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Absract

The significance of atypical histological features (AHF) as risk factors for recurrence in benign 
meningioma is not well understood. This study examined risk factors of World Health Organiza-
tion (WHO) Grade I meningioma (GIM) recurrence, focusing on AHF. We investigated 150 consec-
utive newly diagnosed GIM patients who had more than one year of follow-up after resection in 
our hospital between January 2007 and March 2018. The following factors were reviewed retro-
spectively: age, sex, tumor location, extent of resection, MIB-1 index, mitotic figures, number and 
distribution of AHF, and recurrence. The patients were grouped according to the presence or 
absence of recurrence and comparatively examined. Recurrence was observed in 10 cases (6.7%). 
Univariate analysis showed that patients with recurrence had a significantly higher MIB-1 index 
(2.0 vs. 4.3; p = 0.006) and a significantly higher proportion of male patients (21.4% vs. 70.0%; 
p = 0.002) and patients with sheet-like growth (6.42% vs. 30.0%; p = 0.04). In multivariate analy-
sis, skull base location (odds ratio [OR] 31.424; 95% confidence interval [CI] 1.74–569), gross total 
resection (OR 0.130; 95% CI 0.0189–0.897), and MIB-1 index (OR 1.939; 95% CI 1.19–3.15) were 
significantly associated with recurrence. Our study revealed that skull base location, subtotal 
resection, and high MIB-1 index were independent risk factors for recurrence. Only the presence 
of sheet-like growth had a significantly higher incidence in patients with recurrence in univari-
ate analysis of AHF. Multivariate analysis found no significant association. Sheet-like growth 
may be involved in malignancy and recurrence of benign meningioma.
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Introduction

Meningioma is the most common intracranial brain 
tumor, accounting for more than 20% of primary 
brain tumors.1,2) According to the 2016 World Health 
Organization (WHO) classification of central nervous 
system tumours, meningioma is classified into three 
grades with 16 histological subtypes.3) Atypical 
meningioma (WHO grade II) is diagnosed when at 
least three of the five following atypical histological 

features (AHF) are present: increased cellularity, 
increased nucleus/cytoplasm (N/C) ratio, prominent 
nucleoli, sheet-like growth, and necrosis.4) In other 
words, AHF are important criteria in diagnosing a 
tumor as malignant.

WHO Grade I meningioma (GIM) accounts for 
approximately 22% of all tumors and has a reported 
7–25% recurrence rate.5) Although young age, male 
sex, subtotal resection (STR), high MIB-1 index, 
and both skull base and non-skull base locations 
have been reported as recurrence risk factors,6–13) 
few studies have investigated the correlation between 
AHF and recurrence and there were no studies that 
have been considered in the presence and absence 
of recurrence. Thus, the significance of AHF as a 
risk factor for recurrence in benign meningioma is 
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not well understood. In this study, we examined 
risk factors for GIM recurrence in our hospital, 
focusing on the five AHF.

Materials and Methods

We investigated 150 consecutive newly diagnosed 
GIM patients who had more than one year follow-up 
after resection in our hospital between January 2007 
and March 2018 as other articles that were inves-
tigating the recurrence of meningioma selected the 
follow-up period. We diagnosed GIM by the eligi-
bility criteria, according to the 2016 World Health 
Organization (WHO) classification of central nervous 
system tumours. As brain-invasive meningiomas 
should be considered as grade II meningiomas in 
2016 classification of WHO, brain invasion was not 
included in this study. The following factors were 
reviewed retrospectively: age, sex, tumor location 
(non-skull base or skull base), extent of resection 
(gross total resection [GTR], Simpson grade 1–2; or 
STR, Simpson grade 3–4), MIB-1 index, mitotic 
figures, number and distribution of AHF (increased 
cellularity, increased N/C ratio, prominent nucleoli, 
sheet-like growth, necrosis), and recurrence. The 
patients were grouped according to the presence or 
absence of recurrence and comparatively examined. 
The typical images of each are as follows (Fig. 1).

