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-OBJECTIVE: Gamma Knife radiosurgery (GKRS) out-
comes for anterior clinoid process (ACP) meningiomas
have not been specifically reported within any meningi-
oma series. We present the initial and largest series in
the literature that describes the presenting features,
radiosurgery parameters, and radiologic and long-term
clinical outcomes for 61 patients with ACP meningiomas
treated with GKRS.

-METHODS: Medical records were reviewed for 61
consecutive patients at a single center who underwent
GKRS for ACP meningioma between 2008 and 2016.

-RESULTS: Of 61 patients with ACP meningiomas, 49
(80%) were treated with GKRS as primary treatment,
and 12 (20%) were treated with GKRS as an adjuvant
therapy. Before GKRS, 29 patients presented with visual
impairment and 50 patients presented with headache.
Median patient age was 54.9 years. Median tumor
volume was 3.2 cm3, and median margin dose was 12.0
Gy. The median radiologic follow-up time after GKRS
was 75 months. During follow-up, tumor volume
regressed in 37 cases (61%) and remained unchanged
in 24 cases (39%). None of the patients experienced
tumor volume progression. Tumor volume <3 cm3 was
an independent predictor of tumor volume regression
after GKRS (univariate analysis, P [ 0.047; multivariate
analysis, P [ 0.049). Of 29 patients who presented
with visual impairment, 16 (55%) improved after GKRS.
None of the 61 patients developed new neurologic
deficits after GKRS.

-CONCLUSIONS: GKRS provides a high rate of tumor
volume control for ACP meningiomas as well as a low

complication rate. Excellent tumor volume control was
associated with smaller tumor size only.

INTRODUCTION

A nterior clinoid process (ACP) meningiomas arise from the

superior, inferior, or medial meningeal covering of the

ACP and account for <9% of all meningiomas in the

supratentorial region.1 The intimate proximity of these tumors to

crucial structures, in particular, the internal carotid artery and

optic nerve, often prevents safe and complete surgical resection.

Despite advances in microsurgical techniques and new surgical

approaches and diagnostic modalities, ACP meningiomas

continue to have very high complication and recurrence rates

after surgical treatment. Among all intracranial meningiomas,

those located on the ACP rank second only to clival

meningiomas regarding these rates.2,3 Gamma Knife

radiosurgery (GKRS) has emerged as an important primary or

adjuvant treatment modality for meningiomas.4-7 In the present

study, we evaluated presenting features, radiosurgery parameters,

and radiologic and clinical outcomes in a series of patients who

underwent GKRS for ACP meningiomas.

MATERIALS AND METHODS

Patients

In this retrospective single-center study, we reviewed our center's

database of patients with ACP meningioma who underwent GKRS

between 2008 and 2016. Patients who had histologically diagnosed

World Health Organization grade I ACP meningioma and patients

who exhibited radiologic and clinical features consistent with

benign ACP meningioma were considered for this series. The

inclusion criteria were 1) no history of malignancy and 2) a tumor
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located in the ACP that had magnetic resonance imaging (MRI)

features consistent with meningioma (i.e., extra-axial location,

uniform pattern of contrast enhancement, and dural attachment).8

The indications of primary GKRS treatment were 1) tumor

diameter <3 cm and 2) cranial nerve (CN) symptoms present for

<12 months. The cases of 61 consecutive patients whose records

contained complete information after GKRS (i.e., a minimum of

2 years of clinical and imaging follow-up) were investigated.

GKRS Methodology

GKRS was performed using the Leksell Gamma Knife 4C model

(between 2008 and 2012) and Leksell Gamma Knife Perfexion

model (between 2012 and 2016) (Elekta AB, Stockholm, Sweden).

All patients had a stereotactic frame placed under local scalp

anesthetic. Stereotactic MRI was obtained, and the images were

transferred to a computer using specific software for dose plan-

ning. In all cases, volumetric GKRS conformal target coverage was

performed. The dose selection for each patient was adjusted based

on 18 years of accumulated experience of our neurosurgical team

with GKRS for meningioma and considering factors such as tumor

volume and distance from critical structures (Figure 1).

