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Abstract

Background Most of the current knowledge on the clinical effects of stereotactic radiosurgery (SRS) on the treatment of
cavernous sinus meningiomas (CSM) is based on series with limited follow-up. However, determining the role of radiation
in a tumor with slow disease progression such as CSM necessitates long term follow up.

Objective To review and pool metadata in the literature to determine the long-term outcomes of SRS with respect to clinical
and radiographic tumor control of CSM.

Methods A systematic search was conducted following MOOSE guidelines. Results were screened against predefined cri-
teria, which excluded studies with a median follow-up less than 5 years. The incidences of each outcome were calculated
using random-effects metanalysis of proportions.

Results Seven studies met the inclusion criteria, comprising 645 patients. The median follow-up was 74 months (range
62-87). Progression-free-survival at 5, 10, and 15 years was 93.4% (95% CI 89.1-96.7%), 84.9% (95% CI 77-91.4%), and
81.3% (95% C174-87.7%), respectively. Clinical response to SRS at last follow-up defined as improvement of cranial nerve
deficits was found in in 36.4% (95% CI 26.3-47.1%) of patients, while worsening or onset of new cranial nerve deficits was
found in 11.5% (95% CI 7.9-15.7%). Radiological regression was found in 57.8% (95% CI 43-71.8%), while tumor progres-
sion was found in 8.5% (95% CI 5.2-12.6%).

Conclusion SRS achieves excellent disease control and radiographic response in CSM. Although the risk of long-term cranial
neuropathies is minimal, it is relatively higher to what has been previously reported in early series with limited follow-up.

Keywords Cavernous - Orbital - Parasellar - GKS - Linac - Survival - Complications

Introduction itself or may originate from adjacent structures (e.g. sphe-

noid ridge, petroclival region) and invade the sinus second-

Cavernous sinus meningiomas (CSM) represent less than
0.5% of all intracranial tumors and about 10% of all skull
base meningiomas [1]. CSM may arise from within the sinus
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arily [1, 2]. Although complete resection is the preferred
strategy for most intracranial meningiomas, pursuing such
goal in CSM assumes an elevated morbidity [1, 2]. Stereo-
tactic radiosurgery (SRS) was introduced as an appealing
alternative in the treatment of CSM, either as adjuvant ther-
apy post operatively or as a first-line treatment [3]. Earlier
studies on SRS have reported satisfactory rates of tumor
control and good functional outcomes in patients with CSM
[4-8]. Nevertheless, these studies are largely limited by a
short follow up and a considerable influence of attrition bias
[6,9].

Considering the slow growth and the relatively benign
behavior of meningiomas, the current medical landscape
requires an up-to-date analysis of the role of SRS in the
treatment CSM based on 10-20-years data. Hereby, we
propose a systematic review and metanalysis of the studies
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reporting local tumor control and clinical outcomes at long
term follow up after monofractionated radiosurgical treat-
ment [either gamma knife (GK) RS or linear accelerator
(Linac) RS], focusing our attention on three aspects:

(I) Progression free survival (PFS),
(II) Radiological progression/regression, and
(IIT)  Improvement/worsening/new onset of cranial neu-
ropathies.

Methods

The literature review was performed in accordance to the
recommendations by the Preferred Reporting Items for
Meta-analyses Of Observational Studies in Epidemiol-
ogy (MOOSE) [10]. A systematic search was performed
using PubMed/Medline, SCOPUS and Cochrane databases
from inception to March 2020. The literature search was
performed by two independent investigators (RMP, WFP),
using combinations of the following search terms: “radio-
surgery”, “Gamma Knife’, “Cyber Knife”, “meningioma”,
“stereotactic”, “cavernous”, parasellar”, “long-

term”, “outcome”.

ELINNT3

sinus”,

Selection criteria

Predetermined criteria defined the following requirements
to include a study in the analysis: (i) randomized controlled
trial, observational study, or retrospective case series of
CSM treated with any of the two types of monofractionated
radiosurgical therapy [either gamma knife (GK) RS or linear
accelerator (Linac) RS]; (ii) the median follow up of the
study must be superior to 60 months (5 years); (iii) and stud-
ies must have reported quantitative data in regards to clinical
and radiological outcomes. Studies including other treatment
alternatives with data indiscernible from those treated with
SRS were not selected for further analysis.

