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Abstract

Background. Optimal management of vestibular schwannoma (VS) is still debated and thus international con-
sensus has not been achieved. Treatment options are observation, radiotherapy, and surgery. Knowledge on the
natural history of tumor growth is essential for choice of treatment modality.The aim is to present intra-/extrameatal
tumor growth and management data from a prospective, unselected national cohort of patients diagnosed with VS
during the period 1976-2015.

Methods. Since 1976, all data from patients diagnosed with sporadic VS in Denmark have been referred to our
national treatment center, where they have been entered prospectively into the national database. Data on tumor
localization, growth, and treatment were retrieved. Growth definition: >2 mm by linear measurement, in accord-
ance with the Tokyo 2001 consensus-meeting recommendations.

Results. 3637 cases of VS were diagnosed, in which 1304 patients had surgery and 21 received radiotherapy post
diagnosis. 2312 patients were observed with mean follow-up of 7.33 years. Of these, 434(19%; 102 intra-and 332
extrameatal tumors) changed to active treatment during the observation period due to tumor growth. 5 years
after diagnosis, 21% of the intrameatal tumors exhibited growth during observation, whereas 37% of extrameatal
tumors had grown, increasing to 25% intrameatal and 42% extrameatal after 10 years. Following growth, the
intrameatal tumors were mostly observed further and the extrameatal mostly underwent surgery. Tumor growth
occurred mainly within the first 5 years post diagnosis.

Conclusion. This natural history study documents the growth occurrence of both intra-and extrameatal VS during
the first 12 years after diagnosis and should be used in patient counseling, management, and treatment decision
making.

Key Points
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Importance of the Study

Long-term data are inherently difficult to obtain. The
present study reports 40-year prospective data of 3637
patients with VS in Denmark. It demonstrates that the
majority of tumors do not exhibit growth during a mean
observation period of more than 7 years.

Copenhagen is the national treatment center of VS in
Denmark, thus the 40-year data are not confounded by re-
ferral or selection bias as the cohort encompasses all pa-
tients nationwide. To our knowledge, the cohortis the largest

Vestibular schwannomas (VS) are benign nerve sheath tu-
mors arising from Schwann cells of the Vllith cranial nerve
and comprise approximately 80% of cerebellopontine angle
(CPA) tumors and 8% of all intracranial tumors.” VS exceed-
ingly rarely undergo malignant transformation, although
several case reports have documented the occurrence with
or without prior radiotherapy, including histologic and mo-
lecular investigations confirming the change in tumor bi-
ology post radiation.2The cause of VS is unknown, although
some reports suggest viral etiology*® or environmental
reasons such as occupation, traffic, and mobile phones,®8
others have suggested tumor growth association (although
conflicting) with aspirin/nonsteroidal anti-inflammatory
drugs.®'® The annual incidence has been reported to be
increasing over many years by several centers,” reaching
approximately 34 VS/million inhabitants.'? The spontaneous
course of the disease remains unpredictable, as some tu-
mors continue to grow after diagnosis, whereas others
senesce and some even shrink during observation.’® As
continuous tumor growth may cause life-threatening brain-
stem compression, the main task of managing the condition
is tumor control, secondarily preservation of cranial nerve
function (ie facial nerve function, hearing, and balance).
Reported tumor growth percentages vary from 12% to 76%,
partly due to varying lengths of observation and growth
criteria.’ Factors influencing the choice of treatment in-
clude tumor size, hearing level, and, as noted, risk of tumor
growth.Thus, knowledge on the natural history of VS growth
is essential in order to provide an evidence-based treatment
recommendation for the patient. Whereas surgery remains
undisputed in large and giant tumors,'® three treatment mo-
dalities are available for small- and medium-sized tumors:
observation (wait-and-scan)/conservative management, sur-
gery, and radiotherapy. As a significant proportion of tumors
do not exhibit growth after diagnosis and a large proportion
of the patients preserve good or serviceable hearing sponta-
neously, the trend in management has shifted toward con-
servatism during the recent years."®-'8 In order to strengthen
the evidence base on the risk of tumor growth and conserv-
ative management, this paper provides data on more than
2300 observed VS patients with a mean of almost 8 years.

