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A B S T R A C T

Background and importance: Malignant transformation of vestibular schwannoma (VS) after Gamma Knife
Surgery (GKS) was extremely rare, but potentially serious complication leading to poor prognosis. Small number
cases have been reported but they are limited to single case report.
Clinical presentation: This article presents a case of a cerebellopontine angle tumor in a 54-year-old man who had
right-sided hearing disturbance which lasted for 11 years. The patient underwent tumor resection via retro-
sigmoid approach in May 2004 at another hospital, and subtotal removal was achieved. Pathological diagnosis
was vestibular schwannoma (VS). One year later, Gamma Knife Surgery (GKS) was performed for residual tumor
control. Two years after GKS, the patient was referred to our hospital and second surgical resection was per-
formed, subtotal tumor removal was achieved and pathology showed VS. Clinical and radiological follow up
were performed every 6months. In April 2014, deterioration on clinical symptom appeared and the tumor had
grown, and therefore third tumor resection via retrosigmoid approach was performed.
Conclusion: Subtotal removal was achieved and pathology showed malignant peripheral nerve sheath tumor
(MPNST). Although this case is rare, malignant transformation of VS after GKS should keep in mind when
treating VS.

1. Background and importance

Malignant tumor of the vestibular nerve is extremely rare, and
malignant transformation of a previously diagnosed vestibular
schwannoma is even more rarely, small number of cases has been re-
ported in the literature so far [1,2,3,4,5,6,7,8,9]. Controversies about
the ideal management for small- to median-sized vestibular schwan-
nomas (VS), Gamma Knife radiosurgery has become more popular
during the last decade, and promising clinical results have been re-
ported [10]. In this report, we describe a case of malignant transfor-
mation of VS to malignant peripheral nerve sheath tumor (MPNST)
with glandular differentiation 10 years after radiosurgery performed on
the residual tumor after primary resection.

2. Clinical presentation

2.1. History and examination

This 54-year-old right-handed man without a familial history of
neurofibromatosis, presented with a 11-year history of right hearing
impairment and vertigo. Neurological examination demonstrated right
hearing disturbance with a pure tone audiometry of 58.5 dB.

2.2. Radiological finding

Initial MR image, axial GD-enhanced T1-weighted MR image de-
monstrating a heterogeneous enhancing right cerebellopontine angle
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tumor, tumor invaded to the right internal auditory canal (IAC), ves-
tibular schwannoma was suspected.

2.3. Operation

In May 2004, right retrosigmoid approach was used to re-sect the
tumor. Intraoperatively the tumor was solid and relatively vascular
rich, and easy to bleed, tumor was resected partially (Fig. 1A–B) and
GKS (Fig. 2) was performed on August 2005 to control residual tumor
on that time. In May 2007, the patient was referred to our hospital and
second surgical resection was performed, some tumor capsules were left
behind because of arachnoid membrane had unclear margin and severe
adhesion with cranial nerve (CN). 7, CN. 8, and lower cranial nerve
(Fig. 1C–D). The patient was followed with serial brain MRI every
6months (Fig. 1E–I), and initially the residual tumor was stable in size.
In November 2013, routine follow-up MRI showed that tumor started to
grow (Fig. 1J). In April 2014, progressive headache, vertigo and nausea
developed, and MRI showed that tumor mass had grown. In June 2014
(Fig. 1K–L), subtotal tumor resection was performed, and operative
finding showed that tumor had two parts namely one part has a soft
content and relatively easy to resect, and the other part with elastic and
fibrous tissue, in which the arachnoid membrane had unclear margin
and severe adhesion with CN. 7, CN. 8, and lower cranial nerve. Both
second and third surgeries of this case were done by one neurosurgeon.

