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Abstract

Background
Atypical meningiomas (AMs) constitute 18% of meningiomas. Predictors of recurrence are still
indeterminate, and the timing of RT whether to treat with radiation upfront or at initial recurrence remains
controversial, especially after gross total resection (GTR).

Methods
A retrospective study of AMs with uni-and multivariate analyses was conducted with clinical, surgical,
radiological, and histopathological parameters. The prognostic factors associated with increased risk of
recurrence were elucidated in the whole series and in the subgroup with GTR only.

Results
Subtotal resection (STR), skullbase-tentorium localization, no adjuvant RT, and progesterone-negativity
caused tumor recurrence in 37 patients with a median follow-up of 48 (2-120) months. Among subgroup
of 23 patients GTR only, 30.8% showed recurrence in a median of 39.65 months. AMs with a preoperative
volume ≥27.5 cm3 disclosed a signi�cantly higher risk of recurrence (a 9.3 fold increase) than those with
<27.5 cm3 (66.7% vs. 14.3%, respectively). Skullbase-tentorium localization and progesterone negativity
tend to have higher recurrence rates after GTR.

Conclusions
Preoperative volume was found to be a prognostic factor for AMs with a cut-off value of 27.5 cm3 for the
�rst time in the literature. Our results disclosed that RT could be delayed with active monitorization after
GTR for AMs, which are smaller than 27.5 cm3, not localized in skullbase-tentorium and progesterone-
positive. Otherwise, early postop RT would be a safer approach without waiting the recurrence for AMs.

Introduction
Meningioma is the most common tumor, constituting 39% of brain and other CNS tumors in adults.
Atypical meningiomas (WHO Grade II) are less frequent than benign meningiomas, which are
approximately 18% of all meningiomas (1). Atypical meningiomas (AMs) are complex neoplasms with a
wide variety of clinical presentations and morphologies. Histological review of grade II Meningiomas are
de�ned by one or more of the following four criteria according to the 2016 WHO classi�cation: 1) 4–19
mitotic �gures/10 HPF or brain invasion. 2) Chordoid or clear cell histological subtype 3) brain in�ltration,
and 4) three or more of the following �ve histological features: increased cellularity, a small cell with high
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N/C ratio, large and prominent nucleoli, patternless or sheet-like growth, foci of 'spontaneous' or
geographic necrosis. The WHO Classi�cation for CNS Tumors, revised in 2016, now includes brain
invasion as a single criterion for classifying these tumors as AMs (2, 3). AMs have more aggressive
behavior and tend to recur around 41-47% in a 5-year follow-up (4). Surgery and radiotherapy (RT) are the
main therapeutic approaches for AMs (5). Predictors of recurrence are still indeterminate for AMs, and
likewise, treatment approaches may differ after surgical resection (6). In case of recurrence, a modality of
RT is unequivocally undertaken accompanied by another surgical intervention if feasible. Moreover, gross
total resection (GTR) of AMs raises questions regarding the timing of RT; whether to treat with radiation
upfront or at initial recurrence remains controversial.

Early postop RT may help reduce tumor regrowth with some side effects like hair loss, fatigue, lethargy,
and late toxicities like memory de�cits, di�culty in concentration, and other neurocognitive dysfunction.
On the other hand, only surgical treatment with active monitoring may carry a higher risk of recurrence,
resulting in more aggressive treatment with radiotherapy, surgery, or both. Clinical trials addressing the
question had inherent di�culties in randomization due to heterogeneity of both tumor and therapeutic
approaches in AMs (7–9).

In our study, we retrospectively analyzed the patients diagnosed with atypical (WHO Grade II)
meningioma. We sought to determine which factors affect the clinicians' decision-making process for
early adjuvant postoperative RT with the predictors of recurrence. Then, our study focused on AMs with
GTR that might harbor good prognostic factors to justify active monitoring of AMs and delaying RT.

