
Summary
Purpose: Stereotactic radiosurgery (SRS) delivers a potent, 
highly focused dose of radiation to the tumor while sparing 
the surrounding normal tissues. The purpose of this study 
was to assess the outcome of patients with intracranial 
meningiomas treated with SRS. 

Methods: A total of 73 patients with 221 benign menin-
giomas treated between 1991 and 2005 with SRS and fol-
lowed up for more than a year were reviewed. Fifty patients 
(68%) were treated with SRS to the primary meningioma 
while 23 (32%) received SRS to relapsing tumors adjacent 
or distant from the site of the initial meningioma that was 
previously treated with surgery alone. Mean tumor margin 
dose was 14 Gy (range 10-16). SRS was delivered after sur-
gery in 117 meningiomas (55 patients).   

Results: The median age at diagnosis was 47 years (range 

16-74) and the median follow-up 5.8 years (range 1-13.6). 
The 3- and 5-year overall survival (OS) rates for all pa-
tients were 95% and 90%, respectively. The mean gross 
tumor volume decreased from 4.17 cm3 to 3.23 cm3 after 
SRS (p=0.057). Twenty-two (10%) meningiomas increased 
after SRS. In addition, clinical symptoms improved in 36% 
and remained stable in 45% of the patients. With regard to 
morbidity of SRS, only 7 patients (9.6%) had late complica-
tions, including edema (N=4), brain necrosis (N=4), gliosis 
(N=1), and paresis of the III pair nerve (N=1). There was no 
treatment-related mortality.

Conclusion: SRS for patients with multiple intracranial 
meningiomas is effective yielding a high rate of local tumor 
control, whereas treatment-related morbidity remains low. 
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Introduction

Meningiomas are common tumors of the cen-
tral nervous system that originate from the me-
ningeal coverings of the spinal cord and the brain. 
They account for up to 30% of all primary brain 
tumors in adults with a predominance in females, 
and an incidence of 4.5 per 100,000 person-years 
[1]. The incidence of meningiomas is climbing, 
which may indicate more sensitive diagnostic 
modalities or increased exposure to environmen-
tal risk factors [2]. Despite their benign histology, 
intracranial meningiomas may lead to substantial 
morbidity, due to the tumors themselves and/or 
from treatment, especially in those cases with 

multiple meningiomas which may require several 
therapeutic interventions throughout life [3].

Optimal management of meningiomas has 
been controversial and includes observation, sur-
gical tumor removal, tumor resection with adju-
vant radiotherapy, and radiotherapy alone. Many 
authors recommend treatment in patients with 
progression of symptoms and/or tumors close to 
critical structures [4,5]. Even though advances in 
surgical approaches have greatly improved pa-
tient outcomes for meningiomas once thought to 
be unresectable, long-term disease-free survival 
remains a desirable but elusive goal [6]. For ex-
ample, tumor resection (Simpson grades 1-2) is 
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achieved in only 20-87.5% of patients with men-
ingiomas located at the skull base [7]. In addition, 
postoperative complications occur in 16-61% of 
patients, although overall complication rates are 
not always reported [7]. Therefore, SRS, the deliv-
ery of a high, single dose of radiation to a dis-
crete tumor volume, is increasingly accepted as 
an alternative to conventional surgery in selected 
patients [8,9]. Stereotactic-guided radiotherapy is 
able to target surgically inaccessible or difficult 
lesions and has decreased risk of complications 
related to surgery and anesthesia [6,10-12]. 

Studies by our team [13] and others [7,14] 
have reported the benefit of stereotactic-guided 
radiotherapy in meningiomas that are close to 
critical structures, such as cranial nerves and the 
carotid artery. However, whether the outcome of 
patients with multiple meningiomas is similar re-
mains unclear. We performed a review of patients 
with multiple intracranial meningiomas from our 
institution treated with SRS with the goal of as-
sessing tumor response, symptom control, and 
treatment-related morbidity.

    
Methods 

Patient population

The institutional review board approved a retro-
spective chart review, which was conducted for indi-
viduals with multiple (≥2) intracranial meningomas 
treated with SRS. We identified 73 patients from 1991 
to 2005. Six cases (8%) were associated with type 2 
neurofibromatosis. The standard patient evaluation 
included history and physical examination, computed 
tomography (CT) and/or magnetic resonance imaging 
(MRI) scan. Before the treatment of any patient, in-
formed consent was obtained. Patients were followed 
up every 3-6 months after therapy for 2 years and at 
least once yearly thereafter. The follow up evaluations 
consisted of a history and physical examination and CT/
MRI scans were obtained at intervals of 6-12 months or 
more frequently if clinically indicated. 