Data abstraction

Two independent and blinded reviewers (RMP and WFP)
extracted data from eligible studies. Any inconsistency
between both reviewers were clarified through consensus.
The variables of abstraction include the following: author,
years of enrollment, publication year, location, study design,
number of patients, median follow-up, median age, mean
or median tumor volume, median marginal radiation dose,
and prior surgical resection. The primary endpoint of this
metanalysis was PFS at 5, 10, and 15 years. Secondary end-
points included clinical outcomes (improvement of prior cra-
nial neuropathies and presence of new onset or worsening
of cranial neuropathies at last follow up) and radiological
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outcomes (reported radiological progression and regression
rates). Radiological progression and regression rates were
directly subtracted from each report. In cases where such
rates were not explicitly reported, radiological regression
was defined as any volume reduction between the pre-radi-
ation state and the last follow up. Radiological progression
was defined as any increase in size between the initial CT
or MRI study prior receiving radiation therapy and the last
scan performed at the end of the follow-up.

Methodological quality and bias assessment

Publication bias was evaluated across funnel plots. Meth-
odological quality was evaluated by two investigators (RMP
and WFP) using the ROBINS-I tool [11]. The quality of
the evidence and certainty of assessment were evaluated
through GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluation) approach [12].

Statistical analysis

Primary and secondary endpoints were pooled by metanaly-
sis of proportions using the random-effects (RE) model [13].
PFS and clinical and radiological outcomes were calculated
with Fisher’s exact test for binomial data, and then trans-
formed using Freeman-Tukey Transformation to stabilize
the variances. Heterogeneity was assessed with the Higgins
I-square statistic, where an I greater than 50% indicated
significant heterogeneity. Forest plots were used to graphi-
cally display the effect size in each study and the pooled esti-
mates. A p-value inferior to 0.05 was considered significant.
MedCalc v.19.03 (MedCalc Software Ltd, Ostend, Belgium)
software was used for all analyses.

Results
Search results

The primary search yielded 255 results. After removal of
16 duplicates, the title and abstract of 239 articles were
evaluated against selection criteria. Full-text analysis was
performed for 26 articles (Fig. 1). Seven studies met pre-
determined eligibility criteria and were included in the meta-
analysis [9, 14-19] (Table 1).

Demographic and clinical features

Six-hundred-forty-five patients with CSM that underwent
SRS were reported with adequate data regarding tumor con-
trol (PES) at 5 years, and 543 were reported with this data at
10 and 15 years. Data regarding cranial nerve deficits were
detailed in 553 (Table 1). The median age included across
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Fig. 1 Flow chart for selection process of included studies

studies was 52 (range 50-57), while the median female pro-
portion was 77% (range 71-84). The median follow-up time
was 74 months (range 62—-87).

Regarding the radiosurgical parameters, the median aver-
age dose was 13.5 Gy (range 12-16), and the median tumor
volume was 7.2 cc (range 5.9-14). The overall median pro-
portion of patients who underwent a prior surgical treatment
was 40% (range 29.4-60).

Tumor control

The pooled incidence of PFS at 5, 10, and 15 years was
93.4% (95% CI 89.1-96.7%; (p <0.001, P=74.5%), 84.9%
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(95% C177-91.4%; p<0.001, 1>=82.3%), and 81.3% (95%
CI 74-87.7%; p=0.02, I>=69.4%), respectively (Fig. 2).

Clinical and radiological outcomes

Clinical improvement was approximately twice more likely
in patients who received SRS as a primary treatment, in
comparison to those who received SRS as an adjuvant treat-
ment after microsurgical resection, according to 4 studies
included in this work [15, 17-19] (Table 2). Trigeminal
nerve and cranial nerves involved in extraocular move-
ments (third, fourth, and sixth nerves) are the most com-
monly involved (between 8-39%, and 30-62%, respectively),
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Table 1 Demographics and clinical features of studies included

Median isodose

Mean radiation
dosage (Gy)

Median FU  Mean Vol-
(months)

Previous sur-
gery (n, %)

Females (n, %)

Size (n)

Type

Period

Country

Study

ume (cc)

55%

NR

12
16
14

6.6
9.3

76
74

37,38.9%
46, 40%

68, 71.6%
86, 74.8%
74, 84.1%
70, 68.6%
77,77%
85, 78%

95

GKS (models B and C)
GKS (model NR)

