
Neuro-Oncology
24(1), 116–124, 2022 | doi:10.1093/neuonc/noab132 | Advance Access date 9 June 2021

 116

© The Author(s) 2021. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com

An international multicenter matched cohort analysis 
of incidental meningioma progression during active 
surveillance or after stereotactic radiosurgery: the 
IMPASSE study

  

Jason Sheehan, Stylianos Pikis, Abdurrahman I. Islim, Ching-Jen Chen, Adomas Bunevicius, 
Selcuk Peker, Yavuz Samanci, Ahmed M. Nabeel, Wael A. Reda, Sameh R. Tawadros, 
Amr M. N. El-Shehaby, Khaled Abdelkarim, Reem M. Emad, Violaine Delabar, David Mathieu, 
Cheng-Chia Lee, Huai-Che Yang, Roman Liscak, Jaromir Hanuska, Roberto Martinez Alvarez, 
Dev Patel, Douglas Kondziolka, Nuria Martinez Moreno, Manjul Tripathi, Herwin Speckter, 
Camilo Albert, Greg N. Bowden, Ronald J. Benveniste, Lawrence Dade Lunsford, and 
Michael D. Jenkinson 

Department of Neurological Surgery, University of Virginia, Charlottesville, Virginia, USA (J.S., S.P., C.-J.C., A.B.); 
Department of Neurosurgery, The Walton Centre NHS Foundation Trust, Liverpool, UK (A.I.I., M.D.J.); Institute of 
Systems, Molecular and Integrative Biology, University of Liverpool, Liverpool, UK (A.I.I., M.D.J.); Department of 
Neurosurgery, Koc University School of Medicine, Istanbul, Turkey (S.P., Y.S.); Gamma Knife Center Cairo, Nasser 
Institute, Cairo, Egypt (A.M.N., W.A.R., S.R.T., A.M.N.E., K.A., R.M.E.); Department of Neurosurgery, Benha University, 
Benha, Egypt (A.M.N.); Department of Neurosurgery, Ain Shams University, Cairo, Egypt (W.A.R., S.R.T., A.M.N.E., 
K.A.); Department of Radiation Oncology, National Cancer Institute, Cairo University, Cairo, Egypt (R.M.E.); Division 
of Neurosurgery, Centre Hospitalier Université de Sherbrooke, Sherbrooke, Quebec, Canada (V.D., D.M.); Department 
of Neurosurgery, School of Medicine, Neurological Institute, Taipei Veteran General Hospital, Taipei City, Taiwan (ROC) 
(C.-C.L., H.-C.Y.); Department of Neurosurgery, National Yang-Ming University, Beitou District, Taipei City, Taiwan (ROC) 
(C.-C.L., H.-C.Y.); Department of Radiation and Stereotactic Neurosurgery, Na Homolce Hospital, Prague, Czech Republic 
(R.L., J.H.); Department of Radiosurgery, Rúber International Hospital, Madrid, Spain (R.M.A., N.M.M.); Department of 
Neurosurgery and Radiotherapy, Nehru Hospital Sector 12, Postgraduate Institute of Medical Education and Research, 
Chandigarh, Punjab, India (M.T.); Department of Radiology, Dominican Gamma Knife Center and CEDIMAT, Santo 
Domingo, Dominican Republic (H.S., C.A.); Department of Neurosurgery, 2D1.02 Mackenzie Health Sciences Centre, 
University of Alberta, Edmonton, Alberta, Canada (G.N.B.); Department of Neurosurgery, University of Miami Miller 
School of Medicine, Miami, Florida, USA (R.J.B.); Department of Neurosurgery, New York University, Cary, North 
Carolina, USA (D.P., D.K.), Department of Neurosurgery and Radiation Oncology, New York University, New York, NY, 
USA (D.K.); Department of Neurosurgery, University of Pittsburgh, Pittsburgh, Pennsylvania, USA (L.D.L.)  

Corresponding Author: Jason Sheehan, MD, PhD, Department of Neurological Surgery, University of Virginia Health System, 
Charlottesville, VA 22908, USA (jsheehan@virginia.edu).

