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Abstract

Background Atypical meningioma differs from Grade I me-
ningioma in terms of high recurrence rate and short life ex-
pectancy. We evaluated the clinical course of atypical menin-
gioma and investigated prognostic factors affecting its
outcomes.

Method We reviewed 45 patients with atypical meningioma
who underwent surgical intervention between January 2000
and December 2013. The mean age of the patients and mean
follow-up period was 58.7 years and 81.0 months, respective-
ly. Analyses included factors such as patient age, gender, lo-
cation and size of tumor, extent of surgical resection (Simpson
Grading System), and MIB-1 labeling index (LI). Univariate
analysis was used to detect prognostic factors associated with
recurrence and survival.

Results The 5-year recurrence-free rate for all 45 patients was
58.4 %; 5- and 10-year survival rates were 83.2 % and 79.9 %,
respectively. In univariate analyses, age >60 years, and MIB-1
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LI correlated with disease recurrence, whereas age >60 years,
subtotal surgical resection, MIB-1 LI, and indication for ra-
diotherapy correlated with death. MIB-1 LI levels higher than
12.8 % and 19.7 % predicted recurrence and death, respective-
ly. In our cohort, 26 patients received postoperative radiother-
apy including conventional radiation (n =21) or gamma knife
radiosurgery (n=1>5). Postoperative radiotherapy did not de-
crease recurrence rates in our cohort (p =0.63). Six and two
patients who died during the study period underwent conven-
tional radiation and radiosurgery, respectively.

Conclusions Age, male gender, extent of surgical resection,
and higher MIB-1 LI influenced the outcome of atypical me-
ningioma. In our cohort, postoperative radiotherapy failed to
provide long-term tumor control. Following incomplete sur-
gical resection of atypical meningioma in elderly patients,
adjuvant postoperative radiotherapy may not be an ideal treat-
ment option, particularly when MIB-1 LI is higher than
19.7 %.

Keywords Atypical meningioma - Prognostic factor -
Recurrence - Cranial base - MIB-1 LI

Introduction

Meningioma is a type of tumor that arises from the meninges
of the brain and spinal cord. It is the most common of all
central nervous system (CNS) tumors, representing approxi-
mately 30 % of the CNS neoplasms [11, 24, 32]. Subgroups of
meningioma with aggressive and malignant behaviors have
long been recognized [12]. The term “atypical grade II
meningioma” was first coined in 1985 [20]. Based on histo-
pathological criteria, the World Health Organization (WHO)
further classified meningioma into atypical (Grade II) and
anaplastic (Grade III) subtypes in its recent classification
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schemes [26, 37]. Following the induction of the 2000 and
2007 WHO classifications, the proportion of atypical menin-
gioma has increased [35, 44]. According to recent reports,
atypical meningioma now accounts for approximately 20—
30 % of meningioma cases [6, 34, 35].

Previous literature suggests an increased risk of recurrence
and shorter lengths of overall survival in atypical meningioma
than that of its benign counterparts [22, 28, 36]. Atypical
meningioma carries a sevenfold to eightfold increased risk
of recurrence, and an approximate twofold increased risk of
death 35 years post-diagnosis [36]. Moreover, previous stud-
ies have reported possible prognostic factors of atypical me-
ningioma recurrence as cellular proliferating index [5, 9, 33,
34,43], age [13, 14, 34, 45], tumor location [43], preoperative
tumor size [13], degree of surgical resection [13—16, 22, 27,
33, 45], and early postoperative radiotherapy [1, 22, 23, 33].
However, these reports are controversial, and the optimum
treatment strategy for atypical meningioma remains to be
elucidated.

In the present study, we retrospectively reviewed the med-
ical records of 45 patients with atypical meningioma who
underwent surgical treatment at our institute. We intended to
identify risk factors for the poor prognosis of this clinical
entity.

Materials and methods
Patients

We reviewed the medical records of all patients who
underwent surgical resection of intracranial meningioma at
the Tohoku University Hospital between January 2000 and
December 2013; we identified 45 patients with atypical me-
ningioma from a total of 398 patients with WHO Grade I, II,
or [II meningioma according to the criteria as described below
(see “Tumor histology”). We excluded patients who
underwent primary surgery at another institution and were
subsequently referred to our hospital. Furthermore, patients
with a history of any other intracranial tumor or neurofibro-
matosis type 2 were excluded.