1993-2011
LINAC

Taiwan
USA

Hung [14]

115

1990-2008
1991-2007
1993-2007
1988-2006
1991-2003
1986-1999

Pollock [35]

75%

NR

86.8
67
82
62
64

41, 46.6%
30, 29.4%
60, 60%

88
102

Spain

Dos Santos [8]

68%

13.5

LINAC

Israel

Spiegelman [40]

Skeie [39]

50%
NR

124
13
14

7.4
14
59

100
109

GKS (model B)

Norway

64, 58.7%

GKS (models G and B)
GKS (model G)

Japan

Hasegawa [13]
Metellus [28]

50%

14, 38.9%

29, 80.5%

36

France

however, they are more likely to improve after receiving SRS
(25-76% in trigeminal nerve function and 24 to 50% in ocu-
lomotor/trochlear/abducens nerve function) (Table 2). Rate
of worsening or new deficits after SRS varies among 0 and
11% in oculomotor, trochlear, and abducens nerve, between
3 and 16% in trigeminal nerve, and between 3 and 9% in the
optic nerve (Table 2).

The pooled incidence of improvement of cranial
nerve deficit was 36.4% (95% CI 26.3-47.1%; p=0.02,
I>=59.8%). The pooled incidence of worsening or new cra-
nial nerve deficit was 11.5% (95% CI 7.9-15.7%; p<0.01,
1=66.3%) (Fig. 3a, b).

In the same population, the pooled incidence of radio-
logical progression was 8.5% (95% CI 5.2-12.6%; p<0.01,
1=66.3%), while the pooled incidence of radiologi-
cal regression was 57.8% (95% CI 43-71.8%; p<0.01,
1*=93.1%) (Fig. 3c, d).

Quality and bias assessment

Funnel plots showed fair symmetry in pretty much all out-
comes assessed in our study, which represent minimal pub-
lication bias (Figs. 4 and 5). Likewise, the quality of the
evidence was evaluated for all endpoint against the GRADE
criteria (Table 3). Certainty ranged from low to very low for
all outcomes assessed, as expected given the limited quality
of retrospective observational studies. The risk of bias was
evaluated for all included studies using the ROBINS-I tool
(Fig. 6). Overall, the risk of bias was low to moderate in 80%
of the domains assessed. One of the studies [14] showed
critical risk of bias in classification of interventions, as per
the poor description of additional treatments (microsurgi-
cal resection) prior to receiving the radiosurgical treatment.

Discussion

The results of the present review provides evidence for
the efficacy of SRS for treating CSM from a long-term
perspective. Median PFS at 5, 10, and 15 years was 93%
(IC 95% 89.1-96.7), 84% (IC 95% 76.9-91.3), and 81%
(IC 95% 73.9-87.6), respectively. With a median follow-
up of 7.5 months, radiological regression occurred in 58%
(IC 95% 43-71.8) of cases, while 8.5% (IC 95% 5.2-12.6)
experienced some degree of radiological progression. Our
metadata also suggest that, although minimal, the risk of
complications is not negligible and may include cranial neu-
ropathy, vascular injury, and pituitary insufficiency [9, 14,
18, 19]. Incidence of these outcomes varied from rare to
low and, taken together, are more infrequent than previously
reported after surgical treatment [20-24]. Eleven percent (IC
95% 7.9-15.7) of patients with CSM experienced new onset
of cranial neuropathies or worsening of prior cranial nerve
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Fig. 2 Forest plot from meta-analysis of pooled rate of progression free survival at: a 5 years, b 10 years and ¢ 15 years

Table 2 Summary of reported results of single-fraction radiosurgery for cavernous sinus meningiomas

Study Cranial nerve impairment before SRS Cranial nerve outcome after SRS Clinical improvement primary vs sec-
ondary SRS
Hung [14] Optic 33%; oculomotor 26%; abducens  Improvement: Optic 19%; oculomotor NR

30%; trigeminal 39%; facial 8%;
acoustic 17%

Pollock [35] Optic = 12%; oculomotor/trochlear/abdu-

cens 62%; trigeminal 22%; facial 1%

Dos Santos [8] NR

Spiegelman [40] Optic 12%; oculomotor 17%; trochlear

7%, abducens 39%; trigeminal 11%;
Optic =25%; oculomotor/trochlear/abdu-
cens 42%; trigeminal 8%; facial 3%

