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Abstract

Purpose: To assess the safety and efficacy of CyberKnife® radiotherapy (CKRT) for the treatment of olfactory groove
meningiomas (OGMs).

Methods: A retrospective review was performed of 13 patients with OGM treated with CKRT from September 2005
to May 2018 at our institution. Nine patients were treated primarily with CKRT, 3 for residual disease following
resection, and 1 for disease recurrence.

Results: Five patients were treated with stereotactic radiosurgery (SRS), 6 with hypofractionated stereotactic
radiotherapy (HSRT), and 2 with fractionated stereotactic radiotherapy (FSRT). The median tumor volume was 8.12
cm3. The median prescribed dose was 14.8 Gy for SRS, 27.3 Gy for HSRT, and 50.2 Gy for FSRT. The median maximal
dose delivered was 32.27 Gy. Median post treatment follow-up was 48 months. Twelve of 13 patients yielded a
100% regional control rate with a median tumor volume reduction of 31.7%. Six of the 12 patients had reduced
tumor volumes while the other 6 had no changes. The thirteenth patient had significant radiation-induced edema
requiring surgical decompression. Twelve patients were alive and neurologically stable at the time of the review.
One patient died from pneumonia unrelated to his CKRT treatment.

Conclusions: CKRT appears to be safe and effective for the treatment of OGMs.

Keywords: Olfactory groove meningiomas, CyberKnife radiotherapy, Stereotactic radiosurgery, Fractionated
stereotactic radiotherapy; Hypofractionated stereotactic radiotherapy
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Introduction
Olfactory groove meningiomas (OGMs) originate from
arachnoid cap cells of the cribriform plate and fron-
toethmoidal suture in the anterior cranial fossa [1, 2]
and contribute to approximately 4–13% of intracranial
meningiomas [3]. Treatment options for OGMs include:
Observation; open microsurgery [4] or transnasal endo-
scopic surgery; and radiotherapy including Gamma Knife
[5] and linear accelerator (LINAC) [6]. CKRT can be de-
livered as stereotactic radiosurgery (SRS), fractionated
stereotactic radiotherapy (FSRT) [7], or hypofractionated
stereotactic radiotherapy (HSRT) [8] – the appropriate
regimen is chosen depending on the patient’s tumor
characteristics and its proximity to surrounding critical
structures or vasculature.
OGMs which are symptomatic, larger than 3 cm in

diameter, or demonstrate progressive growth on sequen-
tial imaging, are considered suitable for surgical
treatment [9]. However, treatment algorithms have not
been well established for OGMs smaller than 3 cm in
diameter that demonstrate continued growth in patients
who are high surgical risk, particularly older patients
with significant comorbidities which may preclude con-
ventional open surgical intervention. Surgical resection
of OGMs can also be complicated by their close proxim-
ity to critical neurovascular structures [10]. Despite
improvements in microsurgical techniques, post-
operative complications including anosmia and visual
disturbances have been reported at rates as high as 89.7
and 7.7%, respectively [10]. Since RT has recently
emerged as an effective alternate modality for treatment
of primary intracranial diseases particularly in the non-
surgical and elderly populations or as adjuvant therapy
for residual or recurrent disease the question arises
whether such therapy is a suitable option for patients
with OGMs which require treatment.
Among the RT technologies available, CKRT is a more

recent image-guided frameless robotic system, which is
designed for SRS and stereotactic radiation therapy
(SRT) [11, 12]. The associated 6D skull tracking system
enables highly conformal intracranial high-dose tumor
targeting, with sub-millimeter precision in beam delivery
allowing for steep dose gradients achievable around the
contoured tumor. An additional benefit is the frameless
nature of the system which makes it easy to opt for
hypofractionation regimens to minimize toxicity,
particularly when radiation tolerance of adjacent organs-
at-risk is paramount [7]. Therefore, CKRT can be con-
sidered an attractive and reasonable primary treatment
strategy for OGMs that have been diagnosed in patients
who are not suitable candidates for open surgery or for
patients in the adjuvant setting, when treatment is
needed for postoperative residual or recurrent disease.
In the present study, we report our institutional

experience over a 10-year period assessing the safety and
efficacy of CKRT for the treatment of primary, residual,
and recurrent OGMs.

