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6.56], p = 0.017), tumor size (HR 1.01, CI [1.00,1.02], 
p = 0.032),and radiation treatment (HR 1.52, CI [1.11, 
2.09], p = 0.01) were significantly associated with tumor-
related death. The association of age at diagnosis, tumor 
size, location, and radiotherapy with overall survival in 
patients with AAM is demonstrated. The results provide a 
context for individualized treatment plans in patients with 
AAM. Additional studies focusing on issues such as the use 
of radiation and chemotherapy will clarify the best modal-
ity to achieve disease control.

Keywords Atypical meningioma · Radiation · Extent of 
resection

Introduction

Meningiomas account for approximately one-third of all 
intracranial brain tumors [1, 2]. The majority of meningi-
omas are WHO grade I, but approximately 5% of menin-
giomas are atypical and malignant (WHO II and III) [3]. 
WHO grade II and III are aggressive tumors and are cou-
pled to a poor prognosis and higher mortality caused by the 
tumor [4]. In contrast to WHO I meningiomas that have a 
female predominance, atypical and malignant meningiomas 
have a slight predominance in male patients [3].

The management of patients with atypical and anaplas-
tic meningiomas (AAM) remains uncertain and few studies 
have identified qualities that warrant more aggressive man-
agement strategies. Some of these characteristics include 
genetic abnormalities, extent of surgical resection, need for 
adjuvant radiation, and histological features such as mitotic 
rates; however, most of these factors have not been verified 
in a large cohort [5–11].

Abstract Atypical and anaplastic meningiomas (AAM) 
are aggressive tumors. This study is aimed at examining 
associations between patient and tumor-related factors and 
tumor-related death in patients with AAM. We conducted a 
population-based cohort study utilizing prospectively col-
lected data from the Surveillance, Epidemiology, and End 
Results (SEER) database. Patients with diagnosis of AAM 
from 1973 to 2012 in the SEER database were included. 
Patients lacking clinical information were excluded. Multi-
variate analysis between patient and lesion characteristics, 
and AAM-related death was performed to adjust for con-
founding factors. We identified and included 522 patients 
in our study. Mean age at diagnosis was 60.8 ± 15.7 years. 
The majority of patients were White(73%), 15.5% Black, 
and 9.8% Asian. Average tumor size was 48.2 ± 20.3 mm. 
The tumor was locally confined in 57.1%, whereas it had 
intracranial extension in 29.3%, and extracranial extension 
in 8.8% of patients. The vast majority (94.8%) of tumors 
were supratentorial. Gross total resection (GTR) was docu-
mented in 65.5% of patients. Age at diagnosis (p = 0.001), 
tumor size (p = 0.003), surgery result (GTR vs. subto-
tal resection, p = 0.027), and radiation therapy (p = 0.2) 
were found to be significantly different between the com-
parison groups. In a multivariate proportional compet-
ing risk regression analysis age (HR 1.03, CI [1.01,1.04], 
p < 0.001), infratentorial location (HR 2.81, CI [1.20, 
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We performed a population-based study with a national 
cancer registry to identify important factors that determine 
survival of patients with AAM.

Methods

Study design and patient population

We incorporated a prospective population-based cohort 
study design by utilizing data from the surveillance, epi-
demiology, and end results (SEER) dataset actively main-
tained by the National Cancer Institute (NCI). Patients 
were prospectively enrolled in this national cancer regis-
try, with collection of individual demographic, lesion and 
survival data. To align with the purpose of this study, we 
included cases from the “incidence-SEER 18 registries 
Research Data and Hurricane Katrina Impacted Louisiana 
Cases” dataset between 1973 and 2012. Inclusion criteria 
included: brain groupings labeled as “Meningioma, benign 
or malignant” including International Classification of Dis-
eases for Oncology (ICD-O 3) code of 9530–9539 (menin-
gioma), diagnosed between 1983 and 2012, primary tumor, 
and malignant behavior by ICD-O-3. It should be noted 
that we did not utilize WHO grade for inclusion of malig-
nant or atypical meningioma as it has been modified and 
inconsistently recorded in SEER database; the malignant 
behavior of meningioma was defined by ICD-O-3 behavior 
code. Exclusion criteria included: non-intracranial location, 
lesions not confirmed histologically, lesions listed as WHO 
grade 1, not primary or first tumor, and missing critical 
information (size and survival time).

