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Indications for the use of radiotherapy in the manage-
ment of a variety of benign intracranial neoplastic and 
nonneoplastic pathologies are increasing. Although the 
short-term risks are minimal, the long-term risks of  
radiation-induced de novo secondary neoplasms or 
malignant progression of the primary benign tumor need 
to be considered. There are currently 19 reported cases of 
tumors linked with stereotactic radiotherapy/radiosurgery,  
to which we add our second institutional experience of 
a patient who succumbed to a glioblastoma multiforme 
(GBM) after stereotactic radiotherapy for an acoustic 
neuroma (AN). Review of these 20 cases revealed 10 de 
novo secondary tumors, of which eight were malignant, 
with six being malignant gliomas. The majority of the 
cases (14 of 20) involved AN, with most being in patients 
with neurofibromatosis-2 (NF2; 8 of 14), reflecting the 
large numbers and long-term use of radiotherapy for AN. 
Accelerated growth of the primary benign AN, some 2 
to 6 years after focused radiotherapy, was found in six 
of eight NF2 patients, with pathological verification of a 
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malignant nerve sheath tumor documented in most. The 
exact carcinogenic risk after radiotherapy is unknown 
but likely extremely low. However, the risk is not zero 
and requires discussion with the patient, with specific 
consideration in young patients and those with a can-
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Focused radiotherapy in the form of stereotactic 
radiosurgery (SRS) or stereotactic fractionated 
radiotherapy (SFRT) has become a primary or 

adjunct treatment modality for an increasing number 
of benign intracranial pathologies. SRS is defined as the 
delivery of a single large dose of radiation to an intracra-
nial target utilizing stereotactic guidance. SFRT is a tech-
nique where, using stereotactic guidance and a relocatable 
frame, repeated small doses of radiation are delivered to 
an intracranial target. The number of fractions may vary 
from 5 to 30, and this type of treatment is delivered most 
often using the linear accelerator. The indications and 
uses of either approach have a large overlap, but gener-
ally SFRT is preferred if the target is adjacent to a critical 
normal structure or is larger than 3 cm.

Copyright 2007 by the Society for Neuro-Oncology
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The minimal up-front risks of focused radiotherapy, 
especially compared to surgery, are highly attractive. 
The long-term benign risks of radiation-induced neuro
pathy, vasculopathy, and CNS necrosis are acknowl-
edged. These risks are usually minimal and often delayed. 
However, the potential long-term carcinogenic risks of 
focused radiotherapy, especially those associated with 
development of secondary de novo malignant tumors or 
malignant conversion of a benign primary, are of con-
cern. Although a significant literature exists on carcino-
genic risks of conventional radiation,1–9 similar risks after 
focused radiotherapy have been considered unlikely by 
many who regularly use this treatment modality. Cited 
reasons why the carcinogenic risks are theoretically low 
after focused versus conventional radiotherapy include 
that the small irradiated perilesional normal structures 
receive extremely low-dose scatter radiation, and that 
the targeted lesion would receive such a high radiation 
dose that it is cytotoxic, rather than allowing survival of 
mutagenized and potentially transformed cells.10

However, as focused radiotherapy enters its fourth 

decade, with increased use and increase in potential indi-
cations, the comment by Heros and Korosue11 regard-
ing the carcinogenic risks of focused radiotherapy for 
arteriovenous malformations (AVMs), that “this should 
always be a source of concern when radiation is used 
to treat conditions compatible with prolonged survival,” 
is bearing true. Our review of the literature yielded 19 
cases of malignant progression or secondary radiation-
induced tumors after focused radiotherapy for benign 
intracranial pathologies (Table 1). The vast majority 
of these tumors occurred in patients being treated for 
acoustic neuromas (AN), with most of the secondary 
tumors being malignant in nature. This report represents 
our second single-institutional experience of a patient 
who succumbed to a glioblastoma multiforme (GBM), 
which fulfills all of Cahan’s criteria for radiation- 
induced tumors,12 after focused radiotherapy for an AN. 
Adapted criteria from Cahan’s original report include 
the following: the new tumor must arise within the pre-
viously radiated tissue, must be histologically distinct 
from the prior tumor, and must arise at least several 