Inclusion criteria and treatment

The criteria for performing SRS were: 1) tumor 
residuals or relapse(s) after surgical management; 2) 
fast-growing tumors; 3) tumor growth causing symp-
toms; 4) re-irradiation was considered, when keeping 
the above criteria.

SRS was performed with linear accelerator (LIN-
AC), using 6 MV photons with a high-precision posi-
tioning system with mechanical fixation of the tertiary 
collimator (SRS200-University of Florida). To locate the 
lesions, MRI images were obtained on the day of SRS, 
subsequently placing under local anaesthesia the stere-

otactic frame and performing the planning CT. To estab-
lish the planning tumor volume, an automatic imaging 
fusion program was used. Treatment planning was per-
formed in 3D in all cases, but using several treatment 
planning software platforms during the study period 
(BRAIN LAB, PLATO-Nucleotron, ERGO-3D Line and 
Pinacle-ADAC). After performing SRS, all patients re-
ceived one day prophylaxis with dexamethasone and 
stayed at the hospital for 24 hours. Median tumor mar-
gin dose delivered was 14 Gy (range 10-16).  

Response evaluation

The response was evaluated by CT scan or MRI 1-3 
months after completion of SRS. The criteria used to 
determine objective tumor response for target lesions 
have been adapted from the original WHO Handbook 
and were recorded as follows [15]: complete response 
(CR) - defined as disappearance of the target lesion; par-
tial response (PR) - defined as at least 30% decrease 
in the longest diameter of the target lesion, taking as 
reference the baseline longest diameter; progressive 
disease (PD) - at least a 20% increase in the longest 
diameter of the target lesion, taking as reference the 
smallest longest diameter recorded since the treatment 
started; stable disease (SD) - neither sufficient shrink-
age to qualify for PR nor sufficient increase to qualify 
for PD, with the reference size being the smallest long-
est diameter since the start of treatment [16].

Statistics

All data analyses were done using the SPSS (ver-
sion 19.0) statistical software. The Kaplan-Meier [17] 
product-limit method provided estimates of  OS. OS 
was defined as the interval between the first SRS date 
to the date of death from any cause or the last date of 
follow up for censored patients. Non-parametric anal-
ysis (Mann–Whitney and Wilcoxon tests) were per-
formed for comparisons. A p-value less than 0.05 was 
considered statistically significant.

 

Results

The median follow-up time from the first SRS 
was 5.3 years (range 1-13.6). Patient characteristics 
are shown in Table 1. The median age at diagno-
sis was 47 years (range 16-74). Fifty patients (68%) 
were treated with SRS to the primary meningioma, 
and 23 (32%) patients received SRS to relapses ad-
jacent or distant from the site of the initial men-
ingioma that was previously treated with surgery 
alone (Table 1). A total of 221 meningiomas (range 
per patient 1-10; Table 2) underwent SRS. SRS 
was delivered after surgery in 117 meningiomas 
(N=55). The 3- and 5-year OS was 95% and 90.5% 
respectively.
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Response to treatment

The mean gross tumor volume decreased from 
4.2 cm3 (range 0.04-42) to 3.2 cm3 (range 0-43) after 
SRS (p=0.057). Fifty-seven percent of meningiomas 
treated with SRS showed CR or PR after treatment 
(Figure 1), 33% (N=72) remained stable, and 10% 
(N=22) increased. Surgery was required in 8 (3.6%) 
meningiomas after SRS. 

Clinical outcome

Fifty-one patients (70%) had neurological 
symptoms before SRS. The most common present-
ing neurological deficit was cranial nerve deficit 
(38% of the cases; Table 3). Clinical improvement 
was defined as resolution of neurological or cranial 
nerve deficits, or a reduction of preoperative symp-
toms. Neurological status improved in 27 (37%) 
patients, remained stable in 33 (45%), and deteri-
orated in 13 (18%). In addition, 10 (14%) patients 
underwent a short course of oral corticosteroid 
therapy, and 37 (51%) required long-term anti-con-
vulsive therapy. Only 7 patients (9.6%) experienced 
late (>6 months) toxicity after SRS, including brain 

Figure 1. Gadolinium-enhanced T1-weighted mag-
netic resonance imaging immediately before (A,C; ar-
rows) and 2 years after stereotactic radiosurgery (B,D; 
arrows) for two meningiomas in the same patient.

