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Abstract

Objectives: The outcomes of Gamma Knife radiosurgery
(GKRS) for cavernous sinus meningioma (CSM) are present-
ed, and factors possibly affecting outcome are investigated.
Methods: The medical records and imaging and procedural
reports of 166 patients with CSM were retrospectively re-
viewed. Demographic data, procedural data, symptomatic
improvement, radiological regression, and progression-free
survival (PFS) rates were evaluated. Results: There were 124
women and 42 men; including 44 postoperative and 122 pri-
mary GKRS cases. Mean follow-up was 32.4 months. Mean
marginal dose was 13 Gy. Symptomatic improvement was
seen in 40.4%, while neurologic deterioration occurred in
9.6%; 50% remained symptomatically stable. Radiological
regression was noted in 57.2%; the tumor remained stable in
35.5%, and 7.2% of the patients experienced tumor progres-
sion. The actuarial 5-and 10-year PFS rates were 90.1% (£3.3)
and 75.8% (+8.8), respectively. History of previous surgery or
radiotherapy were associated with lower symptomatic im-

provement. Higher tumor coverage and isodose lines were
accompanied with better radiological prognosis. However, a
history of conventional radiotherapy, presence of facial sen-
sory deficits at presentation, a higher tumor volume, and tu-
mor extension to the suprasellar compartment affected the
radiologic outcome negatively. Conclusion: This study re-
vealed a high efficacy and safety for GKRS in both postop-
erative and primary GKRS patients. Achievability of a good
profile of tumor coverage and isodose lines at radiosurgical
planning predict a better outcome. ©2017 S. Karger AG, Basel

Introduction

Cavernous sinus (CS) tumors comprise around 1% of
all brain tumors, half of which are meningiomas. Parasel-
lar and cavernous meningiomas, although being consid-
ered as benign and usually WHO grade I tumors, may
introduce a real treatment challenge due to their location,
where complete surgical resection carries the risk of vari-
ous neurovascular injuries [1-4].

Prodigious advances in the microsurgical armamen-
tarium and techniques and better understanding of the
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anatomical nuances in recent decades have enthused the
skull base surgeons to perform surgeries in deeper com-
plex neuroanatomical areas with a higher expectancy for
total tumor removal and thus a better tumor control.
However, this enthusiasm has declined down to a plateau
when it became clear that there is a high burden on qual-
ity of life with an aggressive surgical approach while mi-
croscopic infiltration of neurovascular elements cannot
be eliminated in CS by surgery alone [4-6]. These obser-
vations paved the road for reconsideration of radiothera-
peutic approaches as the sole or adjunctive treatment mo-
dalities. Radiosurgery, in this way, turned out to be re-
lated to long-term control of the tumor [7-15].

Achieving a long-term tumor control versus saving
neurovascular elements and maintaining a good cranial
nerve function are the two important goals that can be
reached by stereotactic radiosurgery alone or in combina-
tion with a more conservative surgery. In this paper, we
present the data and outcome of patients with cavernous
meningioma treated with Gamma Knife (GK) radiosur-
gery (GKRS) in the sole GK center of the country.

Patients and Methods

In this retrospective study, among 172 cavernous sinus menin-
gioma (CSM) patients who underwent GKRS performed by the
senior authors, 166 patients followed >6 months were entered
into the study (none of the 6 cases excluded had a fatal surgical
outcome). These patients were treated with either primary or
postoperative GKRS during 2002 to 2013. In patients without pre-
vious surgery and hence no histological confirmation, the diagno-
sis of meningioma is made by its typical radiological features, i.e.,
hypo- to isointensity in TIW, iso- to hyperintensity in T2W, ex-
tensive and homogenous enhancement, and presence of a dural-
based extension pattern. Cavernous meningioma was defined as
a tumor with its epicenter in the CS area in magnetic resonance
images.

Indications for Radiosurgery

Significant tumor remnant after surgery, radiological or symp-
tomatic progression in nonoperated patients, tumor recurrence/
regrowth, and patients that were not suitable for surgery (e.g., un-
derlying disease) were considered for GKRS.