NR

Skeie [39]

Hasegawa [13]

Metellus [28] Optic = 11%; oculomotor/trochlear/abdu-

cens 50%; trigeminal 16%

27%; abducens 25%; trigeminal 24%;
facial 0%; acoustic=0%

Worsening or new deficits: Optic 3%;
oculomotor 4%, trigeminal 3%

Worsening or new deficits: Optic 0%;
oculomotor/trochlear/abducens 5%,

Worsening or new deficits: Optic 3%;
oculomotor 2%; abducens 1%; trigemi-
nal 7%

NR

Improvement: optic 11%; oculomotor/
trochlear/abducens 36%; trigeminal
(numbness/pain) 40/76%; facial 14%

Worsening or new deficits: optic 2%;
oculomotor/trochlear/abducens 2%;
trigeminal 3%

Improvement: optic 50%; oculomotor/
trochlear/abducens 50%; trigeminal
(numbness/pain) 66%

Worsening or new deficits: optic 0%;
oculomotor/trochlear/abducens 11%;
trigeminal 16%

41% (primary SRS); 20% (secondary
SRS)

43% (primary SRS); 19% (secondary
SRS)

NR

64% (primary SRS); 34% (secondary
SRS)

73% (primary SRS); 38% (secondary
SRS)

NR Not reported; SRS Stereotactic radiosurgery

deficits, while 36.4% (IC 95% 26.3—47.1) of those with prior
deficits experienced some degree of improvement.

Tumor growth control and radiological outcomes

Tumor growth control rate and radiological outcomes did not
significantly differ from prior studies with a shorter follow
up. These medium-term series have reported PFS ranging
between 84 and 100% and radiological tumor regression
between 31 and 61% at 5 years [5-9, 25, 26]. Another study

reported SRS induced tumor regression twice as frequently
as that associated with fractioned radiotherapy [6] (52 vs
20% respectively), while it observed tumor progression in
less than 6% of all cases.

Our results corroborate the excellent rates of disease con-
trol experienced by early series, and therefore reinforce the
thesis that tumor growth, if any, usually occurs within the
first two years after radiation [9]. In a cohort of 86 patients
with meningiomas treated using GKRS with a prolonged
follow-up, the authors observed that the time-to-recurrence
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Fig.4 Funnel plot assessing risk of publication bias for progression free survival at a 5 years, b 10 years, ¢ 15 years

occurred at a median of 5.8 years. Although the mentioned
study provides equivalent conclusions about the long-term
efficacy of radiosurgery for treating intracranial meningi-
omas, our metadata analysis suggests that CSM is a more
aggressive subgroup with a shorter time to recurrence, as it
has been previously described by others [23, 28]

Cranial nerve outcomes

Improvement in cranial nerve deficits occurs in about one
third of cases, whereas new deficits or worsening of existing

@ Springer

cranial nerve impairment is reported to be one in every ten
patients. These numbers are consistent across the studies
included in this metanalysis, although they are less encour-
aging than those reported by other series with a shorter fol-
low up [6, 26, 29]. In the review by Leroy and colleagues
including series with a mean follow up of 48 months, the
authors observed improvement in 54% of patients with
trigeminal nerve impairment, in 21% with a decreased visual
acuity, and in 45% with extraocular movements deficits. Pol-
lock et al. observed that cranial neuropathies can occur as
late as 148 months after radiation [18]. These observations
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Table 3 GRADE (grading of recommendations, assessment, development and evaluations) assessment for each reported outcome

Quality assessment Quality
Study Design Risk of bias Inconsistency Indirectness Imprecision
Metellus et al. [17]  Observational No serious risk of No serious incon- No serious indirect- No serious impreci- @©@00
studies bias sistency ness sion Low
Hasegawa et al. [15] Observational No serious risk of No serious incon- No serious indirect- No serious impreci- @00
studies bias sistency ness sion Low
Skeie et al. [9] Observational No serious risk of No serious incon- No serious indirect- No serious impreci- @©@00
studies bias sistency ness sion Low
Spiegelman et al. Observational No serious risk of ~ No serious incon- No serious indirect- No serious impreci- @&@O0
[19] studies bias sistency ness sion Low
Dos Santos et al. Observational Serious risk of bias  No serious incon- No serious indirect- No serious indirect- @000
[14] studies sistency ness ness Very Low
Pollock et al. [18] Observational No serious risk of No serious incon- No serious indirect- No serious impreci- @©@OO0
studies bias sistency ness sion Low
Hung et al. [16] Observational No serious risk of No serious incon- No serious indirect- No serious impreci- @©@O0
studies bias sistency ness sion Low