Imaging Assessments and Clinical Follow-Up

After GKRS, each patient underwent serial contrast-enhanced MRI

at 6-month intervals for the first year and yearly for 5 years

thereafter. Clinical and radiologic assessments were done at each

recheck examination. Radiologic follow-up ranged from 27 to 126

months (median, 75 months). Of the 61 patients, 46 (75%) had >5

years of clinical and radiological follow-up. Follow-up MRI was

compared with MRI obtained before GKRS, and tumor volumes

were calculated by measuring the maximal vertical, horizontal,

and anteroposterior diameters of the tumor in all 3 imaging planes

(i.e., axial, sagittal, and coronal). Tumor volume control was

defined as tumor progression (increase >25% of lesion size at

diagnosis), stable (maximum 25% change in tumor volume), or

regression (decrease >25%).8-10 In addition, all patients had a

complete assessment by an ophthalmologist, including visual

fields (Humphrey visual field testing). Visual field tests were

compared with tests obtained before GKRS. Improvement in vi-

sual function was defined as >30% reduction in visual field

deficit.

Statistical Analysis

Univariate analysis was performed to estimate the prognostic

significance of several variables associated with tumor regression

and with improvement of visual impairment following GKRS. The

c
2 test was used to compare categorical data. Student t test was

used to compare continuous data. Commercially available statis-

tical processing software (IBM SPSS Version 24.0; IBM Corpora-

tion, Armonk, New York, USA) was used for all calculations, and P

< 0.05 was considered statistically significant.

Figure 1. Detailed treatment planning images of a patient with a left-side

anterior clinoid process meningioma. Marginal dose was 11 Gy.

The optic nerve received <8 Gy.
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RESULTS

Patient Characteristics

There were 52 women (85%) and 9 men (15%) with median age

54.9 years (range, 30e78 years). Of 61 patients, 49 (80%) under-

went GKRS as initial treatment for their tumor, and 12 (20%)

underwent GKRS as an adjuvant therapy for residual tumor or

recurrence. None of the patients had received radiation therapy

before GKRS. Patients' baseline characteristics are summarized in

Table 1.

Tumor Characteristics and Response

The mean tumor volume was 4.3 � 3.6 cm3 (range, 0.2e15.5 cm3).

There were 31 tumors located on the left ACP and 30 on the right

ACP. As of the last MRI follow-up examination, no patient had

experienced tumor volume progression after GKRS, 37 (61%) had

experienced tumor regression, and 24 (39%) had unchanged

(stable) tumor volume. The actuarial tumor progression-free sur-

vival rate at maximum follow-up was 100%.

Patients who had <3 cm3 tumor volume at the time of GKRS

were significantly more likely to experience tumor volume

regression after GKRS (univariate analysis, P ¼ 0.047; multivariate

analysis, P ¼ 0.049). Age, sex, history of prior surgery, and tumor

margin dose were not associated with tumor regression after

GKRS. Pre-GKRS factors associated with tumor volume regression

after GKRS are listed in Table 2.

Effect of Tumor Margin Dose

The median tumor volume was 3.2 cm3 (mean, 4.3 � 3.6 cm3;

range, 0.2e15.5 cm3). The median tumor margin dose was 12 Gy

(mean, 11.8 Gy; range, 10e14 Gy), and the median maximal dose

was 24 Gy (mean, 24.3 � 2.4 Gy; range, 20e30 Gy). The median

isodose was 48.6 (range, 40%e60%). Tumor margin dose was not

correlated with tumor regression in our dose range (univariate

analysis, P ¼ 0.083; multivariate analysis, P ¼ 0.466) or with

improvement of visual impairment (univariate analysis, P ¼ 0.908;

multivariate analysis, P ¼ 0.957) after GKRS. The GKRS param-

eters evaluated are listed in Table 1.