Table 1. Characteristics of patients treated for multi-
ple meningiomas 

Characteristics
No. of patients

(N=73)
N (%)

Age (years)

Median (range) 47 (16-74)

Gender

Female 50 (69)

Male 23 (32)

Neurological deficits before SRS

Yes 51 (70)

No 22 (30)

Relapse after prior surgery

Yes* 23 (32)

No 50 (68)

Treatmenta

Surgery+SRSb 55 (75)

SRSc 18 (25)

SRS dose (Gy)

Median (range) 14 (10-16)

Pre-SRS tumor volume (cc)

Median (range) 4.2 (0.04-42)

Post-SRS tumor volume (cc)

Median (range) 3.2 (0-43)

SRS: stereotactic radiosurgery. *47 relapses were treated in 23 
patients. Five out of 23 patients also underwent surgery+SRS for 
other lesions. a: 221 meningiomas were treated in 73 patients.  
b: 117 meningiomas were treated with surgery+SRS. c: 104 
meningiomas were treated with SRS alone

Table 2. Number of stereotactic radiosurgeries (SRSs) 
per patient

No. of SRSs No. of patients (%)

1 16 (22)

2 32 (44)

3 7 (10)

4 5 (7)

5 6 (8)

6 1 (1)

7 3 (4)

8 1 (1)

9 1 (1)

10 1 (1)

Table 3. Summary of most common presenting 
neurological deficits in 51 patients who underwent 
stereotactic radiosurgery (SRS) for meningiomas

Pre-SRS neurological deficit No. of patients* (%)

Visual dysfunction 12 (16)

Cerebellar disorders 11 (15)

Hemiparesis/Hemiplegia 10 (14)

Generalized muscle weakness 17 (23)

Cranial nerve deficits 28 (38)

Migraine 15 (21)

Seizure 20 (27)

*Patients had multiple meningiomas and presented with several 
neurological deficits 
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edema (N=2), brain necrosis (N=2), both edema and 
brain necrosis (N=1), gliosis (N=1), and paresis of 
the cranial nerve III pair (N=1). No patient experi-
enced grade 5 toxic effects.

        
Discussion

SRS uses exceptionally precise, focused radi-
ation beams to treat tumors and other abnormal 
growths. Advantages of SRS include relatively low 
costs and high accessibility. The pertinent find-
ings of this study can be summarized as follows. 
First, patients with meningiomas treated with SRS 
showed a good tumor response. Mean gross tumor 
volume decreased after SRS with a marginal statis-
tical significance. Second, excellent OS rates were 
observed. Third, SRS was well tolerated in almost 
all patients with minimal incidence of late toxicity. 
Finally, there was a clinical improvement or stabi-
lisation in the majority of patients.

The clinical benefit (CR, PR, and SD) in this se-
ries was 90%. This rate is comparable to other pub-
lished radiosurgery series [18,19]. Pollock et al. [18] 
retrospectively reviewed 251 patients subjected to 
SRS for imaging-defined intracranial meningiomas 
between 1990 and 2008. The authors reported that 
on radiographic follow-up 72% and 27% of tumors 
became smaller or remained unchanged in size, re-
spectively. In contrast to our findings, only 1.2% 
had in-field tumor progression after radiosurgery 
compared with 10% in our series. Several poten-
tial reasons may explain this divergence. The study 
from Rochester [18] excluded patients having pri-
or surgery and patients with neurofibromatosis. In 
addition, 32% of the patients in our study were re-
lapsing cases while the study by Pollock et al. [18] 
excluded these patients. 

In regard to the second finding that OS rates 
exceeded 90% at 5 years, our findings are consist-
ent with reports of other authors [20,21]. Stafford 
et al. [21] reported the outcome of 190 consecutive 
patients with 206 meningiomas who underwent 
SRS. The median tumor margin dose was 16 Gy 
and the median clinical follow-up period was 47 
months. The cause-specific survival rates at 5 and 7 
years were 94 and 92%, respectively. The Universi-
ty of Pittsburgh Cancer Institute [20] evaluated the 
outcome of 73 patients with meningioma (median 
volume 5.5 cm3) who underwent stereotactic-guid-
ed radiotherapy. Treatment consisted of a median 
dose of 17.5 Gy and follow-up ranged from 1.5 to 
98 months (median 16). At the time of the last 
follow-up, 51 of the 73 (70%) patients were alive 
with disease, 12 (16%) were alive without disease, 
6 (8%) had died of disease, and 4 (6%) had died of 

other causes. 
With respect to the clinical outcome, the ma-

jority of patients experienced neurologic improve-
ment or stabilization. Our findings are consistent 
with other previously published studies [22-24]. 
For instance, Han et al. [23] reported 45% rate of 
cranial neuropathy improvement in patients with 
skull base meningiomas who had cranial neurop-
athy before radiosurgery. Iwai et al. [24] report-
ed rates of clinical improvement similar to ours. 
Neurological status improved or remained stable 
in 65% of the patients. In addition, Majdoub et al. 
[22] reported the outcome of 78 patients with 87 
intracranial meningiomas who were treated with 
LINAC radiosurgery, either as a primary or salvage 
treatment following one or more microsurgical 
procedures. After a median follow-up of 80 months, 
24 (34%) patients showed improved clinical status 
(paresis of nevus abducens 18/48, facial paresis 
4/8, and hemiparesis 2/9) and 41 (59%) patients re-
mained stable. 

