cerebellopontine angle (CPA) (Group 2). Log rank test: chi-squared 8.68, p¼ 0.0032.

Figure 3 Subjective categorization of tumor growth patterns by % (n¼ 56).
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was no difference in growth rates with respect to patient
sex (p¼ 0.262), laterality of tumor (p¼ 0.238), facial
nerve function at diagnosis, or degree of hearing impair-
ment at diagnosis (Mann-Whitney U tests).

DISCUSSION

Contemporary Understanding of VS Growth

Patterns and Natural History

Many patients will live undisturbed by their VS while
others will progress to life-threatening neurological com-
plications as a consequence of significant tumor growth.
As conservative management was first made feasible,
numerous attempts have been made to gain a better
understanding of the natural history of VS. A recent
Heath Technology Assessment systematic review15 iden-
tified 171 articles (published from 1990 to 2008) that
assessed, in various ways, VS natural history. Two meta-
analyses and two systematic reviews have concurrently
attempted to consolidate some of the key findings.

Tumor Growth and Failure Rates

of Conservative Management

Published literature to date16–19 has predominantly
found slow VS tumor growth in expectantly managed
patients (ranging from 1.2 to 1.9 mm/y). However,
among these cases there are examples of exceptionally
rapid growth (up to 30 mm/y). The current study is in
general agreement with these meta-analyses and sys-
tematic reviews, finding an average growth rate of
1.5 mm/y and a failure rate for conservative manage-
ment of 19%.

The failure of conservative management occurs,
by definition, when a treatment intervention occurs.
Failure, in the most part, is prompted by significant
observed growth of a tumor. Intervention occurred in
nine patients due to significant tumor growth. What
constitutes ‘‘significant’’ growth is debatable. In this
series, decision-making occurred on a case-by-case
basis without explicit or decisive criteria. However, a
growth rate exceeding 5 mm/y and/or extracanalicular
size exceeding (or evidently trending toward) 20 mm
were key determinants in halting conservative manage-
ment. In addition to growth, other potential reasons
may prompt intervention. In this study, one patient
requested intervention in the context of a radiograph-
ically indolent tumor while another was treated due to
worsening symptoms while the tumor showed no signs
of growth. Meta-analysis and systematic review sug-
gests an overall failure rate of between 18 and 26%.
This study is consistent with this finding with a failure
rate of 19%, despite the inclusion of two cases that
might justifiably have continued with a conservative
approach.

Time Frame of VS Growth

The time frame during which tumor growth occurs is
equally, if not more, important than average growth
rates. Specifically, if it were noted that no observed
growth during a specified time period could predict
future tumor behavior, patient follow-up and manage-
ment would be better informed. Many previous stud-
ies20–25 have suggested that tumor behavior during the
first year postdiagnosis is particularly important in de-
termining future growth. However, the duration of
patient follow-up is clearly critical when making con-
clusions of this kind. It is notable that mean duration of
follow-up in the majority of previously published studies
is inadequate (36 to 38 months). It is highly likely,
therefore, that several late ‘‘failures’’ in these patient
groups have not yet had time to manifest. This study
has a mean follow-up duration of 68 months (range, 11
to 156 months). The finding of two conservative man-
agement failures beyond 5 years of surveillance is in
opposition to studies to some previous findings. How-
ever, certain other studies and case reports corroborate
this finding of late failures. Quaranta26 found that 65%
of VS grew within 4 years but that 14% showed growth
even after 60 months of stability. It would be interesting
to investigate the histology of those tumors that fail early
and those that fail late.

Given the inconsistent way in which VS is diag-
nosed (ranging from screening MRI, to incidental find-
ing on MRI, to MRI provoked by a suggestive
constellation of symptoms and signs) it is unsurprising
that growth observed within what is, for many, an
arbitrary window of tumor existence is not reliably
predictive. Stratification of tumors according to circum-
stances of diagnosis and duration of symptoms might
enable a more informed assessment of ‘‘cohort’’ behavior.
Currently, however, the key clinical conclusion must be
that surveillance ought to continue beyond 5 years even
in the context of an apparently indolent tumor. The
frequency of imaging has not been considered explicitly
here, but will be dictated by prior tumor behavior, tumor
size, and resource considerations.