Materials and methods
Patient characteristics and study design
Institutional IRB approval was obtained prior to com-
mencement of this study. A retrospective chart review
and review of all electronic radiographic data was per-
formed of patients with OGM who were treated with
CKRT (Accuray, Inc., Sunnyvale, CA) at Beth Israel Dea-
coness Medical Center (Boston, USA) between Sept
2005 and May 2018. Patients were included if they had
an initial diagnosis of OGM based on MRI scanning
(T1WI with contrast or contrast-enhanced fat saturation
suppression 3D sequences) or if patients had prior con-
firmed histological diagnosis of OGM from the time of
first surgical resection if they subsequently presented
with residual or recurrent disease. Small asymptomatic
tumors discovered incidentally on neuroimaging were
not included in this study but followed conservatively.
Surgical resection was recommended for patients with

rapidly progressive vision loss, marked peritumoral
edema, or large tumors (diameter > 3 cm or volume > 10
cm3), however, older patients (aged ≥65) with significant
comorbidities who were deemed high risk surgical can-
didates were offered CKRT as an alternative.
Patient characteristics are listed in Table 1. Nine fe-

males and 4 males (mean age 71.2 years; range, 47–88)
were treated with CKRT during this time period with a
mean Karnofsky performance score of 89 (range, 50–

Table 1 Clinical characteristics of patients

Characteristic Total

Number of patients 13

Median age (yrs), (range) 71.2, (47–88)

Gender

Male 4 (30.8%)

Female 9 (69.2%)

Mean Karnovsky performance score, (range) 89 (50–100)

Primary vs. Residual/ Recurrent disease

Primary 9

Residual 3

Recurrent 1

Median tumor volume (cm3), (range) 10.26 (0.85–43.76)

Presenting symptoms

Asymptomatic 3

Seizure 2

Anosmia 4

Visual deterioration 2

Headaches,dizziness 2
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100). Six patients presented with cranial nerve deficits
including anosmia (N = 6) and visual deterioration (N =
2), while 2 presented with seizures due to cerebral
edema and mass effect, and 2 presented with headaches
and dizziness. Nine patients were treated with primary
CKRT at the time of initial tumor diagnosis; 3 patients
were treated with adjuvant CKRT for residual disease
following subtotal resection that showed interval growth
on at least 2 serial contrast-enhanced MRI scans over a
6-month period; 1 patient was treated for disease recur-
rence after a resection 10 years prior.

CKRT dose and fractionation treatment planning
Treatment plans were generated using an inverse plan-
ning method by the Accuray MultiPlan treatment soft-
ware and are summarized in Tables 2 and 3. Prescribed
dosing and fractionation schedules were decided by an
interdisciplinary team of neurosurgeons and radiation
oncologists taking into account the size and volume of
the tumor, its proximity to critical neurovascular struc-
tures, and previous treatment history. We used Dmax
synonymously with the smallest reasonable assessable
voxel of 0.03 cc. We used 10 Gy for SRS, 25 Gy in 5 frac-
tions for HSRT and 54 Gy in 30 fractions for FSRT to
optic nerves and chiasm. Single fraction SRS was recom-
mended for tumors less than 10 cm3 which were not
topographically associated with the optic apparatus. Le-
sions greater than 10 cm3 or with very close proximity to
critical structures (i.e. optic nerves, optic chiasm, and
brainstem) were treated with SRT using either HRST or
FSRT. Five out of 13 patients (38.4%) were treated with
single fraction SRS, 6 patients (46.2%) received HSRT in
3 to 5 fractions given on consecutive days, and 2 patients
(15.4%) received FSRT in 25 to 28 daily fractions over 5
to 6 weeks.
The median tumor volume was 4.57 cm3 (range, 0.85–