Definition of variables

Basic demographics including age, sex, race and marital 
status were included for each patient. Age was defined as 
age at diagnosis for each patient. Race was classified into 
four distinct categories: White, Black, Asian and Others/
Unknown. Marital status was grouped into: married, single/
separated, and unknown. Size of the tumor was represented 
in millimeters, and extension of the tumor was described as 
either locally confined, tumor with intracranial extensions, 
tumor with extracranial extensions, or unspecified. Tumor 
location was clustered into three categories: supratentorial, 
infratentorial, and overlapping/others. For treatment vari-
ables, surgery was categorized into: gross total resection 
(GTR), partial/unspecified extent of resection and no sur-
gery. Year of diagnosis was described per 5-year incremen-
tal, and analyzed as a continuous variable in the multivari-
ate analysis to prevent over-stratification of data.

Statistical analysis

A survival analysis was conducted to delineate factors asso-
ciated with survival of atypical or malignant meningioma. 
Outcome was defined as tumor-related death. Attributable 
to the relatively benign nature of meningioma compared 
to other malignant brain tumors, we observed a significant 
proportion of patients with death of other causes. There-
fore, a competing risk analysis was adopted to address the 
limitations of conventional survival analysis [12, 13]. Base-
line patient and lesion characteristics were described by 
comparing between tumor-related death versus alive/unre-
lated death, and also between alive versus tumor-related 
death versus unrelated death. Student’s t-test or analysis 
of variance (ANOVA) was used for continuous variables 
where appropriate, and Chi square test was used for cate-
gorical variables.

For competing risk analysis, cumulative incidence of 
tumor-related death was computed for each factor after 
accounting for death of other causes. Both tumor-related 
death and death of other causes were included in a cumu-
lative risk regression (CRR) model. The Fine and Gray 
model was selected as our primary CRR model [14, 15]. 
Univariate CRR was computed for each of the variable, and 
an all-inclusive multivariate CRR model was constructed to 
adjust variable confounding. Hazard ratios were reported 
together with 95% confidence intervals. All p values in this 
study were reported as two-sided. Statistical significance 
was defined with an alpha level of 0.05 (p < 0.05). Statis-
tical analysis was performed using R Statistical Software 
(Version 3.2.3, 2015, Vienna, Austria).

Results

Patient population and baseline characteristics

We identified 522 patients from the SEER database after 
applying inclusion and exclusion criteria as illustrated in 
Supplemental Fig. 1. Baseline characteristics of the cohort 
as stratified by tumor related death and by survival status 
are presented in Supplemental Table 1. Mean age at diag-
nosis for all patients was 60.8 ± 15.7 years. Seventy-three 
percent of patients were White, 15.5% Black, and 9.8% 
were Asian. More than half of the patients (53.8%) were 
married. Mean tumor size was 48.2 ± 20.3 mm. The tumor 
was locally confined in 57.1% of cases, whereas it had 
intracranial extension in 29.3% of cases and extracranial 
extension in 8.8% of patients. The vast majority (94.8%) 
of tumors were supratentorial. Gross total resection (GTR) 
was documented in 65.5% of patients, partial or unspeci-
fied resection was documented in 28.2% of patients and 
6.3% of patients did not undergo surgery. Radiation therapy 
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was employed to treat 39.3% of patients. Age at diagnosis 
(p = 0.001), tumor size (p = 0.003), surgery result (GTR 
vs. subtotal resection, p = 0.027), and radiation therapy 
(p = 0.2) were found to be significantly different between 
the comparison groups.

Impact of age, tumor characteristics, and adjuvant 
therapy on survival

Significant factors affecting survival of patients diagnosed 
with atypical meningioma were identified using a compet-
ing risk analysis. In a multivariate proportional compet-
ing risk regression analysis age (HR 1.03, CI [1.01, 1.04], 

p < 0.001), infratentorial location (HR 2.81, CI [1.20, 6.56], 
p = 0.017), tumor size (HR 1.01, CI [1.00, 1.02], p = 0.032), 
and radiation treatment (HR1.52, CI [1.11, 2.09], p = 0.01) 
(Table 1). Interestingly, survival demonstrated two peaks of 
greatest survival describing the intersection of the influence 
of tumor size and age at diagnosis on survival (Fig.  1a). 
Briefly, patients diagnosed around the 5th and 6th decades 
of their life demonstrated the longest survival as compared 
to older patients when assessing tumor related death. When 
assessing the survival associated to tumor related and 
unrelated death patient age and tumor size demonstrated 
the same influence (Fig.  1b). Interestingly, a decrease in 
survival was noticed in the tumor size range from 50 to 

