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Abstract

Objective: The optimal management of asymptomatic, skull-based meningiomas is not well defined. The
aim of this study is to compare the imaging and clinical outcomes of patients with asymptomatic, skull-
based meningiomas managed either with upfront stereotactic radiosurgery (SRS) or active surveillance.

Methods: This retrospective, multicenter study involved patients with asymptomatic, skull-based
meningiomas. The study end-points included local tumor control and the development of new
neurological deficits attributable to the tumor. Factors associated with tumor progression and
neurological morbidity were also analyzed.

Results: The combined unmatched cohort included 417 patients. Following propensity score matching for
age, tumor volume, and follow-up 110 patients remained in each cohort. Tumor control was achieved in
98.2% and 61.8% of the SRS and active surveillance cohorts, respectively. SRS was associated with
superior local tumor control (p<0.001, HR=0.01, 95% CI=0.002-0.13) compared to active surveillance.
Three patients (2.7%) in the SRS cohort and six (5.5%) in the active surveillance cohort exhibited
neurological deterioration. One (0.9 %) patient in the SRS-treated and 11 (10%) patients in the active
surveillance cohort required surgical management of their meningioma during follow-up.

Conclusions: SRS is associated with superior local control of asymptomatic, skull-based meningiomas as
compared to active surveillance and does so with low morbidity rates. Active surveillance with regular
neuroimaging studies does not always detect tumor growth before symptomatic progression. SRS should
be considered as an alternative to active surveillance at diagnosis of an asymptomatic skull base
meningioma. If active surveillance is initially chosen, SRS should be recommended when tumor growth
from the original presenting volume is noted during follow-up.

Introduction

The wider availability and increased use of neuroimaging for nonspecific symptomatology has resulted
in increased detection of incidental meningiomas [1, 2]. Asymptomatic, skull base meningiomas account
for up to 34% of incidentally discovered meningiomas [3]. However due to the lack of high level evidence,
the optimal management of asymptomatic, skull-based meningiomas remains controversial [4-6]. Initial
management options include active surveillance, resection, fractionated radiotherapy, and stereotactic
radiosurgery (SRS).

The natural history of incidentally imaging-defined skull base meningiomas is unpredictable, with 39.5 to
45.7% of them demonstrating radiological progression in linear diameter measurements [7, 8] and 39.5%
to 48.1% in volumetric studies [3, 8]. Moreover, according to natural history studies 2.6-40% of patients
with untreated, asymptomatic skull-based meningiomas will eventually experience neurological
deterioration requiring treatment [4].
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SRS has been reported as a generally safe and effective treatment option for asymptomatic skull base
meningiomas [4]. In addition, SRS affords superior local tumor control as compared to active
surveillance, without increasing the risk of new neurologic deficits [9]. The aim of this matched cohort
study is to evaluate the efficacy and safety of SRS in the treatment of patients with asymptomatic, skull-
based meningiomas.

Methods

Study design and population

This study included 307 patients managed for an incidentally diagnosed asymptomatic, skull base
meningioma (SRS cohort) from 14 participating centers, as well as an observation group of 110 patients
with an asymptomatic, skull-base meningioma that were initially managed with clinical and
neuroimaging surveillance (observation cohort) from the Walton Centre NHS Foundation Trust, a
neurosurgical center for a regional group of 18 hospitals. The participating centers obtained approval by
the local institutional review boards for the study and for sharing de-identified data with the coordinating
office. Prior to forwarding the data to the study coordinating investigator, a coordinator at each center
verified the data for completeness.

The study included patients 16 years or older, with a single intracranial, skull-based lesion compatible on
brain MRI with a meningioma, and without a history of malignancy. Study participants exhibiting
neurological signs and symptoms attributable to the meningioma at the time of the diagnosis were
excluded. Patients experiencing nonspecific symptoms, such as headache, nausea etc., or signs and
symptoms non-localizing to the tumor site were included. All study participants underwent longitudinal
clinical and neuro-imaging follow-up according to local institutional protocols.