Materials And Methods
We conducted a retrospective analysis of patients harboring AM (WHO Grade II meningioma) treated at
Hacettepe University Department of Neurosurgery between the years 2010-2019 and collected the data of
57 patients diagnosed with AM. Patients who did not meet the criteria (patients who received RT at
recurrence, any incomplete data sets regarding radiological and pathological work-up, patients lost to
follow-up) were excluded. Each patient's treatment characteristics, such as the extent of resection,
histopathological �ndings, follow-up outpatient visits, and adjuvant treatment information, were reported,
including sex, age at diagnosis, tumor diameters and location, operative characteristics, molecular
�ndings, postoperative radiotherapy, if any, and duration of follow-up. In the end, 37 patients were
included in the study for analysis.

Locations of tumors were divided into the following categories: 1) Convexity; 2) Parasagittal 3)
Skullbase-tentorial according to their anatomical location. The extent of resection was described as
subtotal resection (STR) (Simpson Grade 4-5) or GTR (Simpson Grade 1-2-3). The tumor resection status
was evaluated with early postoperative magnetic resonance imaging (MRI).

Tumors were histopathologically diagnosed as AM per diagnostic criteria of the WHO 2016 classi�cation.
The criteria used were being clear cell, or chordoid in morphology; or 4–19 mitotic �gures/10 HPF; or
brain invasion; or 3 of the following minor criteria (increased cellularity, small cell with high N/C ratio,
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large and prominent nucleoli, patternless or sheet-like growth, foci of 'spontaneous' or geographic
necrosis).

The recurrence was described as radiological evidence of tumor regrowth in the case of GTR or
progression of the residual tumor in STR cases. Follow-up time was calculated from the time of the �rst
surgical intervention.

An interdisciplinary tumor board was conducted for each patient to obtain the postoperative care
recommendations.

Statistical analysis
Independent groups were compared in terms of numeric parameters by using the Independent samples t-
test when the parametric test assumptions were satis�ed. In addition, mean±standard deviation was
represented as descriptive statistics. Otherwise, the Mann-Whitney U test was used with median
(minimum value-maximum value) as descriptive statistics. Normality assumption was evaluated using
the Shapiro-Wilk normality test. The assumption of homogeneity of group variances was assessed using
the Levene test. The independence of the categorical variables was assessed by Fisher's Exact test or
Fisher-Freeman-Halton (Generalized Fisher's). The exact test depended on the size of the contingency
table. In addition, the one-sample chi-square test was used for evaluating homogeneity in categorical
distributions. Variables with P-value equal to or less than 0.20 in the univariate analysis are considered as
the candidate variables for multivariate analysis(10) in addition to common confounding factors such as
age and gender. Both univariable and multivariable Firth's logistic regression analyses were applied to
estimate odds ratios with 95% con�dence intervals to predict the risk of recurrence in general and in the
patients who did not receive radiotherapy treatment after gross total resection. In addition, Receiver
Operating Characteristics (ROC) Curve Analysis was performed to estimate Area Under the Curve (AUC)
for meningioma volume to evaluate the predictive performance of the variable considering the patient's
recurrence. Hence, Youden's J index was used to calculate the optimal cut-off point for meningioma
volume. IBM SPSS Statistics version 23® for Windows (Armonk, NY: IBM Corp.) was used for all
statistical analyses. The level of signi�cance was set at p<0.05.

Results
This analysis included 37 patients with AM. Eleven of 37 patients received adjuvant RT immediately after
primary tumor resection without waiting for the recurrence. None of the patients who received early
adjuvant RT had recurrence/progression during their follow-up with a median of 48 months (24-84
months). Comparing the characteristics of patients who had early postop RT to those in the active
monitoring group, all parameters were similar in clinical, radiological, and histopathological �ndings
except for the extent of resection (Table 1). The neurooncology board was inclined to make decisions for
administering early postop RT after STR (66.7%) compared to after GTR (17.9%) (p=0.01). Even if a
statistical signi�cance has not been reached, the patients who received early postop RT were presented
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with more than double the volume (20 vs. 43 cm3) than one in the follow-up group (Table 1). In our series,
STR is the most critical factor in in�uencing the decision of early postop RT.
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Table 1
Distribution of clinical, radiological and pathological features in 2 groups of atypical meningioma

patients who received the RT vs. close monitoring without RT after surgical resection.