Radiosurgical Dose Planning

The GK system “Gamma Plan type C” was employed. For all
patients, a stereotactic Leksell frame was affixed to the patient’s
head after administering local anesthetics. MRI was performed
with the frame in position to determine the stereotactic coordi-
nates of the treatment target. Computer planning was conducted
according to the GK planning program. Less than 10 Gy were ac-
ceptable for the optic system. Radiosurgery was performed using
a 201 cobalt-60 source. The dose was adjusted for patients with a
history of previous radiotherapy.
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Follow-Up Protocol

The patients were seen and evaluated by MRI every 6 months
during the first 2 years of GKRS, annually thereafter for 3 years,
and every 2-3 years afterwards. Tumor progression or regression
was defined as >15% change in tumor volume in the last postop-
erative MRIL. Tumor volume in post-GKRS follow-ups was calcu-
lated using the ellipsoid formula: a x b x ¢/ 2.

Statistical Analysis

Statistical results were reported as means + SD for quantitative
variables and percentages for categorical variables. The x? test was
used for nominal variables and the f test or ANOVA was used
for numerical variables with two or more categories, respectively.
ANCOVA (analysis of covariance) was used to evaluate confound-
ing factors in ANOV A tests. The Tukey post hoc test was employed
to determine relationships between different categories. To inves-
tigate different operating factors by multivariable logistic regres-
sion analysis, those with values of p < 0.2 in individual tests were
analyzed. Receiver-operating characteristic curves based on the
maximization of the Youden index rounded to the nearest whole
number were used to determine cutoff values. The Youden index,
equal to the sum of sensitivity and specificity minus one, is used
for calculating optimal thresholds. Survival analysis was per-
formed using the Kaplan-Meier method, the log-rank (Mantel-
Cox) test for categorical data, and the Cox proportional hazard test
for continuous data. Multivariate analysis was also performed by
the Cox proportional hazard test. Values of p < 0.05 were consid-
ered statistically significant. All the statistical analyses were per-
formed using SPSS (version 22.0; SPSS Inc., Chicago, IL, USA).

This study is designed and implemented in accordance with the
Helsinki Declaration of the World Medical Association. All pa-
tients who underwent radiosurgery have signed an informed con-
sent. The study was approved by the local ethics committee of the
research center.

Results

Demographic Data

A total of 166 patients with CSM entered the study.
There were 124 women and 42 men with mean ages of
49.6 and 55 years, respectively (ranges between 16-79
and 23-81 years, respectively; 73% of the patients had
GKRS as their first treatment modality. The mean and
the median follow-up were 32.4 and 24 months, respec-
tively (range: 6-120 months). Demographic data, previ-
ous treatments, and detailed follow-up data are summa-
rized in Table 1. Eighty percent of the patients (133 pa-
tients) presented with symptoms of cranial nerve deficits,
especially those of ocular movement. Details on cranial
nerve involvement at presentation are summarized in
Table 2.
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Table 1. Summary of the study patients’ characteristics and out-
come

Patients, n 166
Females 124
Males 42
Female/male ratio 2.9

Mean age, years 50.9 (16-81)

Tumor extension
Confined to cavernous sinus
Middle fossa
Petrous and petroclival junction

43 (25.9%)
53 (31.9%)
50 (30.1%)

Suprasellar compartment 24 (14.5%)

Tentorium 13 (7.8%)

Orbit 9 (5.4%)

Others 2 (1.2%)
Previous surgeries, n

0 122

1 35

2 6

3 3
Conventional radiotherapy 9
Mean follow-up time, months 32.4 (6-120)
Mean tumor volume, cm? 10 (0.6-56.9)
5-year progression-free survival, % 90.1
Radiologic outcome, %

Regression 57.3

Stabilization 35.5

Progression 7.2
Symptomatic outcome, %

Improvement 40.4

Stabilization 50

Deterioration 9.6

Factors associated with a worse radiologic outcome
Lower radiosurgical tumor coverage
Lower isodose line
History of conventional radiotherapy
Trigeminal sensory symptoms at presentation
Factors associated with a worse symptomatic outcome
History of previous surgery
History of previous conventional radiotherapy

Table 2. Cranial nerve deficits in the study patients at presentation

Cranial Gamma Knife radiosurgery All
nerve primary postoperative
I 1 2 3 (1.8%)
II 23 15 38 (22.9%)
III 65 27 92 (55.4%)
v 23 12 35(21.1%)
\Y 31 11 42 (25.3%)
VI 55 20 75 (45.2%)
VII 18 7 25 (15.1%)
VIII 22 12 34 (20.5%)
Lower CN

deficits 1 3 4(2.4%)

Lower cranial nerve (CN) deficits (including IX, X, and XII)
were observed only in tumors with major extension to the poste-
rior fossa.