Overall quality for each reported outcome
GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the

estimate

Very low quality: We are very uncertain about the estimate
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Fig.6 Bias assessment. a Risk
of bias graph: review authors’
judgements about each risk of
bias item presented as percent-
ages across all included studies.
b Risk of bias summary

© 06006

Risk of bias domains

Study

® o
© 06
® 00

Domains:

D1:
D2:
D3:
D4:
D5:
Dé:
D7:

Bias due to

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement

Bias in selection of the reported result
Overall risk of bias

attest to the cumulative toxic effects of radiation on cranial
nerves over time that should be considered by the practi-
tioner when approaching a cavernous sinus lesion. Other
factors that have been suggested to contribute to clinical

@ Springer
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confounding

of outcomes

25% 50% 75% 100%

0%

outcomes and development of post radiosurgery neuropa-
thies is the radiation dose and the history of a previous
surgery [9, 17, 18, 30]. Clinical improvement was approxi-
mately twice more likely in patients who received SRS as
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a primary treatment, in comparison to those who received
SRS as an adjuvant treatment after microsurgical resection,
according to 4 studies included in this work [15, 17-19].
However, none of them demonstrated that prior surgical
resection has a negative impact when other factors, such as
the initial tumor volume, was included in a multivariable
analysis [16]. Although the risk of recurrence is increased
at a lower dose and with larger radiation volumes, it is also
widely accepted that radiation dose and volume radiated are
directly correlated with the risk of developing complica-
tions, including cranial neuropathies [16, 18]. Trigeminal
nerve and cranial nerves involved in extraocular move-
ments (third, fourth, and sixth nerves) are the most com-
monly involved (between 8-39%, and 30-62%, respectively),
however, they are more likely to improve after receiving
SRS (25-76% in trigeminal nerve function and 24-50% in
oculomotor/trochlear/abducens nerve function) It is impor-
tant to emphasize the relative resistance to radiation of the
cranial nerves included in the cavernous sinus [6, 14, 16,
19, 30, 31]. Rate of worsening or new deficits after SRS
varies among 0 and 11% in oculomotor, trochlear, and abdu-
cens nerve, between 3 and 16% in trigeminal nerve, and
between 3 and 9% in the optic nerve. In this sense, dosage
superior to 8-9 Gy has been shown to be associated with a
significant risk of developing radiation induced optic neu-
ropathy, whereas most authors have suggested that marginal
doses superior to 12 Gy are needed to achieve long-term
tumor control in CSM [9, 18, 30, 32-34]. On the other hand,
marginal doses superior to 15 Gy have not been shown to
provide additional benefit in terms of tumor control, while
it is associated with an increased risk of radionecrosis,
radiation-induced tumorigenesis, and cranial neuropathies
[27, 35]. Any treatment alternative aims to achieve tumor
control while causing minimal damage to neural structures
and thus less impairment of neurological function. To that
end, SRS should be considered a good alternative when the
meningioma is confined to the cavernous sinus and second-
arily affecting third, fourth, fifth, and/or sixth cranial nerves.
Notwithstanding, its use should be limited when the tumor is
extending beyond these limits and affects the optic nerve, as
the dosage requirements for achieving tumor control barely
match the safety threshold in this area.

Previous systematic reviews

To date, this is the first metanalysis assessing the safety and
effectiveness of radiosurgery in a large subset of patients
harboring CSM. A previous systematic review assessing the
clinical outcomes of radiosurgery and fractioned radiother-
apy on CSM showed similar and consistent results in terms
of PFS and associated morbidity [6]. However, the authors
used a non-combined analysis of the published data to draw
conclusions about the role of radiosurgery in CSM [36].