  Radiotherapy  

Absent

(n=26)

Exist

(n=11)

p

Age   51.04±13.961 56±8.775 0.285 a

Gender Male 13 (81.3%) 3 (18.8%) 0.285 b

Female 13 (61.9%) 8 (38.1%)

Localization Skullbase 12 (75.0%) 4 (25.0%) 0.426 c

Parasagittal 4 (50.0%) 4 (50.0%)

Convexity 10 (76.9%) 3 (23.1%)

Headache Absent 16 (64%) 9 (36%) 0.279 b

  Exist 10 (83.33%) 2 (16.67%)  

Preop seizure Absent 21 (70%) 9 (30%) 1.000 b

  Exist 5 (71.43%) 2 (28.57%)  

Extent of resection STR 3 (33.33%) 6 (66.67%) 0.011 b,*

GTR 23 (82.14%) 5 (17.86%)

Preop tumor volume   20 (2-127) 43 (1-88) 0.658 d

Herniation Absent 16 (72.73%) 6 (27.27%) 0.728 b

Exist 10 (66.67%) 5 (33.33%)

MRI edema Absent 12 (85.71%) 2 (14.29%) 0.150 b

Exist 14 (60.87%) 9 (39.13%)

Progesterone Positive 13 (54.2%) 11(45.8%) 0.683e

Pathological brain invasion Absent 18 (69.23%) 8 (30.77%) 1.000 b

  Exist 8 (72.73%) 3 (27.27%)  

4 - 19 mitosis /10 HPF Absent 2 (100%) 0 (0%) 1.000 b

Exist 24 (68.57%) 11 (31.43%)

a. Independent samples t test p value, b. Fisher's Exact test p value, c. Fisher-Freeman-Halton Exact
test p value, d. Mann-Whitney U test p value, e. One-sample Chi-square test p value; *p<0.05
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  Radiotherapy  

Absent

(n=26)

Exist

(n=11)

p

Ki67   5.69±3.484 5.18±2.228 0.658 a

Brain invasion Absent 18 (69.23%) 8 (30.77%) 1.000 b

Exist 8 (72.73%) 3 (27.27%)

Increased cellularity Absent 21 (70%) 9 (30%) 1.000 b

Exist 5 (71.43%) 2 (28.57%)

Small cells with high N/C ratio Absent 14 (63.64%) 8 (36.36%) 0.466 b

Exist 12 (80%) 3 (20%)

Large-prominent nucleoli Absent 5 (83.33%) 1 (16.67%) 0.646 b

Exist 21 (67.74%) 10 (32.26%)

Patternless or sheet-like growth Absent 22 (68.75%) 10 (31.25%) 1.000 b

Exist 4 (80%) 1 (20%)

Foci of necrosis Absent 13 (65%) 7 (35%) 0.495 b

Exist 13 (76.47%) 4 (23.53%)  

Follow-up time (months)   48 (2-120) 48 (24-84) 0.421 d

a. Independent samples t test p value, b. Fisher's Exact test p value, c. Fisher-Freeman-Halton Exact
test p value, d. Mann-Whitney U test p value, e. One-sample Chi-square test p value; *p<0.05

Then, we sought to determine the factors associated with recurrence in the whole series of 37 patients
and analyzed the clinical, imaging, histopathological prognostic factors, the extent of resection (GTR with
early postop RT, GTR without RT, STR with early postop RT, STR without RT) (Table 2).



Page 8/19

Table 2
Clinical and pathological parameter distributions in patient groups whose tumors recur and did not recur

during the follow-up period.

  Recurrence

Absent (n=26) Exist (n=11) p

Radiotherapy Absent 15 (57.69%) 11 (42.31%) 0.015a, *

Exist 11 (100%) 0 (0%)

Age   58 (32-69) 45 (28-76) 0.160b

Gender Male 11 (68.75%) 5 (31.25%) 1.000a

Female 15 (71.43%) 6 (28.57%)

Headache Absent 19 (76%) 6 (24%) 0.443a

Exist 7 (58.33%) 5 (41.67%)

Seizure Absent 22 (73.33%) 8 (26.67%) 0.403a

Exist 4 (57.14%) 3 (42.86%)

Localization Skullbase-tentorium 8 (50.0%) 8 (50.0%) 0.030c, *

Parasagittal 8 (100%) 0 (0%)

Convexity 10 (76.92%) 3 (23.08%)