8.76 cm3) for SRS, 13.33 cm3 (range, 0.44–42.39 cm3) for
HSRT, and 1.37 cm3 (range, 0.32–2.41) for FSRT. HSRT
was given in 3 or 5 fractions of 8 Gy and 5 Gy per frac-
tion respectively, and FSRT was given in 25–28 fractions
at 1.8 or 2 Gy per fraction. The median prescription dose
was 14.8 Gy (range, 13–18 Gy) delivered to the 70–82%
isodose line for SRS with an average of 191 beams
(range, 99–262 beams); 27.3 Gy (range, 24–30 Gy to the
75–84% isodose line for HSRT with an average of 194
beams (range, 91–268 beams); and 50.2 Gy (range, 40–
50.4 Gy) to the 83–90% isodose line for FSRT with an
average of 161 beams (range, 143–180). The median
tumor target volume coverage to the full prescription
dose was 95.66% (range, 92.69–98.8%), which was
achieved with a median conformality index of 1.43
(range, 1.1–1.95) for a tumor volume of 8.12 cm3 (range,
0.32–42.39 cm3). The median maximum delivered dose
was 32.27 Gy (range, 17.33–60.72 Gy). The proximity

and abutment to the optic pathway was more critical in
the choice of SRT, more importantly than volume. Tu-
mors abutting the optic pathway were more likely to re-
ceive FSRT even when smaller, whereas larger tumors
close but away from the optic pathway tended to receive
HSRT when large (as opposed to SRS for smaller le-
sions). Representative images of a patient with an OGM
and the treatment planning used to treat the lesion are
shown in Fig. 1.

Radiosurgery preparation
All patients were treated using the CyberKnife® Robotic
Radiosurgery System (Accuray, Inc., Sunnyvale, CA) with
frameless skull base real time image-guided tracking.
Pretreatment 1.25 mm thin-slice, high-resolution com-
puter tomographic scans and matching gadolinium-
enhanced magnetic resonance imaging (MRI) scans
(MPRAGE sequence) were acquired and fused for treat-
ment planning. Treatment plans were generated using
an inverse planning method by the Accuray MultiPlan
treatment software. An example of a treatment plan
from patient #2 is shown in Fig. 1. Doses were pre-
scribed to the isodose surface that encompassed the
margin of the tumor. Patients received 4 mg of dexa-
methasone immediately after each treatment. For multi-
session treatments, the typical time interval between
fractions was 24 h. The quality of treatment plans was
assessed by evaluating target coverage, dose heterogen-
eity, and conformity. Digitally reconstructed radiograms
were computationally synthesized to allow near real-
time patient tracking throughout radiosurgery.
Treatment safety and efficacy were determined by: 1)
Quantifying changes in tumor volume on subsequent
MRI scans at the end of each patient’s follow-up period,
and 2) Assessment of preservation of optic and olfactory
nerve functions.

Follow-up, toxicity, and statistical analysis
Patients were seen at 1, 3, 6, and 12months after radio-
therapy and then annually for the next 5 years and bi-
annually thereafter. A contrast-enhanced MRI brain scan
was obtained, and a complete neurological exam with
particular focus on visual and olfactory function was
performed at each visit. Local control was defined by tu-
mors with less than 2mm change in size in any dimen-
sion measured in the longest diameter on two sequential
MRI scans.
Patients were monitored for radiation-induced adverse

events both clinically and radiologically. Acute toxicity
was defined as changes in signs or symptoms occurring
within 3 months of radiotherapy that were considered
likely to be related to radiotherapy. Long-term toxicity
was defined as any such events occurring or persisting
beyond 3months following radiotherapy. Toxicities were
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evaluated according to the Common Terminology Cri-
teria for Adverse Events, version 4.0 [13].
Local control rates were calculated from the date of

the first SRS treatment to the last MRI scan that showed
tumor changes. Overall survival was calculated from the
date of the initial SRS treatment to the last date of clin-
ical follow-up.

Results
Local tumor control
One patient died from pneumonia 1 month after CKRT
for reasons unrelated to radiotherapy and the patient
was thus excluded from our outcome analysis. Of the
remaining 12 patients, the median following-up was 48
months. Details of local control are shown in Table 4.
Radiographic local tumor control was maintained in
100% of patients at the time of their last follow-up MRI
scan. Tumors decreased in size after treatment in 6
(50%) patients and remained stable in the remaining 6
(50%) patients. Figure 1 shows pre- (Fig. 1a, b, and c)
and post-treatment (Fig. 1e, f, and g) MRI scans in a rep-
resentative patient (patient #2) with an OGM along with
treatment planning and isodose lines for CKRT (Fig. 1d).
The median tumor size in our cohort decreased from
2.52 cm to 2.22 cm with a relative linear size reduction
of 11.9% corresponding to a median volume decrease of
31.7%.