New neurological deficits as well as adverse radiation effects (AREs) reported during the follow-up period
were documented and analyzed. Additional treatments required for the management of neurological
morbidity, SRS-related adverse events, or meningioma progression were recorded.

Tumor and intervention definitions

Meningiomas were defined on T1-weighted, post-contrast enhanced, brain MRI as extra-axial, dural-based,
homogeneously-enhancing lesions, with or without a dural tail. Tumor progression as defined by the
Response Assessment in Neuro-Oncology (RANO) criteria was noted during neuro-image follow-up [10]. In
the SRS cohort, tumor volumetric assessments were done using the Gamma Knife planning at SRS and
the MRI scans during follow-up.

SRS was described according to the consensus definition [11], and radiosurgery was performed using the
Gamma Knife (Elekta AB, Stockholm, Sweden). SRS utilized thin-sliced (1 mm) axial and coronal pre- and
post-contrast enhanced brain MRI and/or brain CT. A multi-isocentric approach was typically used for
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radiosurgical planning. Radiosurgical treatment parameters were selected by the local multidisciplinary
treating team according to the Gamma Knife technology available at that center at the time of treatment.

Outcomes

The primary effectiveness endpoint of this study was local tumor control defined as meningioma stability
or regression at last radiological follow-up according to the RANO criteria [10]. The safety endpoint of the
study was defined as SRS- or tumor- attributed new neurological deficits.

Statistical analysis

All statistical analyses were performed using R programming [12] in R Studio [13]. Baseline patient and
meningioma characteristics were compared between the active surveillance and SRS cohorts. Continuous
variables were compared using the Student’s t or Mann-Whitney U tests, and categorical variables were
compared using Pearson’s x2, Fischer’s exact tests or Kruskal-Wallis rank sum test.

Since age at presentation, tumor volume, location of the meningioma and duration of follow-up have
already been shown to affect the natural history of meningiomas [7, 8, 14, 15], in order to control for
potential confounders of the treatment, the cohorts were matched. The matching process was performed
using the Matchlt package for R. The matching process was performed without replacement, in a 1:1
ratio using propensity scores derived from patient age, meningioma location, tumor volume and duration
of clinical follow-up. Adequate balance was considered an absolute standardized difference of <0.10
between the active surveillance and SRS cohorts for the matched covariates.

Univariate and multivariate analyses of the unmatched and matched cohorts were performed for
outcome measures using Cox regression analysis. Time-dependent analyses for progression-free and
overall survival were performed using Kaplan-Meier curves and the differences between the function
curves were analyzed using the log-rank test. Additionally, further univariate and multivariate analyses
using Cox regression were performed in the unmatched SRS cohort to determine risk factors for SRS-
related adverse radiation effects and the emergence of neurological deficits.

The suggestive cutoff value for variables (tumor volume, margin dose) were determined by employing the
Youden index [16]. P<0.05 was defined as statistically significant, and all tests were two-tailed. Missing
data were not imputed.

Results

Unmatched cohort patient and tumor characteristics

The unmatched cohorts included 307 SRS-treated patients and 110 patients that were managed with
active surveillance for an asymptomatic, skull-based meningioma. The mean age of the SRS-treated
group was 57.3 [Standard deviation (SD) + 13.1) years, and that of the active surveillance group was 63.2
(SD +11.11) years (p<0.001). Median initial KPS was 90 [Interquartile range (IQR) 10] and 100 (IQR 10) in
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the SRS and active surveillance group respectively (p=0.55). The mean meningioma volume was 4.5 cm?
(SD + 4.1) in the SRS cohort and 3.7 (SD + 4.8) in the active surveillance cohort. The median
neuroimaging and clinical follow-up periods of the SRS-treated patients were 45.5 months (IQR 43.8) and
50 months (IQR 59.5) respectively, while for the conservatively managed patients both the median
radiological and clinical follow-up periods was 42 months (IQR 42.3) (p=0.001 and p=0.002).