Methods

Data from every patient in Denmark with a sporadic uni-
lateral VS have since 1976 been referred to our national

ever reported in literature on observation of VS and contrib-
utes to the continuing debate on optimal management of
especially intrameatal and small extrameatal tumors.

As many treatment centers worldwide still treat these
tumors actively immediately upon diagnosis with either
radiotherapy or surgery, we believe it is essential that the
natural history of tumor growth is known to all clinicians
in order to practice evidence-based medicine and pro-
vide patients the best possible treatment.

treatment center, at which they have been entered prospec-
tively into a national VS database. Hence the data are not
subjected to referral bias or selection bias. Several param-
eters were included in data, eg, the tumor size, the tumor
localization, the initial treatment strategy, sex and age of
the patient at diagnosis. This study reports the data on
tumor localization and growth patterns as well as chosen
treatment during the 40-year period from January 1, 1976
to January 1, 2016. A total of 3637 patients with sporadic
unilateral VS were registered and included in the database
during this period.The population in Denmark was 5.1 mil-
lion in 1976, increasing to 5.7 million as of January 1, 2016.
The tumors were categorized as either intrameatal
(if purely intracanalicular) or extrameatal (intra- and
extrameatal). The size of an intrameatal VS was registered
as 0 mm extrameatal and the size of extrameatal tumors
was determined as the largest extrameatal diameter (not
including a potential intrameatal portion) by linear meas-
urement on high-resolution MR imaging (slice thickness
<1 mm), conducted by the two senior authors: S.E.S. and
P.C.T. This classification follows the Tokyo 2001 consensus
meeting recommendations on reporting size of VS pub-
lished by Kanzaki et al in 2003." Patients allocated to obser-
vation/conservative management entered an MRI follow-up
scheme with an MRl scan yearly after diagnosis for 5 years,
subsequently every other year for 5 years, followed by a
scan every 5 years. Local radiology departments assisted
in performing the MRI scans and sending the images to our
treatment center. The criterion for growth of intrameatal
VS was growth to extrameatal extension (into CPA) and
extrameatal tumor growth was defined as an increase of
more than 2 mm to rule out inter- and intraobserver meas-
urement variability. If the VS exhibited growth, the patient
would be offered a clinical appointment for discussion of
further management which would be either continued ob-
servation or active treatment (radiotherapy or surgery).
Since 1989, when MRI scans became an option for im-
aging and follow-up, almost all patients have had MRI
scans for tumor growth control. Thirty-seven patients allo-
cated to repetitive CT scans and patients diagnosed with
Neurofibromatosis 2 were excluded from the material.

Ethics Statement

Institutional review board and the Danish Data Protection
Agency approved the collection of patient data for the
national VS database.
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Results

3637 patients were diagnosed with a sporadic unilat-
eral VS during the period 1976-2015. Female n = 1804
and male n = 1833, and the mean age at diagnosis was
57 years (range, 15-93 y). The patients are listed inTable 1
according to management and tumor localization. In
total, 1095 patients had an intrameatal VS and 2509 had
an extrameatal (intra- and extrameatal) VS. No data on lo-
calization were available for 33 patients (18 female and
15 male), who all had surgery as the initial treatment.
The initial treatment was observation for 2312 patients
(64%). During a mean of 7.33 years of observation (range,
1-37 y), 372 (16%) of these patients underwent surgery
(89 intrameatal tumors; 283 extrameatal tumors) and
62 (3%) received radiotherapy (13 intrameatal tumors;
49 extrameatal tumors), of which 3 patients (56%) with
extrameatal tumors had subsequent surgery as well.Thus,
1878 patients (81%) were purely observed and conserva-
tive management failed in 19% of the initially observed
patients, due to growth of the tumor and subsequent

active treatment (radiotherapy or surgery). The majority
of the initially surgically treated VS were extrameatal
(1243; 99%) and 10 patients (0.8%) received additional ra-
diotherapeutic treatment, all of them extrameatal tumors.
Eighteen patients (0.5%) had radiotherapy as the initial
treatment, of which 3 had subsequent surgical treatment
(17%), all being extrameatal tumors.

