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a b s t r a c t 

Stereotactic radiosurgery (SRS) is an effective treatment for vestibular schwannomas, of- 

fering high rates of tumor control and low neurological risks. Long-term complications of 

SRS are not fully understood, with several cases of malignant transformation reported in 

the literature. We report the case of a 50-year-old female with no prior history of neurofi- 

bromatosis who presented in 2013 with MRI evidence of a benign vestibular schwannoma. 

Despite treatment with CyberKnife SRS, she presented 6 years later with new onset neuro- 

logic symptoms. Further investigation showed stable lesion size with increasing vasogenic 

edema and a new area of enhancement in the brainstem, suspicious for malignant transfor- 

mation. Subsequent treatment with partial craniectomy and histopathologic analysis was 

consistent with a malignant peripheral nerve sheath tumor diagnosis. Our case adds to a 

series of 24 similar cases in the literature, details of which have been summarized in our 

study. Overall, findings support the need for lifelong surveillance following SRS treatment 

of benign vestibular schwannomas. Patients should be educated on the potential risk of this 

complication, and clinicians must maintain a high level of suspicion for potential radiation- 

induced malignancy during the patient’s clinical course. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Background 

Vestibular schwannomas (VSs) are known to be the most com-
mon benign tumor of the cerebellopontine angle (CPA) in
adults [1 ,2] . Typically, these tumors carry an excellent prog-
nosis, with malignant transformation being rare and pri-
marily associated with neurofibromatosis [3] . Management
options include observation, microsurgical resection, and ra-
diosurgery [1 ,4 ,5] . Stereotactic radiosurgery (SRS) is useful for
VSs < 3 cm, offering effective tumor control with minimal neu-
rological risks [4–6] . 

With SRS becoming the primary treatment of choice for
small VSs, recognizing and understanding potential risks is
essential. In this article, we present the case of a malig-
nant peripheral nerve sheath tumor (MPNST) that emerged 6
years after treating a benign VS with SRS, along with a liter-
ature review and discussion regarding this relatively under-
recognized risk. 

Case presentation 

A 50-year-old female with no prior history of neurofibromato-
sis, presented with progressive right-sided hearing loss, ver-
tigo, and nausea. Initial magnetic resonance imaging (MRI) re-
vealed a right CPA lesion consistent with a benign VS ( Fig. 1 ).
Managed conservatively, annual follow-up MRI showed mild
tumor growth, leading to treatment with CyberKnife SRS (1800
cGy in 3 fractions). 

After 6 years of stability, she developed right temporal
pain, facial numbness, dysphagia, and diplopia. MRI showed
increased vasogenic edema and a new brainstem enhance-
ment adjacent to the tumor, suggesting malignant transfor-
mation ( Fig. 2 ). She underwent partial surgical resection with
histopathologic confirmation of a schwannoma with focal
malignant transformation consistent with MPNST. The tumor
showed areas of typical grade 1 schwannoma alternating with
highly cellular, sarcoma-like areas ( Figs. 3 and 4 ). 

Adjuvant radiation was administered 6 months after
surgery. Sixteen months later, the patient experienced wors-
ening symptoms, including complete right-sided hearing loss,
episodes of right facial pain, and severe dysphagia. Imaging
revealed stable posttreatment and postsurgical changes with-
out evidence of further tumor progression. No further surgical
treatment was pursued, and the patient was managed symp-
tomatically. Unfortunately, she passed away the following year
due to respiratory complications associated with aspiration. 

Discussion and conclusions 

Radiation-induced malignant transformation of VSs repre-
sents a rare yet significant complication following SRS. Ra-
diosurgery has emerged as a minimally invasive approach for
smaller VSs, offering high tumor control and minimal side ef-
fects [4] . However, long-term effects are unclear, with increas-
ing reports of radiation-induced malignancies [7–9] . Our case
adds to a series of 24 such cases in the literature, primarily
involving MPNSTs in patients with no prior history of neu-
rofibromatosis ( Table 1 ) [8–28] . Including our case, most pa-
tients were females, averaging 54 years at the time of malig-
nant transformation. Marginal doses ranged from 10-17 Gy,
and maximal doses ranged from 20-34 Gy. 20 (80.0%) patients
underwent Gamma Knife radiosurgery, 2 (8.0%) were treated
with CyberKnife SRS, and 1 (4.0%) received Linear Accelerator
SRS. In 2 (8.0%) cases, the employed radiosurgery technology
was not specified. The mean time to malignant transforma-
tion was 6 years, with MPNSTs constituting the majority (19
cases, 76.0%), while 6 (24.0%) cases evidenced transformation
into high-grade sarcomas. Prognosis was poor with survival
ranging from 1-24 months. 