Table 1  Comparison of patient baseline characteristics by survival status

*Significant variables (p < 0.050)

Parameters Total (N = 522) Alive (N = 253) Tumor related death 
(N = 175)

Unrelated death 
(N = 94)

p value

Age at diagnosis, year, mean (SD) 60.8 (15.7) 55.2 (15.5) 64.0 (15.1) 69.6 (11.2) 0.000*
Gender, male, n (%) 235 (45.0) 98 (38.7) 86 (49.1) 51 (54.3) 0.014*
Race 0.578
 White, n (%) 381 (73.0) 185 (73.1) 124 (70.9) 72 (76.6)
 Black, n (%) 81 (15.5) 38 (15.0) 30 (17.1) 13 (13.8)
 Asian, n (%) 51 (9.8) 23 (9.1) 20 (11.4) 8 (8.5)
 Others or unknown, n (%) 9 (1.7) 7 (2.8) 1 (0.6) 1 (1.1)

Marital status 0.089
 Married, n (%) 281 (53.8) 130 (51.4) 92 (52.6) 59 (62.8)
 Single or separated, n (%) 218 (41.8) 116 (45.8) 72 (41.1) 30 (31.9)
 Unknown, n (%) 23 (4.4) 7 (2.8) 11 (6.3) 5 (5.3)

Tumor size, mm, mean (sd) 48.2 (20.3) 44.7 (18.0) 52.1 (22.0) 50.5 (21.3) 0.002*
Tumor extension 0.211
 Locally confined, n (%) 298 (57.1) 153 (60.5) 93 (53.1) 52 (55.3)
 Intracranial extension, n (%) 153 (29.3) 70 (27.7) 53 (30.3) 30 (31.9)
 Extracranial extension, n (%) 46 (8.8) 17 (6.7) 23 (13.1) 6 (6.4)
 Unspecified, n (%) 25 (4.8) 13 (5.1) 6 (3.4) 6 (6.4)

Tumor location 0.686
 Supratentorial, n (%) 495 (94.8) 238 (94.1) 166 (94.9) 91 (96.8)
 Infratentorial, n (%) 14 (2.7) 7 (2.8) 6 (3.4) 1 (1.1)
 Overlapping and others, n (%) 13 (2.5) 8 (3.2) 3 (1.7) 2 (2.1)

Surgery 0.027*
 None, n (%) 33 (6.3) 16 (6.3) 7 (4.0) 10 (10.6)
 Gross or total resection, n (%) 342 (65.5) 178 (70.4) 107 (61.1) 57 (60.6)
 Partial resection or unspecified, n (%) 147 (28.2) 59 (23.3) 61 (34.9) 27 (28.7)
 Radiation therapy, n (%) 205 (39.3) 96 (37.9) 81 (46.3) 28 (29.8) 0.025*

Diagnosis years 0.000*
 1983–1987 25 (4.8) 8 (3.2) 8 (4.6) 9 (9.6)
 1988–1992 50 (9.6) 11 (4.3) 24 (13.7) 15 (16.0)
 1993–1997 74 (14.2) 20 (7.9) 32 (18.3) 22 (23.4)
 1998–2002 124 (23.8) 56 (22.1) 46 (26.3) 22 (23.4)
 2003–2007 147 (28.2) 78 (30.8) 50 (28.6) 19 (20.2)
 2007–2011 102 (19.5) 80 (31.6) 15 (8.6) 7 (7.4)
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100  mm both in the tumor-related cause of mortality, as 
well in the all cause of mortality plot (Fig. 1). In both com-
parisons, age abrogates the peaks in survival seen in both 
analyses. Analysis of the overall cumulative competing 
risk of death demonstrated the probability of tumor related 
death is higher than death due to other causes (Fig. 1c). To 
better understand the factors that were found to be statis-
tically significant in the competing risk analysis (i.e. loca-
tion, age, and tumor size) we modeled a predicted curve 
of cumulative incidence of tumor related death using the 
dataset where size and age cutoff were chosen based on 
approximately 25 and 75% percentile (Fig. 2). This shows 
that in a 75 year-old patient with an infratentorial 60 mm 
tumor the cumulative incidence of tumor related death is 
considerably higher when compared to that of a 50 year-old 
patient with a 35  mm supratentorial tumor. Interestingly, 
when the same model is applied to patients that received 

radiation, it was evident that the effect of tumor size on sur-
vival was annulled (Fig. 2b). For example, in a 50 year-old 
patient with a 35 mm tumor the curve of the predicted inci-
dence of tumor related death approximated the curve for a 
50 year-old patient with a 60 mm tumor. The same effect 
is seen for supratentorial and infratentorial tumors. Further, 
the modeled time to tumor related death resulted shorter in 
patients that required radiation than in patients that did not 
require radiation, consistent with the multivariate analysis 
(Table 1).