Table 3. Radiosurgical dosimetry

Maximal dose, Gy

Mean 25.2

Range 17.9-40
Marginal dose, Gy

Mean 13

Range 6-18
Isodose, %

Mean 55.3

Range 28-75
Isocenters

Mean 17.6

Range 3-49
Tumor coverage, %

Mean 97.9

Range 90-100

Tumor Characteristics and GKRS Data

In 43 patients (38%), there were no tumor extensions
outside the CS, while in others there were various combi-
nations of tumor extensions (Table 1). There were also 2
unusual extensions, one into the subtemporal fossa and
the other into the ethmoid sinus. There was no significant
difference in mean tumor volume (overall = 10.02 cm?)
between previously operated and nonoperated patients
(10.75 vs. 9.75 cm?, respectively, p = 0.450). Of the 44 pa-
tients who underwent previous surgery, 4 patients has
WHO grade I meningiomas, and 1 patient had grade III.

Gamma Knife Radiosurgery of Cavernous
Sinus Meningioma

No significant association between tumor grade and pa-
tient outcome was found.

Mean maximal and marginal doses were 25.2 Gy
(range: 17.9-40 Gy) and 13 Gy (range: 6-18 Gy), respec-
tively. Radiosurgical doses administered are summarized
in Table 3. Dose planning was performed considering
maximal tumor coverage, uniformity of the field, and
minimal involvement of the critical structures such as the
brain stem and optic apparatus (Table 3).
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Table 4. Information on the patients with tumor progression

Patient  Age, Extension out- Sex  Sur- Radio- Max. Volume, Tumor Marginal ~ Follow-up,
years side CS gery therapy dose, Gy cm’ coverage, %  dose, Gy months
1 33 Mid+Sup M yes no 40.0 41.2 97 14 27
2 35 Mid+Tent F no no 23.8 7.9 99 15 36
3 42 Mid+Sup M yes yes 26.0 17.9 96 13 19
4 43 none F no no 17.9 2.6 96 12,5 16
5 46 Sup F yes yes 27.0 9.3 92 13.5 84
6 49 Pet+Mid F yes no 26.0 0.6 91 10.1 18
7 51 Mid+Sup F no no 26.8 8.6 96 12 12
8 54 Pet F no no 32.5 49 100 13 12
9 56 none F no no 28.0 5.4 99 13 36
10 57 Sup F yes no 30.0 23.5 94 12 60
11 59 Mid+Sup M yes yes 27.0 24.2 99 13.5 60
12 81 none M no no 21.5 41.2 97 14 48

Mid, middle fossa; Sup, suprasellar; Tent, tentorium; Pet, petrous and petroclival.

Tumor Control

Radiological Response

Tumor control (regression or stabilization of the tumor
size) was achieved in 154 patients (92.8%): 95 (57%) pa-
tients showed radiological regression, and in 59 patients
(35%), no tumor change occurred during the follow-up
period. For the group with no change in tumor size, mean
follow-up was 29.5 months (range: 6-120 months, and in
8 cases follow-up was <12 months). In 12 patients, tumor
growth continued despite GKRS. Detailed information
about tumor radiological data of the 12 patients with tu-
mor progression is presented in Table 4.

Factors Associated with Radiological Outcome

The effects of various numerical variables (including
radiosurgical dosing parameters, follow-up time, age, and
time gap between diagnosis and GKRS) on radiological
outcome were tested using one-way ANOVA. Only tu-
mor coverage (p = 0.033) and isodose lines (p = 0.042)
reached a significant level. In post hoc test, the patients
with tumor progression had a lower tumor coverage in
comparison with the two other groups (p = 0.025and p =
0.050). There was no significant difference in terms of tu-
mor coverage among the patients with tumor regression
or stabilization (p = 0.929). When data were divided as
radiologically improved versus nonimproved data, a low-
er tumor volume was associated with a higher chance of
tumor regression (independent-sample ¢ test, p = 0.014),
which was confirmed in multivariate analysis.