An ideal cohort and observation length could not be
obtained, as it would require all the conservatively managed
patients not to change to active treatment or dying during
the 40-year observation period. Such patients were con-
sidered lost to follow-up.Thus, the difference between ideal
and actual observations lengths was due to failure of con-
servative management/loss of patients to active treatment
(n =434; 19%) and deaths (n =147; 6%); see Figure 1. In addi-
tion, optimal follow-up for the remaining and still observed
patients would require all of them to have the last MRI
scan performed on the day of data extraction for analysis
(December 31, 2015). As this was not the case for nearly all
patients, the majority had a censored period (ie, the period
from their last scan to December 31, 2015) in which growth in
principle could have occurred, and adding to the difference

Table 1 All patients diagnosed with a VS in the 40-year period 19762015 according to management and subdivided in tumor localizations
Treatment Initial Treatment Only Additional Irradiation Additional Operation AIIVS Patients
| E | E
Observed 973 905 0 13 49* 0 89 283 0 1075 1237 0 2312
Operated 18 1243 33 0 10 0 18 1253 33 1304
Irradiated 2 16 0 0 3 0 2 19 0 21
Total 993 2164 33 13 59 0 89 286 0 1095 2509 33 3637
Abbreviations: | = intrameatal, E = extrameatal, N = no data.
*The 3 patients were observed initially and subsequently received radiotherapy and surgery.
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Fig.1 Ideal and actual observation time for patients initially allocated to conservative management. The solid curve is the ideal observation and

the dotted curve is the actual observation during the 40-year period. Cumulated actual observation was 70% of the ideal. Definitions explained in

the Results section.




Reznitsky et al. The natural history of vestibular schwannoma growth

between ideal and actual observation lengths. Thus, the cu-
mulated actual observation was 70% of the ideal observa-
tion. Figure 2 reflects part of the difference in observation
lengths illustrated in Figure 1 by demonstrating the number
of patients receiving active treatment after initial observa-
tion, and showing when and which treatment was given.
Inevitably, some of the patients died during the 40-year ob-
servation period and are also depicted in the figure. None
of the deaths were related to VS. Most patients received the
active treatment within the first 5 years, predominantly sur-
gery. No patients received radiotherapy after 7 years. The
latest active treatment was performed after 22 years obser-
vation (one patient with 3 mm growth) and in total 3 patients
(0.1%) were treated after 10 years observation.

Growth and Management of Intrameatal Tumors

Growth data were available for 868 patients with
intrameatal VS (Table 2), which corresponds to 81% of
all observed patients with intrameatal VS (1075 patients;
see Table 1). Of the 868 patients with intrameatal VS, 769
(89%) were purely observed, whereas 86 (10%) under-
went surgery and 13 (1%) received radiotherapy. Of the
intrameatal VS, 78% did not exhibit growth, and of these
680 patients with nongrowing VS, 98% were only ob-
served. Tumor growth occurred in 188 of the 868 patients,
corresponding to 22%, of which 63% grew 3-10 mm and
35% grew 11-20 mm. About half (106; 56%) of the growing
intrameatal VS were further observed and 75 (40%) under-
went surgery. Seven (3.5%) of the 188 patients with tumor
growth received radiotherapy (Table 2).