The total number of patients diagnosed with AAM 
increased since 1983–2007 and declined in the last period 
from 2007 to 2011, potentially due to the change in diag-
nostic criteria for WHO II and III meningiomas (Fig.  3a) 
[16]. The ratio of patients alive as a fraction of the total 
number of patients diagnosed with AAM shows a steady 
increase over the years since 1983–2011, whereas there is 

Fig. 1  3D scatter plot describ-
ing the relationship of age 
at diagnosis, tumor size, and 
survival in patients with atypi-
cal and anaplastic meningiomas 
in the context of all cause 
mortality (a) and in the context 
of tumor related mortality (b). 
c Kaplan–Meier curve of the 
overall cumulative competing 
risk of death comparing tumor-
related death against death of 
other causes
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a steady decrease in the ratio of patients with tumor-related 
death over total number of patients diagnosed with AAM 
(Fig.  3b). This appears to be an artifact of the temporal 
course of the disease since the multivariate analysis does 

not show any difference in survival between the different 
time periods as shown in Table  1. Of note, there was no 
difference in survival in the different stratification catego-
ries in Supplemental Table 1. We also performed Log-rank 

Fig. 2  Prediction curve of competitive risk regression with only significant factors in patients a without and b with radiotherapy
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analysis of survival for the six different time periods of 
diagnosis and there was no significant difference in sur-
vival in for all cause death (Fig. 3c; Table2).

Discussion

Intracranial meningiomas account for a large proportion 
of intracranial tumors. WHO grade II and III, or atypical 
or anaplastic meningiomas, account for a small fraction 
of meningiomas and the prognosis of patients with these 
tumors is grim [1–4]. We identified 522 AAM patients 
from the SEER database and we explored the prognostic 
factors that affect the survival of patients with AAM in a 
nationwide database. We identified factors that affect sur-
vival such as age at diagnosis, tumor size, location of the 
tumor, and whether the patient received radiation therapy 
or not. Because of the relatively long natural history of the 

disease, it is paramount to analyze the data with a compet-
ing risk analysis to avoid the limitations of conventional 
survival analysis, which includes the risk of death due to 
causes other than the tumor.

We found that survival was greatly influenced by older 
age at diagnosis when the data is analyzed by tumor-related 
death rather than an overall mortality, which can generate 
a bias given the possibility of deterioration of health with 
age. By analyzing this parameter in the context of tumor 
related death, we avoid this bias and the results suggest 
that the effect of age on survival is due to characteristics 
intrinsic to the tumor. In prior studies, survival had been 
analyzed in the context of all-cause mortality. However our 
findings are in accordance with findings from other studies 
where age was found to be a major determinant of survival 
in patients with atypical or anaplastic meningiomas [17–19] 
Other reports have found that patients with younger age at 
diagnosis were less likely to be undergo reoperation for 

Table 2  Univariate and 
multivariate proportional 
competing risk regression of 
survival status using fine and 
gray model

a Hazard ratio was converted based on coefficient of competing risk regression, representing death versus 
alive after accounting death as a competing risk
* Statistical significance (p < 0.05)

Parameters Univariate analysis Multivariate analysis

HRa 95% CI p value HRa 95% CI p value

Age, per 1 year increase 1.02 [1.01, 1.03] <0.001* 1.03 [1.01, 1.04] <0.001*
Gender (male vs. female) 1.24 [0.93, 1.67] 0.150 1.16 [0.85, 1.57] 0.340
Race
 White Ref – – Ref – –
 Black 1.22 [0.82, 1.81] 0.320 1.44 [0.94, 2.19] 0.090
 Asian 1.17 [0.86, 0.73] 0.510 1.22 [0.75, 1.96] 0.420
 Others or unknown 0.27 [0.04, 1.91] 0.190 0.37 [0.05, 2.66] 0.320

Marital status
 Married Ref – – Ref – –
 Single or separated 1.05 [0.78, 1.43] 0.740 1.11 [0.81, 1.52] 0.520
 Unknown 1.55 [0.82, 2.93] 0.180 1.63 [0.83, 3.19] 0.150