Statistical analyses were performed using Sigma-
Plot 10.0 software. The Fisher’s exact test, chi-square 
test, t-test, and Mann–Whitney U test were used to 
investigate correlations between the clinical and 

pathological factors and recurrence. Multiple logistic 
regression was used to determine recurrence risk 
factors. P value less than 0.05 was considered 
significant. For multivariate analysis, variables whose 
p value was less than 0.2 in univariate analysis in 
our study were selected.

Results

The characteristics of the 150 GIM study patients 
are summarized in Table 1. The mean age of patients 
was 57.6 years (range, 19–86 years), and the majority 
were female (73.2%). The mean follow-up duration 
was 54.8 months (range, 12–143 months). Seventy- 
eight patients (52.0%) had tumors located at the 
skull base, and GTR was achieved in 101 patients 
(67.3%). The mean MIB-1 index was 2.51 (range, 
0.25–8.4). Ten patients (6.7%) developed recurrence, 
and the mean time to recurrence was 38.3 months 
(range, 14–67 months). The distribution of AHF was 
as follows: increased cellularity (n = 25; 16.6%), 
increased N/C ratio (n = 16; 10.6%), prominent 
nucleoli (n = 20; 13.3%), sheet-like growth (n = 12; 
8.0%), and necrosis (n = 6; 4.0%). The mean number 
of AHF was 0.51 (range, 0–2).

The results of our analysis are shown in Table 2. 
Univariate analysis showed that patients with recur-
rence had a significantly higher MIB-1 index (2.0 
vs. 4.3; p = 0.006) and a significantly higher propor-
tion of male patients (21.4% vs. 70.0%; p = 0.002) 
and patients with sheet-like growth (6.42% vs. 
30.0%; p = 0.04). Mean age (57 years vs. 59 years; 

Fig. 1 Histopathology of atypical features. (a) Increased cellularity, (b) increased N/C ratio, (c) prominent nucleoli, 
(d) sheet-like growth, and (e) necrosis. N/C: nucleus/cytoplasm. 
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p = 0.995), skull base location (50.0% vs. 80.0%; 
p = 0.132), GTR (69.2% vs. 40.0%; p = 0.119), 
mitotic figures (0.15 vs. 0.40; p = 0.307), increased 
cellularity (15.0% vs. 40.0%; p = 0.107), increased 
N/C ratio (10.0% vs. 20.0%; p = 0.646), prominent 
nucleoli (14.2% vs. 0%; p = 0.422), necrosis (3.57% 
vs. 10.0%; p = 0.867), and the number of AHF (0.48 
vs. 1.00; p = 0.082) did not significantly differ 
between the two groups. In multivariate analysis, 
skull base location (odds ratio [OR] 31.424; 95% 
confidence interval [CI] 1.74–569), GTR (OR 0.130; 
95% CI 0.0189–0.897), and MIB-1 index (OR 1.939; 
95% CI 1.19–3.15) were significantly associated 
with recurrence. In other words, skull base location, 
STR, and high MIB-1 index were independent risk 
factors for recurrence.

Discussion

In previous studies, STR, Simpson grade 4 resection, 
young age, male sex, skull base and non-skull base 
location, presence of AHF, and high Ki-67 index 
have been reported as risk factors for recurrence.6–19) 

In our analysis, high MIB-1 index, proportion of 
male patients, and presence of sheet-like growth 
were significantly higher in the recurrence group. 
Multivariate analysis showed that STR, skull base 
location, and high MIB-1 index were independent 
risk factors for recurrence.