Meningioma volume   20 (1-117) 28 (4-127) 0.384b

Herniation Absent 16 (72.73%) 6 (27.27%) 0.728a

Exist 10 (66.67%) 5 (33.33%)

Sinus invasion Absent 22 (70.97%) 9 (29.03%) 1.000b

Exist 4 (66.67%) 2 (33.33%)

MRI edema Absent 9 (64.29%) 5 (35.71%) 0.713a

Exist 17 (73.91%) 6 (26.09%)

Mitotic index   4 (1-10) 4 (0-6) 0.132b

Ki67   5 (2-15) 5 (1-10) 0.316b

Progesterone receptor Exist 20 (83.3%) 4 (16.7%) 0.001d,*

Resection GTR only 15 (65.2%) 8 (34.8%) 0.281a

a. Fisher's Exact test p value, b. Mann-Whitney U test p value, c. Fisher-Freeman-Halton Exact test p
value, d. One-sample chi-square test p value, e. Independent samples t test p value; *p<0.05
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  Recurrence

Absent (n=26) Exist (n=11) p

GTR+RT 5 (100.0%) 0 (0%)

STR only 0 (0%) 3 (100.0%) 0.012a

STR+RT 6 (100.0%) 0 (0%)

4 - 19 mitotic �gures/10 HPF Absent 0 (0%) 2 (100%) 0.083b

Exist 26 (74.29%) 9 (25.71%)

Brain invasion Absent 18 (69.23%) 8 (30.77%) 1.000b

Exist 8 (72.73%) 3 (27.27%)

Increased cellularity Absent 22 (73.33%) 8 (26.67%) 0.403b

Exist 4 (57.14%) 3 (42.86%)

Small cells with high N/C ratio Absent 16 (72.73%) 6 (27.27%) 0.728b

Exist 10 (66.67%) 5 (33.33%)

Large and prominent nucleoli Absent 4 (66.67%) 2 (33.33%) 1.000b

Exist 22 (70.97%) 9 (29.03%)

Patternless or sheet-like growth Absent 23 (71.88%) 9 (28.13%) 0.623b

Exist 3 (60%) 2 (40%)

Foci of necrosis Absent 15 (75%) 5 (25%) 0.719b

Exist 11 (64.71%) 6 (35.29%)

Follow-up time (months)   42.38±23.615 52.73±33.302 0.290e

a. Fisher's Exact test p value, b. Mann-Whitney U test p value, c. Fisher-Freeman-Halton Exact test p
value, d. One-sample chi-square test p value, e. Independent samples t test p value; *p<0.05

Univariate Firth's logistic regression analysis showed that early postop RT without waiting for the
recurrence is one of the most important factors to prevent the recurrence; no patient showed recurrence
after RT (p=0.015). STR was a signi�cant risk factor for tumor resection, and the recurrence was
unequivocally observed in all three patients who underwent STR and received no postop RT (p=0.012).
Although a statistical signi�cance has not been reached (p=0.28), 65.2% of the patients in GTR without
early postop RT were recurrence-free during their follow-up were (42.3±23.6 months). STR caused a 2.4
fold increased risk for recurrence independent of the status of postop RT.

Tumor localization was another signi�cant risk factor associated with tumor recurrence. Skullbase-
tentorium tumors (50%) were more likely to recur. The absence of progesterone receptor expression was a
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signi�cant risk factor for the recurrence of AM. In Univariate Firth's logistic regression analysis,
progesterone negative tumors carried 5.26 times the risk for recurrence than progesterone positive
tumors. The risk is signi�cantly increased to 6.3 (1,26-46,79) in Multivariate Firth's logistic regression
analysis.

For AMs, a high risk of recurrence was observed in one of the following factors existence: absence of
early postoperative RT, skullbase-tentorium localization; STR, and progesterone-negativity (Table 2).

