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Objective : Atypical meningioma is rare tumor and there is no accurate guide line for optimal treatment. This retrospective study 
analyzed the prognostic factors, the effect of different methods of treatments and the behavior of atypical meningioma.

Methods : Thirty six patients were diagnosed as atypical meningioma, among 273 patients who were given a diagnosis of 
meningioma in the period of 2002 to 2015. Age, gender, tumor location, Ki 67, Simpson grade and treatment received were 
analyzed. We studied the correlation between these factors with recurrence, overall survival rate and progression free survival.

Results : Median overall survival time and progression free survival time are 60 and 53 (months). Better survival rate was observed 
for patients less than 50 years old but with no statistical significance (p=0.322). And patients with total resection compared with 
subtotal resection also showed better survival rate but no statistical significance (p=0.744). Patients with a tumor located in skull 
base compared with patients with a tumor located in brain convexity and parasagittal showed better progression free survival 
(p=0.048). Total resection is associated with longer progression-free survival than incomplete resection (p=0.018). 

Conclusion : We confirmed that Simpson grade was significant factor for statistically affect to progression free survival in 
univariate analysis. In case of skull base atypical tumor, it is analyzed that it has more recurrence than tumor located elsewhere. 
Overall survival was not affected statistically by patient age, gender, tumor location, Ki 67, Simpson grade and treatment received in 
this study. 
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INTRODUCTION

Meningiomas are relatively slow-growing benign lesions 

arising from the arachnoid cells that form the meninges and 

account for 1326% of intracranial tumors. The World Health 

Organization (WHO) Classification of Tumors of the Cen-

tral Nervous System recognizes three grades of meningio-

mas. The choroid, clear cell, and common atypical meningi-

omas correspond to a WHO grade II classification. WHO 

grade III meningiomas are associated with aggressive growth 

patterns that ref lect their clinical and histopathological fea-

tures of malignancy and spread by metastatic dissemination. 

WHO grade I meningiomas most often occur in women and 

are associated with a relatively good outcome2,5,6,9,16). Accord-
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ing to the current WHO classification, between 5% and 15% 

of meningiomas are atypical (grade II), whereas 12% are ana-

plastic meningiomas (grade III)13). Because of the rarity and 

discordant pathologic criteria of atypical meningioma, the 

literature on the natural history and treatment of atypical 

meningioma is relatively scarce7,11). In comparison with the 

relatively good prognosis of benign meningiomas, atypical 

meningiomas are more locally aggressive and progress more 

rapidly. The distinction between benign and atypical or ma-

lignant meningioma represents important surgical informa-

tion because surgical and treatment planning as well as prog-

nostication will depend on the pathologic type20). Gross total 

removal is the accepted standard of care for benign meningi-

omas; however, an optimal surgical management for atypical 

meningiomas has yet to be established10,12). In addition, de-

spite optimal surgery, local recurrences occur frequently. Pu-

tative predictive factors of tumor recurrence and overall sur-

vival (OS) in high-grade meningiomas are age, extent of 

resection, histological grade, and proliferative markers8,14,15,19). 

This retrospective study analyzed the prognostic factors, ef-

fect of different treatment methods, and behavior of atypical 

meningioma.

MATERIALS AND METHODS

Clinical material
We retrospectively reviewed the records of all patients who 

were treated for atypical meningioma between 2002 and 2015 

at Yeungnam University Medical Center. Among 273 patients 

who were diagnosed with meningioma, atypical meningioma 

was diagnosed in 41 patients. Subsequently, 36 patients were 

enrolled in this study; the other 5 patients were either lost to 

follow-up or had incomplete records and were excluded from 

this evaluation. Histology slides were not reviewed but all pa-

thology reports were carefully examined. Data were collected 

from reviews of clinical records and neuroradiological investi-

gations. Information on age, gender, tumor location, the pres-

ence or absence of postoperative radiotherapy, extent of surgi-

cal resection, and treatment received were individually 

obtained (Table 1). We studied the correlation between these 

factors and recurrence, OS, and progression-free survival 

(PFS). The extent of surgical resection was determined from 

operative notes or postoperative magnetic resonance imaging 

(MRI) scans. Information on postoperative courses was ob-

tained from records of outpatient clinics, phone contacts, and 

questionnaire by mail.

Methods
Patients were considered recurrent if there was a pathologi-

cal documentation of recurrence, radiological documentation 

of recurrence or progression, or specific exacerbation of pre-

senting symptoms. The indicated time to survival and absence 

of disease or recurrence/progression were calculated from the 

day of surgery. The median follow-up period was 63.9 months 

(range, 12158 months). Age at diagnosis was defined according 

to the date of first surgery for atypical meningioma. Surgical 

resection was evaluated according to the Simpson grading 

scale using the operative records and post-operative images. 