Abstract
Background. The optimal management of patients with incidental meningiomas remains unclear. The aim of this 
study was to characterize the radiologic and neurological outcomes of expectant and stereotactic radiosurgery 
(SRS) management of asymptomatic meningioma patients.
Methods. Using data from 14 centers across 10 countries, the study compares SRS outcomes to active surveil-
lance of asymptomatic meningiomas. Local tumor control of asymptomatic meningiomas and development of 
new neurological deficits attributable to the tumor were evaluated in the SRS and conservatively managed groups.
Results. In the unmatched cohorts, 727 meningioma patients underwent SRS and were followed for a mean of 
57.2 months. In the conservatively managed cohort, 388 patients were followed for a mean of 43.5 months. Tumor con-
trol was 99.0% of SRS and 64.2% of conservatively managed patients (P < .001; OR 56.860 [95% CI 26.253-123.150]). 
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New neurological deficits were 2.5% in the SRS and 2.8% of conservatively managed patients (P = .764; OR 
0.890 [95% CI 0.416-1.904]). After 1:1 propensity matching for patient age, tumor volume, location, and imaging 
follow-up, tumor control in the SRS and conservatively managed cohorts was 99.4% and 62.1%, respectively (P 
< .001; OR 94.461 [95% CI 23.082-386.568]). In matched cohorts, new neurological deficits were noted in 2.3% of 
SRS-treated and 3.2% of conservatively managed patients (P = .475; OR 0.700 [95% CI 0.263-1.863]).
Conclusions. SRS affords superior radiologic tumor control compared to active surveillance without 
increasing the risk of neurological deficits in asymptomatic meningioma patients. While SRS and active 
surveillance are reasonable options, SRS appears to alter the natural history of asymptomatic meningiomas 
including tumor progression in the majority of patients treated.

Key Points

• In asymptomatic meningioma patients, stereotactic radiosurgery (SRS) affords 
superior radiologic tumor control over conservative management.

• SRS for asymptomatic meningiomas does not appear to increase the risk of new 
neurological deficits as compared to patients managed with active surveillance.

Meningiomas comprise 13%-26% of all primary intracra-
nial tumors.1,2 Most meningiomas are histologically be-
nign (WHO grade I). The prevalence of asymptomatic 
meningiomas appears to be increasing in part through diag-
nosis secondary to increased use of brain imaging for minor 
head injuries and other nonspecific neurological symp-
toms.3–6 Once diagnosed, the optimal management of an 
asymptomatic meningioma remains controversial.5,7–11 In 
one population-based survey from the United States, obser-
vation with longitudinal surveillance is a commonly chosen 
approach for smaller meningiomas (<2 cm).12

However, over periods of 4 or more years, 24%-92% of 
small to moderately sized meningiomas will demonstrate 
a linear increase in the diameter of the tumor.3–5,7,8,13–15 
Volumetric assessments of meningioma change vary from 
18.8% to 88% over a 4+ year time interval.16 With growth, 
the risk of tumor-related signs and symptoms developing 
in patients varies from 0% to 10%.17 Also, the anxiety and 
mood changes associated with an untreated meningioma 
may affect a patient’s quality of life.18 Surgical treatment 
can also incur long-term considerable limitations in health-
related quality of life.19

While resection remains a treatment of choice for many 
symptomatic meningiomas, the benefit to risk profile for 
removing an asymptomatic meningioma has led many to 

choose expectant management.20 Stereotactic radiosurgery 
(SRS) has become increasingly used for treating 
meningiomas; its minimally invasive nature has also led 
to SRS treatment of asymptomatic meningiomas.21,22 
This international Multicenter Matched Cohort Analysis 
of Incidental Meningioma Progression During Active 
Surveillance or After Stereotactic Radiosurgery (IMPASSE) 
study is a multicenter matched cohort analysis that aims to 
evaluate the efficacy and safety of SRS in the treatment of 
patients with asymptomatic meningiomas.

Materials and Methods

Study Design and Population

The study included SRS-treated patients with incidental and 
asymptomatic meningiomas (SRS cohort) from participating 
centers through the International Radiosurgery Research 
Foundation (IRRF) and supported as study IRRF-07-31-2020. 
These centers obtained approval for the study from their re-
spective institutional review boards and also had approval 
for sharing of deidentified data with the IRRF coordinating 
office. Baseline patient, tumor, and treatment variables as 
well as longitudinal follow-up data for patients in the SRS 

