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Abstract 
Background/Aim: Atypical meningiomas (AMs) account for about 30% of all meningiomas and it is difficult to predict their behavior. Nevertheless, 
the identification of protein markers responsible for the regulation of cell proliferation can be helpful. The purpose of this study is to find possible 
correlations between demographical characteristics of patients with AMs, tumor anatomic location, and intratumoral immunohistochemical 
(IHC) expression of Ki-67 labeling index (LI). Patients, Materials and Methods: We carried out a retrospective review of 29 patients with 
intracranial AMs [World Health Organization (WHO) grade II] who underwent resection of AMs at “Professor Dr. Nicolae Oblu” Emergency 
Clinical Hospital, Iaşi, Romania, between January 1, 2014 and December 31, 2016. We searched for their demographic characteristics 
(age and gender) and tumor location from patients’ medical files. The histological slides were reviewed in order to assess the Ki-67 LI. 
Results: Out of the 29 patients analyzed, 51.72% were females having AMs, with a mean Ki-67 LI of 8.6%, and 48.27% were males with AMs, 
revealing a mean Ki-67 LI of 8.5%. Considering tumor anatomic location, 82.75% were non-skull base AMs (presenting a mean Ki-67 LI of 
8.9%) and 17.24% were skull base AMs (showing a mean Ki-67 LI of 8.2%). Although we did not find any statistically significant correlation 
between gender, age, tumor anatomic localization, and Ki-67 expression, our study revealed that the mean Ki-67 LI for AMs was 8.7% 
(ranging from 6% to 15%) and was close to values obtained by other authors. In terms of gender distribution, we have noticed that AMs 
diagnosed in male patients had a mean Ki-67 LI almost equal to that in female patients even though some studies found Ki-67/MIB-1 LIs 
significantly higher in male patients than in female patients. Also, we did not find any significant correlation between Ki-67 LI and tumor 
anatomic location as reported by other studies. Conclusions: Despite the fact that statistically we could not find any significant correlation 
regarding patients’ gender and age, tumor anatomic location, and Ki-67 LI expressed by AMs, IHC detection of Ki-67 antigen remains an 
important tool in addition to routine histological evaluation, which can be used to predict tumor behavior of meningiomas. 
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 Introduction 

Meningiomas are the most common primary intra-
cranial tumors and, despite the fact that they usually are 
benign and slowly growing tumors, sometimes they may 
show a histological aggressiveness, which makes them 
fall under grade II and III, World Health Organization 
(WHO) Classification [1]. Out of all meningiomas, in 
different series, atypical meningiomas (AMs) represent 
20–35% of all cases of meningiomas [2, 3], with an 
incidence that has increased in recent years [4, 5]. 

Although the behavior of meningiomas was correlated 
to the histopathological characteristics of the beginning of 
19th century, by the renowned pathologist Rudolf Ludwig 
Karl Virchow (1821–1902), founder of cellular pathology 
[6], it is still currently difficult to predict this behavior and 
identifying protein markers responsible of cell proliferation 
can be helpful in this regard [7]. Among these, Ki-67, a 
non-histone protein, is an important proliferative marker, 
being expressed only in proliferative phase of cell cycle 
(G1, S, G2 and M phases). A high Ki-67 labeling index 

(LI) is connected to an increased risk of recurrence, which 
makes it an important prognostic factor in meningiomas 
[8–18]. Ki-67 nuclear antigen expressed by proliferating 
cells has become largely used, being detected on formalin-
fixed paraffin-embedded tissue sections [7]. 

In this study, we aimed to investigate the immuno-
histochemical (IHC) profile of AMs by using Ki-67 LI, 
in order to identify the correlation between its values, the 
gender and age of the patient, and the anatomic location 
of the tumor in the intracranial space. 

 Patients, Materials and Methods 

We carried out a retrospective review of 29 patients 
with intracranial AMs (WHO grade II) that underwent 
resection at “Prof. Dr. Nicolae Oblu” Emergency Clinical 
Hospital, Iaşi, Romania, between January 1, 2014 and 
December 31, 2016. We search for patients’ demographic 
characteristics (age and gender), and tumor anatomic 
location from medical files. The management of the study 
was conducted in full compliance with the ethical principles 
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and informed consent has been obtained from all the 
patients. All tumors were totally resected and were sent 
to the Department of Pathology of the same Hospital. 