Predictors of VS Tumor Growth

Reliable predictors of growth at time of diagnosis would
prove helpful for patient counseling and planning man-
agement. In this cohort tumors located, at diagnosis,
solely within the IAC grew significantly more slowly
than those found to be extending into the CPA. This is
in concordance with several other reports. Hajioff et al27

noted significantly slower growth in IAC tumors com-
pared with tumors extending from IAC to CPA. Solares
and Panizza28 found also that intracanalicular tumors
are less likely to grow than grade II tumors. The finding
of a significant difference in growth rate is also
reflected via Kaplan-Meier plot (Fig. 2) illustrating
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that intracanalicular tumors show a significantly higher
probability of successful continuing conservative man-
agement with time.

In this study, no association with growth rate was
found when assessing age, sex, laterality of tumor, and
selected clinical findings (VII and VIII nerve function) at
the time of diagnosis. Previous literature is inconsistent
but failure to identify useful predictors of growth pre-
dominates. Bedersen et al,29 Flint et al,30 Rosenburg,31

and Walsh et al32 found no correlation between growth
and initial symptoms, initial size, duration of symptoms,
laterality, gender, and age.

Limitations of this Study

A key factor in assessing VS growth is the technique
used to measure tumor size. Often, studies of VS growth
have opted to measure simply the maximum diameter of
the tumor in any plane. Tumors are three-dimensional
structures and this therefore constitutes a significant
oversimplification. In addition, VS are unique in terms
of their spatial characteristics due to their origin within a
constrained cylindrical bony structure (IAC) and exten-
sion into the less constrained CPA. Many other methods
of assessing growth have been reported resulting in
confusion and undermining cross-study comparisons.
It has been proposed that volumetric measurements of
tumor size may provide more accurate growth assess-
ment.33 Measurement of tumor volume with specific
area tracing software is more accurate than the use of
two-dimensional measurements. Although some studies
support this hypothesis for nonintracanalicular tumors,34

the required software is not yet widely available nor is the
technique standardized.

Inter- and intraobserver variation is another
source of inaccuracy. One group has assessed the reli-
ability of VS size measurement using various methods
(including that proposed by the Committee on Hearing
and Equilibrium guidelines) and found a margin of error
of 2 mm.35 This finding undermines, in particular, the
calculations made regarding growth of intracanalicular
tumors in which the observed changes in tumor size are
typically very small (calculated mean growth of these
tumors in this study was just 0.16 mm/y).

Regarding duration of patient follow-up,
although the mean follow-up in this series was ap-
preciably longer than that of several previous studies,
it is still fundamentally inadequate. VS has moved
from being an urgent/emergent surgical disease to-
ward, in many cases, a chronic disease. As such, there
must be similar frame shift with respect to follow-up.
Long-term follow-up of the order of 20þ years is
required to make firm conclusions. In reality, the best
method of understanding VS tumor growth and
behavior is a prospective study using serial MRI
with a consistent and standardized method for report-

ing size and defining growth, and with significantly
longer durations of follow-up. The initiation of cen-
tralized national VS tumor registries would begin to
satisfy these criteria.

CONCLUSION
Over three-quarters of patients in this study showed no
evidence of significant tumor growth during wait-rescan
follow-up. Most tumors managed in this way do not
grow and the ‘‘failure rate’’ of conservative management
was found to be 19% during a mean follow-up period of
68 months. Conservative management with surveillance
MRI is therefore an acceptable method of managing a
subset of VS patients. The size of tumor at time of
diagnosis is important. Tumors found to be extending
into the CPA at diagnosis grow significantly faster and
have a higher probability of ‘‘failing’’ conservative man-
agement than those confined to the internal auditory
meatus. No other reliable predictors of tumor growth are
identified. Importantly, the absence of observed growth
during the first 5 years of surveillance does not guarantee
a continued indolent growth pattern. Surveillance must
therefore continue beyond this time to safely monitor for
potential late tumor growth.
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