Matched cohorts patient and tumor characteristic

After propensity score matching for patient age, tumor location, tumor volume, and duration of
radiological and clinical follow-up periods, 110 patients remained in each cohort (Table 1). The mean age
of the SRS-treated cohort was 62.9 (SD * 12.3) years, while the mean age of the patients in the active
surveillance cohort was 63.2 (SD * 11.1) years (p=0.8). Median initial KPS was 100 (IQR 10) in both
groups (p=0.72). Mean meningioma volume in the SRS and active surveillance cohorts was 3.9 cm?3 (SD
+ 3.2) and 3.7 cm? (SD + 4.8), respectively (p=0.72). The median neuroimaging and clinical follow-up
periods of the SRS-treated patients were 46 months (IQR 36) and 50 months respectively (IQR 59.5) while
for the active surveillance cohort both follow-up periods were 42 months (IQR 42.3) (p=0.4 and p=0.3).

Radiosurgical treatment parameters

In the unmatched SRS cohort (Table 2), 292 (95.1%) patients were treated with single-session SRS
(sSRS). Hypofractionated SRS (hSRS) using two, three, four, and five fractions was used to treat three
(1%), four (1.3%), two (0.7%) and six (2%) patients, respectively. The mean margin dose was 12.8 Gy (SD
+ 2), and the median number of isocenters used in treatment was 10 (IQR 8).

In the SRS cohort after propensity score matching (Table 2), 106 (96.4%) patients were treated in with
single-session SRS, while four (3.6%) patients received five-fraction hSRS. The mean margin dose was
13.1 Gy (SD # 2.3), and the median number of isocenters used was 10 (IQR 10).

Radiologic and clinical outcomes in the unmatched cohorts

In the unmatched cohorts, tumor progression was noted in two (0.7%) patients that were treated with SRS
compared to 42 (38.2%) patients in the active surveillance group (p<0.001). Tumor regression was
achieved in 137 (44.6 %) SRS-treated patients, and it was noted in one (0.9 %) conservatively managed
patient. Tumor stability was observed in 168 (54.7 %) of the SRS treated patients and in 67 (60.9 %) of
patients managed with active surveillance (p<0.001). None of the patients in the SRS cohort developed
radiation associated malignancy during follow-up.

New neurologic deficits attributable to either tumor progression or to SRS treatment, were noted in 8 (2.6
%) patients treated with SRS as compared to 6 (5.5%) patients in the active surveillance group (p=0.2). In
the SRS-treated cohort three (1%) patients exhibited trigeminal nerve neuropathies, two (0.7%) patients
presented with transitory vestibulocochlear nerve related symptoms, two patients (0.7%) experienced
seizure due to post-treatment perilesional edema that resolved after corticosteroid treatment, and one
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patient (0.3%) facial nerve palsy. In the active surveillance cohort, three (2.7 %) presented with seizures,
one (0.9%) patient experienced motor, one (0.9%) visual, and one (0.9%) patient cerebellar deficits. These
deficits were related to tumor progression and five of these patients were managed with resection, while
one was managed conservatively.

Radiologic and clinical outcomes in the matched cohorts

In the matched cohorts (Table 1), tumor progression was noted in two (1.8 %) patients that were treated
with SRS compared to 42 (38.2%) patients in the active surveillance group (p<0.001). Tumor regression
was achieved in 39 (35.5%) SRS-treated patients and was noted in one (0.9 %) conservatively managed
patient. Tumor stability was observed in 69 (62.7 %) SRS treated patients and in 67 (60.9 %) patients that
were managed with active surveillance (p<0.001).

New neurologic deficits attributable to either tumor growth or SRS treatment were noted in three (2.7%)
SRS-treated patients and in six (5.5%) patients managed with active surveillance (p=0.89).

Radiological progression-free survival was in favor of the SRS group, while neurological progression-free
survival was not appreciably different (Figure 1).