Clinical Response

Apart from visual impairment, none of the 61 patients had

neurologic deficits before GKRS. Of patients, 29 (48%) had

impaired visual function before they underwent GKRS. Ten of the

29 patients had a history of previous surgery for ACP meningioma.

Visual impairment improved in 16 (55%) of the 29 patients a mean

5 months (range, 1.2e56.4 months) after GKRS and remained

unchanged in 13 (45%). Compared with patients who had not

undergone previous surgery for ACP meningioma, the patients

with this history were significantly more likely to have unchanged

visual function after GKRS (univariate analysis, P ¼ 0.004;

multivariate analysis, P ¼ 0.162). Age, sex, tumor volume, and

tumor margin dose were not correlated with improvement of vi-

sual impairment after GKRS. The pre-GKRS factors associated

with improvement of visual impairment after GKRS are listed in

Table 3.

At the time of writing, all 61 patients were alive, and no new

visual function deficits or other neurologic deficits were observed

after GKRS. The tumor control rate of the cohort was 100%, and

progression-free survival was 100% as of the last follow-up.

Furthermore, there was no need for additional treatment after

GKRS because none of the patients experienced tumor progres-

sion during follow-up.

Adverse Effects of Radiation

Three (5%) of the 61 patients had cerebral edema before GKRS. In

2 cases, the edema had reduced by the 6-month follow-up ex-

amination; however, 1 patient showed progression of cerebral

edema at 18 months. In this case, the edema resolved with steroid

medication.

Table 1. Baseline Characteristics of 61 Patients with Anterior

Clinoid Process Meningiomas Treated with Gamma Knife

Radiosurgery

Characteristic Value

Age, years, median (range) 54.9 (30e78)

Sex, male/female, number (%) 9 (15)/52 (85)

Tumor type and GKRS application, number (%)

New tumor, primary 49 (80)

Residual tumor after surgical resection, adjuvant 12 (20)

Symptoms at initial presentation, number

Visual impairment 29

Headache 50

Seizure 4

Visual impairment, number

Before SRS 29

After SRS 13

Tumor target volume, cm3, median (mean) (range) 3.2 (4.3) (0.2e15.5)

Patients grouped by tumor volume, number (%)

<3 cm3 30 (49)

�3 cm3 31 (51)

Tumor volume in patients grouped by surgical history, cm3, median (range)

New tumor, no prior surgery 4.14 (0.2e15.5)

Residual tumor 5.05 (1e15.4)

Margin dose, Gy, median (range) 11.8 (10e14)

Patients grouped by margin dose, number (%)

<12 Gy 20 (32.8)

�12 Gy 41 (67.2)

Isodose, median (range) 48.6 (40%e60%)

Patients grouped by tumor location, number (%)

Left ACP 30 (49.2)

Right ACP 31 (50.8)

GKRS, Gamma Knife radiosurgery; SRS, stereotactic radiosurgery; ACP, anterior clinoid

process.
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DISCUSSION

Despite advances in microsurgical techniques, ACP meningiomas

remain challenging tumors to treat because of their close prox-

imity to vital structures. Findings from our series of 61 consecutive

cases demonstrated that GKRS provided excellent tumor volume

control with a regression rate of 61% and promising improvement

in patients with visual impairment as well as low rate of compli-

cation. Therefore, these findings suggest that GKRS can play a

critical role as primary or adjuvant therapy for patients with ACP

meningioma. Notably, no previous study has specifically examined

clinical and radiologic outcomes for ACP meningiomas treated

with GKRS.

Until recently, ACP meningiomas were frequently included in

studies as sphenoidal meningiomas, and this partially masked

their specific clinical and surgical outcomes.11 In 1990, Al-Mefty2

defined ACP meningiomas as a distinct group and divided them

into 3 subgroups. Since this first classification system, several

other classification schemes for ACP meningiomas have been

developed in an attempt to predict surgical risk.11-15

The natural history of ACP meningiomas is not well described.

