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Meningiomas constitute approximately 20% of all primary
intracranial tumors.1,2 Tumor grade rather than histologic
subtype bears clear prognostic importance.3-9 Complete surgical
excision, if achievable, can produce excellent results without
adjunctive therapy.9-11 However, meningiomas may recur after
surgery and curative resection can result in significant morbidity
because of strategic tumor location and old age.12-15

Stereotactic radiosurgery (SRS) can deliver a single high dose
of radiation to a localized area in the brain for the treatment of
meningiomas that are unresectable, recurrent or residual after
surgery. However, large tumors and tumors adjacent to vital

ABSTRACT: Objective: To evaluate the safety and efficacy of stereotactic radiosurgery (SRS) compared to fractionated stereotactic
radiation therapy (FSRT) for meningiomas treated over a seven year period. Methods and materials: Of the 53 patients (15 male and
38 female) with 63 meningiomas, 35 were treated with SRS and the 18 patients with tumors adjacent to critical structures or with large
tumors were treated with FSRT. The median doses for the SRS and the FSRT groups were 1400 cGy (500- 4500 cGy) and 5400 cGy
(4000-6000 cGy) respectively. Median target volumes for SRS and FSRT were 6.8 ml and 8.8 ml respectively. The median follow-up
for the SRS and FSRT groups were 38 months (4.1-97 months) and 30.5 months (6.0-63 months) respectively. Results: The five-year
tumor control probability (TC) for benign versus atypical meningiomas were 92.7% vs. 31% (P=.006). The three-year TC were 92.7%
vs. 93.3% for SRS vs. FSRT groups respectively (P=.62). For benign meningiomas, the three-year TC were 92.9% vs. 92.3% for the
SRS group (29 patients) vs. FSRT group (14 patients) respectively (P=.77). Two patients in the SRS group and one in the FSRT group
developed late complications. Conclusion: Preliminary data suggest that SRS is a safe and effective treatment for patients with benign
meningiomas. Fractionated stereotactic radiation therapy with conventional fractionation appeared to be an effective and safe treatment
alternative for patients not appropriate for SRS. A longer follow-up is required to determine the long-term efficacy and the toxicity of
these treatment modalities.

RÉSUMÉ: Dose unique versus radiothérapie stéréotaxique fractionnée dans le traitement des méningiomes. Objectif: Évaluer la sécurité et
l�efficacité de la radiochirurgie stéréotaxique (RCS) comparée à la radiothérapie stétéotaxique fractionnée (RTSF) dans le traitement des méningiomes
sur une période de sept ans. Méthodes et matériels: Parmi les 53 patients (15 hommes et 38 femmes) atteints de 63 méningiomes, 35 ont été traités par
RCS et 18, dont la tumeur était adjacente à des structures critiques ou était volumineuse, ont été traités par RTSF. Les doses médianes pour le groupe
RCS et le groupe RTSF étaient de 1400 cGy (500 à 4500 cGy) et 5400 cGy (4000 à 6000 cGy) respectivement. Les volumes cibles médians pour les
groupes RCS et RTSF étaient de 6,8 ml et 8,8 ml respectivement. Le suivi médian pour les groupes RCS et RTSF étaient de 38 (4,1 à 97) mois et 30,5
(6,0 à 63) mois respectivement. Résultats: La probabilité de contrôle tumoral (CT) à cinq ans, s�il s�agissait de méningiomes bénins plutôt qu�atypiques,
était de 92,7% versus 31% (P = 0,006). Le CT à trois ans était de 92,7% versus 93,3% pour les groupes RCS et RTSF respectivement (P = 0,62). Pour
les méningiomes bénins, le CT à trois ans était de 92,9% pour le groupe RCS (29 patients) versus 92,3% pour le groupe RTSF (14 patients) (P = 0,77).
Deux patients du groupe RCS et un patient du groupe RTSF ont présenté des complications tardives. Conclusion: Les données préliminaires suggèrent
que la RCS est un mode de traitement sûr et efficace pour les patients porteurs de méningiomes bénins. La RTSF avec fractionnement conventionnel
semble être un traitement alternatif efficace et sûr pour les patients chez qui la RCS n�est pas appropriée. Un suivi plus long est nécessaire pour
déterminer l�efficacité à long terme et la toxicité de ces modalités de traitement.
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structures such as optic apparatus and brainstem cannot receive
a high single dose of radiation from SRS because of limited
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tissue tolerance.16-19 Fractionated stereotactic radiation therapy
(FSRT), which has both physical and radiobiological sparing
effects, represents a reasonable alternative to SRS. In this study,
we evaluate and compare the safety and efficacy of SRS versus
FSRT for the treatment of meningiomas at our institution. 