Radiation-associated toxicities
Radiation-associated toxicities are shown in Table 4. Pa-
tients received CKRT treatments ranging from a single
to 28 consecutive fractions (Table 3). Patients were
assessed before, during, and after radiation therapy for
changes in vision, olfaction, and other neurological
symptoms. Of the 6 patients who had presented with
pre-existing olfactory deficits, symptoms remained un-
changed throughout their course of treatment. Of the 4
patients with visual deficits, 3 remained unchanged while
one patient showed improved visual fields.

Four patients (1 SRS, 2 HSRT, and 1 FSRT) had CTAE
v.4.0 Grade 1 radiation-induced adverse effects including
headaches, fatigue, forgetfulness, and hallucinations, all
of which were lasting less than 6 weeks and did not re-
quire specific interventions. Patients without pre-
treatment peritumoral edema (N = 6) did not
demonstrate any post-treatment radiation-associated
peritumoral edema. Six patients had pre-existing tumor
edema, of whom four (1 SRS, 3 HRST) demonstrated
transiently increased treatment-associated edema lasting
no more than 9 weeks following CKRT, all of which
responded well to a short course of steroids (Dexa-
methasone 2 mg P.O. TID × 2 weeks). The edema was
not associated with changes in tumor volume or
hemorrhage. One SRS patient, with a tumor volume of
8.76 cm3 and moderate pre-treatment peritumoral
edema (Table 2, patient #3), demonstrated significant
post-treatment peritumoral edema with associated local
mass effect following CKRT which did not respond well
to steroid treatment, ultimately requiring open surgical
resection of his tumor, with complete resolution of the
edema 2 weeks following the surgery.

Survival
Apart from the 1 patient (Table 2, patient #6) who
passed away from pneumonia not associated with the
CKRT treatment, all patients (100%) were alive at their
last follow-up. Given our relatively short median follow-
up of 48 months, we are continuing to follow this cohort
in hopes of obtaining longer-term survival data.

Discussion
Indications for using CyberKnife radiation therapy for the
treatment of olfactory groove meningiomas
To the best of our knowledge, this is the first article to
specifically review the indications, safety, and efficacy of
using CyberKnife for the treatment of OGMs. There
have been a mere handful of studies assessing the use of
radiotherapy for the treatment of OGMs due to the rela-
tively low incidence of disease and the relatively recent

Table 3 Characteristics of CKRT treatment plans

Characteristics SRS (n = 5) HSRT (n = 6) FSRT (n = 2) All patients (n = 13)

Tumor Volume (cm3) 4.57 (0.52–8.76) 13.33 (0.44–42.39) 1.37 (0.32–2.41) 8.12 (0.32–42.39 cc)

Number of Fractions 1 3–5 25–28 1–28

Prescription Dose (Gy) 14.8 (13–18) 27.3 (24–30) 50.2 (50–50.4) 13–50.4

Dose Fraction (Gy) 14.8 (13–18) 6 (5–8) 1.9 (1.8–2) 1.8–18

Prescription Isodose (%) 76.7% (70–82%) 79.3% (75–84%) 86.5% (83–90%) 79.38% (70–90%)

Maximum Dose (Gy) 19.34 (17.33–24) 34.42 (30–37.97) 58.14 (55.56–60.72) 32.27 (17.33–60.72)

Lesion Coverage 96.3% (95.3–98.8%) 95.03% (92.69–97.43%) 96% (95.35–96.65%) 95.66% (92.69–98.8%)

Conformality index 1.26 (1.1–1.38) 1.43 (1.22–1.77) 1.8 (1.69–1.95) 1.43 (1.1–1.95)