We defined total resection as Simpson grades I and II and in-

complete resection or subtotal resection as Simpson grades III, 

IV or V. Complete resection (Simpson grade I or II) was 

achieved in 30 patients; the remaining 6 patients had incom-

plete resection (Simpson grade III, IV, or V). In addition, 6 pa-

tients received postoperative adjuvant conventional radiother-

apy. Among them, 3 received whole brain radiotherapy (60 Gy, 

50 Gy, and 45 Gy) and 3 received gamma knife radiosurgery. 

Table 1. Clinical characteristics

Characteristic Frequency

Age
   <50 9 (25.0)
    ≥50 27 (75.0)
Sex
    Male 16 (44.4)
    Female 20 (55.6)
Location
    Skull base 11 (30.6)
    Parasagittal 12 (33.3)
    Convexity 13 (36.1)
Surgery
    Total (Simpson grade I–II) 30 (83.3)
    Subtotal (Simpson grade III–V) 6 (16.7)
Ki-67
    >15% 14 (46.6)
    ≤15% 22 (53.4)
RTx.
    (+) 6 (16.7)

    (-) 30 (83.3)

Values are presented as number (%). RTx. : radiation therapy
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Recurrence was defined as a radiological recurrence that 

corresponds to the radiological evidence of tumor regrowth in 

case of total resection, or to a residual tumor progressing, in 

case of incomplete resection. Recurrence was defined as ‘ra-

diological relapse’, corresponding to radiological evidence of 

whether there was tumor progression in cases of incomplete 

resection (progression-free survival).

Statistical analysis
Statistical analysis was performed using SPSS software (Mi-

crosoft Windows, Chicago, IL, USA). Survival statistics were 

based on time to death, measured from the age at diagnosis to 

the date of last follow-up or decease when related to meningi-

oma surgery or progression. Survival function was assessed by 

the Kaplan-Meier method, and the Mantel-Cox log-rank test 

was used to compare different survival functions according to 

clinical and therapeutic factors. A p value of <0.05 was consid-

ered as statistically significant. For the analysis, we considered 

radiotherapy as any form of radiation therapy.

RESULTS

Between 2002 and 2015, 273 meningiomas were operated on 

at our institute: of these, 232 (84.9%) were benign, 41 (15.1%) 

were atypical. Among 41 patients who diagnosed at atypical 

meningioma, 36 patients (5 patients were follow up loss) sur-

vived until the end of the follow-up period, and the 5-year OS 

rate was 100%. In our study, there was female predominance 

in atypical meningioma, and numbers of male and female 

were 16 (44%) and 20 (56%), respectively. The mean duration 

of preoperative symptoms and signs was 7 months. There 

were no differences between atypical and other meningiomas 

in relation to their typical symptoms and signs. The location 

of tumor were as follows : convexity of the skull 13 (36.1%) pa-

tients; parasagittal 12 (33.3%) patients; skull base 11 (30.6%) 

Fig. 1. The extent of surgical resection had a signi�cant impact on PFS. 
PFS : progression free survival, Total : total removal of mass, Subtotal : 
subtotal removal of mass.
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Table 2. Statistical analysis of prognostic factors a�ecting PFS and OS

Factor
PFS OS

Univariate HR Multivariate HR Univariate HR

Age

  ≥50 0.243 0.456 ND 0.322 34.541

Sex

  Female 0.465 0.612 ND 0.315 2.322

Skull base 0.017 5.422 0.048 4.297 0.450 1.784

Parasagittal 0.373 0.489 ND 0.261 0.297

Convexity 0.155 0.220 ND 0.641 1.428

Surgery

  Subtotal 0.018 5.531 0.074 4.046 0.744 0.703

Ki-67

  >15% 0.316 1.966 ND 0.377 1.966

RTx.

  Yes 0.296 2.115 ND 0.715 0.674

PFS : progression free survival, OS : overall survival, HR : hazard ratio, ND : not done, RTx. : radiation therapy
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patients. Total resection (Simpson grade I–II) was achieved for 

30 (80.3%) patients and subtotal resection (Simpson grade III–

V) for 6 (16.7%) patients. There were no definite treatment 

guidelines; a small subgroup of patients underwent adjuvant 

radiotherapy treatment (n=6). Mean patients age was 57.8±

13.4 (27 to 80 years), and mean follow-up period was 63.9±

55.4 (12 to 158 months). Median OS and PFS times were 60 (12 

to 160 months) and 53 (8 to 160 months), respectively. Al-

though the OS rate was better for patients less than 50 years 

old, it did not contribute significantly to PFS (p=0.096). The 

extent of surgical resection had a significant impact on PFS; 

PFS was 65.1±55.1 in patients with gross total resection com-

pared with 40.0±32.9 in patients with subtotal resection 

(p=0.008) (Fig. 1). The survival rate of patients with total re-

section (Simpson grade I–II) was also better compared with 

that of patients with subtotal resection (Simpson grade III–V); 

however, there was no statistical significance (p=0.744). Pa-

tients with skull base tumors had more recurrence rate and 

there was statistical significance (p=0.048). No relationship 

was between Ki-67 labeling index and OS or PFS was observed 

(p=0.377, p=0.316). Although not statistically significant, OS 

was longer in younger patients (Table 2). All specimens were 

reviewed by one neuropathologist and confirmed as atypical 

meningioma.  