2.4. Pathological findings

First pathological analysis in May 2004 (Fig. 3) showed Antoni A
type and Antoni B type, of spindle cells with oval nuclear, nuclear pa-
lisading, and no evidence of malignancy. These pathological finding
were consistent with vestibular schwannoma. Second pathological
analysis in June 2007 (Fig. 4) showed homogeneous proliferation of
spindle cells, Antoni A type and Antoni B type, no nuclear palisading,
no necrosis, and second pathological analysis was also consistent with
vestibular schwannoma. In additional, proliferation of eosinophilic
spindle cell, perivascular high cellularity (condensation), increased
nuclear chromatin, and mitosis were seen in all fields, and glandular
structure were the results of third pathological analysis in June 2014
(Fig. 5). Immunohistochemistry analysis showed S-100(+),
CAM5.2(+/−), p53(+/−), CD56(+), CD34(−), desmin(−), myo-
genin(−), MyoD1(−) α-actin(−), bcl-2(−), MIC-2(−) (spindel cells),
CEA(+), and chromogranin A (glands). Third pathological analysis was
consistent with malignant peripheral nerve sheath tumor (MPNST) with
glandular differentiation.

2.5. Follow up

After malignancy was confirmed for this patient, we selected in-
tensity-modulated radiation therapy (IMRT) with maximal dose 50 Gy.

Fig. 1. A. Initial MR image on April 2004, axial Gd-enhanced T1-weighted MR image demonstrating a heterogeneous enhancing right cerebellopontine angle tumor.
B. Axial Gd-enhanced T1-weighted MR image on August 2005 1 year after first operation, and before SRS. C. Preoperative axial Gd-enhanced T1-weighted MR image
on May 2007, for second surgical resection. D. Postoperative axial Gd-enhanced T1-weighted MR image 1month after second surgical resection. E. Follow up axial
Gd-enhanced T1-weighted MR image on May 2008. F. Follow up axial Gd-enhanced T1-weighted MR image on November 2009. G. Follow up axial Gd-enhanced T1-
weighted MR image on November 2010. H. Follow up axial Gd-enhanced T1-weighted MR image on November 2011. I. Follow up axial Gd-enhanced T1-weighted
MR image on November 2012. J. Follow up axial Gd-enhanced T1-weighted MR image on November 2013 showed tumor start to growth. K and L. Axial Gd-enhanced
T1-weighted MR image on April 2014 demonstrating a heterogeneous enhancing, compression to the brain stem was showed, third surgical resection was performed.
M and N. Follow up axial Gd-enhanced T1-weighted MR image two months after 3rd surgical resection.
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Fig. 2. Treatment plan of Gamma Knife radiosurgery. The tumor was treated with prescribed dose of 10 Gy (50% isodose).

Fig. 3. First pathological analysis shows: Antoni A type and Antoni B type, spindle cells with oval nuclear, nuclear palisading, and no evidence of malignancy,
pathological analysis was consistent with vestibular schwannoma.

Fig. 4. Second pathological analysis shows: homogeneous proliferation of spindle cells, Antoni A type and Antoni B type, no nuclear palisading, no necrosis,
pathological analysis confirmed with vestibular schwannoma.
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Since we submitted this paper, the patient is still undergoing follow up
in outpatient clinic.

3. Discussion

Vestibular schwannomas are benign tumors arising from the eighth
cranial nerve. Malignant of the eighth cranial nerve is extremely
rare, and to our knowledge, 20 cases of primary malignant
have been reported since 1983 to 2014 [2,11,12,13,
14,15,16,17,18,19,20,21,22,23]. The transformation of a benign tumor
to a sarcoma like MPNST in the absence of underlying neurofi-
bromatosis is also rare. Rarely, vestibular schwannoma undergo a ma-
lignant transformation [9]. Hasegawa et al., reported an expected in-
cidence of malignant transformation after radiation to be
approximately 0.3% [24]. We found only 2 cases of malignant trans-
formation of vestibular schwannoma with no predisposing factors for
malignant transformation such as neurofibromatosis or previous ra-
diation (Table 1).