To analyze categorical variables (including gender,
history of radiotherapy, history of previous surgery, num-
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ber of previous surgery procedures, tumor extension, and
presenting symptoms), the x* test was performed. History
of radiotherapy, the presence of trigeminal sensory defi-
cits at presentation, and extension to the suprasellar com-
partment were significantly associated with a worse ra-
diological outcome (p = 0.008, p = 0.019, and p = 0.004,
respectively).

Neurologic response

During the follow-up time, some symptom improve-
ment occurred in 67 patients, while 16 patients experi-
enced deterioration in some symptoms, and in others
symptoms did not change. The radiological and symp-
tomatic outcomes are summarized in Table 5.

Factors Associated with Neurological Outcomes

History of previous surgery or radiotherapy was asso-
ciated with worse neurological outcomes (p = 0.014 and
p = 0.034, respectively). Among the patients who under-
went surgery and GKRS, those who had not received con-
ventional radiotherapy had better symptomatic outcomes
compared to those who had not (marginally significant,
p = 0.055). Symptomatic outcomes were not correlated
with radiological outcomes (p = 0.283).

Survival Analysis

Five- and 10-year progression-free survival (PFS) rates
were 90.1% (£3.3) and 75.8% (£8.8), respectively (Fig. 1).
Although PFS was higher in primary GKRS patients than
postoperative patients, it did not reach significance (p =
0.131;log-rank test). When multivariate analysis was per-

Azar/Kazemi/Jahanbakhshi/Chanideh/
Jalessi/Amini/Geraily/Farhadi

2017 5:43:37 PM

&
a



Table 5. Summary of radiological and symptomatic outcome after
Gamma Knife radiosurgery (GKRS)

Symptomatic All Im- No Wors-  New

outcome proved change ening  deficit

Cranial nerves

I 3 0 3 0 0

II 38 5 32 1 0

III 92 48 38 3 3

v 35 9 24 0 2

\Y% 42 2 39 1 0

VI 75 9 64 0 2

VII 25 2 18 2 3

VIII 34 1 31 0 2

Lower CN 4 0 4 0 0

Radiological All Tumor No Tumor Tumor

outcome regres- tumor control progres-
sion growth sion

All patients 166 95 59 154 12

Primary GKRS 122 71 45 116 6

Post-op. GKRS 44 24 14 38 6

Overall, 16 patients experienced deterioration in some symp-
toms, in 67 patients some symptoms improved, and in the remain-
der no change in symptoms occurred. Lower CN, lower cranial
nerves including IX, X, and XIL

formed (Cox regression model), only tumor coverage was
near to a significant level (p = 0.071).

Complications

Neurological complications were defined as a deterio-
ration in symptoms or the occurrence of a new neural def-
icit after GKRS. Complications happened in 18 patients
(10.8%), including cranial nerve complications in 16 pa-
tients and adverse radiation effects in 2 patients. The most
common complications were permanent deterioration in
diplopia and/or facial sensation (Table 5). Radiological
progression was also observed in 12 patients. Five patients
died during the follow-up period, all of them >4 years after
GKRS for reasons unrelated to the treatment, but 1 patient
who developed hydrocephalus underwent shunt place-
ment and finally died of the shunt complications.

Discussion
CS is a space between the two layers of the dura mater

in each lateral side of the sella turcica. Composed of ve-
nous channels, CS contains cranial nerves III, IV, VI, the

Gamma Knife Radiosurgery of Cavernous
Sinus Meningioma

first two branches of the trigeminal nerve, the internal
carotid artery, and its branches to the pituitary gland.
Therefore, although CSM is a benign tumor, it can
cause significant morbidity. If tumor control cannot be
achieved, it can be life limiting, with an average life expec-
tancy of 2 years [14]. In CSM, the female/male ratio is
higher than the usual 2:1 ratio of meningiomas [7, 8, 10,
14-19]. In our study, it was 2.9:1.