This study was approved by the Internal Review Board of
the Ethical Committee at the Tohoku University Hospital. Our
Institutional Review Board did not require informed consent
from patients due to the retrospective nature of this study.

Tumor histology

Histological subtypes were determined according to the WHO
2007 criteria [37]. Atypical meningioma was defined as
WHO-II (2007) meningioma. Tumor occurrences before
2007 were re-evaluated by a senior neuropathologist (M.W.)
to confirm the diagnosis. A Grade II meningioma was
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diagnosed as the presence of four or more mitoses per ten
high-power fields or three or more of the following features:
increased cellularity, high nuclear/cytoplasm ratio, prominent
nucleoli, sheet-like growth and/or geographic necrosis as well
as clear cell and chordoid histologies. Consequently, 45 pa-
tients were diagnosed as atypical meningioma and included in
this study. The MIB-1 labeling index (LI) was used to assess
cellular proliferation. For quantification, the most densely
stained areas were selected [38]. Overall, the number of
stained tumor cells was counted among 1,000 tumor cells.
MIB-1 LI was available for 42 of the 45 patients, and further
analyses regarding MIB-1 LI were performed in these 42
patients.

Clinical and radiological data

Demographic data including patient age and gender were col-
lected. Tumor size was evaluated using contrast-enhanced
magnetic resonance imaging (MRI); when MRI was not avail-
able, computed tomography (CT) was used. The size was
measured as the longest tumor length in any dimension on
preoperative imaging. Tumor location was determined using
the images and/or surgeon’s operative notes. According to
previous meningioma criteria [39], those arising from the ol-
factory groove, sphenoid wing, tuberculum sellae,
cerebellopontine angle, foramen magnum, anterior clinoid,
cavernous sinus, petroclival region, tentorium, middle fossa,
or posterior fossa (non-convexity) were classified as cranial
base lesions; those located in the convexity, falcine,
parasagittal, or interventricular regions were classified as
non-cranial base lesions.

Treatment

The extent of resection was determined based on the operative
notes and postoperative imaging. The Simpson Grading system
was used for analyses [41]. Patients in whom Simpson Grade -
II resection was achieved were defined as gross total resection
(GTR). When tumors were not completely resected, either con-
ventional radiation or gamma knife radiosurgery was indicated
for all patients with atypical meningioma. Following complete
resection of the tumor, decision for radiotherapy was made by
consensus among neurosurgeons (T.E., KM., M.F., Y.S., H.J.,
and T.T.) and radiation oncologists. If indicated, conventional
radiation or gamma knife radiosurgery was offered immediately
following the surgical treatment. Radiation modalities and doses
varied according to the location of the tumor.

Patients were followed-up in the outpatient clinic using
successive MRI. In case of emergence of new enhanced areas
or regrowth of residual tumors, indication and timing for fur-
ther treatment were discussed. In the present paper, we defined
the date of recurrence as when the second surgery was per-
formed or when radiotherapy was applied after the
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aforementioned radiographic changes. In addition to the sur-
gical intervention, either conventional radiation or gamma
knife radiosurgery was indicated at the time of recurrence.

Statistical analysis

Overall and recurrence-free survivals were calculated from the
date of surgery. The probability of death or recurrence was
estimated using the Cox proportional hazards model.
Univariate analysis was performed to determine associations
between recurrence or death and other factors. The following
variables were analyzed: age, gender, location and size of the
tumor, extent of surgical resection, MIB-1 LI, and immediate
postoperative radiotherapy. In order to estimate the most dis-
criminatory cut-off for MIB-1 LI with respect to tumor recur-
rence and survival, receiver-operated characteristics (ROC)
were used. Statistical analyses were performed using JMP
version 11 (SAS Institute., Cary, NC, USA) and data repre-
sented as mean + standard deviation (SD). Differences were
deemed significant at p <0.05.