Table 1. Reported cases of de novo secondary or malignant progression of primary tumor, after focused radiotherapy

Case 
Type	  
and		  SRS or 	 Primary 	 Years to 	 Secondary  
No.	 Reference	 Age/Sex	 SRT	 Tumor/Lesion	 Secondary	 Tumor

De Novo Secondary Malignant Tumor

1	 Yu et al. 200022	 57/F	 RS-GK	 Meningioma	 7	 GBM

2	 Shamisa et al. 200113	 57/F	 RS-GK	 Acoustic neuroma (NF2–)	 7.5	 GBM

3	 Kaido et al. 200117	 14/M	 RS-GK	 Arteriovenous malformation 	 6.25	 GBM

4	 Salvati et al., 1992, 20037,8	 79/F	 RS-GK	 Cavernous angioma	 13	 GBM

5	 Baser et al. 200029	 N/A	 RS-??	 Acoustic neuroma (NF21) 	 N/A	 Malignant ependymoma

6	 Baser et al. 200029	 N/A	 RS-??	 Acoustic neuroma (NF21)	 N/A	 Malignant meningioma

7	 Sanno et al. 200423	 56/F	 RS-GK	 Meningioma	 5	 Malignant osteosarcoma

De Novo Secondary Benign Tumor

8	 Loeffler et al. 200310	 41/M	 Proton RS	 Pituitary	 16	 Meningioma

9	 Loeffler et al. 200310	 53/M	 Proton RS	 Pituitary	 19	 Acoustic neuroma

Malignant Progression of Primary Tumor: Verified Pathology

10	 Shin et al. 200219	 26/F	 RS-GK	 Acoustic neuroma (NF2–)	 6	 Malignant nerve sheath  
						      tumor

11	 Baser et al. 200029	 N/A	 RS-??	 Acoustic neuroma (NF21)	 N/A	 Malignant nerve sheath  
						      tumor

12	 Baser et al. 200029	 N/A	 RS-??	 Acoustic neuroma (NF21)	 N/A	 Malignant nerve sheath  
						      tumor

13	 Baser et al. 200029	 N/A	 RS-??	 Acoustic neuroma (NF21)	 N/A	 Malignant nerve sheath  
						      tumor

14	 Bari et al. 200214	 28/F	 RS-GK	 Acoustic neuroma (NF21)	 4	 Malignant nerve sheath  
						      tumor

15	 Shin et al.19	 26/F	 RS-??	 Acoustic neuroma (NF2–)	 3	 Malignant nerve sheath  
						      tumor

16	 Comey et al. 199815	 50/M	 RS-GK	 Acoustic neuroma (NF2–)	 5	 Triton

17	 Thomsen et al. 200020	 19/F	 RS-GK	 Acoustic neuroma (NF21)	 6	 Meningiosarcoma

Malignant Progression of Primary Tumor: Unverified Pathology

18	 McEvoy and Kitchen 200318	 22/M	 RS-GK	 Acoustic neuroma (NF21)	 2	 Rapid growth

19	 Hanabusa et al. 200116	 57/F	 RS-GK	 Acoustic neuroma (NF2–)	 0.5	 Rapid growth 

Abbreviations: SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; GBM, glioblastoma multiforme, RS-GK, radiosurgery–Gamma Knife; NF2, neurofibromatosis-2; 

RS-??, type of radiosurgery not stated; N/A, data not available.
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upon active treatment and underwent SFRT with 25 
fractions for a total dose of 50 Gy. Follow-up MRI for 
the next approximately 4 years did not reveal any altera-
tion in the recurrent AN, or any other intracranial lesion 
(Fig. 1B).

About 9 years postdiagnosis of AN (5 years after 
SFRT), the patient was diagnosed with breast carci-
noma. Routine metastatic surveillance MRI of the brain 
revealed a new 1.5-cm asymptomatic right temporal lobe 
lesion on fluid-attenuated inversion recovery images. 
Repeat MRI in 2 weeks demonstrated progression of 
the lesion, leading to excision biopsy and pathological 
verification of a GBM (Fig. 2A,B).