Despite being the first systematic review assessing the role
of SRS in CSM, the employed methodology was not suffi-
cient to ascertain whether the positive effects of radiosurgery
would be perdurable after an adequate period of observation.
In 1957, Simpson reported that, even after satisfactory resec-
tions, late recurrence is not an extraordinary misfortune in
patients harboring intracranial meningiomas [37]. Up to 75%
of the included studies in the review by Leroy and colleagues
have a follow-up inferior to 5 years [6]. Notwithstanding,
the slow-growing natural history of most of meningiomas
does not allow for the drawing of accurate conclusions rela-
tive to tumor control when follow up is inadequate. Spiegel-
man et al. [19] reported that tumor recurrence can occur as
late as 84 months. Median time-to-recurrence in patients
with meningiomas treated with SRS varies between 5 and
7.5 years among series. Hence, we established the threshold
of 60 months as the minimum follow-up that is required
to attain reliable data on the efficiency of radiosurgery on
CSM.

Limitations and future directions

Despite the thorough analysis and the relatively low risk of
bias, the present metanalysis has some potential limitations.
First, all included studies were observational and retrospec-
tive in nature. As a result, the overall quality of evidence
varied between low and very low. Beyond the apparent need
for large prospective series, one of the pitfalls remains the
lack of a standardized dose regimen (mean dose ranges from
12 to 16 Gy), as well as surveillance protocols (waiting time
between surgery and radiation, surgery plus radiosurgery
vs radiosurgery alone), which contribute to the high degree
of heterogeneity observed in this metanalysis. Similarly,
there is a vague definition of ‘radiological tumor regres-
sion’. While some authors have suggested using a reduction
in at least 50% of the tumor volume [1], it has been defined
by others as any decrease in the tumor size [16]. One way or
another, most of the studies included in this analysis failed to
define this variable, and data extraction is subject to authors’
interpretation [9, 14, 17-19]. As expected, there is a moder-
ate number of follow-up losses in some of the included stud-
ies [14, 15]. Moreover, all except one study excluded atypi-
cal or anaplastic meningiomas from their analysis [9], while
others just exclude them or simply do not provide informa-
tion. Certainly, one of the major pitfalls of the studies con-
sidered in this metanalysis is the lack of information about
the histopathological features of the meningiomas treated
with radiosurgery. In many of the patients included, SRS is
administered primarily and therefore, the histopathological
grade and origin is unknown. Atypical meningiomas might
represent up to one third of meningioma cases according to
recently updated diagnostic cr criteria [38]. Thus, it would
result reasonable to hypothesize that, at least, part of the

@ Springer



448

Journal of Neuro-Oncology (2021) 152:439-449

treatment early failures is due to the fact that patients with
WHO grade 2 and 3 meningiomas might be getting treated
primarily with SRS. This observation is key when discuss-
ing treatment options and it should be taken into account
when comparing results with surgical series, as most of
them differentiates outcomes between different grades of
meningiomas,

Although most of the included studies reported the rate
of cranial nerve deficits shortly after receiving radiosurgery,
a few reported worsening or new cranial nerve deficits dur-
ing variable follow-up periods (Table 2). Considering that
the effect of radiation on cranial nerves does accrue over
a relatively long time even after a period of no or minimal
symptoms, it is considerably likely that this complication is
under reported [14, 39, 40]. In addition, there exists a large
hetereogeneity among the studies when reporting individual
cranial nerve outcomes after radiation and this information
is commonly missing or incomplete (Table 2). Hence, until
a prospective control trial can be conducted, the patient
outcomes and incidence of complications following radio-
surgery are highly subject to systematic bias, potentially
resulting in over-statement of benefit and under-estimation
of risk. Finally, the risk of publication bias is considered to
be low, as per the results obtained in the funnel plots of all
the analyzed outcomes. However, the high heterogeneity and
the limited number of studies included in this metanalysis
warrants future metanalysis in order to ascertain the validity
of our results.

Conclusions

SRS achieves long term tumor control in the majority of
patients, at a similar rate to preliminary series with more
limited data. Nevertheless, the risk of neuropathies, although
still minimal, is superior to what has been previously
reported. Similarly, the rate of improvement in cranial nerve
neuropathies at long term follow up is not as optimistic as
was concluded in early radiosurgical retrospective reports
with shorter follow up. The results of this work are a com-
pelling evidence that SRS, either as a single treatment or as
a co-adjuvant therapy, is a valid alternative in the treatment
of CSM.
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