PATIENTS AND METHODS

Patients’ characteristics
Between May 1992 and February 1999, 68 patients were

treated with stereotactic radiotherapy (SRS or FSRT) at
University of Minnesota using a linac-based radiosurgical
system. Indications for stereotactic radiotherapy included
unresectable disease, residual disease after subtotal resection,
failed previous treatment and patient preference. All patients
selected for SRS or FSRT either presented with symptoms or had
tumor located near critical structures like the brainstem or the
optic apparatus. We were unable to obtain any follow-up
information on eight patients who were from out-of-state and
they were excluded from the study. Among the 60 evaluable
patients, seven were also treated with conventional fractionated
radiation therapy with SRS as a boost and were therefore
excluded in the analysis. For the remaining 53 patients, 35 and
18 were treated with SRS and FSRT, respectively for newly

diagnosed and recurrent meningiomas after surgery and/or
radiation therapy. Five patients were treated as an adjunct to
subtotal resection of newly diagnosed or recurrent tumor and 48
patients were treated without adjunctive surgery for newly
diagnosed or recurrent tumor. Among the 27 patients with
recurrent disease, seven had prior radiotherapy to the brain
(2400-6000 cGy) for meningioma (five patients), acute
lymphocytic leukemia (one patient had craniospinal irradiation
as a child) and pituitary adenoma (one patient).

Forty-five patients had one lesion, six had two lesions and
two had three lesions. The locations of the 63 meningiomas (47
benign, five atypical and 11 malignant meningiomas) were 10
petroclival, 19 sphenoid and cavernous sinus, one optic nerve
sheath, 19 convexity, four cerebellar, four parasagittal and six
tentorial. Forty-four meningiomas were treated with SRS and 19
meningiomas with FSRT. Five patients, each with one lesion,
also received an intratumoral boost. Patients with meningiomas
< 5 mm from critical structures such as the optic chiasm and
brainstem or tumors of large size (usually 4 cm or larger) were
selected for FSRT. The median follow-up for the whole group,
SRS group, and FSRT group were 34 months (4.1-97 months),
38 months (4.1- 97 months) and 30.5 months (6.0-63 months),
respectively. The median ages for the whole group, SRS group
and FSRT group were 66 (22-85), 69 (22-85), and 58.5 (37-80)

Figure 1: This patient had a midline frontal meningioma and was treated with
stereotactic radiosurgery delivering 1500 cGy to the 85% isodose surface. The tumor
showed no evidence of progression 33 months after treatment.
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years, respectively. The corresponding Karnofsky Performance
Status were 80 (50-90), 80 (50-90), and 80 (60-90), respectively.

Of the 53 patients in the study, 21 patients (40%) were
diagnosed with meningioma based on typical radiologic criteria
without pathologic diagnosis. For the remaining 32 patients
(60%), 25 (48%) had prior pathologic diagnoses (biopsies were
not repeated before SRS or FSRT for recurrence) and seven
(12%) had biopsy-confirmed pathologic diagnosis before SRS or
FSRT. 

Stereotactic radiotherapy technique and dosimetry
We first instituted our SRS program on a Philips SL 75-20

linear accelerator operating at 10 MV in 1991. The Philips SRS
200 stereotactic system (Philips Medical System, London,
United Kingdom) used standard collimators. The Brown-
Roberts-Wells stereotactic frame (Radionics, Inc, Burlington,
MA) was applied with local anesthesia for head fixation during
computerized tomography (CT) and treatment. In 1994, this
system was transferred to X-Knife SRS System (Radionics
Software Applications, Inc., Burlington, MA) which was
compatible with our Varian 6/100 linear accelerator. The
relocatable Gill-Thomas-Cosman headframe (Radionics Inc.,
Burlington, MA) for FSRT was introduced to our program in
1995. The treatment planning process for SRS and FSRT was
identical except for the headframe. The target volume (TV) of
the tumor was defined as the contrast-enhancing tumor on the
CT. The target and the dose-limiting structures such as the eyes,
optic nerve, optic chiasm, brainstem were delineated on CT. The
number of isocenters, sizes of the collimators (5-75 mm), and