Risk factors for tumor progression and emergence of new neurologic deficits in the combined cohorts

Univariate and multivariate analysis for tumor progression in the unmatched, combined cohort of 417
patients revealed that upfront SRS treatment was strongly associated with local tumor control (p<0.001,
HR=0.01, 95% CI=0.003-0.05). In the matched, combined cohort of 220 patients, univariate analysis also
revealed that early SRS treatment was a strong prognostic factor associated with local tumor control
(p<0.001, HR=0.02, 95% CI=0.003-0.15), while increasing age was a risk factor for tumor progression
(p=0.03, HR=1.03, 95% CI=1-1.06). In the multivariate analysis only SRS treatment reached statistical
significance (p<0.001, HR=0.01, 95% CI=0.002-0.13). (Table 3)

Univariate analysis for emergence of new neurologic deficits in the unmatched, combined cohort of 417
patients revealed that increasing tumor volume was associated with a higher risk for the emergence of
new neurologic deficits (p<0.001, HR=1.2, 95% CI=1.1-1.3), while SRS treatment conveyed statistically
significant protective effect (p<0.02, HR=0.21, 95% CI=0.06-0.79). Multivariate analysis revealed that the
tumor volume (p<0.001, HR=1.2,95% CI=1.1-1.3) and SRS management (p<0.02, HR=0.21, 95% CI=0.06-
0.79) were statistically significant risk and protective factors for new neurologic deficits, respectively. In
the matched, combined cohort of 220 patients, no factors were found to be predictive of neurological
morbidity. (Table 4)

Risk factors associated with post-SRS adverse radiation effects and neurologic deficits

In the unmatched cohort of patients that were treated with SRS for an asymptomatic skull-based
meningioma, we sought to identify risk factors that were associated with neurological morbidity and
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asymptomatic, adverse radiation effects (AREs) at last follow-up. The suggestive cutoff value calculated
using the Youden index for tumor volume and margin dose was 3.5ml and 13.5 Gy, respectively.

Univariate analysis for post-SRS, asymptomatic AREs revealed that tumor volume >3.5ml (p=0.003, HR=
4.5,95% Cl=1.7-12), margin dose >13.5 Gy (p=0.02, HR= 2.6, 95% Cl= 1.2-5.6), an increasing number of
isocenters used (p=0.002, HR=1.1, 95% CI=1-1.1) were all significant risk factors for post-treatment AREs.
In multivariate analysis, tumor volume >3.5ml (p=0.02, HR= 3.24, 95% CI= 1.16-9.03) and margin dose
>13.5 Gy (p=0.04, HR=2.36, 95% CI=1.02-5.5) were factors that were associated with the emergence of
new asymptomatic AREs. (Table 5)

Univariate analysis for neurological deficits following SRS-treatment revealed that an increasing number
of isocenters (p<0.001, HR=1.1,95% CI=1-1.1) and treatment in multiple fractions (p=0.02, HR=6.7, 95%
Cl=1.3-33) were associated with post-SRS new neurological deficits. In multivariate analysis, increasing
number of isocenters reached statistical significance (p=0.008, HR=1.05, 95% CI=1.01-1.09). Tumor
volume and margin dose were not associated with new neurological deficits. (Table 5)

Discussion

In our study, radiological tumor control as defined by the RANO criteria [10], was achieved in 98.2% and
61.8% of the matched SRS and active surveillance cohorts respectively, and SRS was strongly associated
with asymptomatic, skull base meningioma radiological control (p<0.001, HR=0.01, 95% CI=0.002-0.13).
In the matched SRS cohorts, five SRS patients (4.6%) exhibited neurological deterioration compared to six
patients (5.5%) in the active surveillance cohort. No factors were found to be associated with neurological
morbidity in the matched cohort analysis. In the unmatched cohorts, SRS (p<0.02, HR=0.21, 95% CI=0.06-
0.79) was correlated with improved neurological outcome in the univariate analysis and increasing tumor
volume was associated with neurological morbidity in both the univariate (p<0.001, HR=1.2,95% CI=1.1-
1.3) and multivariate (p<0.001, HR=1.16, 95% CI=1.06-1.27) analyses. Failure of management that
necessitated further management, surgical or radiosurgical, was observed in one (0.9 %) and 13 (11.8%)
patients in the SRS and active surveillance cohorts, respectively. The tumor and/or neurological
progression free survival of SRS treated versus active surveillance managed patients was noted to
significantly separate at approximately the 3-year time point (Figure 1).