In terms of late side effects, only 7 (9.6%) in 
our series experienced late toxicity. The low rate 
of chronic toxicity observed is consistent with oth-
er published studies [18,24]. For example, Osaka 
City General Hospital [24] reported the outcome 
of 108 patients with benign cranial base meningi-
omas treated with radiosurgery. The median dose 
delivered to the tumor margin was 12 Gy and the 
tumor volumes ranged from 1.7 to 55 cm3 (median 
8). Adverse effects of radiation were observed in 9 
patients. There was permanent injury in 7 (6%) pa-
tients and transient injury in 2 (2%). The transient 
radiation injuries included temporal lobe edema 
and seizure, while the permanent injuries includ-
ed facial spasms, temporal lobe edema, worsening 
of a preexisting oculomotor nerve, hemiparesis, 
worsening of tinnitus, and vertigo.

Except the inherent constraints in any retro-
spective analysis, our study has several limita-
tions. First, there were inherent methodological 
study shortcomings that affected the applicability 
of the findings, such as the inclusion of different 
intracranial tumor locations. Second, the study pe-
riod was long and the population was heterogene-
ous in terms of both tumor factors and treatment 
factors. As noted above, differences in type of treat-
ment (postoperative SRS vs SRS alone) and dis-
ease status (primary tumors vs relapses) may have 
confounded our findings, although the magnitude 
of this effect is unclear. Prospective studies with 
similar baseline characteristics among groups are 
needed to better understand the role of SRS in each 
scenario. Finally, although we assessed the neuro-
logic symptom control after SRS, other parameters 
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such as the quality of life or the preservation of 
neurocognitive function would be needed to bet-
ter understand the impact of SRS. Previous stud-
ies suggest that radiosurgical patients may expe-
rience higher quality of life than surgical patients, 
especially in the short-term, because radiosurgery 
is a minimally invasive outpatient procedure [25-
27]. 

Notwithstanding these limitations, our study 
provides data on the impact on SRS in patients 
with multiple intracranial meningiomas. Our find-
ings show that SRS for intracranial meningiomas 
is effective, yielding a high rate of local tumor 
control, whereas treatment-related morbidity re-

mains low. Multicenter studies with larger sample 
of patients treated with different SRS techniques 
(i.e. Cyberknife) may allow to expand our current 
results and create an algorithm for evaluating the 
most appropriate SRS treatment for intracranial 
meningiomas based on tumor factors (size, loca-
tion) or patient preferences (frameless vs frame-
based treatments).

Research support

This research was supported by the Institu-
tional effort of Instituto Madrileño de Oncología 
(IMO). 

References
1. Riemenschneider MJ, Perry A, Reifenberger G. Histo-

logical classification and molecular genetics of men-
ingiomas. Lancet Neurol 2006;5:1045-1054.

2. Campbell BA, Jhamb A, Maguire JA et al. Meningi-
omas in 2009: controversies and future challenges. 
Am J Clin Oncol 2009;32:73-85.

3. Tanzler E, Morris CG, Kirwan JM et al. Outcomes of 
WHO Grade I meningiomas receiving definitive or 
postoperative radiotherapy. Int J Radiat Oncol Biol 
Phys 2011;79:508-513.

4. Kim JW, Rizzo JF, Lessell S. Controversies in the man-
agement of optic nerve sheath meningiomas. Int Oph-
thalmol Clin 2005;45:15-23.

5. Miller NR. New concepts in the diagnosis and man-
agement of optic nerve sheath meningioma. J Neu-
roophthalmol 2006;26:200-208.

6. D’Ambrosio AL, Bruce JN. Treatment of meningioma: 
an update. Curr Neurol Neurosci Rep 2003;3:206-214.

7. Igaki H, Maruyama K, Koga T et al. Stereotactic radio-
surgery for skull base meningioma. Neurol Med Chir 
(Tokyo) 2009;49:456-461.