number of arcs and degrees of gantry rotation were selected to
optimize the delivery of radiation dose to the target while
minimizing the dose to the adjacent normal brain parenchyma.
The minimal peripheral dose (MPD) encompassing the target
was chosen for dose prescription and the prescribed dose was
normalized to the maximum dose within the TV (Figure 1). For
the intratumoral boost, the isodose surface to which MPD was
prescribed was located within the TV, so the dose delivered to the
surrounding brain tissue was minimized due to the rapid fall-off.
The number of isocenters used ranged from one to four with a
median of one in the SRS group while that used in the FSRT
group ranged from one to two with a median of one. The median
TVs for the SRS and the FSRT groups were 6.8 ml (0.5-34 ml)
and 8.8 ml (2.4-58.6 ml), respectively. The median sizes of the
collimators used were 28 mm (12-60 mm) and 40 mm (18-75
mm) for the SRS and FSRT groups respectively. The median
MPD for the SRS group was 1400 cGy (500- 4500 cGy) at 75%
IDS (50-100% IDS) and the median MPD for FSRT was 5400
cGy (4000-6000 cGy) at 88% IDS (60-90% IDS) in a median of
30 fractions (16-31 fractions). The fraction sizes for FSRT
ranged from 180- 250 cGy with a median of 180 cGy. An
intratumoral boost (a single SRS dose of 600 cGy) was given in
addition to FSRT to five patients with large tumors adjacent to
critical structures such as the optic chiasm. All the seven
reirradiated patients had an overlap between the previous
radiation field and the TV.

Follow-up and endpoints 
Follow-up of patients consisted of clinical examination and

CT or magnetic resonance imaging (MRI), which were done at
our institution or outside institutions. Patients who lived out of
town or state were followed by their physicians locally and
patients� information was forwarded to us for review. If
necessary, patients were contacted by phone for the monitoring
of their clinical status. All of the 53 patients in the study had
radiologic follow-up after treatment. 

The endpoints used were tumor control probability (TC),
local control rate (LC) and cause-specific survival (CSS). Tumor
control was defined as the lack of evidence of in-field or
marginal failure in each individual tumor on follow-up CT or
MRI. A stable appearance or shrinkage of the tumor seen on the
CT or MRI was regarded as tumor control. Local control referred
to no evidence of local failure in each individual patient.
Regional failure, which was defined as recurrence completely
outside of the treatment volume, was not counted as local
recurrence. Cause-specific survival was defined as no death as a
result of meningioma or treatment complication. The acute and
late toxicity of the treatment was also evaluated. 

Statistical analysis
Kaplan-Meiers survival analysis was used to compare the TC,

LC and CSS between the SRS and the FSRT groups.
Identification of prognostic factors predicting TC was attempted
using Cox regression. 

RESULTS

Treatment outcome
The three-year and five-year CSS for the whole group was

93.9% and 89.4%. The three-year CSS for the SRS vs. the FSRT

Table 1. Summary of MRI/CT findings for the 53 patients with
63 tumors

Radiographic Number of tumors
Response <6 6-12 12-24 24-36 >36 

mos mos mos mos mos
All
Shrinkage 2(1)* 5(1)* 1 5(1)* 5 
No change 4(2)* 3(1)* 10(3)* 9 11(2)*
Local progression 1(1)* 0 1 1 5(4)*

SRS
Shrinkage 1 5(1)* 1 2 4
No change 3(2)* 2 8(2)* 3 8(2)*
Local progression 1(1)* 0 0 1 5(4)*

FSRT
Shrinkage 1(1)* 0 0 3(1)* 1
No change 1 1(1)* 2(1)* 6 3
Local progression 0 0 1 0 0

MRI, magnetic resonance imaging; CT, computer tomography, SRS,
stereotactic radiosurgery; FSRT, fractionated stereotactic radiotherapy.
*Parentheses indicate the number of atypical or malignant meningiomas
(The numbers not in parentheses include all meningiomas � benign,
atypical and malignant).
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Table 2. Recurrences after Stereotactic Radiosurgery and Fractionated Stereotactic Radiotherapy 

Patient Location Tumor Prior treatment SRS/FSRT Target Time to Type of
No. Grade before SRS/FSRT Dose volume(cc) recurrence recurrence 