Skull base meningiomas have been described as distinct entities demonstrating a significantly different
progression path compared to non-skull base meningiomas [15]. The association of skull base
meningioma location and tumor growth is unclear, with studies reporting positive correlation [17],
negative correlation [3] or no correlation at all [8]. Additional clinical and radiological factors that have
been associated with growth potential of meningiomas, include age, peritumoral edema, hyperintense
signal on T2W-MRI, and lack of calcification [18]. Even though there is limited evidence on the natural
history of asymptomatic skull base meningiomas, the current proposed initial management is active
surveillance with serial neuroimaging follow-up [19]. However volumetric studies of incidental, skull base
meningiomas suggest that 39.5% to 48.1% will eventually demonstrate radiological progression [3, 8].
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While the current guidelines suggest that annual monitoring with serial neuroimaging as the preferred
management option, no recommendations are provided concerning the duration of monitoring [6].
Additionally, there is no consensus about treatment indications and while clinical progression usually
necessitates intervention, no recommendations are provided regarding significant radiologic progression.
The concept of growth in an asymptomatic meningioma is more appropriately one of continued or further
growth as the meningioma had to have grown to get to the originally identified size on MRI at the time of
presentation. Contrary to active surveillance, SRS has shown favorable radiological tumor control rates
with SRS for small to medium sized meningiomas being comparable to Simpson grade | resection [20].
In the current study, radiological progression rates in the matched SRS and active surveillance cohort
were 1.8% and 38.2%, respectively. SRS treatment conveyed significant benefit in terms of local tumor
control (p<0.001).

While SRS has been proven to confer excellent local tumor control, long-term active surveillance has been
favored compared to SRS management of asymptomatic, skull based meningiomas due to the low but
existing risk for neurological deterioration and adverse radiation effects. Overall neurological
complications following radiosurgical treatment of asymptomatic meningiomas are reported at a rate of
2.6-18%, with 3-6.8% accounting for transient complications while 2.6-11.1% consisting of permanent,
long-term deficits [4, 21, 22]. Moreover, in analyses comparing morbidity in active surveillance studies and
following SRS-intervention, severity is not graded and thus complications are grouped together,
preventing estimation of severe neurological complications [23]. In a meta-analysis of 675 conservatively
managed meningiomas that involved 158 skull-base tumors, Sughrue et al. reported that based on their
specific location, 5-61% of untreated, skull-based meningiomas demonstrated symptomatic tumor
progression [7]. In a retrospective analysis of 40 conservatively managed patients with a skull base
meningioma, new or worsening cranial nerve deficits developed in 11 (27.5%) patients at 83 months
mean clinical follow-up [24]. In this study, we report eight (2.6%) and six (5.5%) patients for the SRS-
treated and active surveillance unmatched cohorts respectively, while for the matched cohorts three (2.7
%) and six (5.5 %) patients for the SRS-treated and active surveillance respectively. Although in the
unmatched cohort patients early SRS treatment appeared to provide a statistically significant lower risk
of neurological deterioration (p=0.02), in the matched cohort the incidence of neurological deterioration
between the two cohorts was not found to be statistically significant.