The MRI demonstrating the occurrence of the glio-
blastoma was image fused with the original MRI on 
which the patient’s radiation distribution was calcu-
lated for the treatment of her AN. The glioblastoma was 
contoured, and a dose volume histogram was plotted 
that demonstrated the dose distribution in the region 
where the glioblastoma arose. The mean radiation dose 
received to the right temporal lobe from her stereotactic 
radiotherapy, at the site of the de novo GBM, was 4.46 
Gy (minimum dose, 1.45 Gy; maximum dose, 6.94 Gy; 
Fig. 2C). The patient went on to receive additional con-

years following the prior course of radiotherapy. The 
first patient developed GBM after SRS,13 whereas the 
patient described here received SFRT. We present this 
case to highlight the need of judicious and individualized 
decision toward use of focused radiotherapy, in consul-
tation with the patient.

Case History

A 60-year-old previously healthy woman, without any 
significant family history of cancer, presented with pro-
gressive right sensorineural hearing loss. She was diag-
nosed with a 3-cm right cerebellopontine angle mass, 
consistent with the diagnosis of AN. A translabyrinthine 
radical but subtotal resection was undertaken, with a 
small residual amount of the schwannoma (Fig. 1A) left 
in the anterior portion of the porus acousticus to mini-
mize risk of seventh cranial nerve palsy. Follow-up imag-
ing did not show any residual schwannoma until approx-
imately 2 years postsurgery, when a 1.8-cm recurrent 
AN was detected on MRI. Although the recurrent AN 
remained stable on follow-up MRI for approximately 
an additional 2 years, the patient subsequently insisted 

Fig. 1. (A) Hematoxylin and eosin (H/E) and S100 immunohistochemistry demonstrated classical features of benign schwannoma at initial 
translabyrinthine resection. A small amount of tumor was left carpeted on the seventh cranial nerve. (B) Two years after translabyrinthine 
resection: axial T2- and fluid-attenuated inversion recovery–weighted images demonstrated an approximately 1.8-cm recurrent right 
acoustic neuroma (white arrow). There were no T2 or T1 abnormalities in the adjacent right temporal lobe.
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ventional radiation to the right temporal lobe (30 Gy in 
10 fractions) but succumbed to her GBM approximately 
4 months after surgery, almost 10 years after initial 
diagnosis of her AN.

Discussion

This report is the tenth case of a de novo tumor and 
sixth malignant glioma after SRS or SFRT (Table 1).13–23 
An additional case report of a de novo anaplastic astro-
cytoma occurring 64 months after radiosurgery for 
metastatic melanoma was not included,24 because we 
restricted this review to cases where the primary indica-
tion for focused radiotherapy was a benign CNS pathol-
ogy. Like our previous institutional report of a GBM 
after SRS for AN,13 the present case also fulfills all of 
Cahan’s criteria of radiation-induced secondary tumor.12 
In view of the lack of systematic reporting of all possible 
radiation-induced malignancies following prior focused 
radiotherapy, and the lack of knowledge of the total 
number of patients treated with either SRS or SFRT, it 
is currently impossible to make an accurate assessment 
of the magnitude of the risk of radiation-induced malig-
nancy in these populations.

The radiation dose to the right temporal lobe site of 

the GBM was low (mean, 4.46 Gy; Fig. 2C); however, 
the minimal carcinogenic dose to the brain, if one exists 
at all, has not been firmly established. Radiation doses as 
low as 1 Gy have been associated with an increased rela-
tive risk of a secondary tumor of 1.57–8.75, a figure that 
increases to 18.4 after an interval of 20–25 years.25 In 
support, long-term follow-up for brain tumor develop-
ment after childhood exposure to ionizing radiation for 
taenia capitis estimated the mean radiation dose deliv-
ered to the brain to be 1.5 Gy.6 Experimental evidence 
also suggests that low nonlethal-dose radiation is more 
carcinogenic than higher dose radiation. Nondividing 
primary human fibroblasts were not able to repair DNA 
double-strand breaks (DSBs) resulting from very low 
radiation (1 mGy) as efficiently as those resulting from 
higher radiation doses.26 Normally, these cells harboring 
DNA DSBs do not proliferate due to G1 cell-cycle arrest, 
secondary to p53 induction by the low-dose radiation. 
However, additional genetic alterations or environmen-
tal proliferative signals, which result in escape from G1 
cell-cycle arrest, would make these cells receiving low- 
dose radiation and harboring DNA DSBs more prone to 
transformation.27,28