Recently, following technical and instrumental refine-
ment, more and more patients underwent surgical treat-
ment for the management of CSM. Total surgical resec-
tion of the intracavernous part of a meningioma, if not
being impossible, is extremely difficult. Gross total resec-
tion in this situation has been reported to be achieved in
only 20-76% of cases [4, 20]. Besides, in new surgical se-
ries, recurrence was remarkable, ranging from 9.6 to 25%
even after gross total resection [1, 2, 4, 7, 21]. Mortality
ranged from 2 to 7% and morbidity from 10 to 65% for
these approaches [1-4, 12, 21]. High rates of recurrence
and progression in microsurgical series have been shown
to be the result of microscopic infiltration of the neuro-
vascular structures of the CS by tumor cells [12, 22] that
cannot be completely eliminated [7, 22, 23] and may ne-
cessitate an adjuvant radiation modality. In one of the last
series, Nanda et al. [24] showed that complete resection
has no effect on tumor recurrence, and they mentioned
that outcome is better with GKRS plus surgery than with
surgery alone.

Our study comprises 166 patients, and it is one of the
largest series published about CSM (Table 6). We have
achieved a control rate of 92.8% in a mean follow-up time
of 32.4 months. Onlyin 12 patients, the tumor progressed.
Deterioration in cranial nerves function was also consid-
erably low (9.6%), and overall complications occurred in
10.8%. In the last 2 decades, studies have been published
that showed the efficacy of GKRS in CSM control (7, 9,
10, 15-19, 24-31]. In these studies, PFS rates as well as
follow-up times and dose planning vary. The reported
PES rate in these studies ranges from 80 to 100% after
5 years and from 73 to 98% after 10 years (Table 6). New
cranial nerve deficits in these studies vary from 0 to 25%.
Although a thorough comparison may not be possible
among these studies, they all emphasized the efficacy and
safety of radiosurgery in long-term tumor control.

In this study, factors that affect patient prognosis were
considered separately in two fields: radiological response
and symptomatic improvement. A history of previous ra-
diotherapy had a negative effect on both symptomatic
and radiological prognosis. However, all of these patients
also had a history of a failed surgery. A history of previous
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surgery was also associated with a worse neurological out-
come. Accordingly, Hasegawa et al. [19] proposed that in
postsurgical cases, the tumor cannot be confined suitably
in the margin dose. Moreover, many symptoms that are
present in such patients may be a direct surgical injury
and/or postirradiation deficit rather than tumoral infil-
tration itself. Therefore, GKRS demonstrated limited
symptomatic improvement in these patients.

According to our results, patients in whom both a
higher tumor coverage and isodose line were achievable,
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there was a higher probability to reach a radiological im-
provement. However, the tumor volume negatively af-
fected the radiological outcome. This could be explained
by the fact that a complete tumor coverage is more diffi-
cult to achieve in larger tumors. Likewise, the presence of
trigeminal sensory deficits at presentation negatively af-
fected the radiological prognosis. The reason may be an
underlying advanced infiltration of the tumor that makes
it more resistant to treatment. The importance of tumor
extension, tumor coverage, and marginal dose on out-
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Table 6. Comparison of more salient studies on Gamma Knife (GK) radiosurgery of cavernous sinus meningioma

First author/year Patients n ,Follow- Progression-free Radiological response, ~ New SRS

up, survival % CND, modality

s 5y 10y regress. stable &
Duma [35], 1993 34 26 (median) n/a 56 44 11.8 GK
Pendl [36], 1998 41 39 (mean) n/a 34 63 GK
Morita [24], 1999 88 35 (mean) 95 68 29.5 10.2 GK
Liscak [26], 1999 67 19 (median) n/a 52 48 3.8 GK
Roche [17], 2000 80 30.5 (mean) 92.8 31 64 3 GK
Shin [18], 2001 40 42 (mean) 82.3 37.5 47.5 2.5 GK
Lee [11], 2002 159 35 (mean) 93.1  93.1 34 60 9 GK
Nicolato [28], 2002 156 48.9 (mean) 96.5 69.3 27.2 1 GK
Twai [9], 2003 42 49.4 (mean) 92 29 64 4.8 GK
Maruyama [27], 2004 40 46 (mean) 94.1 n/a 25 GK
Kuo [25], 2004 57 42 (mean) 97 46 51 2.2 GK
Metellus [12], 2005 36 63.6 (median) 94.4 29-52.7 0 GK
Pollock [16], 2005 49 58 (mean) 80-85 59 41 10 GK
Hasegawa [18], 2007 115 62 (median) 87 73 51 37 12 GK
Kimbal [10], 2009 49 50 (median) 100 98 79 19 35 LINAC
Spiegelmann [15], 2010 102 67 (mean) 98 58 40 4 LINAC
Skeie [14], 2010 100 82 (mean) 89.4 83.8 22 62 20 GK
dos Santos [7], 2011 88 86.8 (mean) 92.5 82.5 73.8 15.9 12.5 LINAC
This study 166 32.4/24 90.1 75.8 57.3 35.5 7.2 GK