Our �rst results raised a question if GTR were accomplished for all AMs, which prognostic factors would
possibly delay RT. Then, among the patients who underwent GTR (n=28), we excluded the patients who
received early postop RT (n=5) and analyzed the remaining 23 patients with GTR adjuvant RT. Among
these 23 patients, eight patients (30.8%) showed recurrence after the GTR in a median of 39.65 months
follow-up. The univariate analysis demonstrated that the only factor signi�cantly affecting the recurrence
after GTR was the preoperative volume (p=0.028). A ROC analysis for determining a cut-off point of the
volume associated with recurrence revealed 27.5 cm3 (Figure 1). Patients harboring AM with a
preoperative volume of 27.5 cm3 or larger disclosed a signi�cantly higher risk of recurrence than those
with smaller volumes even though they had undergone a GTR for their tumors (14.3% vs. 66.7%
recurrence rate). Twelve tumors smaller than 27.5 cm3 revealed no recurrence after GTR during their
follow-up (median 40.75 months). Tumor volume ≥ 27.5 cm3 had a 9.3 fold increased risk compared to
small tumor volume for recurrence. After adjusting the age and gender effect on the recurrence of the
patients in GTR without RT, volume was still critical in the multivariate Firth's Logistic Regression
analysis, where tumor volume ≥ 27.5 cm3 had a 7.7 fold increase risk compared to smaller volumes.
Even if statistical signi�cance was not attained, probably due to the small sample size, tumors localized
to skullbase-tentorium and having no progesterone receptor expression showed higher recurrence rates
(Table 3).
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Table 3
Clinical and pathological parameter distributions in 23 patients who did not receive radiotherapy after

GTR.

  Recurrence

Absent (n=15) Exist (n=8) p

Age   58 (32-64) 48.5 (28-76) 0.776a

Gender Male 8(80%) 2(20%) 0.379b

Female 7(53.85%) 6(46.15%)

Localization Skullbase-tentorium 4(40%) 6(60%) 0.105c

Parasagittal 4(100%) 0(0%)

Convexity 7(77.78%) 2(22.22%)

Meningioma volume   16 (2-117) 50.5 (8-127) 0.028a,*

Meningioma volume < 27.5 mm3 12 (85.7%) 2 (14.3%) 0.023b*

≥27.5 mm3 3 (33.3%) 6 (66.7%)  

Headache Absent 10(71.43%) 4(28.57%) 0.657b

Exist 5(55.56%) 4(44.44%)

Seizure Absent 13(72.22%) 5(27.78%) 0.297b

Exist 2(40%) 3(60%)

Herniation Absent 10(76.92%) 3(23.08%) 0.221b

Exist 5(50%) 5(50%)

MRI edema Absent 7(77.78%) 2(22.22%) 0.400b

Exist 8(57.14%) 6(42.86%)

Ki67   6.53±3.720 5.38±2.774 0.450d

Mitotic index   4.27±1.223 3.50±1.069 0.151e

4 - 19 mitotic �gures/10 HPF Absent 0(0%) 1(100%) 0.348b

Exist 15(68.18%) 7(31.82%)

Brain invasion Absent 10(66.67%) 5(33.33%) 1.000b

Exist 5(62.5%) 3(37.5%)

a. Mann- Whitney U test p value, b. Fisher's Exact test p value, c. Fisher-Freeman-Halton Exact test p
value, d. One-sample chi-square test p value, e. Independent samples t test p value; *p<0.05
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  Recurrence

Absent (n=15) Exist (n=8) p

Increased cellularity Absent 13(72.22%) 5(27.78%) 0.297b

Exist 2(40%) 3(60%)

Small cells with high N/C ratio Absent 8(72.73%) 3(27.27%) 0.667b

Exist 7(58.33%) 5(41.67%)

Large and prominent nucleoli Absent 3(75%) 1(25%) 1.000b

Exist 12(63.16%) 7(36.84%)

Patternless or sheet-like growth Absent 13(68.42%) 6(31.58%) 0.589b

Exist 2(50%) 2(50%)

Foci of necrosis Absent 8(66.67%) 4(33.33%) 1.000b

Exist 7(63.64%) 4(36.36%)

Progesterone Positive 9(75%) 3(25%) 0.083d

Follow-up time (months)   36 (5-108) 54 (2-84) 0.325a

a. Mann- Whitney U test p value, b. Fisher's Exact test p value, c. Fisher-Freeman-Halton Exact test p
value, d. One-sample chi-square test p value, e. Independent samples t test p value; *p<0.05

Discussion
Atypical meningiomas carry a 7 to 8 fold increase in the risk of recurrence at �ve years compared to WHO
grade I meningioma (11). In our series, when all patients were taken into consideration, as shown in Table
2, four prognostic factors were found to be statistically signi�cant in the postoperative recurrence rate:
Extent of resection, adjuvant RT, tumor localization, and progesterone expression.