1 Parasagittal B Surgery X 1 2000 cGy/50% 14.1 71 months Marginal

2 Occipital A Surgery X 2, 1200 cGy/50% 19.4 37 months Local
XRT 2400 cGy*

3 Parietal X 2, M Surgery X 2** 1200 cGy/50% .5, 8.6, 44 months Local 
Frontal X 1 for 2 parietal 8.8

lesions in one
volume and 
2000 cGy/85%
for frontal lesion 

4 Frontal M Surgery X 2 4500 cGy/70% 4.2 3 months Local

5 Petroclival B Surgery X 1 1200 cGy/85% 3.9 31 months Local

6 Cavernous B No prior surgery 4000 cGy/90% 7.2 18 months Local
sinus in 16 fractions

7 Occipital X 1, A Surgery X 2 1200 cGy/80% 1.3, 4.2, 21 months Regional 
Frontal X 1, for all 3 lesions 8.9
Parietal X 1

8 Cerebellum M No surgery or 3000 cGy/50% 2.6, 4.2 66 months Regional
X 2 XRT to brain*** for both lesions

SRS, Stereotactic radiosurgery; FSRT, fractionated stereotactic radiotherapy; XRT, external beam radiation therapy; B, benign meningioma; A, atypical
meningioma; M, malignant meningioma.
* Patient underwent craniospinal irradiation for acute lymphocytic leukemia 20 years prior to SRS.
** Patient had subtotal resection of meningiomas 3 months before SRS.
*** Patient had 4 surgeries and 3 courses of XRT to the spine for metastatic meningiomas.

Table 3. Summary of the doses for the seven patients who had prior radiation therapy

Prior radiotherapy SRS/FSRT Treatment Histology
doses doses volume (ml)

Patient 1 5400 cGy 1600 cGy/88% 6.5 Benign
1600 cGy/90% 13

Patient 2 4700 cGy 4000 cGy/60% 18.1 Benign
Patient 3 5000 cGy 2000 cGy/70% 19.7 Malignant

2000 cGy/70% for 2 lesions
Patient 4 2400 cGy* 1200 cGy/50% 68.6 Atypical
Patient 5 5320 cGy 4500 cGy/88% (25 fractions) 122 Atypical
Patient 6 6000 cGy 4500 cGy/85% (18 fractions) 92 Malignant
Patient 7 5400 cGy 5000 cGy/90% (20 fractions) 6.5 Malignant

*Craniospinal irradiation for leukemia.
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groups were 94.1% vs. 93.3%, respectively (P=0.79). The five-
year TC were 90.7% and 31% (P=0.006) for benign and
atypical/malignant meningiomas, respectively. The three-year
TC were 92.7% vs. 93.3% for SRS vs. FSRT groups respectively
(P=0.62) (Figure 2). Seven tumors treated with SRS and one
treated with FSRT progressed (15.9% vs. 5.2%, P=0.25). The
three-year LC were 91% vs. 92.9% for SRS vs. FSRT groups
respectively (P=0.62). Five patients in the SRS groups and one
in the FSRT group had evidence of local recurrence
radiologically (14.3% vs. 5.6%, P=0.35). For benign
meningiomas, the three-year TC were 92.9% and 92.3%,
respectively (P=0.77) (Figure 3); two tumors treated with SRS
and one tumor treated with FSRT progressed (6.3% vs. 6.7%,
P=0.96). For the 43 patients with 47 benign meningiomas, the
three year LC were 92.3% vs 91.7% for SRS (29 patients) vs.
FSRT (14 patients) groups (P=0.8); two patients in the SRS and
one in the FSRT group had evidence of local recurrence (6.9%
vs. 7.1%, P=0.98).

Table 1 shows a summary of the radiologic response after
SRS and FSRT. When all the tumors were considered, the tumor
shrinkage rates were 29.5% (13/44) and 26.3% (5/19) for the
SRS and the FSRT groups, respectively (P=0.80). When only the
benign meningiomas were considered, the corresponding tumor
shrinkage rates were 37.5% (12/32) and 20% (3/15), respectively
(P=0.24).