Importance of the Study

Incidental meningiomas are commonly diagnosed. The 
optimal management of these tumors in terms of tumor 
control and neurological preservation remains un-
clear. Many physicians and patients with asymptomatic 
meningiomas choose expectant management over ster-
eotactic radiosurgery (SRS). Although longer follow-up 
and ideally prospective validation of these results 
seems warranted, the current study provides a bench-
mark for SRS treatment of asymptomatic meningioma 

patients; it suggests that SRS affords superior radi-
ologic tumor control over conservative management 
without increasing the risk of new neurological deficits. 
Further study identifying specific subgroups of asymp-
tomatic meningioma patients at presentation who most 
benefit from SRS is required to prevent tumor growth 
and development of tumor-related neurological signs or 
symptoms while minimizing the risk of SRS sequelae.
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and observation cohorts were collected by study investiga-
tors and sent to the IRRF coordinating office. The IRRF co-
ordinator subsequently verified the data for completeness 
and forward deidentified datasets to the study coordinating 
investigator. IRRF data were obtained from 14 centers 
across 10 countries. Comparable data fields were obtained 
for the observation group of asymptomatic meningiomas 
subject to active clinical and radiologic surveillance (obser-
vation cohort) from an IRRF site (the University of Virginia) 
and the Walton Centre NHS Foundation Trust, a stand-alone 
neuroscience hospital in the United Kingdom which serves 
a region of approximately 3.5 million people and partners 
with 18 other hospitals.23

The meningioma was diagnosed on the basis of neuro-
imaging findings including extra-axial location, uniform 
contrast enhancement, the presence of calcification, and 
the absence of known cancer in the patient. Histology if 
available was limited to only WHO grade I meningiomas. 
The study was limited to patients >16 years old. Patients 
with multiple meningiomas were excluded from the anal-
ysis. At the time of diagnosis, patients did not exhibit signs 
or symptoms attributable to the identified meningioma. In 
the observation and SRS groups, patients underwent lon-
gitudinal evaluations with serial neuroimaging and clin-
ical assessments during the duration of follow-up. Time to 
tumor progression as defined by Response Assessment in 
Neuro-Oncology (RANO) criteria was noted during the lon-
gitudinal follow-up period.

Intervention

SRS was described according to a consensus definition, 
and, in this study, radiosurgery was delivered in 1 session 
to the asymptomatic meningioma. Radiosurgery was per-
formed using the Gamma Knife (Elekta AB, Stockholm, 
Sweden). SRS utilized brain MRI and/or CT with contrast 
for stereotactic targeting; radiosurgical planning using a 
multi-isocentric approach. The SRS technique and dose 
selection were selected as per the local clinical team and 
model of radiosurgical technology available at that site.

Outcomes

Comparing the impact of SRS vs observation, the primary 
endpoint of the analysis was to determine local control de-
fined as stable or regressed tumor on neuroimaging studies 
based upon RANO24 criteria. A tumor was defined as stable if 
its volume changed by less than 25% of the baseline volume 
and regressed if the volume decreased by ≥25% of the 
baseline volume. Tumor progression was defined as tumor 
volume increase of ≥25% of its baseline. Secondary out-
comes included tumor regression, tumor progression, tumor 
progression-free survival, and development of a new neu-
rological deficit. A new neurological problem was a focal def-
icit (eg, a cranial nerve deficit, sensory disturbance, or motor 
dysfunction) attributable to the tumor. Tumor progression-
free survival was measured in months based on radiolog-
ical follow-up. Patients were censored at the time of death 
or loss to follow-up. New neurological deficit was defined as 
changes in global or focal neurological status attributable to 

the tumor and compared to initial diagnosis for the observa-
tion group and prior to treatment in the SRS cohort.

Statistical Analysis

All statistical analyses were performed using Stata (version 
16.1; StataCorp, College Station, TX, USA). Baseline patient 
and meningioma characteristics were compared between 
the observation and SRS cohorts. Continuous variables 
were compared using Student t or Mann-Whitney U tests, 
and categorical variables were compared using Pearson χ 2 
or Fisher exact tests, where appropriate.

Patient age at presentation, duration of follow-up, and 
tumor volume have been previously shown to impact the 
natural history of meningiomas.6,14 To control for poten-
tial confounders of treatment outcome, the 2 cohorts were 
matched, without replacement, in a 1:1 ratio with a cal-
iper of 0.01 using propensity scores derived from patient 
age, meningioma volume, tumor location, and duration of 
neuroimaging follow-up. The matching process was per-
formed using the PSMATCH2 package developed for Stata. 
An absolute standardized difference of <0.10 between ob-
servation and SRS cohorts for the matched covariates was 
considered adequate balance. Univariate comparisons of 
the unmatched and matched cohorts were performed for 
outcome measures using binary logistic regression anal-
ysis. Time-dependent analyses for progression-free sur-
vival were performed using Kaplan-Meier and actuarial 
methods. Differences between function curves were ana-
lyzed using the log-rank test. Statistical significance was 
defined as P < .05, and all tests were 2-tailed. Missing data 
were not imputed.