Representative surgical specimens were fixed in 10% 
neutral buffered formalin, embedded in paraffin and then 
4 μm sections were stained with Hematoxylin and Eosin 
(HE). Then, representative 4-μm sections were processed 
according to a two-step, non-Avidin–Biotin method 
(EnVision+, Dako Corporation). The slides were reviewed 
by two pathologists (G.F.D and A.S) in order to assess 
the presence of IHC staining. Ki-67 LI was defined as 
the percentage of positive cells (having brown nuclear 
staining) counted among 100 tumor cells in the fields with 
the largest number of positive cells. Data were analyzed by 
using Statistical Package for the Social Sciences (SPSS) 13 
for Windows. 

 Results 

In our study, the occurrence of AMs was slightly more 
common in female than in male patients (F:M ratio 1.07:1) 
(Figure 1). Most of AMs (8/15 cases) diagnosed in female 
patients showed a Ki-67 LI lower than 7% (Figures 2–4). 
Most of AMs diagnosed in male patients (8/14 cases) 
expressed predominantly a value of Ki-67 LI ranging from 
8% to 10% (Figures 3, 5, and 6). The mean Ki-67 LI showed 
small variation in relation with gender (8.6% for female 
patients vs. 8.5% for male patients) (Table 1), being 8.7% 
of the total number of cases taken into consideration 
(Table 2). 

As for the age distribution, 19/29 (65.31%) patients 
were over 60. Most patients (34.48%, n=10) were over 
70 years, followed by those aged from 40 to 59 years 
(31.03%) and those from 60 to 69 years (31.03%) (Figure 7). 
The mean age at surgery was 62.8 years (range 20–77 
years). Regarding the age of the patients with AMs, the 
older group (>60 years) expressed a Ki-67 LI higher than 
8%, while in the younger age (40–59) groups AMs showed 
a Ki-67 LI lower than 7%. Furthermore, in patients over 
70 years, 50% (n=5) had Ki-67 LI <7%, followed by three 
patients with Ki-67 LI ranging from 8% to 10% and two 
patients with Ki-67 LI higher than 10% (Figure 8). With 
respect to the anatomic location of intracranial AMs, most 
of these (82.75%, n=24) were non-skull base, followed 

by five cases located at the skull base (Figure 9). 
Regarding the correlation between tumor location and 
Ki-67 LI, we found that non-skull base AMs showed a 
higher mean Ki-67 LI than skull base AMs (8.9% vs. 
8.2%). Ki-67 LI varied from non-skull base meningiomas 
from 6% to 15%, and skull base meningiomas from 7% 
to 10%. Furthermore, AMs with Ki-67 LI from 8% to 10% 
were all located in the non-skull base. Females had a 
variation of Ki-67 LI from 6% to 15% and men from 
7% to 13%, with a mean Ki-67 LI of 8.6% in females and 
8.5% in males (Figure 10; Table 1). Statistically, there was 
no significant correlation regarding gender, age, anatomic 
location and Ki-67 expression in AMs presented in this 
paper. 

 
Figure 1 – Gender distribution among AMs patients 
(n=29). AMs: Atypical meningiomas. 

 
Figure 2 – Ki-67 LI distribution according to patients’ 
gender (n=29). LI: Labeling index. 

 

Figure 3 – F, 61-year-old, with a skull base AM: low 
expression of Ki-67 LI (6% nuclear staining) (immuno-
histochemical staining using MIB-1 clone, ×100). F: 
Female; AM: Atypical meningioma; LI: Labeling index. 

Figure 4 – F, 56-year-old, with a non-skull base AM: low 
expression of Ki-67 LI (7% nuclear staining) (immuno-
histochemical staining using MIB-1 clone, ×100). F: 
Female; AM: Atypical meningioma; LI: Labeling index. 

 



Are there any correlations between demographic characteristics, tumor location, and Ki-67 labeling index… 

 

569
 

Figure 5 – M, 62-year-old, with a non-skull base AM: high 
expression of Ki-67 LI (12% nuclear staining) (immuno-
histochemical staining using MIB-1 clone, ×100). M: 
Male; AM: Atypical meningioma; LI: Labeling index. 

Figure 6 – M, 59-year-old, with a non-skull base AM: high 
expression of Ki-67 LI (13% nuclear staining) (immuno-
histochemical staining using MIB-1 clone, ×100). M: 
Male; AM: Atypical meningioma; LI: Labeling index. 