(median/mean)

CND, cranial nerve deficits; SRS, stereotactic radiosurgery; y, years.

come were also mentioned by Shin et al. [18]. They pro-
posed the marginal dose of 14 Gy to be an important lim-
it: if it could not be achieved, surgical intervention should
be recommended. However, considering the marginal
dose of 12 Gy, Hasegawa et al. [19] could not find any sig-
nificant difference in GKRS results. Although there was
no significant relationship between the marginal dose or
the tumor extension and outcome in our study, the results
showed better tumor control with higher tumor coverage
rates. As the occlusion of vascular supply to the tumor is
the most convincing explanation for the GKRS effect, the
complete coverage of the tumor especially at the dural
bases (that comprises the vascular supply and is the most
important site of tumor recurrence) is vital to achieve tu-
mor control [7, 32]. Among different types of tumor ex-
tensions, those tumors that entered the suprasellar com-
partment had a worse radiological response. One may at-
tribute it to a more conservative dose planning to spare
the optic apparatus; however, radiosurgical parameters
were not significantly different in this group of patients
compared to the others.

Gamma Knife Radiosurgery of Cavernous
Sinus Meningioma

The PFS rate in this study is in agreement with those
of other studies (summarized in Table 6). It re-insists on
the efficacy of GKRS in CSM patients either as a primary
or adjunct treatment. There was a trend in patients with
higher tumor coverage to have a better PFS rate. How-
ever, it may indirectly show more indolent tumors that
can be enclosed in a desired radiosurgical field.

It is now clear that curative surgery as the sole treat-
ment is not a secure and sufficient option in many cases
of CSM [6]. According to the present literature, primary
GKRS is a reasonable, safe, and effective option for these
tumors. Since GKRS is effective in other pathologies in
this location, such as schwannoma and pituitary adeno-
ma, this modality can be considered as the primary and
the sole treatment option in patients suspected to have
CSM [19]. The issue that is not clear is how to assign
a patient either for primary GKRS or for surgery plus
GKRS. Lee et al. [11] proposed that CSM with a diameter
<3 cm or a volume <15 cm? be considered for primary
GKRS. However, they did not explain a strong logic be-
hind it. Hasegawa et al. [19] suggested primary GKRS as
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an option for small or moderate tumors without specific
criteria for patient selection. With the current body of lit-
erature, most skull base surgeons would adhere to the
conventional and routine idea of performing surgery and
reserve GKRS for the presence of remnant tumors or tu-
mor recurrence [2, 5, 7, 20, 21, 33, 34]. Therefore, unfor-
tunately, many patients are deprived of the possible ben-
efits of primary GKRS. According to Shin et al. [18], if
a marginal dose of 14 Gy could be achievable, primary
GKRS is an option. According to our results, if adequate
tumor coverage could be achieved in dose planning (al-
though no significant cutoff point was found), while lim-
iting the radiation dose to the critical structures, GKRS
can be considered.

In our study, the complication rate was within the
range reported in other studies (Table 6). It shows that
GKRS is a relatively safe method. However, significant
and even fatal complications like severe radionecrosis,
peritumoral edema, and hydrocephalus can occur after
GKRS. Symptomatic hypopituitarism as a complication
of GKRS was encountered in our patients. However, we
did not perform routine pituitary axis tests in follow-up
sessions, and this could be a limitation of this study.

Limitations

In patients with no previous surgery, the diagnosis of
meningioma is made by radiological features. So, other
radiological mimickers of meningioma such as heman-
giomas and schwannomas may be present among the pa-
tients, and they may have different responses to radiosur-
gery. New generations of GK systems are now available,
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