DISCUSSION

Atypical meningioma is rare tumor and there is no accu-

rate guideline for optimal treatment. Despite its method-

ological limitations, this study is the largest series in the liter-

ature on the outcome and prognostic factors that affect the 

survival rates of atypical meningioma. Of all meningioma 

subtypes, atypical meningioma represents 4 to 7%10,14). This 

was a retrospective study; thus, one of the limitations of this 

study could be random bias. In addition, we could not pro-

vide the same level of evidence as a prospective study or ran-

domize control trial. Since these were the results of a single 

center and single surgeon, there could also be a selection bias. 

Furthermore, there were insufficient cases to compare for 

different variables because of a rare atypical meningioma. 

The future direction of this prospective study is expected to 

be challenging in identifying several prognostic factors of 

atypical meningioma, as patients with atypical meningioma 

are rare. Nevertheless, in comparison with previous studies 

in Korea, our study focused on recent patients in the past 10 

year. Therefore, it would have the advantage of utilizing more 

advanced imaging equipment and surgical equipment. Con-

sequently, surgical removal can be considered easier, and in-

formation such as tumor proliferation index (Ki-67) levels 

and brain invasion on MRI can potentially be new prognos-

tic factors. These would be more efficient in ref lecting the 

latest trends of atypical meningioma

After a review of previous studies prognostic factors associ-

ated with OS, PFS are the age at the time diagnosis, surgical 

removal, tumor proliferation index, tumor location, and adju-

vant radiotherapy. We performed a comparison of these fac-

tors in our study. 

Age
There was no statistical significance of recurrence when 

compared with age and different factors at the same time. 

However, age at diagnosis was significantly meaningful as 

prognostic factors for OS and PFS were lower than the aver-

age. Champeaux et al.5) reported that those younger than 57 

years had fewer operations than those above 57 years old since 

recurrence and OS were shown to be associated with age at di-

agnosis. Aghi et al.1) found that age at diagnosis has already 

been reported to be associated with the overall survival of 

atypical meningioma.

Extent of resection
According to the Zaher et al.22) there is a general agreement 

about the importance of resection completeness, and it is clear 

that subtotally removed meningiomas may continue to grow. 

The extent of resection (Simpson grading) is the most power-

ful prognostic factor of recurrence for all grades of meningio-

mas. Total resection is associated with better local control 

than incomplete resection. Cao et al.4) recommended that total 

resection of the tumors under relatively safe conditions re-

mains the suitable strategy of treatment.

In this study, we investigated the statistical significance of 

PFS and OS with various factors. The results suggest that the 

PFS of total removal was increased compared with that of sub-

total removal. Although the pathological type of tumor is very 

important for prognosis but the extent of tumor resection is 

also very important factor.
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Tumor proliferation index
The Ki-67 protein is a cellular marker for proliferation. 

There is a strong correlation in meningioma between histolo-

gy and Ki-67 antigen expression, which can be detected using 

the Ki-67 monoclonal anti body3). However, the relationship 

between proliferation and clinical outcome is still controver-

sial. Certain studies indicate that there is no correlation be-

tween clinical outcomes and proliferation17,21). Nevertheless, 

Park et al.18) confirmed that Ki-67 levels greater than 15% are a 

useful predictor of recurrence. And Bruna et al.3) demonstrat-

ed that Ki-67 labeling index level is the only independent pre-

dictor of both tumor recurrence and overall survival. Howev-

er, experience as well as the literature indicates interlaboratory 

variability in staining reproducibility and labeling index as-

sessment.

Tumor location
Hug et al.11) found that the majority of atypical meningio-

mas occurred in the cerebral convexity. In this paper, in the 

comparison between convexity atypical meningioma and 

skull base, recurrence rate was increased in skull base menin-

gioma. However, when comparing between convexity lesion 

and skull base, we could not determine which is more biologi-

cally malignant. Skull base lesions are more difficult for total 

resection than convexity lesion, as shown in these results. Fur-

ther studies would be necessary in the future.

CONCLUSION

Atypical meningioma is rarely reported intracranial tumor. 

In our study, atypical meningioma shows aggressive nature 

and we confirmed that Simpson grade and tumor location 

were a significant factor that statistically affected PFS. This 

was similar to the results of a previous study. With long-term 

follow up period, it would be able to observe more indepen-

dent prognostic factors clearly. We conclude that surgical 

complete resection may have a significant impact on PFS and 

may be helpful in determining the direction of treatment for 

future atypical meningioma patients.
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