It is possible to extract knowledge from the studies of various

meningioma series.16,17 Oya et al.16 reported the natural history of

275 meningiomas, and they demonstrated growth in 44.0% by the

linear diameter measurement and in 74.0% by the volumetric

analysis with a mean follow-up of 4 years. Moreover, Bonnal

et al.18 documented the natural history of 5 patients with ACP

meningiomas who did not undergo surgical resection owing to

advanced age. All 5 patients were alive at the time of writing (10

years after diagnosis in some cases), and all had unilateral visual

loss and major oculomotor signs. Surgical resection has

historically been the initial treatment modality for ACP

meningioma. However, damage to the internal carotid artery, its

branches, and/or CN II and CN III during surgical resection can

have severe long-term effects for the patient.1 Because of these

risks, documented rates of complete resection range from 59%

to 83%.2,19,20 Moreover, neurologic deficits are important

drawbacks, with reported rates of occurrence after surgical

resection of 4%e29%.2,19,20 Regarding tumor behavior after

surgical resection of ACP meningioma, reports indicate

recurrence-free rates of 93%, 80%, and 68% at 5, 10, and 15

years after complete resection, with dramatically lower rates after

subtotal resection (63%, 45%, and 9%, respectively).1,3,21

GKRS is a modern addition to the armamentarium of treatment

modalities for ACP meningiomas. In recent decades, the

pendulum has swung away from aggressive surgical resection and

traditional fractioned radiation therapy for these tumors owing to

promising outcomes after GKRS. The literature contains large

series with favorable long-term results for intracranial meningi-

omas treated with GKRS. Recent reports on large series of these

neoplasms at diverse locations have noted 5-year local control

rates of 86.2%e98.5% and 10-year rates of 73%e97%.4,22-31 In our

series of 61 ACP meningiomas treated with GKRS, the tumor

control rate was 100% (61% of the patients exhibited regression,

and 39% had unchanged tumor volume), and we observed 100%

progression-free survival at 2, 5, and 7 years. A retrospective

assessment of 4565 patients with 5300 benign meningiomas hav-

ing radiosurgery at 15 European Gamma Knife centers demon-

strated good tumor volume control with a regression rate of 58%,

which is in line with the current study.7 Likewise, in their series of

416 patients with intracranial meningioma, Pollock et al.32

reported the tumor volume regression rate of 66.1% after

radiosurgery treatment. Hung et al.33 presented the outcome of

95 cavernous sinus meningiomas. They reported a tumor

regression rate of 74% at a median follow-up of 59 months. In

the series by Harrison et al.34 of 252 patients with meningioma,

the tumor volume regression rate was 67%.

One main explanation for these findings may be that the tumor

volumes of our patients at the time of diagnosis tended to be small

(mean, 4.3 cm3). Many robust studies have identified larger tumor

volume as the most important predictor of worse prognosis for

benign meningiomas treated with GKRS.35-38 Accordingly, we also

did not observe tumor volume progression in our series.

Although the literature contains some differences regarding

tumor margin dose in GKRS, the outcomes for meningiomas

using margin doses of 12e18 Gy were similar with respect to tu-

mor volume control.39 It is not clear whether higher doses provide

stability or regression. In our series of ACP meningiomas, the

median tumor margin dose was 12 Gy, and we observed

100% tumor control; however, we found no association between

radiation dose (higher or lower) and tumor volume regression or

Table 2. PreeGamma Knife Radiosurgery Variables Associated

with Tumor Volume Regression After Treatment in Entire Series

(N ¼ 61)

Variable

P Value

Univariate Multivariate

Age, �55 years versus <55 years 0.353 0.565

Sex, male versus female 0.381 0.848

Prior operation, yes versus no 0.578 0.578

Tumor volume, �3 cm3 versus <3 cm3 0.047* 0.049*

Tumor margin dose, �12 Gy versus <12 Gy 0.083 0.466

*Statistically significant.