Patterns of failure
Eight patients developed recurrence. Five had atypical or

malignant meningiomas and three had benign tumors. Seven
patients in the SRS group developed recurrence whereas only

one in the FSRT group progressed. Six patients had local
recurrence (five had recurrence within the treatment volume and
one at the margin) and two had regional recurrence (outside of
treatment volume). Both regional recurrences occurred in
patients with atypical (one patient) or malignant meningiomas
(one patient). One patient with meningiomatosis developed
progression in one of the benign meningiomas not previously
treated with SRS. Table 2 summarizes these events.

Prognostic factors
On univariate and multivariate analyses of the five factors

which included tumor location (skull base vs. nonskull base),
disease status (primary vs. recurrent), histology (benign vs.
atypical/malignant), tumor size (≤ 3 cm vs. > 3 cm) and type of
treatment (SRS vs. FSRT), only histology predicted TC.

Complications
The treatments were well-tolerated in general. None of the

patients developed symptoms that required active intervention
during or immediately after treatment. None of the seven
reirradiated patients developed late complications. Table 3
summarizes the doses administered.

All patients had their pretherapy and post-therapy neuro-
cognitive function recorded in the charts. None of them
developed any deterioration after SRS or FSRT. However, two
patients in the SRS group developed late complications. The first
patient was a 69-year-old lady with a recurrent benign left optic
nerve sheath meningioma treated with surgery in 1992. She
presented with decreased visual acuity in the left eye at
recurrence. She had subtotal resection of her recurrent tumor

Figure 2: The comparison of tumor control probability for SRS and
FSRT of all meningiomas (P=0.62).

Figure 3: The comparison of tumor control probability for SRS and
FSRT for benign meningiomas (P=0.77).
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before SRS. Stereotactic radiosurgery was offered to her to
prevent tumor progression which might potentially cause further
damage to left optic nerve. The treatment volume was 14.1 ml
and the dose was 800 cGy delivered to the 100% isodose line.
She developed progressive deterioration of vision in the left eye
36 months after SRS. MRI showed no evidence of tumor
progression 97 months after SRS. 

The other patient was a 74-year-old lady with a newly
diagnosed benign right cavernous sinus meningioma presenting
with persistent headache treated with SRS in 1996. No surgery
was performed before SRS. SRS was offered to her for
symptomatic control. 1200 cGy was delivered to a volume of 45
ml (90% IDS) with an intratumoral boost of 300 cGy delivered
to a volume of 7.5 ml (90% IDS). Her symptom improved after
the treatment but she developed symptomatic brain necrosis
associated with brain edema six months after SRS. Follow-up
MRI showed no evidence of tumor recurrence. Her brain edema
was well-controlled with steroids and surgery was not required.

One patient in the FSRT group developed a late complication.
She was a 80-year-old lady with a newly diagnosed benign
sphenoid wing meningioma treated in 1997. No surgery was
done before FSRT. Fractionated stereotactic radiation therapy
was offered because the tumor was very close to the optic
chaism. 5400 cGy in 30 fractions were delivered to a volume of
40 ml (90% IDS). She noticed progressive deterioration in visual
acuity after 14 months. There was no evidence of progression on
follow-up MRI.

DISCUSSION

Surgical resection 
The LC rate after complete resection of meningioma was

reported to be in the range of 88-100% for benign
meningiomas.8,9,11,13,20 However, patients with exceptional surgical
risk factors such as advanced age, poor functional status, and
strategic tumor locations are considered poor candidates for surgery
which aims for complete tumor resection.12,14,15 Subtotal resection,
which carries significant morbidity and mortality for poor risk
patients, offers much worse LC, which was on the order of 40% at
five years.3,8,9 Mirimanoff et al11 reported a 10-year progression-
free survival of 80% for patients who had a complete resection for
benign meningioma compared to only 45% for those who had
subtotal resection in a series of 225 patients. Another series
demonstrated that patients whose tumors were not completely
removed had a 4.2-fold relative excess risk of death when
compared to patients whose tumors were completely removed.10

With the sophistication of neuroradiologic and microsurgical
techniques over the past decade, meningiomas that were
previously considered unresectable or were located near the
brainstem or in the skull-base could now be treated surgically
with fair to good outcomes.21-25 Despite these advances, there
were still significantly high rates of perioperative and long-term
neurological morbidity reported in those microsurgical series. 