Results

In this study, we included 45 patients [20 women (44.4 %) and
25 men (55.6 %)] with atypical meningioma. Clinical charac-
teristics of the patients are summarized in Table 1. Patient age
ranged from 5 to 82 years (mean, 58.7 years). The mean
follow-up period was 81.0 months (range, 5—187 months).
In 17 (37.8 %) and 28 (62.2 %) patients, meningioma was
located in the cranial and non-cranial base regions, respective-
ly. Simpson Grade I and Grade I resection was achieved in 12
and 19 patients, respectively. These 31 patients were classified
as GTR, and the remaining patients were judged to undergo
Simpson Grade III (3 patients) and Grade IV (11 patients)
resection. Following non-GTR resections (n=14), 10 and 4
patients received postoperative conventional radiation and ra-
diosurgery, respectively. Following GTR (n=31), 11 and 1
patients received postoperative conventional radiation and ra-
diosurgery, respectively. Overall, 21 patients received conven-
tional radiation with a dose of 50 Gy (n=12) and 54-60 Gy
(n=9). Among the 12 patients who underwent GTR and re-
ceived postoperative either conventional radiation (n=11) or
radiosurgery (n=1), recurrence was observed in 4 patients
during the follow-up period (33.3 %), whereas 8 patients suf-
fered recurrence (42.1 %) among those who did not receive
radiotherapy after GTR (n = 19). This difference did not reach
statistical significance.

Prognostic factors

The 5-year recurrence-free rate for all 45 patients was 58.4 %;
5- and 10-year survival rates were 83.2 % and 79.9 %,

Table 1 Demographics and treatment characteristics for 45 patients
with atypical meningioma
Characteristics Numbers (%)
Sex

Female 20 (44.4)

Male 25 (55.6)
Age (years)

Mean 58.7

Range 5-82
Location

Cranial base 17 (37.8)

Non-cranial base 28 (62.2)
Size (mm)

Mean 46.5

Range 20-80

Simpson Grade

Tand II 31 (68.8 %)
I and IV 14 (31.1 %)
MIB-1 labeling index (%)
Mean 16.3
Range 4.3-54.8
Postoperative radiotherapy 26 (57.8 %)
Conventional radiation 21 (46.7 %)
Gamma knife radiosurgery 5 (11.1 %)
Recurrence 19 (42.2 %)
Mean time to recurrence (months) 16.6
Range 2-100
Death 8 (17.8 %)
Mean time to death (months) 35.0
Range 5-71

respectively. Risk factors for recurrence and death as indicated
by univariate analysis are shown in Table 2. Age >60 years
(»<0.001), and higher MIB-1 LI (p <0.007) were associated
with a high recurrence rate. Furthermore, age >60 years (p =
0.016), subtotal resection (p =0.003), higher MIB-1 LI (p =
0.004), and indication for radiotherapy (p = 0.007) were asso-
ciated with death. Using a ROC analysis, 12.8 % of MIB-1 LI
predicted recurrence with an 83.3 % sensitivity and 62.5 %
specificity. Regarding survival, an MIB-1 LI of 19.7 % was
the best predictive value, yielding 75.0 % sensitivity and
88.3 % specificity.

Discussion

In this study, we retrospectively reviewed 45 patients with
atypical meningioma, with a mean follow-up period of
81.0 months. Regarding clinical outcomes including
recurrence-free and overall survivals at 5 years, our results
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Table 2 Prognostic factors for recurrence and survival in univariate analysis

Recurrence Survival

HR 95%CI )4 HR 95%ClI P
Gender: male vs female 2.6 0.99-8.1 0.051 24 0.5-16.3 0.26
Age: >60 vs <60 53 1.9-18.8 <0.001 7.9 1.4-147.9 0.016
Tumor size (continuous, mm) 1.01 0.98-1.05 0.49 1.04 0.98-1.10 0.19
Tumor location: cranial vs non-cranial base 2.4 0.95-6.4 0.064 34 0.8-16.5 0.09
Surgical resection: non-GTR vs GTR 1.7 0.64.2 0.28 9.0 2.1-61.6 0.003
MIB-1 labeling index (continuous, %) 1.06 1.02-1.09 0.007 1.08 1.03-1.12 0.004
Postoperative radiotherapy (including conventional radiation and 1.2 0.5-3.2 0.63 NA? NA? 0.007*

radiosurgery): performed vs not performed

CI confidence interval, GTR gross total removal, HR hazard ratio, NA not applicable