The risk of intrameatal VS growth increases during the
first 12 years of observation and is depicted in Figure 3.
The difference in observation periods (numerous censored
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data) warrants the use of a Nelson-Aalen survival plot,
in this case presented as an actuarial survival rate curve,
showing the cumulated risk of tumor growth, based on
the observation length for all the patients in the study.
In the majority of cases, tumor growth occurs within the
first 3-5 years, but growth did occur up to 12 years after
diagnosis. The curve and hence the cumulated risk of
growth plateaus at 28.4%. When looking at the cumu-
lated risk during the observation in actuarial rates, 21.3%
of the intrameatal tumors exhibited growth 5 years after
diagnosis and 25.4% had grown 10 years after diagnosis
(Figure 3).

Growth and Management of Extrameatal Tumors

Growth data were available for 1091 (88%) of the 1237 ob-
served patients diagnosed with an extrameatal VS (Tables 1
and 2). Of the 1091 patients with extrameatal VS, 774 (71%)
were purely observed, 270 (25%) underwent surgery, and
47 (4%) received radiotherapy, compared with the patients
with intrameatal VS, where a larger proportion (89%) were
purely observed. 677 (62%) of the extrameatal VS did not
exhibit growth and 91% of these patients were only ob-
served (Table 2). 414 of the 1091 patients displayed tumor
growth, corresponding to 38%. The vast majority of these
(90%) exhibited 3-10 mm tumor growth. In contrast to the
intrameatal VS, the majority of the growing extrameatal
VS received active treatment upon growth (62%). Of the
414 patients with growing extrameatal VS, 222 (54%) un-
derwent surgery, 36 (9%) received radiotherapy, and 156
(38%) were continuously observed.

As shown in Figure 3, growth occurs primarily within
the first 5 years after diagnosis, rarely thereafter, and no

O Irradiated, mean age 58.5
m Operated, mean age 58.1

= Died, mean age 76.1

=
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Fig.2 Active treatment for patients initially allocated to observation (n = 434) and patients who died during the observation period (n = 147). The
black columns represent the number of patients receiving surgery, the white columns represent radiotherapy-treated patients and the horizon-

tally lined columns represent the patients who died.
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Table2 Growth and management of intrameatal and extrameatal VS, from diagnosis to last follow-up

Treatment No Growth | /E Growth | /E Total | / E

Observed 663/618 106 / 156 769 /774

Operated 11/48 751222 86/270

Irradiated 6/M 7/36 13/47

Total 680 /677 188/414 868 /1091

Growth Observed 1/ E Operated 1 / E Irradiated | / E Total | / E
3-10 mm 81/143 34/195 4/34 119/372
11-20 mm 24/13 39/26 3/1 66 /40
>20 mm 1/0 2/1 0/1 3/2
Total 106 / 156 75/222 7/36 188/414

Abbreviations: | = intrameatal, E = extrameatal.

*Intrameatal and extrameatal numbers are separated by a slash. The bottom part of the table represents the 188 growing intrameatal tumors and 414

growing extrameatal tumors.

growth occurred after 11 years of observation.The data de-
piction is based on the cumulated risk of growth, in con-
sideration of the varying lengths of observation, with the
curve plateauing at 42.6%. In actuarial rates, 37.5% of the
extrameatal tumors exhibited growth 5 years after di-
agnosis and 42.3% had grown 10 years after diagnosis
(Figure 3).

Figure 4 displays Kaplan—-Meier curves of nontreatment
“survival” for patients diagnosed with either an intrameatal
or an extrameatal VS, showing that 88% of the intrameatal
tumors and 71% of the extrameatal tumors were treated by
observation only.