Two previous studies have investigated the rele-
vance of AHF in GIM recurrence. Nakasu et al. 
found that sheet-like growth, prominent nucleoli, 
and necrosis did not correlate with recurrence,10) 
and Marciscano et al. reported that the presence of 
any AHF and the presence of necrosis and promi-
nent nucleoli significantly increased the risk of 
recurrence in benign meningioma; increased cellu-
larity and sheet-like growth were not associated 
with increased recurrence risk.11) In addition, Ruiz 
et al. reported that only high cellularity was a 
significant prognostic factor for meningioma recur-
rence.12) However, we found that sheet-like growth 
was the only AHF that had a significantly higher 
incidence in patients with a recurrence. In addition, 
results similar to our study, Barresi et al. reported 
that sheet-like growth was significantly associated 
with shorter disease-free survival in atypical menin-
gioma.17) Considering their finding and ours, sheet-
like growth can be considered the most important 
factor among the five AHF to predict recurrence in 
GIM. We analyzed whether there was a difference 
in MIB-1 index between the meningiomas with and 
without sheet-like growth. The mean MIB-1 index 
was higher in the meningiomas with sheet-like 
growth, but no significant difference was observed. 
Roser et al. reported that there is no statistically 
significant correlation between mean Ki-67 and 
recurrence-free survival in patients harboring a 
benign meningioma.20) The MIB-1 index is limited 
due to variations in results obtained in different 
laboratories that stain and count in different methods. 
Therefore, MIB-1 index may not always be a risk 
factor for recurrence. Furthermore, since it is rela-
tively rare in GIM with sheet-like growth, the results 
may have differed. Sheet-like growth that is pattern-
less or lacks the typical meningioma pattern4) 
 indicates a poorly differentiated tumor. Poor 
 differentiation is common in higher grade malig-
nancies.21,22) Therefore, it is possible that sheet-like 
growth is involved in malignancies and recurrences. 
However, multivariate analysis has demonstrated 
that this feature was not a significant independent 
risk factor. Further correlative study with a larger 
number of patients and longer follow-up period is 
needed to clarify the relation between AHF and 
GIM  recurrence.

Regarding tumor location, previous study results 
are contradictory. Some have reported that non-skull 

Table 1 Characteristics of the 150 benign meningioma 
patients (N = 150)

Characteristics Value

Age, mean (years) 57.6 (19–86)

Sex

 Male, n (%) 37 (26.8)

 Female, n (%) 113 (73.2)

Location

 Skull base, n (%) 78 (52.0)

 Non-skull base, n (%) 72 (48.0)

Extent of resection

 GTR (Simpson grade 1 + 2), n (%) 101 (67.3)

 STR (Simpson grade 3 + 4), n (%) 49 (32.6)

MIB-1 index %, mean (%) 2.51 (0–8)

Recurrence, n (%) 10 (6.67)

Time to recurrence, mean (months) 38.3 (14–67)

Number of AHF, mean 0.51 (0–2)

AHF

 Increased cellularity, n (%) 25 (16.6)

 Increased N/C ratio, n (%) 16 (10.6)

 Prominent nucleoli, n (%) 20 (13.3)

 Sheet-like growth, n (%) 12 (8.0)

 Necrosis, n (%) 6 (4.0)

AHF: atypical histological features, GTR: gross total resec-
tion, N/C: nucleus/cytoplasm, STR: subtotal resection.
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base meningioma has a higher recurrence than 
skull base meningioma; however, the proportion 
of skull base meningioma in these reports was as 
low as 32–45%.13,18) On the other hand, another 
study composed of 66% skull base meningioma 
patients reported that skull base meningioma 
recurrence was higher.19) Our study found that skull 
base location was an independent risk factor for 
 recurrence in GIM; this may be related to the high 
proportion of tumors in this location in the 
study (52%).

Conclusion

This study is the first to consider AHF in the pres-
ence and absence of recurrence in GIM. As in 
previous reports, this study found that STR and 
high MIB-1 index were risk factors for recurrence 
in benign meningioma. In addition, skull base loca-
tion was also an independent risk factor for recur-
rence. In univariate analysis of AHF, only the 
presence of sheet-like growth had a significantly 

higher incidence in patients with recurrence. However, 
multivariate analysis found no significant association 
between any of the AHF and recurrence. Therefore, 
more frequent follow-up examinations should be 
considered for patients with tumors that exhibit 
sheet-like growth as a histopathologic finding. Since 
the number of patients was small and the observa-
tion period was short in this study, further inves-
tigation is warranted.
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