Total Beam 191 (125–262) 194 (91–268) 161 (143–180) 91–268
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Fig. 1 CyberKnife radiotherapy for the treatment of olfactory groove meningiomas. Representative a) axial, b) coronal, and c) sagittal MRI images
of a patient with an olfactory groove meningioma with a maximal diameter of 3.5 cm. d CyberKnife surgical planning schematic with isodose
lines around the patient’s tumor. e, f, g MRI images of the same patient showing decreased tumor size (maximal diameter 2.9 cm) 6 years
following CKRT
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advent of radiosurgery. Two recent retrospective studies
reported the safety and efficacy of Gamma Knife (GK)
[5] and Novalis LINAC [6] radiosurgery using SRS or
FSRT for OGMs (Table 5). GK can cause patient dis-
comfort due to the invasive head frame required to
immobilize the skull and prolonged fractionated regi-
mens makes frame fixation uncomfortable and impracti-
cal [14], however a frameless system has recently been
introduced for clinical use, which may allow for im-
proved patient comfort and geometric dose accuracy.
LINAC systems allow for SRT using a non-invasive head
fixation, however, the frame does not provide near-
perfect rigid fixation and therefore target volumes re-
quire a small added margin around the tumor volume to
account for day-to-day imprecision in geometric target

positioning. This adjustment is needed to minimize the
chance of missing part of the tumor. Furthermore,
radiation-induced adverse events such as anosmia and
visual deterioration have been reported to be as high as
7.3–14.3% using GK or LINAC [5, 6].
The CyberKnife system allows for the delivery of 6

MV photons for radiotherapy via an image-guided radio-
surgical treatment platform with a frameless robotic ma-
nipulator and 6D Skull Tracking system to highly
conformal intracranial high-dose tumor targeting, with
sub-millimeter precision beam delivery and steep dose
gradients achievable around the contoured target volume
[11, 12, 15]. These advantages have allowed CKRT to be
a feasible option for patients who are not considered
suitable for surgery or cannot tolerate frame-based RT.

Table 4 Clinical outcomes after CKRT

Patient
No.

Tumor
type

RT
type

Follow
up
(mos.)

CKRT
symptoms

Pre−/Post-CKRT
peritumoral
edema

Visual
function
post-CKRT

Olfaction
function
post-CKRT

Change in
tumor size
Post-CKRT

Pre−/Post
CKRT
KPS

Pre−/Post-
CKRT median
tumor size (cm)

1 Primary SRS 9 None Mild/Slightly
increased

Unchanged Unchanged Unchanged 50/50 2.50/2.50

2 Primary SRS 106 Fatigue None/None Unchanged Unchanged Decreased 90/100 3.50/2.90

3 Primary SRS 10 None Moderate/
Significantly
increased

Unchanged Unchanged Unchanged 90/80 2.80/2.9

4 Primary SRS 45 None None/None Unchanged Unchanged Unchanged 100/90 1.15/1.06

5 Residual SRS 60 None None/None Unchanged Unchanged Unchanged 90/90 1.80/1.8

6 Primary HSRT 99 Fatigue, forgetfulness,
hallucinations

Mild / Minimally
increased

Unchanged Unchanged Unchanged 90/70 2.56/2.49

7 Primary HSRT 11 None Moderate/Minimally
increased

Unchanged Unchanged Unchanged 80/80 4.49/4.41

8 Primary HSRT 89 Fatigue Moderate/Minimally
increased

Unchanged Unchanged Decreased 80/70 3.00/2.60

9 Primary HSRT 47 None None/None Unchanged Unchanged Decreased 100/90 1.30/0.93

10 Residual HSRT 20 None Mild/Mild Improved Unchanged Decreased 90/70 3.91/3.33

11 Residual FSRT 19 Headaches, fatigue,
forgetfulness

None/None Unchanged Unchanged Decreased 100/90 2.00/1.70

12 Recurrent FSRT 61 None without /without Unchanged unchanged Decreased 100/90 1.20/0

Table 5 Summary of radiotherapy studies for the treatment of olfactory groove meningioms

Study Radiotherapy Technique
(No. of Patients)

Median Tumor
Volume (cm3), (range)

Number of
Fractions

Median Prescribed
Dose (Gy), (range)

Dose Per
Fraction (Gy)

Zaorsky et al. 2014 [6] SRS (7) 2.90 (1.30–6.20) 1 16.1 (15–18) 15–18

FSRT (7) 3.03 (1.13–7.10) 25–30 52.9 (50.0–56.0) 1.8–2.0

(GK or LINAC)