SRS appears to alter the natural history of asymptomatic, skull base meningiomas, reducing the rates of
symptomatic progression, thus limiting the need for further surgical management [4]. The primary
management of symptomatic meningiomas consists of resection with the aim of gross total resection
(GTR) [25]. However, the close proximity of these tumors with critical neurovascular structures limits the
rates of GTR as well as increases the risk for surgical morbidity [26—29]. In a recent study by Meling et al.
that included 1148 surgically managed meningioma, 562 of which were skull-based, gross total resection
(GTR) was achieved in 63% of the patients. Additionally, 21% of the patients experienced neurological
deterioration after resection, while 3% had post-surgical complications and the 30-day mortality rate was
2% [15]. The decreased rate of radiological and clinical progression in the SRS cohort in this study is
validated by the significantly lower rate of post-SRS surgical resection (one patient or 0.9%) compared to
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the active surveillance cohort (11 patients or 10%), providing one additional incentive for SRS
management of asymptomatic, skull base meningiomas as compared to active surveillance.

Asymptomatic, radiation-induced imaging changes, such as T2W hyper-intensity and perilesional edema,
have been reported in the treatment of intracranial lesions with SRS [30, 31]. Post-treatment perilesional
edema has been associated with increasing lesion volume and radiation prescription dose [32, 33]. In
agreement with the current literature, in this study increasing tumor volume and margin dose appear to be
correlated with the emergence of adverse radiation effects (AREs). Additionally, the risk appears to be
significantly higher in tumor volumes greater than 3.5 cm?® (p=0.02) and with margin doses greater than
13.5 Gy (p=0.04). These factors do not confer an increased risk for the emergence of new neurological
benefits. (Table 5)

Limitations

Limitations of our study include bias inherent to its retrospective design, the lack of centralized
radiological review leading to inter-rater and intra-rater variability despite the use of the RANO criteria and
non-standardized follow-up protocols among participating centers. Additionally, due to the requirement
for exact matching in tumor location, parasellar and cavernous sinus meningiomas were not included in
the matched cohort due to their absence in the active surveillance group. Further limitations include the
variability of Gamma Knife models and radiosurgical techniques utilized and the absence of quality of
life and performance status data.

Conclusions

As compared to active surveillance, SRS confers superior radiological control of asymptomatic, skull-
based meningiomas, and it does so without increasing the risk for neurological morbidity. SRS is an
alternative to active surveillance as the initial management of patients presenting with an asymptomatic
skull base meningioma. If active surveillance is the initial management of choice, SRS should be
recommended when radiologic tumor progression is noted and prior to clinical progression. Unfortunately,
active surveillance does not precisely define the time of continued tumor growth nor do so necessarily
prior to onset of neurological deficits in patients with asymptomatic meningiomas.
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Table 1. Patient and tumor baseline data and patient outcomes of matched cohorts
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Total SRS Surveillance Statistical
(n=110)

(n=220) (n=110) difference

Age, mean in years SD) 63 (11.7) 62.9 63.23 (11.1) 0.82
(12.3)

Male, number (%) 5; (25.9 22; (25.5 29 (26.4 %) 1

% %
Baseline KPS median (IQR) 100 (10) 100 (10) 100 (10) 0.72
Diameter, mean mm (SD) 19.1 (8.8) 18.8(9.5) 19.4(8.1) 0.62
Volume, mean cm3 (SD) 3.8(4.1) 39(.2) 3.7 (4.8) 0.72
Imaging follow-up, median in months 42 (43.3) 45.5 42 (42.3) 0.42
(IQR% (43.8)
?Iini)cal follow-up, median in months 42 (44.3) 47 (48.5) 42 (42.3) 0.27
IQR
Patients exhibiting neurological 9 (4.1 %) 3(2.7 %) 6 (5.5%) 0.89
deficits
Radiologic outcomes <0.001
Tumor progressed 44 (20%) 2(1.8%) 42 (38.2 %)
Tumor stable 136 69 (62.7 67 (60.9 %)

(61.9%) %)
Tumor regressed 4(3 (18.2 3? (35.5 1(0.9 %)

% %

SRS = Stereotactic radiosurgery, KPS = Karnofsky performance status, IQR = Interquartile range,

SD = Standard deviation

Table 2. Radiosurgical treatment parameters of SRS cohorts
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Number of fractions