Table 1 – Ki-67 LI values according to patients’ gender and tumor anatomic location (n=29) 

 Ki-67 LI <7% Ki-67 LI 8–10% Ki-67 LI >10% Mean Ki-67 LI [%] Ki-67 LI range [%] 

Female 8 3 4 8.6 6–15 Patients’  
gender Male 3 8 3 8.5 7–13 

Non-skull base 8 11 5 8.9 6–15 Tumor anatomic 
location Skull base 3 0 2 8.2 7–10 

LI: Labeling index. 

Table 2 – Comparison of our results with other studies of Ki-67 LI in AMs 

Authors 
Year of 

publication 
Country 

No. of meningioma 
cases 

No. of AMs from  
all cases 

Mean Ki-67 LI [%] 
in AMs 

Current study 2019 Romania 29 29 8.7 

Al-Nuaimy et al. [19] 2012 Iraq 50 5 5.4 

Rao et al. [20] 2009 India 123 10 13.7 

Uzüm & Ataoğlu [21] 2008 Turkey 246 46 8.61 

Karabağli & Sav [22] 2006 Turkey 87 31 6.53 

Roser et al. [18] 2004 Germany 600 45 9.95 

Amatya et al. [23] 2001 Japan 146 27 8.1 

Hsu et al. [24] 1998 USA 57 24 3.2 

LI: Labeling index; AMs: Atypical meningiomas. 
 

 
Figure 7 – Number of treated patients divided in age 
groups (n=29). 

 Discussions 

Until now, almost all of the studies from the previous 
literature have shown a positive correlation between Ki-67 
proliferating marker and tumor grade of meningiomas 
[13, 25]. For grade I meningiomas, the estimated mean 
Ki-67 LI is 3% (range 1–16%) and for grade III menin-
giomas it is 17% (range 7–32%), and an index higher 
than 4% is a reasonable threshold value to indicate the 
risk of recurrence [25]. 

 
Figure 8 – Ki-67 LI distribution according to patients’ 
age (n=29). LI: Labeling index. 

As for the AMs, the average value is an intermediary 
one (8%), ranging between 2% and 20% [7, 15, 18]. 
Concerning neurofibromatosis-2-associated meningiomas, 
studies showed that Ki-67 LI was higher than in sporadic 
meningiomas, demonstrating a more aggressive behavior 
of these meningiomas [18, 26]. 
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Figure 9 – Anatomic location of intracranial AMs 
(n=29). AMs: Atypical meningiomas. 

 
Figure 10 – Ki-67 LI distribution according to the 
anatomic location of AMs (n=29). LI: Labeling index; 
AMs: Atypical meningiomas. 

However, Ki-67 LI for grade I–III meningiomas varied 
considerably from a study to another, while tumor hetero-
geneity with regional differences in cell proliferation is 
well known, thus tumor sampling becomes an important 
source of error [25, 27, 28]. In this context, it is crucial to 
choose the representative sample of meningioma tissue in 
order to make a correct calculation [25]. 

Also, between grade I and grades II/III meningiomas, 
all studies demonstrated a statistically significant difference 
in Ki-67/MIB-1 LIs, difference that was not always valid 
for grade II and III meningiomas [25]. In our study, the 
mean Ki-67 LI was 8.7% (ranging from 6% to 15%), being 
close to values obtained by Uzüm & Ataoğlu [21] and 
Amatya et al. [23] (Table 2). A low Ki-67 LI does not 
always show a low-grade meningioma, even more so the 
grade II/III meningiomas may show a low proliferative 
activity [25]. Taking these into account, the significance 
of Ki-67 proliferation marker in the regular diagnosis of 
meningiomas should be evaluated together with other 
histological parameters [4–19 mitoses/10 high-power fields 
(HPFs)], brain invasion, or three or more of the following 
features: (i) increased cellularity; (ii) uninterrupted pattern 
less or sheet-like growth; (iii) small cells with a high 
nuclear/cytoplasmic ratio; (iv) prominent nucleoli; (v) foci 
of “spontaneous” necrosis; (vi) tumor histological subtype 
(simple AM, clear cell meningioma, or chordoid menin-
gioma); (vii) age and gender of the patient; (viii) his/her 
hormonal status; (ix) tumor anatomic location [25]. 

In a retrospective study made on 38 spheno-orbital 
meningiomas, Belinsky et al. [29] showed that the use 

of a combination of WHO grade and Ki-67 LI can predict 
spheno-orbital meningiomas behavior and has important 
clinical implications for the identification of patients at 
higher risk of recurrence and can guide the individualized 
treatment and surveillance strategies. Moreover, authors 
found statistically significant correlations between Ki-67 
and disease clinical progression, considering the following 
findings at presentation: decreased vision, proptosis, 
epiphora, optic neuropathy and diplopia [29]. 