Gande et al. 2014 [5] SRS (41) 8.5 (0.6–56.1) 1 13 (10–20). 10–20

(GK)

Present Study SRS (5) 4.57 (0.52–8.76) 1 14.8 (13.0–18.0) 13–18

HSRT (6) 13.33 (0.44–42.39) 3–5 27.3 (24–30) 5–8

FSRT (2) 1.37 (0.32–2.41) 25–28 50.2 (50–50.4) 1.8–2

(CKRT)
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Based on our institutional experience and our review of
pertinent literature on the treatment of skull base men-
ingiomas, we propose four main indications for which
CKRT may be considered as a primary or secondary
treatment strategy for OGMs. These include: 1) Patients
who are not suitable surgical candidates, especially older
patients with significant comorbidities (i.e. cardiovascu-
lar disease or prior stroke on anticoagulation, patients
with brittle diabetes or those with significant pulmonary
or end-stage renal disease) [16]; 2) Tumors less than 10
cm3 in size with progressive symptoms or continuous
growth in elderly patients [17]; 3) Subtotally resected
residual or recurrent OGMs demonstrating growth in
patients who are not surgical candidates or do not wish
to pursue second surgical intervention [15, 17, 18]; and
4) patients with residual OGMs diagnosed with high
WHO grade pathology [12, 15, 18].
SRS can be considered suitable for tumors that are

limited in size up to 3 cm in maximal diameter or 10
cm3 in volume with distinct margins, limited mass effect,
minimal to no surrounding edema, with a sufficient dis-
tance of 3 to 5 mm from nearby critical organs at risk to
allow for appropriate tissue sparing via dose restriction
[15, 17, 19, 20]. In our case series, 5 of 13 patients with
OGMs whose median tumor volume was 4.57 cm3 safely
received single fraction SRS with a median prescribed
dose of 14.8 Gy.
SRT (HRST and FSRT) delivered at lower doses over

several fractions can be used for tumors that are within
close proximity to critical neurovasculature structures to
achieve tissue sparing of radiation-associated adverse
events [7, 8]. In addition, SRT can be used to treat large
OGMs (> 10 cm3) that may be in close proximity to the
optic apparatus [8, 11, 18, 21]. In our case series, 4 pa-
tients with smaller sized OGMs within close proximity
to the optic chiasm and 4 patients with larger OGMs
with a median tumor volume of 10.1 cm3 were treated
with SRT. In general, HSRT delivered over 2 to 5 frac-
tions is significantly more convenient than the 25–28
fractions delivered over 4 to 6 weeks required for FRST,
however FSRT has been found to have a radiobiological
advantage in sparing late-responding tissues [7, 11, 18].
The median treated tumor volume (8.12 cm3) in our co-
hort was similar compared to that in the series reported
by Gande et al. using GK (median 8.5 cm3) [5] but was
significantly larger compared to the cohort reported by

Zaorsky and colleagues using LINAC (2.97 cm3) [6]. Our
results suggest that CKRT is also well tolerated and can
be used to treat patients with larger OGMs.

Tumor control using CyberKnife radiotherapy
Pre-treatment tumor volume is the most important
factor determining tumor control rates in patients
treated with RT [5]. As mentioned above, the mean
tumor volume before CKRT was larger in our case series
compared to the cohort treated by Zaorsky et al. using
GK and LINAC RT [6]. With the caveats of a relatively
short mean follow-up of 48 months and the exclusion of
the one patient who passed away from non-RT-
associated pneumonia, we observed a 100% local control
rate over the observation period with a decrease in me-
dian tumor size from 2.52 cm to 2.22 cm corresponding
to a relative size reduction of 11.9% in the longest linear
axis of the tumor and 31.7% reduction in tumor volume.
Of note, we found that the 4 patients with the largest tu-
mors (with volumes > 10 cm3) treated with SRT were
equally well controlled than patients with smaller tu-
mors. Local control rates were therefore consistent with
previous reports using GK or LINAC [5, 6]. There
appeared to be a trend towards a higher rate of radio-
graphic reduction in tumor volume in our patients using
CKRT (50%) which was relatively higher than that previ-
ously reported using SRS (see Table 6), although a larger
number of patients would need to be enrolled and
treated in the future in order to statistically confirm the
higher efficacy of CKRT in this cohort. Zaorsky et al. re-
ported 14 cases of OGMs treated with GK or LINAC, of
which only 3 cases (21%) displayed tumor shrinkage [6].
Similarly, Gande et al. in their series of 41 cases demon-
strated that only thirteen patients (32%) showed post-
SRS tumor regression with 2 patients showing further
tumor progression despite treatment [5]. Our results
suggest that CKRT delivered as SRS or SRT may achieve
equal or better local tumor control than GK or LINAC
RT. Increased sample size with longer term follow-up
will help to investigate our claims.