Table 3. PreeGamma Knife Radiosurgery Factors Potentially

Correlated with Improvement of Visual Impairment After

Treatment in Entire Series (n ¼ 29)

Variable

P Value

Univariate Multivariate

Age, �55years versus <55 years 0.551 0.862

Sex, male versus female 0.471 0.682

Prior operation, yes versus no 0.004* 0.162

Tumor volume, �3 cm3 versus <3 cm3 0.491 0.862

Tumor margin dose, �12 Gy versus <12 Gy 0.908 0.957

*Statistically significant.
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stability (univariate analysis, P ¼ 0.083; multivariate analysis,

P ¼ 0.466).

Although improvement of neurologic deficits is not a primary

goal of GKRS, several authors have reported that this therapy can

improve neurologic symptoms in patients with meningioma. After

GKRS treatment of cavernous sinus meningiomas, Pollock et al.40

and Park et al.8 reported improvement or resolution of CN deficits

in 31% and 34% of their cases, respectively. In a recent study that

evaluated CN outcomes after radiosurgery, Faramand et al.41

found 46.5% of patients reported improvement. In addition,

there are studies that presented higher rates of CN

improvement. In one notable study conducted by Nicolato

et al.27 in 2002, symptom improvement was observed in 78.5%

of patients with cavernous sinus meningioma who had GKRS as

a primary treatment. We observed improvement of visual

impairment after GKRS in 16 (55%) of 29 patients who

presented with vision deficits. Patients with no history of

previous surgery were more likely to show visual deficit

improvement after GKRS (univariate analysis, P ¼ 0.004;

multivariate analysis, P ¼ 0.162). Of the 16 patients, 10 showed

tumor volume regression during follow-up. Moreover, in 6 of

the 16 patients, tumor volume remained stable. The literature

suggests that radiographic optic canal invasion is not necessary for

visual compromise in ACP meningiomas.42 Therefore, it is quite

difficult to establish a relationship between visual improvement

and tumor volume before GKRS in the radiologic examinations.

Moreover, the literature concluded that patients with a shorter

duration of symptoms until GKRS were more likely to

experience an improvement in CN impairment.41 In addition,

tumor volume regression is a significant factor for more

favorable CN outcomes in patients with meningioma with CN

impairment after GKRS.41 Our patients showed a high rate of

regression (61%) after treatment and underwent GKRS <12

months from onset of complaints. These published studies and

our findings are able to explain the visual improvement rate of

our patients.

Among large published meningioma series from centers that

applied median doses of 12e15 Gy, rates of long-term complica-

tions (e.g., CN dysfunction, edema, and necrosis) have ranged 0%

to 16%.4,16,17,19,21,25,43-45 A single-fraction dose of 10 Gy was

associated with <1% radiation-induced optic nerve neuropathy

risk.46 In light of the literature, �8 Gy doses was applied for

preventing radiation-induced optic nerve neuropathy. In our se-

ries, 1 patient experienced worsening of prior edema after GKRS.

Nevertheless, we observed no new neurologic deficits or wors-

ening of neurologic function owing to the radiation.

Although our evaluation was retrospective and involved a

limited sample size, it is the largest unique analysis of clinical

features, radiologic features, and long-term outcomes for a series

of patients with ACP meningioma. Other limitations are small

mean tumor volume, and combining of results of the initial

treatment group and residual tumor group. We could not perform

volumetric analysis because almost every patient had follow-up

MRI with different slice thickness at various centers. One of the

key strengths of the present study was that each patient had a

formal ophthalmologic examination for detailed visual

assessment.

CONCLUSIONS

GKRS provides a significantly high rate of tumor volume control

for ACP meningiomas. Neurologic function was unaffected by

GKRS in all 61 of our cases, and a large proportion of patients with

prior visual impairment experienced improvement in symptoms.

Tumor volume regression was associated with smaller tumor size

only. Improvement of visual impairment was independent from

the predictive factors.
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