Traditionally, the Cahan criteria are pivotal in categorizing
a tumor as radiation-induced [29 ,30] . These criteria entail: 1)
acquisition of pretreatment pathology confirming benign tu-
mor diagnosis, 2) manifestation of malignancy within the ra-
diation field, 3) a sufficient interval between radiation expo-
sure and malignancy onset ( > 5 years), and 4) posttreatment
pathology verifying malignant diagnosis [29 ,30] . From the 24
cases identified, 16 had a confirmed histologic VS diagnosis
before SRS. Conversely, 8 cases lacked initial pathology but
were classified as benign VSs owing to discernible radiologic
features ( Table 1 ). Despite these cases not fully aligning with
the Cahan criteria, the potential of a radiation-induced malig-
nancy persists. This is accentuated by factors such as 1) the
high sensitivity (96%-100%) and specificity (88%-93%) of imag-
ing in diagnosing VSs, 2) the consistent long latency periods of
at least 5 years in all 8 cases, and 3) 3 of the 8 cases confirm-
ing benign tumor presence prior to malignancy onset through
post-SRS pathology [31] . 

In our case, pre-SRS pathology was not obtained. However,
initial imaging was compatible with a benign VS, and the pa-
tient’s tumor remained stable for 6 years on annual follow-up
MRI, rendering the existence of a small pre-irradiation ma-
lignant component unlikely. Postsurgical pathology revealed
malignant cells amidst a benign VS, supporting the theory of
malignancy originating from a benign tumor. 

The mechanism by which radiation may induce malignant
transformation is largely unknown [32] . Despite SRS delivering
high radiation doses to confined tissue volumes, theoretically
favoring cytotoxicity over mutagenicity, certain cases have ex-
pressed well-established radiation-induced alterations such
as P53 mutations or H3K27 trimethylation loss in post-SRS tu-
mor tissue [10 ,26] . Differences in clinical attributes have also
been noted between de novo and radiation-induced MPNSTs,
with the latter exhibiting a worse prognosis [32] . 

In conclusion, our case underscores the need for lifelong
surveillance following SRS treatment of benign VSs. Familiar-
ity with the clinical and imaging characteristics of MPNSTs is
critical, as clinicians must be vigilant to potential malignant
changes during the patient’s clinical course. Adequate patient
counselling regarding the potential for malignant transforma-
tion prior to SRS is paramount, especially for those at higher
risk, like younger individuals and patients with neurofibro-
matosis [1] . 
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Table 1 – Cases of radiation-induced malignant transformations of VSs following treatment with SRS in patients without neurofibromatosis. 

Investigators Age a / Sex Initial pathology Tumor treatment c Radiation dose Latency (Mo) b Final pathology Survival 

Hosmann et al. 2024 [7] 50, F VS S, S, GKS, S 13 Gy 50% 66 High-grade spindle 
cell sarcoma 

NR 

Behling et al. 2022 [10] 41, F None GKS, S, GKS, S, Biopsy, S 12.0 Gy 50% 

12.5 Gy 60% (maximum 20.8 Gy) 
N/A MPNST 4 mo 

De Jesus et al. 2021 [8] 56, M VS S, GKS, S x 2 12.0 Gy 50% (maximum 24 Gy) 108 MPNST Palliative, further 
f/u NR 

Li et al. 2021 [9] 53, F VS S, S, GKS, S NR 12 MPNST 6 mo 
Li et al. 2021 [9] 67, F VS S, GKS, S , GKS, S NR 26 MPNST Reirradiation, 

further f/u NR 
Li et al. 2021 [9] 32, F VS S, GKS, GKS, S NR 20 MPNST NR 
Boucher et al. 2020 [11] 66, F None GKS, S 12.5 Gy 50% (maximum 25 Gy) 204 High-grade sarcoma 7 mo 
Haq et al. 2019 [12] 64, M VS S, GKS, S, S , RT 10.0 Gy 50% (maximum 20 Gy) 122 MPNST Reirradiation, 

further f/u NR 
Peker et al. 2019 [13] 40, F VS S, CKS, S , S NR NR MPNST NR 
Tish et al. 2019 [14] 65, F None SRS, S , RT, RT 12.0 Gy 50% ∼132 MTT 10 mo 
Wolf et al. 2019 [15] NR VS S, GKS, S 12.0 Gy (maximum 24.3 Gy) 104 MPNST ∼24 mo 
Frischer et al. 2018 [16] NR None GKS, S, S 13.0 Gy 50% (maximum 26 Gy) 96 MPNST 9 mo 
Se et al. 2017 [17] 55, F None GKS, S , CT 12.5 Gy 50% 72 Sarcoma NR 
Seferis et al. 2014 [18] 54, F VS S, GKS, S , GKS 12.0 Gy 45% (maximum 26.7 Gy) 66 MPNST Reirradiation, 

further f/u NR 
Yanamadala et al. 2013 [19] 51, F VS S, GKS, S, S , S, S, CT 14.0 Gy 50% (maximum 28 Gy) 59 MPNST 11 mo 
Puataweepong et al. 2012 
[20] 