Discussion

As the incidence rate of VS is rising steadily,"'2 it is in-
creasingly important to establish the spontaneous course
of disease progression (ie, tumor growth). Apart from
large tumor size at diagnosis, tumor growth is the most
important indication for active treatment, either radio-
therapy or surgery. This report presents an update on
the prospective, unselected national cohort of all pa-
tients diagnosed with a sporadic unilateral VS in Denmark
during the 40-year period 1976-2015. The database cur-
rently includes 3637 consecutively registered patients,
of whom 2312 were observed initially, thus representing
the largest cohort of observed patients with VS reported
in the literature. Compared with the previously published
data from our treatment center, we now report an in-
creased growth rate. We previously reported growth oc-
currence in 17% of intrameatal and 29% of extrameatal
tumors,?° based on a mean follow-up of 3.6 years. The
current numbers of 22% and 38%, respectively, are based
on a mean follow-up of 7.33 years, which explains the in-
creases. The numbers also illustrate that growth rarely
occurs after 5 years of observation (see Figure 3). No
correlation was found between tumor growth and sex or
age, which is consistent with other major reports also in-
cluding a variety of other potential predictors, of which

initial tumor size and disequilibrium may be associated
with tumor growth.0:2"

The strength of the study is that it is not confounded by
patient selection bias and especially referral bias, which
is a potential problem in other cohort studies,'*?' as pa-
tients may be referred by selection, or managed conserv-
atively due to either advanced age, medical comorbidity,
or patient preference. The setup in Copenhagen may
be considered close to ideal in terms of demonstrating
the true epidemiology and spontaneous course of the
disease. Simultaneously, this could affect the generaliz-
ability of the management in a global setting. Most ter-
tiary or major treatment centers (particularly in North
America) get patients referred after either observation or
active treatment at a local hospital, which complicates
data acquisition and management, leading to more het-
erogeneous datasets, subsequently complicating patient
management. Therefore, the reason for underlining the
importance of knowledge on the natural history of VS
tumor growth is because regardless of tumor size, pa-
tients with sporadic unilateral VS continue to undergo ac-
tive treatment immediately upon diagnosis at a number
of centers around the world, even though the majority of
tumors do not grow after diagnosis. The treatment given
depends highly on local traditions within countries, hos-
pitals, and departments, as the management of VS varies,
particularly for intrameatal and small- to medium-sized
tumors.?? Although, for several years the tendency has
shifted toward conservative management and less sur-
gery."”” Some treatment centers mostly perform sur-
gery,'®2® others radiotherapy,?*#?® and lack of knowledge
on the natural history of tumor growth is likely to skew the
clinical decision making toward active treatment as op-
posed to initial observation, especially when conflicting
reports continuously are being published with different
views and points of interest. The reports often argue either
for tumor control being superior?®?’ or for hearing dete-
rioration being less,?®29 irrespective of which active treat-
ment modality, and there is a lack of comparative studies.
Increasingly more studies focus on quality of life (Qol)
rather than tumor control or cranial nerve function, which
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Fig. 3 Actuarial “survival” curve of cumulated risk of growth in intrameatal and extrameatal VS with increasing observation length. The gray
columns represent the risk for intrameatal tumors. The extension from the gray columns depicted by white columns represent the risk of growth in
extrameatal tumors. The horizontally (intrameatal) and vertically (extrameatal) lined columns mark the 5 and 10 year actuarial rates, respectively.

is part of a general development in healthcare toward
patient-reported outcome measures. Studies on QoL show
better®® or equal outcome for conservatively managed
VS compared with initial surgery or radiotherapy,®'%? or
to active treatment in failed conservative management.*°
However, a recent systematic review showed conflicting
results regarding choice of treatment and confirmed that
no large, randomized prospective studies exist on radi-
otherapy. According to this review, 8 studies have been
published on QoL in radiated patients, of which only the
study by Di Maio and Akagami was prospective.3"33 From
a healthcare system perspective, conservative manage-
ment is more cost-effective than active treatment, and a
recent study has reported radiotherapy being less costly
than surgery.3

The current 40-year prospective dataset on more than
2300 patients demonstrates the spontaneous course of
VS progression, documenting that approximately 75% of
intrameatal and approximately 60% of extrameatal tumors
do not exhibit growth 10 years after diagnosis, as demon-
strated by actuarial rates. As several studies report con-
flicting results regarding superiority of initial treatment
modality and QoL studies show no difference between
available treatment options, we believe that active treat-
ment of intrameatal and small- to medium-sized tumors as
an initial step leads to overtreatment and unnecessary risk-
taking in the majority of cases.