Although there is an ongoing debate about the ideal management
for small- to median-sized VS, the goal for treatment of VS includes
long-term tumor control, preservation of facial, vestibulocochlear, and

trigeminal nerve function [8]. GKS has become more popular during
the last decade, and promising clinical results have been reported. Lee
et al., long-term (average 36months, range 1–110months) tumor
control rate among 195 patients was 96.8% [10]. Hasegawa et al., the
actuarial 10-year facial nerve preservation rate was 97% in the high
marginal dose group (> 13 Gy) and 100% in the low marginal dose
group (≤13 Gy) [16]. However, the risk of radiation-induced malig-
nancy after this modality is largely unknown [1]. On the other side,
complete tumor resection is the gold standard therapy to prevent a
second salvage surgery which will be much more difficult with a high
morbidity rate and to avoid the risk of malignant tumor transformation
[25].

We carefully reviewed literature concerning malignant transfor-
mation of VS after GKS. Cahan and Woodward modified criteria to
define malignant transformation of VS after GKS. These criteria are
[26,27,28]: (1) There must have been microscopic or roentgenographic
evidence of the non-malignant nature of the initial condition, (2) Irra-
diation must have been given and malignancy subsequently developed
must have arisen in the area included within the radiotherapeutic
beam, (3) A relatively long, asymptomatic latent period must have
elapsed after irradiation, (4) Malignancy must have been proved

Fig. 5. Third pathological analysis shows: proliferation of eosinophilic spindle cell, perivascular accentuation (A), nuclear chromatin are increase, mitosis are seen in
all field, necrotic area (B) and glandular structure (C), pathological analysis consistent with malignant peripheral nerve sheath tumor (MPNST) with glandular
differentiation.

Table 1
Reported cases of histology malignant transformation of VS without the use of GKS.

Author Age/sex NF2 Initial surgery Initial histology Repeated surgery Repeated histology Latent period (months) Survival (months)

McLean et al. [3] 75/M No GTR VS GTR Malignant spindle cell 12 2
Son et al. [5] 33/F No GTR VS GTR Malignant schwannoma 2 NA

Median survival was 7months (2–12months). M, male; F, female; VS, vestibular schwannoma; GTR, gross total resection; NF2, neurofibromatosis type 2; NA, not
available.
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histologically. (5) The patient has no genetic predisposition to cancer.
A few authors reported malignancy of VS after GKS as first line

treatment or as adjuvant treatment [1,4,6,7,8,9,24,27,29,30,31]. Those
Cahan's criteria are difficult to apply because malignant transformation
of VS could not be proven histologically (Table 2). Malignant trans-
formation could only be strictly confirmed if pathology was available
prior to radiation [28,30]. We reviewed cases in literature and divided
them to 2 groups; group 1 (Table 2) are cases of malignancy of VS
related to GKS as a first line therapy, and group 2 (Table 3) are cases
malignant transformation related to GKS which are suitable to Cahan's
criteria. We exclude primary malignant VS, malignancy developed
outside radiotherapeutic beam, and other types of radiation therapy.

According to this subgroup, nine cases included into Group 1
(Table 2). Three cases reported by Noren et al., Bari et al. and Husseini
et al. had a predisposition to neurofibromatosis 2 (NF2) [29,32,33].
NF2 is an autosomal dominant disease which is characterized by tumors
on the vestibular. NF2 patients who have received radiotherapy had a
14-fold increased risk of developing malignant brain tumors (The in-
cidence was 10% in irradiated patients compared to 0.7% in non-irra-
diated patients) [34].

Ten cases including the present case were classified into group 2
(Table 3). Median latency period for this group was 76months (range
24–156months), and median survival was 10months (range
1–13months).

Our case definitely involved the transformation of a VS after GKS, as
confirmed by multiple histopathology analyses. Two previous histo-
pathology analyses showed benign VS, and last histopathology analysis
showed malignancy (MPNST). In our case, MIB-1 index was 4%, Ki-67
staining index can be used as an index of regrowth rate in partially or
subtotally removed acoustic neurinomas [35,36]. MIB-1 index> 2%
was significant correlation with tumor double time (TDT) [36].