One

Two

Three

Four

Five

Margin dose, mean Gy (SD)
Maximum dose, mean Gy (SD)

Isocenters, median (IQR)

Unmatched SRS
Cohort (n=307)

292 (95.1%)
3 (1%)
4(1.3%)

2 (0.7%)

6 (2%)

12.8 (2)
25.5 (5.2)
10 (8)

Matched SRS
Cohort (n=110)

106 (96.4%)
0

0

0

4 (3.6%)
13.1(2.3)
25.8 (6)

10 (10)

SRS = Stereotactic radiosurgery, IQR = Interquartile range, SD = Standard deviation

Table 3. Cox regression analysis for risk factors of tumor progression
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Increasing age

Male gender
Increasing baseline KPS

Increasing tumor
diameter

Increasing tumor
volume

Tumor location
in posterior fossa

SRS treatment

Unmatched

Cohorts (n=417)

Univariate

p-value
HR (95% CI)
0.33

0.44
0.66
0.18

0.44

0.4

<0.001

0.01 (0.003-
0.05)

Multivariate
p-value

HR (95% Cl)

0.11

0.4

<0.001

0.01 (0.003-
0.05)

Matched

Cohorts (n=220)

Univariate

p-value

HR (95% CI)
0.03

1.03 (1-1.06)
0.29

0.47

0.79

0.96

0.31

<0.001

0.02 (0.003-
0.15)

SRS = Stereotactic radiosurgery, KPS = Karnofsky performance status

Multivariate

p-value
HR (95% Cl)
0.39

0.12

0.11

0.1

<0.001

0.01 (0.002-
0.13)

Table 4. Cox regression analysis for risk factors of neurologic deficit
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Increasing age

Male gender

Increasing baseline KPS
Increasing tumor diameter

Increasing tumor volume

Tumor location
in posterior fossa

SRS treatment

Unmatched

Cohorts (n=417)

Univariate

p-value

HR (95% Cl)
0.91

0.9

0.11

0.1

0.001
1.2(1.1-1.3)
0.56

0.02
0.21 (0.06-0.79)

Multivariate
p-value

HR (95% Cl)

0.17

<0.001
1.16 (1.06-1.27)

0.02
0.22 (0.05-0.78)

Matched

Cohorts (n=210)

Univariate

Multivariate

p-value

HR (95% CI)
0.52

0.87

0.89

0.14

0.06

0.1

0.22

SRS = Stereotactic radiosurgery, KPS = Karnofsky performance status

p-value

HR (95% Cl)

0.09

0.1

0.21

Table 5. Cox regression analysis for risk factors for SRS complications (neurologic deficits,

asymptomatic AREs)
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Increasing age

Male gender

Increasing baseline KPS

Tumor volume

>3.5ml

Location

in posterior fossa

Margin dose
>13.5Gy

Isocenters

Hypofractionated treatment

AREs
Univariate
p-value

HR (95% Cl)
0.61

0.32

0.52

0.003
4.5(1.7112)
0.66

0.02
2.6 (1.2-5.6)
0.002

1.1 (1-1.1)
0.38

Multivariate
p-value

HR (95% Cl)
0.4

0.02
3.24(1.169
0.4

0.04
2.36 (1.02-5
0.09

.03)

5)

Deficits
Univariate
p-value

HR (95% Cl)
0.99

0.46

0.12

0.15

0.83

0.58

<0.001

1.1 (1-1.1)

0.02
6.7 (1.3-33)

Multivariate
p-value

HR (95% Cl)

0.29
0.69

0.008

1.05 (1.01-1.09)

0.09

SRS = Stereotactic radiosurgery, KPS = Karnofsky performance status, ARE = Adverse radiation

effects

Figures
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Kaplan-Meier curves for the matched cohorts, (A) Radiological progression-free survival was in favor of
the SRS group (p<0.0001), while (B) neurological progression-free survival was not appreciably different
(p=0.63)
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