Surgical resection is the �rst step in the treatment algorithm for the treatment of meningiomas. The
impact of GTR on prognosis is well-grounded, given established literature revealing a complete tumor
resection under relatively safe conditions remains an effective treatment technique and remains the
mainstay of the approach to minimize the risk of recurrence and increase survival compared to STR in
AMs (12–18). In our study, GTR was found to be one of the most important factors in the recurrence of
AMs; 100% of tumors with STR only recurred as opposed to 34.8% of tumors with GTR only in similar
follow-up times (Table 2).

Some studies present the active monitoring after GTR of AMs as a safe alternative to RT given the
existing knowledge of no statistically signi�cant impact on overall survival, but a possible role on
progression-free survival (PFS) (15, 19) Although the role of surgical resection, particularly GTR is
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unequivocal in the management of AMs and late-term complications pertained to radiation-induced
toxicity are known; recurrence remains a confrontational fact for AMs even after GTR. In our series, no
patients had recurrence after RT (Table 2). However, the most important question still resides about the
timing of RT. Early adjuvant radiation has been shown to improve long-term control (20, 21). Given the
elevated risk of tumor recurrence with residual disease after surgery, adjuvant RT is a commonly accepted
practice for AMs with STR (6). Park et al. recommend adjuvant therapy for AMs after STR (22). A clinical
trial, The RTOG 0539 study, classi�ed meningiomas into three risk groups: The low-risk group with new
WHO grade 1 meningiomas after GTR or STR, the intermediate-risk group with recurrent WHO grade 1
meningiomas after GTR or STR, and WHO grade 2 meningiomas after GTR, and the high-risk group with
WHO grade 3 meningioma and any recurrent WHO grade 2 meningioma, or a new WHO grade 2
meningioma after STR resection. The primary endpoint of the study, which is 3-year PFS was compared
with historical controls (3-year PFS: 70% following GTR alone and 90% with GTR + RT). The 3-year overall
survival rate for the intermediate-risk group was 96%. Still, the results represented rates obtained from
treatment of newly diagnosed AMs with GTR and recurrent WHO Grade I meningioma irrespective of
resection extent (23, 24). Unsurprisingly, in our series, STR of AMs without postop RT resulted in
recurrence as correlated well with the �ndings of the high-risk group for the RTOG 0539 trial. Our
intermediate-risk group, AMs with GTR revealed 38.4% recurrence in 52.73±33.302 months, which was
longer than the 3-year follow-up time of the RTOG 0539 study (Table 2).

Two other factors were found to be signi�cantly associated with recurrence of AMs besides the extent of
resection and RT: Tumor localization and progesterone expression. AMs localized in skullbase-tentorium
had a higher recurrence rate compared to tumors localized in convexity or parasagittal regions. Moreover,
progesterone-negative tumors were correlated with recurrence. (Table 2).