Conventional external beam radiotherapy
Another treatment modality that has been employed for

meningioma is conventional external beam radiation therapy,
either as a primary treatment, as an adjunct to surgery or for
unresectable or recurrent tumors.3-9,26-29 Multiple series showed

that postoperative radiation therapy could substantially improve
the local control and overall survival for subtotally resected
meningiomas. Eight to ten-year local control rates of about 80%
or above were achieved in multiple series with radiation
therapy.5,6,9,26,27,29 For patients with unresectable tumors treated
with external beam radiotherapy, the local control rate at 10
years is 46%.5 Complication rates reported ranged from zero to
17%.3,9,26,28

Stereotactic radiotherapy
Results of SRS have been reported in multiple series and the

two- to eight-year tumor control rates were in the range of 75-
100% for benign meningiomas with a median follow-up ranging
from 14 to 48.4 months.30-43 There does not seem to be any
significant difference in local control rates between the Gamma
Knife and LINAC-based SRS series. 

For tumors that are large in size or close to critical structures
such as the optic apparatus and the brainstem, the delivery of a
single dose of radiation that is necessary to control the
meningioma might not be feasible due to the concern of late
complications of those sensitive structures with low tolerance to
a single high dose of radiation such as the optic apparatus or
brainstem.16-19 FSRT combines the advantages of accurate focal
dose delivery of radiation dose with a stereotactic technique and
the normal tissue sparing effect of fractionated radiation therapy.
Recently, 5- and 10-year actuarial overall survival rates of 97%
and 96% at a mean follow-up of 35 months for 189 patients with
World Health Organization (WHO) grade I and II meningiomas
treated with FSRT were reported by the Heidelberg group.44

Local failure was observed in three of 180 patients with WHO
grade I tumors and two of nine patients with WHO grade II
tumors. Clinically significant treatment-related toxicity was
observed in 1.6% of the patients.

In our series, the three-year LC for the 35 patients with benign
meningiomas treated with LINAC-based SRS was comparable to
that reported in the literature and the late complication rate was
low (2/35). However, there were some patients in our series who
were not amenable to SRS alone because of the large tumor size
or the proximity of the tumor to critical structures. Before the
availability of the relocatable headframe, those patients were
treated with conventional fractionated radiation therapy followed
by SRS boost, aiming at adding a lower focused single high dose
of radiation to improve tumor control. 

Radiobiologically, conventional fractionated radiation
therapy has a normal tissue sparing effect. But with this
technique, a substantial amount of brain tissue would be
irradiated because a margin is required to account for the
penumbra and set-up errors. In those external beam radiation
therapy series, the issue of late complications has not been
addressed specifically, especially for those early series. So the
late toxicity profile for external beam radiation therapy for
meningioma has not been well-documented. FSRT could
potentially decrease the risk of late complications in the brain as
a result of decreased treatment volume. In our series, the LC and
the late complication rates for benign meningiomas were
comparable for the SRS and FSRT groups. The LC for benign
meningiomas in the FSRT group appeared to be comparable to
the LC reported in those external beam radiotherapy series
though our follow-up is still relatively short. 
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One point of note is that in our study, most of the patients did
not undergo surgery for their primary or recurrent disease before
SRS or FSRT (only five out of 53 patients underwent adjunctive
subtotal resection) and the LC appeared to be comparable to the
data from various surgical, radiation therapy and radiosurgical
series. However, because meningiomas usually run an indolent
clinical course, a much longer follow-up is required before any
conclusions can be drawn. 

Regarding the tumor response after treatment, data in the
literature showed tumor shrinkage rates ranging from 23 to
56%30,33,40,41 after SRS. For FSRT, the Heidelberg group reported
a partial tumor regression rate of 14% but they defined partial
tumor regression as a reduction of tumor volume by at least
50%.44 The percentage of tumor with any degree of shrinkage
after FSRT was not reported in the study. In our series, it
appeared that the tumor shrinkage rate was higher for SRS than
FSRT though not significant statistically. At this point, it is
difficult to draw a definite conclusion regarding tumor response
after SRS compared to FSRT.

In our study, there were three patients with benign
meningiomas who developed recurrence 18, 31 and 71 months
after treatment respectively. Four out of five patients with
atypical or malignant meningiomas who developed local or
regional recurrence did so after 21-66 months with three
developing recurrence (two local and one regional) after at least
three years (37-66 months). This underscores the importance of
continued long-term follow-up of these patients with
meningiomas.