 There were no deaths in the patient group without radiotherapy, so HR was not able to be estimated. Instead, we tested survival difference by using the

log-lank method

are comparable to other studies, as summarized in Table 3 [1,
14-16, 27, 33, 34, 43, 45, 46]. Notably, our cohort predomi-
nantly included male patients (55.6 %), which is in accordance
with previous studies indicating different gender predomi-
nance in benign and non-benign meningioma [7, 34].
Furthermore, our analyses suggested the male gender as a risk
for recurrence, although the difference was not statistically
significant (p =0.051, Table 2). One study actually indicated
the male gender as a risk for shorter survival in atypical me-
ningioma [43], while another study reported that the female
gender would predict recurrences [46] (Table 3). Considering
the inconsistency regarding the gender as a risk factor, our
result could be due to the small sample size of our cohort.
Our analyses also found an older age as a significant prognos-
tic factor; this finding is concomitant with those of other stud-
ies reporting older age as a significant risk for recurrence and
shorter survival (Table 3) [14, 15, 33, 34, 45].

MIB1-LI

In the present study, higher MIB-1 LI was the strongest indi-
cator of a poor outcome in atypical meningioma, as suggested
in previous literature [33, 34, 43]. A recent meta-analysis sug-
gested that MIB-1 LI for atypical meningioma was between 2
and 20 %, with an average value of 8 % [3]. Several studies
have suggested an MIB-1 L1 of 10 % as a meaningful criterion
to predict the clinical course of the disease [18, 42]. In a study
including 16 patients with atypical meningioma [9], an MIB-1
LI<9.9 % was associated with longer overall survival. In our
cohort, ROC analyses indicate that an MIB-1 LI >12.8 % pre-
dicts recurrence with the best combination of sensitivity and
specificity. For prediction of death in patients with atypical
meningioma, 19.7 % was considered as an appropriate cut-
off value. However, it was concerning that MIB-1 LI data in
our study were relatively higher than those reported in previ-
ous studies. This was probably because we calculated MIB-1
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LI by adopting the highest labeling method [2]. Counting
methods in MIB-1-positive cells may also have influenced
the results [30]. Since several authors have preferred to count
randomly selected fields or evenly distributed fields [40], care
must be taken when comparing MIB-1 LI values between
different studies.

Surgical resection

The degree of surgical resection also influenced clinical
courses in our case series. Regarding surgical resection, our
findings corroborate with those of other studies that complete
surgical resection of a tumor is an important factor in reducing
recurrence and expecting longer overall survival (Table 3) [1,
14-16, 27, 33, 45, 46]. Vranic et al. [43] found that a
parasagittal—falcine location led to a higher recurrence rate
in their series of 76 cases of atypical meningioma. Although
the degree of surgical resection was not a significant prognos-
tic factor in their study, the authors speculated that residual
tumors along the superior sagittal sinus contributed to the
higher recurrence rate of atypical meningioma in this location.
Our findings highlight the fact that achieving complete resec-
tion should be important in risk stratification of atypical
meningioma.

Postoperative radiotherapy

In benign grade I meningioma, postoperative radiation usually
provides long-term tumor control even after subtotal resec-
tion. In a series of 300 benign meningioma cases, the recur-
rence rates improved in patients who underwent subtotal re-
section and postoperative radiotherapy; these rates became
comparable to the rates of those who underwent total resection
[31]. However, for atypical meningioma, the situation can be
different. The role of postoperative radiotherapy remains con-
troversial, as Hardesty et al. [17] implied that radiotherapy
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Table 3  Prognostic factors from recent atypical meningioma studies

Author, year No. of cases 5 years, RFS 5 years, OS  Prognostic factors
For recurrence For survival

Aboukais, 2013 [1] 167 NA? NA Degree of resection NA
“Radiotherapy

Durand, 2009 [14] 166 484 78.4 Age, Age, degree of resection
Degree of resection, “Radiotherapy