Adjuvant therapy for high-risk group AMs with STR is commonly accepted; nevertheless, the role of
adjuvant therapy in patients who have had GTR for AM is still debated in the intermediate group, and
several studies re�ected con�icting reports in the literature (20–22, 25–27). Early postoperative
radiotherapy after resection of AM is increasingly being promoted, based on a single institutional series
(24, 28–30). These previous retrospective studies of early adjuvant RT after surgical resection of WHO
grade II meningioma have arrived at con�icting conclusions on whether adjuvant radiotherapy reduces
recurrence and leads to overall survival bene�t. Even if RTOG 0539 proposed the use of postoperative RT
for newly diagnosed WHO Grade II regardless of the extent of resection (23, 24), surgical series do not
necessarily agree with this conclusion (22, 31–34). Some studies compared the patients who received
early postop adjuvant RT with those with salvage RT at their recurrences after GTR. Momin et al. found
26.4% of recurrence that required salvage RT after GTR. Although PFS was worse for the observation
group compared to the early adjuvant RT group (PFS at 3 and 5 years after observation was 75.1%,
65.6%, and after adjuvant RT was 86.1% and 5,9.2%, respectively), patients who underwent observation
with salvage radiation treatment had signi�cantly longer radiation failure-free free survival (3-, 5-, and 10-
year radiation failure-free survival rates were 97.7%, 90.3%, and 87.9%, respectively). The crucial question
that remains to be answered is to reveal bad prognostic factors necessitating early postoperative
adjuvant RT without waiting for the recurrence after GTR of AMs. In a series of 108 patients, Aghi et al.
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(20) found a 28% recurrence rate of AMs after GTR; and most recurrences occurred within �ve years after
resection. In their study, factors predicting worse prognosis were older age, sheeting, and prominent
nucleoli (20). In Komotar's series, 41% of patients who did not undergo postoperative radiotherapy after
GTR showed recurrence. Residual tumor, parafalcine/parasagittal location, peritumoral edema, and a MI >
7 were all independently associated with early recurrence (35). Patients with early recurrence had worse
neurological outcomes (36). If waited enough, a recurrence is unavoidable for all AMs as most
recurrences occur in 5 years after GTR of AMs. However, we sought to determine factors to create a
propensity towards early recurrence after GTR. In our series, preoperative tumor volume was the only
statistically signi�cant factor that affected the recurrence after GTR. The ROC analysis revealed a cut-off
point for the volume, and any tumor greater than 27.5 cm3 had a higher recurrence rate (66.7%), and the
risk of recurrence was 7.2 times higher in that group. On the contrary, 12 patients in the GTR group who
had tumors smaller than 27.5 cm3 revealed no recurrence during their follow-up (9-108 months, median
40.75 months) (Table 3). Even if a statistical signi�cance was not reached, probably due to small sample
size; skullbase-tentorium localization, seizure at presentation, and lack of progesterone receptor
expression could be predisposing factors for early recurrence (Table 3).

Limitation
The primary limitation of this study is its retrospective, nonrandomized design. The possible selection
bias by different clinicians may favor one treatment as opposed to the other. We only analyzed the
radiological evidence of recurrence; we did not compare the treatment complications, quality of life
measurements, neurocognitive evaluation, and failure patterns. Moreover, the median follow-up was 48
months for the whole cohort; however, when we looked at the subgroups of the GTR cohort, the
recurrence-free group had a median of 36 (5-108) months follow-up in comparison to 54 (2-84) months
for the recurrent group although this was not signi�cantly different. We did not include any molecular or
genetic signatures of meningiomas to predict the recurrence pattern. We wanted to make a prognostic
scale, but our number was limited for statistical validation of each parameter. Further validation will be
possible through the results from the randomized trials with larger numbers of patients.

Conclusion
Clinicians tend to give early postop RT to patients with large tumors and after STR. The most important
factors associated with recurrence in AMs are tumor localization, STR, absence of postop RT, and
negative progesterone expression. Even if GTR is achieved, some factors may cause meningiomas to
recur. Our analysis showed that the most crucial factor is preop tumor volume, and if the volume was
higher than 27.5 cm3, 2 out of 3 patients would have a tumor recurrence within three years. Skullbase-
tentorium localization and progesterone negativity were correlated with the higher recurrence rates after
GTR of AMs, while signi�cance was not reached, probably due to the small sample size.
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Our results disclosed for the �rst time that RT could be delayed with active monitorization if AMs are
smaller than 27.5 cm3, with GTR, not localized in skullbase-tentorium and progesterone positive.
Otherwise, early postop RT would be a safer approach for tumors larger than 27.5 cm3, localized in
skullbase-tentorium, after STR, and with no progesterone expression.
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Figure 1

Determination of a cut-off value for preop tumor volume for predicting recurrence in the patients in GTR
only group (ROC Curve analysis; Area under curve was estimated 77.9% (95% CI: 0.582-0.977) and it was
signi�cant at 0.05 (p=0.031). Cut-off of preop tumor volume was estimated at 27.5 cm3 according to the
maximum Youden's J Index with 75% sensitivity and 80% speci�city with a positive and negative
predictive values of 66.7% and 85.7%, respectively where the prevalence of the recurrence was 34.8%).