Complications
The optic apparatus has lower tolerance to a single high dose

of radiation when compared to other cranial nerves and this has
been reported in the literature. A dose limit of 8-10 Gy have been
recommended in some studies.17-19 In our study, one patient
without radiologic evidence of local recurrence developed visual
deterioration (visual defect present before SRS) after a single
dose of 800 cGy was delivered to the optic apparatus. This was
before FSRT was available at our institution. This suggested that
the dose to the optic apparatus should not exceed 800 cGy. A
single dose of 800 cGy is usually inadequate to control
meningioma so fractionation is recommended for meningiomas
abutting the optic apparatus. 

The tolerance of the optic apparatus to fractionated radiation
was suggested in various conventional radiation therapy
studies.45-48 One patient in our series who had pre-existing visual
deficit received a FSRT dose of 5400 cGy in 30 fractions to 90%
isodose surface so the dose to the optic chiasm was 6000 cGy in
30 fraction, which was in the steep part of the dose-response
curve for late effects. Care should be taken not to exceed the dose
limit of the optic apparatus during treatment planning. In
general, a dose of 54 Gy in 30 fractions is recommended as the
dose limit for the optic apparatus.45

Radionecrosis and edema of the brain have been concerns
after SRS. In an early LINAC-based SRS series from
Heidelberg, the reported radionecrosis/edema rate was about
30% where the mean dose was 29 Gy (range 10-50 Gy).33 Recent
series utilizing lower SRS doses (20 Gy or less) yielded much
lower radionecrosis/edema rates, which were in the range of 3-
4%.30,40 In our series, the radionecrosis rate was 2.9% (1/35). 

None of the seven reirradiated patients (four SRS and three
FSRT) in our series developed any late complications. The range
of doses for SRS and FSRT were 1200-4000 cGy and 4500-5000
cGy, respectively. The physical characteristic of stereotactic
radiotherapy, namely the sharp dose fall-off beyond the MPD,
renders the feasibility of delivering a focal dose of radiation to
the tumor volume while minimizing the dose to the surrounding
normal brain tissue and critical structures. Stereotactic
radiotherapy (SRS or FSRT) appeared to be an attractive
treatment option for patients with unresectable recurrent
meningiomas who previously received radiation therapy to the
brain. 

Atypical and malignant meningiomas 
Multiple studies have shown that the recurrence rates for

atypical or malignant meningiomas were high even after surgery
combined with radiation therapy.49-52 However, a tumor control
rate of 90% after total or subtotal resection with or without
postoperative radiation therapy supplemented with SRS or FSRT
was achieved in one recent stereotactic series.53

One problem with atypical and malignant meningiomas is the
higher rate of regional recurrence following local treatment with
surgery or radiation therapy compared to their benign
counterparts. It has been postulated that the spread of tumor cells
in the subdural space forming tumor spurs and distant metastases
could play a role in the regional recurrence of meningiomas,
more frequently for atypical or malignant compared to benign
meningiomas.54

In our series, five out of the 10 patients (50%) with atypical/
malignant meningiomas developed local/regional recurrence
after treatment and 40% of the patients who had recurrent disease
had regional failure. Our data suggested a much worse TC for
atypical or malignant as compared to benign meningiomas.
Certainly, more aggressive treatment combining surgery and
radiation therapy is necessary to improve and give the best
disease control. 

CONCLUSION

SRS appears to be a safe and effective treatment for benign
meningiomas for patients who are considered to be poor surgical
candidates, those who have recurrent tumors after surgery and/
or radiation therapy, those who have residual tumor after
resection and those who decline surgery. For patients with
tumors very close to (≤5 mm) or abutting the optic apparatus,
fractionated radiation therapy is recommended because of the
limitation of the tolerance of the optic apparatus to a single high
dose of radiation. FSRT appears to be a reasonable treatment
alternative to conventional external beam radiation therapy as it
is associated with good tumor control and minimal toxicity in our
series. For patients who have previous radiation therapy to the
brain, re-irradiation with SRS and FSRT for the treatment of
meningiomas seems to be feasible with minimal toxicity.
However, the follow-up is still short for the patients treated with
SRS or FSRT in our series, so no firm conclusions can be drawn
regarding the long-term efficacy or the late toxicity to the central
nervous system at this time. For atypical or malignant
meningiomas, treatments should include aggressive surgery plus
radiation therapy due to high recurrence rates and new treatment
options have to be explored to improve outcome.
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