Results

Unmatched Patient and Tumor Attributes

In the unmatched cohorts, data were collected on 727 SRS 
patients and 388 conservatively managed patients (Table 1). 
The mean age of the SRS group was 56.9 years, and the ob-
servation group’s mean age was 62.6 years (P < .001). Mean 
initial Karnofsky Performance Score (KPS) was 90 in the 
SRS group and 100 in the conservatively managed group. 
Mean meningioma volume of the SRS and conservatively 
managed cohorts was 4.3 and 3.7 cc, respectively (P = .055). 
Mean radiologic follow-up durations for the SRS and con-
servatively managed cohorts were 57.2 and 43.5  months, 
respectively (P < .001). Mean clinical follow-up for the SRS 
and observation cohorts were 56.3 and 43.5  months, re-
spectively (P < .001). The mean dose to the tumor was 13.0 
Gy in the SRS-treated cohort.

Matched Patient and Tumor Attributes

After propensity score matching for patient age, duration 
of imaging follow-up, tumor location, and tumor volume, 
311 patients remained in each cohort (Table 2). In the SRS 
cohort, the mean age was 61.1 years, and it was 60.7 years 
for the conservatively managed cohort (P = .723). Median 
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the tumor and compared to initial diagnosis for the observa-
tion group and prior to treatment in the SRS cohort.

Statistical Analysis

All statistical analyses were performed using Stata (version 
16.1; StataCorp, College Station, TX, USA). Baseline patient 
and meningioma characteristics were compared between 
the observation and SRS cohorts. Continuous variables 
were compared using Student t or Mann-Whitney U tests, 
and categorical variables were compared using Pearson χ 2 
or Fisher exact tests, where appropriate.

Patient age at presentation, duration of follow-up, and 
tumor volume have been previously shown to impact the 
natural history of meningiomas.6,14 To control for poten-
tial confounders of treatment outcome, the 2 cohorts were 
matched, without replacement, in a 1:1 ratio with a cal-
iper of 0.01 using propensity scores derived from patient 
age, meningioma volume, tumor location, and duration of 
neuroimaging follow-up. The matching process was per-
formed using the PSMATCH2 package developed for Stata. 
An absolute standardized difference of <0.10 between ob-
servation and SRS cohorts for the matched covariates was 
considered adequate balance. Univariate comparisons of 
the unmatched and matched cohorts were performed for 
outcome measures using binary logistic regression anal-
ysis. Time-dependent analyses for progression-free sur-
vival were performed using Kaplan-Meier and actuarial 
methods. Differences between function curves were ana-
lyzed using the log-rank test. Statistical significance was 
defined as P < .05, and all tests were 2-tailed. Missing data 
were not imputed.

Results

Unmatched Patient and Tumor Attributes

In the unmatched cohorts, data were collected on 727 SRS 
patients and 388 conservatively managed patients (Table 1). 
The mean age of the SRS group was 56.9 years, and the ob-
servation group’s mean age was 62.6 years (P < .001). Mean 
initial Karnofsky Performance Score (KPS) was 90 in the 
SRS group and 100 in the conservatively managed group. 
Mean meningioma volume of the SRS and conservatively 
managed cohorts was 4.3 and 3.7 cc, respectively (P = .055). 
Mean radiologic follow-up durations for the SRS and con-
servatively managed cohorts were 57.2 and 43.5  months, 
respectively (P < .001). Mean clinical follow-up for the SRS 
and observation cohorts were 56.3 and 43.5  months, re-
spectively (P < .001). The mean dose to the tumor was 13.0 
Gy in the SRS-treated cohort.

Matched Patient and Tumor Attributes

After propensity score matching for patient age, duration 
of imaging follow-up, tumor location, and tumor volume, 
311 patients remained in each cohort (Table 2). In the SRS 
cohort, the mean age was 61.1 years, and it was 60.7 years 
for the conservatively managed cohort (P = .723). Median 

KPS in the SRS and observation groups was 90 and 100, 
respectively (P < .001). Mean tumor volumes in the SRS 
and observation groups were 3.8 and 3.9 cc, respectively 
(P = .804). Regarding laterality of the meningioma, the SRS 
group and observation cohorts had no appreciable differ-
ences in tumor side or midline location (P =  .451). Mean 
clinical and imaging follow-up durations in the SRS and 
conservatively managed groups were also not significantly 
different between the 2 cohorts.