Tumor size, per 1 mm increase 1.01 [1.00, 1.02] 0.002* 1.01 [1.00, 1.02] 0.032*
Tumor extension
 Locally confined Ref – – Ref – –
 Intracranial extension 1.09 [0.78, 1.53] 0.600 0.95 [0.65, 1.39] 0.790
 Extracranial extension 1.53 [0.99, 2.36] 0.055 1.40 [0.89, 2.18] 0.140
 Unspecified 0.62 [0.28, 1.39] 0.250 0.78 [0.34, 1.77] 0.550

Tumor location
 Supratentorial Ref – – Ref – –
 Infratentorial 1.80 [0.77, 4.21] 0.180 2.81 [1.20, 6.56] 0.017*
 Overlapping and others 0.62 [0.18, 2.17] 0.450 0.73 [0.19, 2.73] 0.640

Surgery
 None Ref – – Ref – –
 Gross or total resection 0.57 [0.25, 1.28] 0.170 1.46 [0.59, 3.56] 0.410
 Partial resection or unspecified 0.80 [0.59, 1.09] 0.160 1.70 [0.67, 4.29] 0.260
 Radiation therapy (Yes vs. No) 1.45 [1.08, 1.94] 0.013a 1.52 [1.11, 2.09] 0.010*
 Year of diagnosis, per 1 year Increase 1.00 [0.98, 1.02] 0.810 1.00 [0.98, 1.02] 0.910
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recurrence of WHO grade II meningioma [20]. Other stud-
ies have shown that later age at diagnosis was a prognos-
tic factor of recurrence [17–19, 20Aizer, 2015 #6]. The 
increased incidence in recurrence at a later age may be the 
explanation for significantly higher tumor related deaths 
in patients with later age at diagnosis. However, increased 
recurrence and shorter survival may be related to a more 
aggressive biology of these tumors in older patients.

Tumor size is another important factor determining sur-
vival and progression free survival in patients with AAM. 
We analyzed the interaction of age at diagnosis, tumor size 
and survival in the context of all cause death and tumor-
related death, specifically. We found that at a younger age 
there are two peaks of longer survival times, one with 
tumors <50 mm and another peak with tumors >100 mm. 
This effect was abrogated at older ages suggesting differ-
ences in tumor behavior or potential invasion of adjacent 
critical structures [16, 19, 21, 22]. In addition to tumor size, 
extent of surgical resection is one of the most important 
prognostic factors for recurrence and survival in patients 
with atypical and anaplastic meningiomas [5, 19, 22–25].

Radiation therapy to treat meningiomas in general is 
used when there is residual tumor after surgical resection 
or to treat recurrence of the tumor [11, 26, 27]. In our study 
we found that patients who received radiation had earlier 
tumor related death as compared to patients who did not 
receive radiation. The caveat that must be considered in the 
interpretation of this result is that in the SEER database, it 
is not specified whether radiation was given as adjuvant or 
salvage therapy, and the radiation modality is not specified 
either. Also, there may be a selection bias in that clinicians 

may have chosen radiotherapy for patients considered high 
risk for recurrence or with aggressive tumors. Further, 
there may be large inter-institutional discrepancies in the 
use of radiation therapy for AAM patients. Early adjuvant 
radiation for AAM has been analyzed in a multicenter 
study and was not found to be beneficial to atypical men-
ingioma patients [11, 28] This lack of effect on survival or 
PFS was independent of extent of resection, however, there 
was selection bias present in this study. Other studies have 
shown benefit of radiation therapy in PFS but not in OS [19, 
29, 30]. Interestingly, one study demonstrated that patients 
who receive radiation therapy are more likely to undergo 
repeat surgery for recurrence, this is to be considered in the 
context that patients that receive radiation may not have 
gross total resection of the tumor prompting surgeons to 
proceed with adjuvant radiation [20]. Some authors advo-
cate for radiation therapy in patients with gross total resec-
tion [29]. Further prospective studies with uniform dosing 
strategies and potentially different radiation modalities are 
needed to answer the question of whether radiation therapy 
is beneficial for AAM patients even in the context of GTR.