Gabeau-Lacet, 2009 [15] 47 48 86 Degree of resection Age, bone involvement
Bone involvement

Hammouche, 2014 [16] 79 47 81 Degree of resection NA

Mair, 2011 [27] 114 44 NA Degree of resection NA

Park, 2013 [33] 83 48 90.2 “Radiotherapy, Age
degree of resection, MIBI-LI (>10 %)

Pasqueir, 2008 [34] 119° 58 65 KPS, Age, KPS, high mitotic index
high mitotic index

Vranic, 2010 [43] 86° 60 76 High mitotic count, brain invasion, Male,

parasagittal-falcine location parasagittal-falcine location

Zaher, 2013 [45] 44 20 35 Degree of resection Age, degree of resection

Zhao, 2015 [46] 89° 67.5 89.1 Female, KPS, degree of resection
patients with paresis,
secondary meningioma

Present study 45 58.4 83.2 Age (p<0.001), Age (p=0.016),

MIBI- LI (p=0.007) degree of resection (p =0.003),
dradiotherapy (p = 0.004),

MIBI1-LI (p=0.007)

RFS recurrence free survival, OS overall survival, N4 not addressed, L/ labeling index, KPS Karnofsky Performance Scale

*Mean progression free survival was 6.3 years
® Atypical and anaplastic meningioma were analyzed together
¢ Radiotherapy was favorable in reducing recurrences

9 Radiotherapy was not favorable in improving prognoses

could not offer good tumor control in atypical meningioma
following subtotal removal. In a study analyzing 166 atypical
meningioma patients, postoperative radiotherapy was not ben-
eficial, but associated with a poorer prognosis [14].

In the present study, all patients underwent immediate post-
operative radiotherapy after incomplete resection, referring to
studies that advocated early adjuvant radiotherapy for atypical
meningioma [1, 4, 22, 23, 25, 33]. Nonetheless, radiotherapy
failed to provide long-term control in our cohort, because all
eight patients who died during the study period had undergone
postoperative radiotherapy. This result must be read with cau-
tion, since it could be related to a major limitation of the
current study, that is, indication, modalities, and doses of ra-
diotherapy were not consistent throughout the patients. Our
study included 12 patients (38.7 %) who underwent postoper-
ative radiotherapy, even though they had achieved complete
resection. This shows that indications for postoperative radio-
therapy fluctuated, particularly for completely resected atypi-
cal meningioma, in our treatment protocol. Furthermore,
among 24 patients who underwent immediate postoperative
radiotherapy in our cohort, 12 underwent conventional radia-
tion with a dose of 50 Gy. Although 50 Gy was the minimum

irradiation dose required for atypical meningioma [29, 34],
higher doses of radiation may have improved clinical results
in our patients [7, 19, 21]. While there has also been a report
that recommends radiosurgery as a treatment of choice [27],
our study included only five patients for whom radiosurgery
was prescribed. Further studies with a larger number of pa-
tients and a standard protocol are necessary to determine the
appropriate dose and modality regarding postoperative
radiotherapy.

Limitations

The present study had limitations due to its retrospective de-
sign and small number of patients; another limitation is that
our analyses solely relied on clinical data of the patients and
the histological appearance of the tumors. Recently, gene se-
quence analyses have revealed different genetic backgrounds
of meningioma at various locations [8, 10]. For instance, me-
dial and lateral meningioma had different genetic back-
grounds, although they were histologically indistinguishable.
Having recognized the important role of genetic alterations in
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the generation and progression of meningioma [37], future
studies should include genetic backgrounds in their analyses.

Conclusion

Even with multimodal treatments, the prognosis of atypical
meningioma remains poor. Based on our analyses, atypical
meningioma with a higher MIB-1 LI recurred more frequently
in elderly patients following surgical intervention.
Postoperative radiotherapy could not provide long-term tumor
control in patients with incompletely resected atypical menin-
gioma, particularly in those harboring an MIB-1 LI
higher>19.7 %. Our results emphasize the importance of pur-
suing complete surgical removal of atypical meningioma.
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