Radiologic and Neurologic Outcomes for 
Unmatched Cohorts

In the unmatched cohorts, tumor control (ie, stability or 
regression) was observed in 99.0% of SRS-treated pa-
tients and 64.2% of patients in the observation cohort  
(P < .001; OR 56.86 [95% CI 26.253-123.150]) (Table 3). 
Tumor progression-free survival between the unmatched 
SRS and conservatively managed cohorts was appreciably 
different over time and favored SRS (Figure 1a; log-rank 
test, P < .001). Tumor regression was observed in 45.4% of 
SRS-treated patients and 0.8% of patients in the observa-
tion cohort (P < .001; OR 106.781 [95% CI 33.966-335.694]). 
No patients in the SRS cohort had evidence of radiation-
associated intracranial malignancy.

New neurological deficits attributable to the meningioma 
were observed in 2.5% of SRS and 2.8% of patients in the 
observation cohort (P = .764; OR 0.890 [95% CI 0.416-1.904]). 
Of those with a new neurological deficit related to the me-
ningioma, tumor progression was reported in 10/11 (90.9%) 

in the observation cohort and 2/18 (11.1%) in the SRS co-
hort. At last follow-up, the combined endpoint of tumor and 
neurological deficit progression-free survival for the un-
matched cohorts is illustrated in Supplementary Figure 1.

Radiologic and Neurologic Outcomes Between 
Matched Cohorts

In the matched cohort analysis (Table 4), tumor con-
trol in the SRS and observation cohorts was observed in 
99.4% and 62.1%, respectively (P < .001; OR 94.461 [95% 
CI 23.082-386.568]). Tumor progression-free survival be-
tween the unmatched SRS and conservatively managed 
cohorts was appreciably different over time favored SRS 
(Figure 1b; log-rank test, P < .001). Tumor regression at last 
follow-up was seen in 44.4% of the SRS cohort and 1% of 
the conservatively managed cohort (P < .001; OR 81.896 
[95% CI 25.702-260.950]). Similar to the unmatched cohort, 
no patients in the SRS cohort had evidence of radiation-
induced intracranial malignancy.

New neurological deficits attributable to the menin-
gioma were observed in 2.3% of SRS-treated and 3.2% of 
the observation cohort (P = .475; OR 0.700 [95% CI 0.263-
1.863]).Of those with a new neurological deficit related to 
the meningioma, tumor progression was demonstrated in 
9/10 (90.0%) in the observation cohort and 1/7 (14.2%) in 
the SRS cohort. At last follow-up, the combined endpoint 
of tumor and neurological deficit progression-free survival 
for the matched cohorts is illustrated in Supplementary 
Figure 2.

  
Table 1 Comparison of Baseline Characteristics Between Unmatched SRS and Conservative Management Cohorts 

Total (n = 1117) SRS (n = 727) Conservative Management (n = 388) P Value

Age, mean yr (SD) 58.8 (13.4) 56.9 (13.7) 62.6 (12.0) <0.001

Male, n (%) 242/1095 (22.1) 160/725 (22.1) 82/288 (22.2) 0.972

Baseline KPS, median (IQR) 95 (90-100) 90 (90-100) 100 (90-100) 0.014

Diameter, mean mm (SD) 19.6 (9.2) 20.0 (9.4) 18.9 (8.8) 0.061

Volume, mean cm3 (SD) 4.1 (4.9) 4.3 (4.0) 3.7 (6.0) 0.055

Laterality, n (%)     

 Right 517/1099 (47.0) 330/711 (46.4) 187/388 (48.2) 0.107

 Left 336/1099 (47.7) 336/711 (47.3) 188/388 (48.5)  

 Midline 58/1099 (5.3) 45/711 (6.3) 13/388 (3.4)  

Location, n (%)    <0.001

 Skull base 438/1112 (39.4) 335/724 (46.3) 103/388 (26.6)  

 Convexity 641/1112 (57.6) 374/724 (51.7) 267/388 (68.8)  

 Other 33/1112 (3.0) 15/724 (2.1) 18/388 (4.6)  