Radiation toxicities associated with CyberKnife
radiotherapy
The frequency of RT-induced post-treatment edema has
been reported to be between 6 and 43% for intracranial
meningioma radiosurgery [15, 22]. Zaorsky et al.

Table 6 Comparison of safety and efficacy of radiotherapy studies for the treatment of olfactory groove meningiomas

Study No. of
Patients

Median Age
(yrs), (range)

RT
Technique

Deterioration
in Olfaction
post-RT (%)

Deterioration
in Vision
post-RT (%)

Tumor
Control
(%)

Patients
with Tumor
Reduction (%)

Median
Follow-up
(mos.),(range)

Zaorsky et al. 2014 [6] 14 57 (50–73) SRS & FSRT using GK or LINAC 0 14.3 100 21 64 (21–125)

Gande et al. 2014 [5] 41 58 (40–87) SRS Using GK 0 7.3 95 32 76 (7–194)

Present Study 12 71.2 (47–88) SRS, HSRT, & FSRT Using CKRT 0 0 100 50 48 (9–106)
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reported two cases of treatment-associated acute peritu-
moral edema in their study of 14 patients [6]. In our
current study, we observed minor treatment-associated
peritumoral edema in 5 of 12 patients (Table 4). Factors
that make a patient more prone to developing post-SRT
treatment edema for the treatment of skull-based men-
ingiomas include: Tumor volumes > 10 cm3; pre-existing
peritumoral edema prior to receiving RT; and age > 60
years [15, 17]. We attributed our increased incidence of
post-CKRT edema to the fact that our patients already
had a high incidence of pre-treatment peritumoral
edema (6/13), relatively larger tumors volumes at the
time of treatment compared to that reported by Zaorsky
et al. (median volume 8.12 vs 3.57 cm3), and that our pa-
tients were significantly older (median age 71.2 years vs
57 years). Our one patient with an 8.76 cm3 tumor and
moderate peritumoral edema, who experienced signifi-
cant SRS-associated edema requiring surgical decom-
pression highlights the need for careful selection and
treatment planning to minimize these adverse events
and ensure patient safety.
Despite the incidence of CKRT-associated edema,

100% of our patients had stable visual and olfactory
function at the time of last follow-up, compared to 7.3
and 14.3% visual impairment following GK or LINAC
reported by Gande et al. [5] and Zaorsky et al. [6], re-
spectively, and highlights the advantages of using frac-
tionated regimens for cranial nerve sparing.

Limitations of the study
This is a single center retrospective cohort study for
which the number of patients is a relatively small and
the median length of follow-up is relatively short. How-
ever, given the increasing availability of frameless tech-
nology provided by CKRT, we hope that our study
provides initial data to support CKRT as an available al-
ternate treatment to surgery which is needed in a select
patient population not suitable for microsurgery. Our
experience with CKRT for OGMs is consistent with
other published studies using GK and LINAC RT. These
small cohort studies warrant more extensive studies in
multicenter trials to reach cohort numbers large enough
to establish a preferred dosing regimen in this setting.

Conclusion
In summary, this study suggests that CKRT is a safe and
effective way of treating de novo, residual, and recurrent
OGMs with high rates of local control. Single fraction
SRS can be used to treat small to moderate sized OGMs
(< 10 cm3) that are not spatially associated with the optic
apparatus while larger OGMs (> 10 cm3) can be treated
using fractionated planning to achieve normal tissue
sparing and preserve cranial nerve function. Longer term

follow-up with increased patient accrual will increase the
significance of our findings.
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