8. Elia AE, Shih HA, Loeffler JS. Stereotactic radiation 
treatment for benign meningiomas. Neurosurg Focus 
2007;23:E5.

9. Wellis G, Nagel R, Vollmar C, Steiger HJ. Direct costs 
of microsurgical management of radiosurgically 
amenable intracranial pathology in Germany: an anal-
ysis of meningiomas, acoustic neuromas, metastases 
and arteriovenous malformations of less than 3 cm in 
diameter. Acta Neurochir (Wien) 2003;145:249-255.

10. Chen X, Xiao J, Li X et al. Fifty percent patients avoid 
whole brain radiotherapy: stereotactic radiotherapy 
for multiple brain metastases. A retrospective analy-
sis of a single center. Clin Transl Oncol 2012;14:599-
605.

11. Samblás JM, Sallabanda K, Bustos JC et al. Radio-
surgery and whole brain therapy in the treatment of 

brainstem metastases. Clin Transl Oncol 2009;11:677-
680.

12. Abacioglu U, Caglar H, Atasoy BM et al. Gamma knife 
radiosurgery in non small cell lung cancer patients 
with brain metastases: treatment results and prognos-
tic factors. J BUON 2010;15:274-280.

13. dos Santos MA, de Salcedo JB, Gutierrez Diaz JA et 
al. Long-term outcomes of stereotactic radiosurgery 
for treatment of cavernous sinus meningiomas. Int J 
Radiat Oncol Biol Phys 2011;81:1436-1441.

14. Kalogeridi MA, Georgolopoulou P, Kouloulias V et 
al. Long-term follow-up confirms the efficacy of linac 
radiosurgery for acoustic neuroma and meningioma 
patients. A single institution’s experience. J BUON 
2010;15:68-73.

15. WHO handbook for reporting results of cancer treat-
ment. Geneva (Switzerland): World Health Organiza-
tion Offset Publication 1979;No.48.

16. Therasse P, Arbuck SG, Eisenhauer EA et al. New 
guidelines to evaluate the response to treatment in 
solid tumors. European Organization for Research 
and Treatment of Cancer, National Cancer Institute of 
the United States, National Cancer Institute of Cana-
da. J Natl Cancer Inst 2000;92:205-216.

17. Kaplan EL, Meier P. Nonparametric estimation 
from incomplete observations. J Am Stat Assoc 
1958;53:457-481.

18. Pollock BE, Stafford SL, Link MJ et al. Single-fraction 
Radiosurgery for Presumed Intracranial Meningi-
omas: Efficacy and Complications from a 22-Year Ex-
perience. Int J Radiat Oncol Biol Phys 2012;83:1414-
1418.

19. Williams BJ, Yen CP, Starke RM et al. Gamma Knife 
surgery for parasellar meningiomas: long-term results 
including complications, predictive factors, and pro-
gression-free survival. J Neurosurg 2011;114:1571-
1577.

20. Bria C, Wegner RE, Clump DA et al. Fractionated ste-
reotactic radiosurgery for the treatment of meningi-



Stereotactic radiosurgery in intracranial meningiomas 255

JBUON 2014; 19(1): 255

omas. J Cancer Res Ther 2011;7:52-57.

21. Stafford SL, Pollock BE, Foote RL et al. Meningioma 
radiosurgery: tumor control, outcomes, and complica-
tions among 190 consecutive patients. Neurosurgery 
2001;49:1029-1037.

22. El Majdoub F, Elawady M, Buhrle C et al. muMLC-LIN-
AC radiosurgery for intracranial meningiomas of com-
plex shape. Acta Neurochir (Wien) 2012;154:599-604.

23. Han JH, Kim DG, Chung HT et al. Gamma knife radio-
surgery for skull base meningiomas: long-term radi-
ologic and clinical outcome. Int J Radiat Oncol Biol 
Phys 2008;72:1324-1332.

24. Iwai Y, Yamanaka K, Ikeda H. Gamma knife radiosur-
gery for skull base meningioma: long-term results of 

low-dose treatment. J Neurosurg 2008;109:804-810.

25. Banerjee R, Moriarty JP, Foote RL, Pollock BE. Com-
parison of the surgical and follow-up costs associat-
ed with microsurgical resection and stereotactic ra-
diosurgery for vestibular schwannoma. J Neurosurg 
2008;108:1220-1224.

26. Cho DY, Tsao M, Lee WY, Chang CS. Socioeconomic 
costs of open surgery and gamma knife radiosur-
gery for benign cranial base tumors. Neurosurgery 
2006;58:866-873.

27. Myrseth E, Moller P, Pedersen PH et al. Vestibular 
schwannomas: clinical results and quality of life after 
microsurgery or gamma knife radiosurgery. Neuro-
surgery 2005;56:927-935.