Margin dose, mean Gy (SD) –– 13.0 (1.9) –– ––

Maximum dose, mean Gy (SD) –– 26.0 (5.1) –– ––

Isocenters, median (IQR) –– 9 (6–15) –– ––

Treatment volume, mean cm3 (SD) –– 5.4 (4.7) –– ––

Imaging follow-up, mean mo (median; SD) 52.6 (42; 39.6) 57.2 (48; 43.7) 43.5 (36; 27.9) <0.001

Clinical follow-up, mean mo (median; SD) 51.9 (42; 39.2) 56.3 (45; 43.3) 43.5 (36; 27.9) <0.001

Abbreviations: IQR, interquartile range; SD, standard deviation; SRS, stereotactic radiosurgery.
Bold values are those with P < 0.05.
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Discussion

The current study is an international, multicenter anal-
ysis of outcomes of 1117 patients with asymptomatic 
meningiomas managed with SRS (N = 727) or observation 
(N = 388). After SRS, RANO-based tumor control in the un-
matched cohorts was observed in 99.0% of the SRS-treated 
and 64.2% of the observed patients at last follow-up (P < 
.001). New neurological deficits attributable to the tumor 
were observed in 2.5% in the SRS cohort and 2.8% of pa-
tients in the observation cohort. Thus, not every tumor that 
progressed by RANO criteria led to development of a new 
neurological deficit at that time. However, over time, tumor 
progression may of course lead to new or worsening neu-
rological deficits particularly if the tumor growth continues 
over many years.6 In SRS-treated patients, there were 

no cases of radiation-induced intracranial malignancy, 
but late sequelae of SRS in patients with asymptomatic 
meningiomas require longer-term study. This finding is 
consistent with prior reports for patients treated with SRS 
for meningiomas and other intracranial pathology.25

In the second portion of the analysis, factors associated 
with meningioma growth including patient age, tumor 
volume, tumor location, and duration of follow-up were 
matched.6,11 In a 1:1 propensity score-matched cohort anal-
ysis of 311 patients in each arm with a mean follow-up of 
approximately 46.5 months, tumor control was observed 
in 99.4% of SRS-treated patients as compared to 62.1% of 
observed patients (P < .001). New neurological deficits at-
tributable to the tumor were noted in 2.3% of SRS-treated 
and 3.2% of observed patients (P = .475). While the option 
for active surveillance of an asymptomatic meningioma 
followed by SRS at the time of radiologic and/or clinical 

  
Table 2 Comparison of Baseline Characteristics Between Matched SRS and Conservative Management Cohorts

SRS (n = 311) Conservative Management (n = 311) P Value

Age, mean yr (SD) 61.1 (12.9) 60.7 (11.7) 0.723a

Male, n (%) 72/311 (23.2) 63/311 (20.3) 0.381

Baseline KPS, median (IQR) 90 (90-100) 100 (90-100) <0.001

Diameter, mean mm (SD) 19.0 (9.3) 19.1 (8.9) 0.876

Volume, mean cm3 (SD) 3.8 (3.3) 3.9 (6.5) 0.804a

Laterality, n (%)   0.451

 Right 140/307 (45.6) 151/311 (48.6)  

 Left 149/307 (48.5) 148/311 (47.6)  

 Midline 18/307 (5.9) 12/311 (3.9)  

Location, n (%)   0.798a

 Skull base 93/311 (29.9) 95/311 (30.6)  

 Convexity 206/311 (66.2) 207/311 (66.6)  

 Other 12/311 (3.9) 9/311 (2.9)  

Margin dose, mean Gy (SD) 12.9 (1.8) –– ––

Maximum dose, mean Gy (SD) 26.0 (4.7) –– ––

Isocenters, median (IQR) 9 (6–15) –– ––

Treatment volume, mean cm3 (SD) 4.9 (4.1) –– ––

Imaging follow-up, mean mo (median; SD) 46.5 (36; 35.5) 46.6 (42; 28.3) 0.961a

Clinical follow-up, mean mo (median; SD) 47.4 (36; 36.1) 46.6 (42; 28.3) 0.767

Abbreviations: IQR, interquartile range; SD, standard deviation; SRS, stereotactic radiosurgery.
aMatched covariates.
Bold values are those with P < 0.05.