Among the 20 cases, it is not surprising that 14 of the 
primary tumors were ANs (Table 1). Cumulative data 

Fig. 2. (A) Nine years after translabyrinthine resection (5 years after stereotactic radiotherapy [SRT]): T2 and T1 gadolinium-enhanced 
axial MR images demonstrated the unchanged recurrent, approximately 1.8-cm acoustic neuroma (white arrowhead). However, there was 
a new right temporal ring-enhancing lesion (*) with perilesional edema (T1 plus gadolinium [gad] and fluid-attenuated inversion recovery 
(Flair)–weighted axial and coronal MR images). (B) Hematoxylin and eosin and glial fibrillary acidic protein (GFAP) immunohistochemistry 
of right temporal lesion, demonstrating features of a glioblastoma multiforme (GBM). (C) Fusion of SRT isodose curves to T1 gadolinium-
enhanced coronal MR image of the de novo GBM, approximately 5 years after SRT. GBM volume, 4.82 cm3; minimum dose, 145 cGy; 
maximum dose, 694 cGy; mean dose, 446 cGy.

B

A

   C



Balasubramaniam et al.: GBM after stereotactic radiotherapy for acoustic neuroma

Neuro-Oncology • octob     e r  2 0 0 7       451

published on patients treated with the Gamma Knife 
until December 2005 for North and South America at 
the Leksell Gamma Knife Society Website (www.elekta 
.com/site_dbase.php?form_link_id51090859) indicate 
that approximately 30% of the indications have been 
for benign tumors, with ANs accounting for almost 
one-third of these cases (~9,000 ANs treated by Gamma 
Knife). This represents only the Americas and does not 
include the rest of the world and, of course, does not 
include patients treated with linear accelerator technol-
ogy. Of most interest, it is striking that 8 of 14 of these 
cases of AN, with carcinogenic complications associ-
ated with focused radiotherapy, were in the setting of 
neurofibromatosis-2 (NF2), a tumor predisposition 
syndrome that contributes to less than 5% of all ANs. 
Although de novo malignant gliomas did arise in these 
NF2 ANs, in six of eight cases there was progression to 
a malignant nerve sheath tumor, which was verified at 
second surgery in five cases and presumed in one case 
by rapid radiological growth of the AN, which led to 
the patient’s death. The risk for malignant progression 
in NF2 ANs resulting from radiosurgery has not been 
formally examined; however, a survey accompany-
ing the report of three cases of malignant nerve sheath 
tumors in NF2 ANs, which had initially been man-
aged by focused radiotherapy29 (Table 1), is of interest. 
The survey estimated the incidence of malignant nerve 
sheath tumors in nonradiated NF2 AN to be less than 
0.5%, compared to a 6% incidence in NF2 ANs that 
had received focused radiotherapy, suggesting a 12-fold 
increased radiotherapy-linked risk.29 Similarly, a sug-
gestion of increased susceptibility to radiation-induced 
carcinogenesis and loss of the NF2 gene was suggested 
by Plowman et al.30 In strict adherence to Cahan’s 
criteria,12 one may argue that the existence of a primary 
AN precludes the involvement of radiation induction in 
these cases of a malignant nerve sheath tumor; however, 
progression to malignant nerve sheath tumor occurs 
extremely rarely, if ever, in sporadic or NF2-associated 
peripheral schwannoma or AN.21 This is in contrast to 
plexiform neurofibromas in neurofibromatosis-1 (NF1) 
patients, where sporadic malignant progression is well 
recognized, with an approximately 10%–15% lifetime  
risk.31