Using the SEER data, we found that location of the 
tumor is a significant factor that influences survival, in that 
infratentorial location represents a risk factor for poor prog-
nosis associated with tumor related death. In a similar way, 
other studies have demonstrated that tumor location in the 
cerebral convexity is associated with improved survival as 
compared to other sites (parasagittal, falx, cranial base, or 
posterior fossa grouped together) [17, 31]. This effect is 
likely due to the proximity of critical structures such as the 
superior sagittal sinus in the falx/parasagittal location, the 

Fig. 3  Number of patients a diagnosed with atypical and anaplastic meningiomas over time and b survival status. c Kaplan–Meier curve of all 
cause mortality according to year of diagnosis
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cranial nerves, brainstem, and venous sinuses in the poste-
rior fossa/cranial base locations. Remarkably, a large study 
that included 76 WHO II and 7 WHO III meningiomas 
concluded that the location of the tumor in a place other 
than the skull base is a risk factor for higher WHO clas-
sification [32].

Molecular profiling of AAM has yielded data that 
may be helpful to predict recurrence and/or progression 
of tumors after surgical resection. In one study, authors 
explored the expression of pro-apoptotic and anti-apoptotic 
factors in 67 AAM patients, they found that low expres-
sion of CASP3 and BAX, and overexpression of survivin 
and MDM2 were associated with recurrence [33]. Addi-
tionally, methylation of PDCD1 and IGF2BP1 was found 
to correlate with increased malignant potential and associ-
ated with an aggressive phenotype [34]. Other cytogenetic 
alterations and specific gene mutations have been identified 
in patients with AAM that differ from those found in WHO 
grade I meningiomas [35]. Other molecular analyses have 
found that AAM cells express PD-L1, a checkpoint mol-
ecule capable of suppressing an effective immune response, 
potentially providing an immunosuppressive microenviron-
ment and making immunotherapy an alternative therapy for 
these type of aggressive tumors [36]. Another important 
gene with effects in meningioma progression is p53-regu-
lator PPM1D [37]. Additionally, potential targets for cur-
rently available agents have been identified in meningi-
omas, one of them being NY-ESO-1 [38]. Clinical trials 
exploring the expression of NY-ESO-1 (https://clinicaltri-
als.gov/ct2/show/NCT01967823) as well as trials that char-
acterize the expression of tumor markers and treat patients 
according to their tumor marker profile (https://clinicaltri-
als.gov/ct2/show/NCT02523014). Molecular characteriza-
tion of AAM may be helpful in stratifying patients to dif-
ferent risk categories of recurrence, directing the treatment 
plan to more aggressive approaches for patients with more 
risk factors for recurrence.

Even though the identified cohort of patients is large, 
there are strengths and limitations inherent to the nature of 
this study. The size of the cohort and the length of follow-
up are among its strengths. Another strength is that this 
large database captures the heterogeneity of patients and 
treatment strategies across the institutions from which this 
data is accrued, yielding a realistic and potentially general-
izable picture of the clinical course of the patient popula-
tion. One of the limitations is the retrospective nature of the 
study that is accompanied by lack of details of the treat-
ment strategy such as characteristics of radiation, details 
of tumor histology, use of chemotherapy in some patients, 
patients’ performance status and comorbidities. Potential 
variability in histological diagnosis and modifications to 
the WHO diagnostic criteria, as well as the lack of Simp-
son grade classification into the database are additional 

limitations to the study. The extent of surgical resection is 
not a significant predictor of survival is possibly attribut-
able to the lack of detailed information on extent of resec-
tion such as Simpson grade, or potentially due to a differ-
ence of population as our inclusion criteria was based on 
ICD-O-3 instead of WHO grade. Additionally, even though 
the supra or infratentorial location of the tumor is avail-
able, the database does not specify factors such as venous 
sinus invasion and skull base location, which limit the 
possibility of gross-total resection. Further, the Simpson 
grade used to evaluate extent of resection of meningiomas 
is lacking in the SEER database. Despite these limitations, 
we believe that this study improves the current knowledge 
with improved analysis strategies and introduces new ques-
tions to be answered. One of these questions centers on the 
role of chemotherapy in the treatment of AAM, aiming at 
describing the outcomes of patients with these challenging 
tumors that have undergone chemotherapy treatment.

Conclusions

Despite the limitations of the study, we were able to clearly 
demonstrate the association between age at diagnosis, 
tumor size, location, and radiation treatment with overall 
survival. The results lend support to individualized treat-
ment plans in patients with AAM and call for future stud-
ies focused on issues such as use of radiation and chemo-
therapy to further clarify the best therapeutic strategies to 
achieve disease control.
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