41, F VS S x2, Linac, S , RT 30.0 Gy in 6 fractions at 80% isodose line 72 MPNST 2 mo 

Schmitt et al. 2011 [21] 59, M None GKS, S , CT 12.0 Gy (maximum 30 Gy) 90 UHGPS 7 mo 
Akamatsu et al. 2010 [22] 81, F VS S, S, GKS, S , RT 12.0 Gy (maximum 24.4 Gy) 96 MPNST NR 
Demetriades et al. 2010 [23] 37, M VS S, GKS, S, S , S 15.0 Gy 50% (maximum 30 Gy) 120 MPNST 6 mo 
Yang et al. 2010 [24] 74, M VS S, SRS, S 12.5 Gy 80% 72 High-grade 

undifferentiated 
sarcoma 

∼1 mo 

Hasegawa et al. 2005 [25] 61, F None GKS, S x5 12.7 Gy 66 MPNST 13 mo 
Shin et al. 2002 [26] 32, F VS S, GKS, S , S, CT 17.0 Gy 50% 72 Malignant 

schwannoma 
10 mo 

Hanabusa et al. 2001 [27] 55, F VS S, GKS, S , GKS, S x2 15.0 Gy 50% (maximum 30 Gy) 
14.0 Gy 50% (maximum 28 Gy) 

6 Sarcomatous change Reirradiation, 
death within 13 
mo 

Comey et al. 1998 [28] 49, M None GKS, S , S, FRT 14.36 Gy 40% (maximum 34 Gy) ∼60 MTT 12 mo 

CKS, CyberKnife radiosurgery; CT, chemotherapy; f/u, follow-up; GKS, Gamma Knife radiosurgery; Gy, Gray; MPNST, malignant peripheral nerve sheath tumor; MTT, malignant triton tumor; NR, not 
reported; RT, radiotherapy; S, surgery; UHGPS, undifferentiated high-grade pleomorphic sarcoma; VS, vestibular schwannoma. 

a Age is defined as the age at malignant transformation. 
b Latency is defined as the period between radiation treatment and malignant transformation diagnosis. 
c Bolded treatment indicates the time at malignant transformation. 
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Fig. 1 – (A) Initial MRI showed a right CPA lesion (white arrows) with low T1 signal, heterogenous high T2 signal and diffuse 
enhancement extending into the porus acusticus, occupying the right internal auditory canal. (B) Pre-SRS imaging showed 

increased lesion size ( white arrow ) with mass effect over the brainstem, causing effacement of the fourth ventricle (white 
asterisk) and mild supratentorial hydrocephalus ( blue arrowheads show enlargement of the trigones of the lateral ventricles and 
surrounding transependymal edema, features consistent with obstructive hydrocephalus ). (C) MRI 5 years post-SRS confirmed 

tumor stability (white arrow) . 
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Fig. 2 – (A) MRI 6 years post-SRS showed changes in tumor morphology with increasing vasogenic edema (yellow 

arrowheads) and a new area of enhancement extending from the medial aspect of the tumor to the brainstem (yellow arrow) . 
(B) Imaging post right suboccipital craniectomy confirmed the presence of a residual lesion with persistent enhancement in 

the right hemi pons (white arrow) and abnormal signal in the brachium pontis (white asterisk) . (C) Following the completion of 
adjuvant radiation, imaging showed an increase in residual lesion size (red arrow) and worsening signal abnormality in the 
adjacent brainstem and brachium pontis ( red asterisks) possibly reflecting treatment-related changes or disease progression. 
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Fig. 3 – (A) Immunohistochemical staining showed a spindle biphasic appearance, with one part showing moderate 
cellularity on a fibrous background, consistent with a schwannoma ( white ). The other segment displayed notable cellular 
proliferation ( yellow ). (B) Magnification of the hypocellular area (white arrows) with myxoid stroma and hyalinization. (C) 
Magnification of the highly cellular area shows fascicles of mitotically active spindle cells with wavy, hyperchromatic nuclei 
( yellow arrows) . 
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Fig. 4 – (A) Immunohistochemical staining showed diffuse SOX10 positivity in the schwannoma area, while more cellular 
regions lacked staining (green arrows) . (B) Strong expression of the S-100 marker in the schwannoma area while the MPNST 

stained S-100 positive only focally (white arrows) . (C) Increased Ki67 labelling in the MPNST (red arrows). 
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