Group 1 and Group 2 presented relatively long period latency.
Hasegawa et al. demonstrated that the actuarial 5- and ≥10-year
progression-free survival were 93% and 92%, respectively [24].
Murphy et al. explained that 117 patients in whom data were analysed
from January 1997 to February 2003 imaging-documented tumor
progression were present in 8 patients (7.8%) [37]. Some previous cases
reported that they had a short latent period after GKS. In those cases, it
may have been malignant component existed before GKS. We only
found 2 publications which reported spontaneous malignant transfor-
mation VS (Table 1), but in a case reported by McLean et al., primary
resection pathology showed a VS, but signs of malignant degeneration
were present in a small portion of the tumor, and relatively short period
of latency [3]. We assumed that primary malignant VS was also possible
for this patient, it showed that spontaneous malignant transformation
as a natural caused for VS are extremely rare. The presence of the la-
tency period at least suggests that radiation therapy is effective in
controlling otherwise large and symptomatic benign conditions with
high morbidity [28]. Our case latent period was 122months, this long
silent period most likely as benign behaviour.

The mechanisms by which radiation may induce malignancy are
still unclear. After radiation exposure, there are two possible outcomes.
One is the deterministic effect, which has a threshold of dose and a
severity of the effects which are dose related. And another possible
outcome is called stochastic effect, which is carcinogenesis, and her-
editary effect is one of example for this category. An advanced con-
formal radiation technique, such as GKS can deliver high radiation dose
to tumor with lower dose to normal tissue. This might reduce only the
deterministic effect, but the effect to the stochastic is still unknown
[38]. The occurrence rate of secondary neoplasm due to GKS is low, but
high single doses delivered during GKS preferentially lead to cytotoxi-
city over mutagenicity. It may explain why VS, which traditionally
treated with lower doses are associated with greater rates of secondary
neoplasms [39].

Previous literature showed a median survival in all groups were<
12months. This suggests that malignant transformation after radiation

may be become more aggressive subset compared to other etiologies of
MPNST or secondary tumor [28]. Poor prognosis and relatively short
survival rate make management after malignant transformation related
to radiosurgery so challenging. Several combinations such as surgical
resection, radiosurgery, and chemotherapy have been used to control
malignant vestibular nerve tumors. Chen et al., suggested that ag-
gressive resection of intracranial MPNST including surrounding tissue
such as muscle, fat, dura, and bone which demonstrated evidence of
tumor invasion and dysfunctional cranial nerve. Preservation of CN
should only be considered when CN is compressed but not invaded by
tumor. The residual tumor should be left if adherent to brain stem, main
vessel, or other vital structures [12]. Husseini et al., stated that com-
plete surgical resection of VS was more difficult after radiotherapy with
relatively poor facial nerve outcomes and nearly impossible hearing
preservation [25]. The discussion regarding the most effective treat-
ment to extend survival will continue to develop as more data become
available [28].

By many published results, it is proven that GKS is an effective and
non-invasive technique for VS, especially small sized tumors with sa-
tisfactory tumor control rate, but radiation therapy should not be
considered as an optional treatment of VS without a clear and docu-
mented evidence of tumor growth. Hasegawa et al., explained that
Gamma Knife Surgery (GKS) has been a safe and effective treatment for
VS for longer than 10 years [24].The patients should be made aware of
its complications and risks of failure, especially in young patients and
NF2 cases [25].

4. Conclusion

The question of malignant transformation related to radiosurgery is
difficult to answer due to small numbers and limited to single case
report, relatively most of the cases followed<10 years. The risk of
malignant transformation following radiosurgery in vestibular
schwannoma seems to be extremely low, but potentially serious,
therefore we suggest that patients should be informed the possibility of
this complication before GKS. As long term effects of therapy are not
fully understood, radiosurgery should be used with caution, especially
in young individual. Radiation-induced malignancy takes place after a
sufficient latency period, and therefore long term follow up is highly
recommended in all cases which treated by radiosurgery.
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