The continuing debate on the assessment of tumor
growth is a particular point to be addressed. Previous
studies have shown that assessing VS size and tumor
growth implicates an intra- and interobserver measurement

error of up to 2 mm,%%38 which is why several studies must
be read and interpreted critically, as criteria for the oc-
currence of growth are either not defined or defined to
be less than 2 mm. In order to limit problems associated
with inter-individual measurement error, the current study
is based on tumor size assessment by the two senior au-
thors S.E.S. and PC.T, using linear measurement of the
largest extrameatal tumor diameter and growth defined
by an increase of at least 2 mm, which is in accordance
with the majority of other authors and the Tokyo 2001 con-
sensus meeting recommendations.' Volumetric evaluation
of tumor size is more sensitive to tumor growth compared
with linear measurements, and during recent years publi-
cations have used volumetric assessments increasingly.
Tumors seemingly unchanged by linear measurement
may display growth by volumetric assessment and hence
earlier.The growth rates by volumetric assessment are gen-
erally reported higher, as in the recent papers by Lees et al?'
and Schnurman et al,®” reporting 69% (median observation,
1.1 y) and 66% growing tumors (mean observation, 25.4
mo). In 2006, our center published a volumetric intrameatal
tumor growth rate of 45% (mean observation, 4.4 y),38
which is in accordance with other studies on volumetric
tumor growth.%% It is often argued that volumetric assess-
ment is better for irregular/complex configurated tumors
(ie, geometrical characteristics not captured on a linear
measurement or tumors that are not perfectly spherical),
assessment in medical or radiotherapeutic treatment of tu-
mors, and that it is more meaningful to acknowledge what
may be perceived as more true growth rates by volumetric
measurements, as several papers have demonstrated
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Fig. 4 Kaplan—Meier “survival” curve of nontreatment in intrameatal and extrameatal VS, depicting the risk of receiving active treatment. The
solid curve shows the percentage of purely observed intrameatal tumors during the period and the dotted curve the extrameatal tumors.

higher growth rates in studies directly comparing volu-
metric with linear measurement.?'4%41 Often, these papers
report superiority in the smallest detectable difference, in
reliability, and in inter- and intraobserver agreement, al-
though not 100% consistent.**#2 However, volumetric
tumor increase has also varied in previous publications,
spanning from 15% to 73%,*° and although the cutoff is
chosen at 20% volume increase in recent studies,®2"3743 this
is problematic for intrameatal and small extrameatal tu-
mors, as the measurement error is greater and smallest de-
tectable difference higher for these cases. This may also be
problematic for larger/giant tumors, where a 20% volume
increase potentially could be dangerous. As for the chal-
lenge of establishing consensus regarding the definition of
linear growth, the lack of consensus on a definition of sig-
nificant tumor volume increase continues. Several papers
often refer to the need for RANO/RECIST-like guidelines for
VS. Essentially, some argue that linear assessments un-
derestimate increases in small tumors, while other papers
argue that volumetric assessment overestimates the value
of this increase (eg, that a 20% spherical volume increase
only constitutes 6% in one axis),?” whereas a 50% increase
in one axis (eg, from 2 to 3 mm intrameatally) would result
in a 300% volume increase, although not, or unlikely to be,
clinically relevant.** We definitely support the need for con-
sensus on defining significant volume increase and clinical
relevance before applying volumetric evaluation into rou-
tine clinical use. Another aspect, also acknowledged in pre-
vious studies, is that volumetric assessment methods (eg,
manually segmented or semi-automated) also carry a risk
of human error. Finally, the software for volumetric eval-
uation (eg, BrainLab) is not available in all departments,
thus for technical reasons and due to time consumption,
the practice is not established as a standard procedure in
most centers. More importantly, it could be argued that if
growth cannot be detected on linear measurements, it is