  
  
Table 3 Comparison of Neurological and Radiologic Outcomes Between Unmatched SRS and Conservative Management Cohorts

SRS (n = 727) Conservative Management (n = 388) OR (95% CI) P Value

Tumor control, n (%) 713/720 (99.0) 249/388 (64.2) 56.860 (26.253-123.150) <0.001

Tumor regression, n (%) 327/720 (45.4) 3/388 (0.8) 106.781 (33.966-335.694) <0.001

Tumor progression, n (%) 7/720 (1.0) 141/388 (36.3) 0.017 (0.008-0.037) <0.001

New neurological deficit, n (%) 18/711 (2.5) 11/388 (2.8) 0.890 (0.416-1.904) 0.764

Abbreviations: CI, confidence interval; OR, odds ratio; SRS, stereotactic radiosurgery.
Bold values are those with P < 0.05.
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Fig. 1 a. Kaplan-Meier plot comparing tumor progression-free survival between unmatched SRS and conservative management cohorts. 
b. Kaplan-Meier plot comparing tumor progression-free survival between matched SRS and conservative management cohorts. Abbreviation: 
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progression remains a reasonable one, the current study 
results are impressive in demonstrating that SRS affords 
local tumor control defined as RANO stability or regression 
while not increasing the risk of neurological deficits in this 
population.

Studies have demonstrated the long-term durability 
of tumor control of meningiomas treated with SRS. In 
such studies, progression-free survival of WHO grade 

I  meningiomas of 95%-97% and 82%-87% have been re-
ported at 5 and 10  years, respectively, after SRS.22,26 
Moreover, these studies demonstrate a low risk of new 
or worsening neurological deficits in SRS-treated menin-
gioma patients. However, such studies have generally 
focused on recurrent or residual meningiomas after resec-
tion or in meningioma patients who have demonstrated 
tumor-related signs or symptoms prior to treatment.
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Asymptomatic or incidentally found meningiomas while 
increasingly common are often expectantly managed.12 
While the natural history of incidental meningiomas 
varies in part due to the heterogeneity of progression def-
initions and follow-up duration, meningiomas typically 
demonstrate slow progression.27 In a 5-year prospective 
study of 70 untreated patients, 75% demonstrated pro-
gression by 15%. In another study of 65 patients with in-
cidental meningiomas, 35.4% had an increase in size by 
>2 mm during a mean follow-up of 74 months, and pro-
gression occurred in 50% by 10 years and 75% at 15 years 
for meningiomas <2 cm in initial size.14 In a meta-analysis 
of meningiomas, Sughrue et al noted that 44% of all un-
treated meningiomas and 49% tumors ≤2.5  cm demon-
strated growth on serial imaging over a median follow-up 
period of 4.6 years.6 Rapid exponential growth of an in-
cidental meningioma is less common with 7%-10% of 
untreated incidental meningiomas demonstrating such 
behavior.6 Similarly, the risk of the development of a neu-
rological deficit at 5 years is low and ranges from 0% to 
10%.10 In the setting of progressive growth leading to 
worsening mass effect upon neural structures, neurolog-
ical symptoms or signs may be more likely to be mani-
fested in patients presenting with initially asymptomatic 
meningiomas.

Altering the trajectory of growth of asymptomatic 
meningiomas in a minimal access approach with SRS con-
fers the benefits of tumor control while avoiding the risks 
of a resection in those with progression.27,28 Moreover, 
within the study observation period of approximately 
5  years, SRS to asymptomatic meningiomas appears to 
confer no increased risk of neurological deficits over obser-
vation alone. As the mean age of patients in the matched 
cohorts was 61 years and considering the average life ex-
pectancy in North American and the United Kingdom, the 
at-risk period for patients developing radiological and neu-
rological progression from an initially asymptomatic me-
ningioma is likely a decade or more for most patients in 
the current study. Thus, altering the trajectory of growth 
of meningiomas with radiosurgery may confer benefit to 
patients with asymptomatic meningiomas over the long 
term including lessening the need for invasive surgery 
to resect the tumor after it has progressed and/or caused 
neurological deficits. Further longitudinal study would be 
required to determine if SRS offers a long-term neurolog-
ical protective effect in patients initially presenting with an 
asymptomatic meningioma.

On balance, the decision to treat or to observe an inci-
dental meningioma is multifactorial and should take into 

account the predicted natural history weighed against the 
patient’s age, comorbidity burden, and importantly per-
sonal preference.29 Considering that the vast majority of 
surgically removed tumors are WHO grade I,11 the results 
of this study present an argument for SRS treatment in pa-
tients deemed higher risk of progression or for whom the 
period at risk is substantial in duration.