The pathological alterations associated with AN fol-
lowing focused radiotherapy, although reported, are not 
clear.32–34 The requirement for surgery is not usually due 
to malignant transformation, but rather necessitated by 
continued growth, peritumoral swelling, and increased 
cyst formation, all resulting in local mass effect on 
the brainstem and/or hydrocephalus.32 Accompanying 
pathological differences compared to nonradiated ANs, 
other than those expected from the radiation effects on 
the tumor microvasculature, are scant.32 Limited studies 
have suggested an increase in the proliferative index with 
accompanying microsatellite instability in a minority of 
these postradiosurgery ANs,33,34 but not enough to diag-
nose conversion to a malignant nerve sheath tumor. Lack 
of precise clinical-pathological-molecular data makes 
the need for additional evidence from in vitro and in 

vivo models paramount. Unfortunately, these preclinical 
experiments have not been thoroughly undertaken for 
NF2, unlike the much more common NF1 syndrome. 
Deletion of both copies of the Nf2 or Nf1 gene in mice 
is embryonic lethal, whereas heterozygous mice for both 
genes are viable but develop tumors other than those 
associated with the respective syndromes at a higher 
rate than do normal control mice.35 Carcinogenic sus-
ceptibility with Nf2 heterozygous mice is suggested by 
double transgenics of Nf2 heterozygous and p53 mutant 
mice, which do develop malignant tumors of neural crest 
origin.36 Susceptibility to radiation- and chemotherapy-
induced carcinogenesis has been demonstrated in Nf1 
heterozygotes, in keeping with clinical observations,37 
but similar, much-needed studies are lacking with the 
Nf2 heterozygous mice or NF2 null schwannomas or 
derivative Schwann cell cultures.

Although lacking definitive clinical or substantial 
preclinical data, the available data are highly supportive 
of caution in the use of focused radiotherapy in manage-
ment of NF2 ANs. In addition to their germline tumor 
predisposition, NF2-associated ANs occur at a much 
earlier age, thereby cumulating the radiation carcino-
genic risks over a longer period of time. NF2 patients do 
pose a difficult multifaceted management challenge, not 
only from their bilateral ANs and other multiple tumors, 
but also from critical issues regarding hearing and other 
cranial nerve preservation. One is therefore tempted to 
justify managing these NF2 ANs with focused radio-
therapy, due to minimal short-term risks. However, we 
should be cognizant of the potential long-term carci-
nogenic risks, and perhaps observation for those NF2 
patients with functional hearing and no clinically sig-
nificant brainstem compression is prudent. For young 
NF2 patients with clinically significant mass effect from 
their AN, most of whom are functionally deaf in that 
side, microneurosurgical removal, even if subtotal to 
minimize risks on seventh cranial nerve, may be more 
desirable to avoid the long-term radiation risks.

In conclusion, our present case and those reported in 
the literature to date demonstrate that there is a definitive 
and increasing incidence of de novo malignant gliomas 
and malignant progression of ANs after focused radio-
therapy using either SRS or SFRT for benign intracranial 
pathologies. This risk is extremely low, given the total 
number of cases of focused radiotherapy undertaken 
to date, and certainly should play a small role in our 
recommendation to the select group of patients where 
the surgical risks are high or natural life expectancy is 
relatively short. The primary lesion and associated risks 
for radiation-induced carcinogenesis are probably fac-
tors, but likely this risk is not restricted to ANs, with 
the increased representation of these cases reflecting 
our use and experience with focused radiotherapy to 
date. Although among the 20 cases, two cases involve 
a primary vascular malformation, reviews by centers 
with greater experience of treating AVMs with focused 
radiotherapy are highly suggestive that the risks in these 
patients may be even smaller than in AN patients.38,39 
What the risks are with other benign pathologies, such as 
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trigeminal neuralgia and seizures, needs to be carefully 
monitored and studied at the very least, as we increase 
accrual of these cases. Given this uncertainty, we still 
should practice caution using this treatment modality, 
especially in young patients and those with tumor pre-
disposition syndromes, because certainly the patient 
will not benefit by exchanging a benign pathology for a 
malignant one. One must remember that despite devel-
opment of instrumentation and refinement of delivery, 
the final emission of focused radiotherapy is ionizing 

radiation, a well-recognized carcinogen. Like other man-
agement options, it needs to be used judiciously with a 
thorough risk-benefit discussion with our patients.
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