hardly clinically relevant. A counter-argument may be that
hearing deterioration may be associated with an increase
in tumor volume which is not appreciated with linear meas-
urements. Studies using linear measurements have shown
either an insignificant increase in tumor size with pro-
gression of hearing loss or a lack of association.’® Only a
few studies exist on tumor volume and hearing loss, but
2 papers have reported that an increased tumor volume is
associated with hearing loss, although the first report in-
cluded only a small number of patients and the other did
not find an association between tumor volume increase
and speech discrimination.**® However, a recent study did
not demonstrate significant volumetric increase in tumor
size and progression of hearing loss,*® which corroborates
an earlier study showing no correlation between volumetric
tumor growth and audiologic deterioration.® It can hence
be concluded that conflicting reports have been published.
One could also argue that hearing deterioration should
be the main assessment factor, rather than tumor size or
volume increase, when evaluating disease progression
and that the follow-up scheme should be patient tailored.
The complexity of the issue of hearing and tumor growth
is further stressed by reported hearing deterioration de-
spite linear measured tumor regression.*® Hearing status
in our current cohort will be reported in a separate publi-
cation. To the best of our knowledge, no papers have ad-
dressed tumor progression and affection of other cranial
nerves apart from the 8th, eg, long-term observed tumor
size and facial nerve function, which may be explained by
the fact that facial nerve function is very rarely affected
during observation.'63247The facial nerve function is on the
other hand frequently addressed in papers on surgical out-
come, showing poor outcome associated with tumor size
and type, surgical approach and finally, the degree of re-
section.®164849 The ability to assess tumor growth, espe-
cially in intrameatal VS, improves with enhanced imaging
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Fig.5 VS treatment algorithm during the first 5 years, subsequently increasing to every 2 years and finally every 5 years.

technology and growth rates may thus increase in the fu-
ture, as continuously improving technology allows more
accurate measurements. In the present study, difficulties
in determining tumor size changes lead to exclusion of
37 CT scanned patients from the early part of the 40-year
registration period.

From a clinical perspective, monitoring of patients with
repeated MRI is feasible, provided that the follow-up is re-
liable and realistic, and a variety of algorithms have been
proposed.? Potential problems performing follow-up MRls
is an argument often stated by authors advocating initial
active treatment, as a tight follow-up is required and not
necessarily possible or feasible. Thus, patients risk getting
lost in a suboptimal follow-up scheme and may poten-
tially present years later with a large tumor and increased
risks of treatment. Hopefully, future studies will identify
precise predictors of growth, such as by MRI detectable
markers of growth including aforementioned studies into
the etiopathogenesis of VS. Studies on tumor gene expres-
sion have demonstrated association between growth and
expression of certain genes and activation of specific mo-
lecular pathways, but have not accounted for age-related
tumor aggressiveness.*®

The treatment algorithm currently used in our center is
illustrated in Figure 5, noting that the treatment is always
based on individual factors and counseling and may de-
viate from the algorithm, due to comorbidity, poor contra-
lateral hearing, or persisting vestibular problems.

Conclusion

With a mean follow-up of 7.33 years, overall growth during
observation occurs in 22% of intrameatal tumors and

38% of extrameatal tumors. In actuarial rates, 21% of the
intrameatal tumors have grown 5 years after diagnosis,
whereas 37% of the extrameatal tumors have exhibited
growth. Ten years after diagnosis the rates are 25% and
42%, respectively. The natural history of VS growth entails
occurrence of tumor growth during the first 12 years after
diagnosis in both intra- and extrameatal tumors, although
primarily within the initial 5 years, which should be applied
in patient counseling, management, and treatment strategy.
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