Strengths and Limitations

The study has several strengths including the large size of 
the SRS and observation cohorts and the participation from 
centers in various countries improving the generalizability 
of the findings. The statistical methodology including pro-
pensity matching to control for multiple prognostic factors 
represents an additional strength.

The study also has several limitations. The retrospective 
nature of the design may result in bias and confounding 
factors in the analysis. Decisions for SRS treatment and 
observation could not be discerned based on the collected 
data and could be a source of bias. Hence, there may be in-
herent selection bias that may not be accounted for in the 
statistical matching. Not all included patients had patho-
logical diagnosis, and thus potential inclusion of patients 
with WHO grades II and III meningiomas or other tumors 
resembling meningiomas on neuroimaging studies such as 
hemangioperictyomas may confound the results. However, 
very few patients required resection so this incidence is un-
likely. Also, while the mean follow-up duration in the un-
matched and matched cohorts was approximately 4 years, 
longer surveillance is needed to determine the long-term 
risk of tumor growth and associated neurological deficits.

In addition, the current study findings may not apply to 
pediatric patients, but presentation with an asymptomatic 
meningioma is more common in adulthood rather than child-
hood age. The current study design does not permit assess-
ments of quality of life and cost-effectiveness of care. Also, the 
RANO criteria for assessing response in treated meningiomas 
is not a validated tool for this particular purpose but has been 
validated for other brain tumor applications.

Despite best attempts at controlling for measured base-
line variables, unmeasured variables that may confound 
the results may not be accounted for. Although neurolog-
ical outcome was captured in the form of development of 
new neurological deficit, validated performance status and 
quality of life assessments were not performed as part of 
this study. Moreover, the eventual outcome of the neurolog-
ical deficit, which may have triggered steroid or surgical 

  
Table 4 Comparison of Neurological and Radiologic Outcomes Between Matched SRS and Conservative Management Cohorts

SRS (n = 311) Conservative Management (n = 311) OR (95% CI) P Value

Tumor control, n (%) 309/311 (99.4) 193/311 (62.1) 94.461 (23.082-386.568) <0.001

Tumor regression, n (%) 138/311 (44.4) 3/311 (1.0) 81.896 (25.702-260.950) <0.001

Tumor progression, n (%) 2/311 (1.0) 118/311 (37.9) 0.011 (0.003-0.043) <0.001

New neurological deficit, n (%) 7/308 (2.3) 10/311 (3.2) 0.700 (0.263-1.863) 0.475

Abbreviations: CI, confidence interval; OR, odds ratio; SRS, stereotactic radiosurgery.
Bold values are those with P < 0.05.
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treatment, was not fully recorded. Therefore, conclusions 
regarding overall functional outcomes could not be drawn. 
As the primary outcome was radiologic tumor control, sec-
ondary outcomes analyzed were considered exploratory as 
the multiple tests were not adjusted and may be subject to 
an elevated false detection rate. While RANO criteria were 
applied at each site, neuroimaging review and tumor volume 
quantification were performed by respective participating 
centers, and there was no centralized imaging core or adjudi-
cation of these findings. Therefore, inter- and intra-rater reli-
ability could not be ascertained. Also, surveillance protocols 
for radiologic and clinical assessment were dependent on 
institutional practices. Beyond traditional SRS parameters 
including dose and tumor volume, we did not collect specific 
data on variations in SRS techniques or devices utilized.

Conclusions

In this large, multicenter matched cohort analysis, SRS 
afforded superior radiologic control of asymptomatic 
meningiomas over observation for all time points evalu-
ated. SRS did not increase the risk of neurological deficit 
development as compared to observation. For meningioma 
patients presenting without symptoms, SRS was associ-
ated with less risk of CNS progression of the tumor and no 
increase in the development of a new neurological deficit 
as compared to those managed with observation. SRS ap-
pears to alter the natural history of asymptomatic menin-
gioma growth. However, whether tumor control achieved 
with SRS treatment translates into preservation or improve-
ment of functional outcome remains to be determined over 
a longer follow-up period; SRS and active surveillance are 
reasonable options. We believe that these data for SRS out-
comes support considering SRS to treat patients presenting 
with an asymptomatic meningioma and no imminently 
threatening medical issues. A  randomized clinical trial of 
active surveillance vs SRS can help to further define the op-
timal management of asymptomatic meningiomas.
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Supplementary material is available at Neuro-Oncology 
online.
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