In our study, we did not find any significant correlation 
between patients’ gender and Ki-67 LI of their AMs 
(p=0.172) as it was shown by other studies [7, 30–32]. 
In our study, the occurrence of AMs was slightly more 
common in female than in male patients (F:M ratio 
1.07:1), in agreement with other studies [33]. We have 
noticed that AMs diagnosed in male patients had a mean 
Ki-67 LI of 8.5%, being almost equal to the mean Ki-67 
LI in female patients (8.6%). Some other reports have 
found Ki-67/MIB-1 LIs significantly higher in male 
patients than in female patients [34, 35], while other 
studies have not reached the same conclusions [18, 36]. 
We also noticed that 78.57% (n=11) of males had Ki-67 
>8%, compared to females, who summed up 46.66% 
(n=7) at the same value of Ki-67. Furthermore, in males 
prevailed Ki-67 from 8% to 10% at a rate of 57.14% (n=8), 
and in the group of fames it was as low as 20% (n=3), in 
agreement cu other studies [34, 35]. The prevalence of 
Ki-67 >8% in men may mean higher aggressiveness of 
AMs in male population compared to female population, 
various authors reporting that male gender could be a 
factor of negative prognosis [37–39], even a risk factor 
for a shorter survival [38]. 

No significant relation was found between the Ki-67 
LI and patients’ age. Similar findings were reported in 
literature [18, 19, 30–32, 40]. However, it is worth 
mentioning that our study found out that patients being 
in their 7th decade of life and diagnosed with AMs had a 
Ki-67 LI higher than 8%. Similarly, Yamamoto et al. 
[41] reported on a series of 70 consecutive intracranial 
meningiomas that elderly patients exhibited a high Ki-67 
proliferation index, when compared with younger menin-
gioma patients. Unfortunately, AMs accounted for merely 
6.3% [41] and this is the reason why studies on large 
groups of patients are needed to assess age as a factor of 
prognosis for grade II meningiomas. 

Also, we did not find any significant correlation 
between Ki-67 LI and tumor anatomic location as reported 
by other studies [7, 18, 31]. In our research, we have 
noticed a higher prevalence of non-skull base meningiomas. 
Other studies proved that non-skull base meningiomas 
have an increased risk to be of grade II or III [42–44], and 
this difference can be explained by a distinct embryo-
logical origin of skull base and non-skull base dura, which 
may lead towards a propensity for developing of different 
histological subtypes meningiomas [45–47]. Various 
authors showed that skull base meningiomas may have a 
more aggressive biology, due to a higher MIB-1 LI [48] 
or significantly higher cluster of differentiation 34 (CD34) 
levels compared to the non-skull base meningiomas 
group [49]. 

As for the correlation between the value of Ki-67 and 
the location of meningiomas within the intracranial space, 
Liang et al. [50] analyzed the immunohistochemistry with 
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Ki-67 in 368 samples out of a total of 1239 of atypical and 
anaplastic meningiomas. He noticed that the percentage 
of patients with Ki-67 LI ≥5% in convexity meningiomas 
was higher than in non-convexity location (52.8% vs. 
38.5%, p=0.006), concluding that convexity meningiomas 
are a significant risk factor for the AM [50]. Although 
we did not find a significant statistical correlation the 
value of Ki-67 and the anatomic location of the tumor in 
agreement with previous studies [32], we noticed that 
72.72% (n=8) of the meningiomas with Ki-67 <7%, 100% 
of the meningiomas with Ki-67 between 8–10% (n=11) 
and 71.42% (n=5) of the meningiomas with Ki-67 >10% 
were with non-skull base location. Therefore, 66.66% 
(n=16) of the non-skull meningioma had Ki-67 >8%. 
Furthermore, the mean Ki-67 LI was higher in non-skull 
base meningiomas compared to skull base meningiomas 
(8.9 vs. 8.2) (Table 1). 

In a study, Ciocan et al. demonstrated on 65 patients 
with anterior skull base meningiomas, out of which 15.38% 
were AMs, that in these the mean Ki-67 LI was 4.1% 
[51], much higher than our mean Ki-67 LI calculated for 
the meningiomas in the entire skull base, not only in the 
anterior fossa. 

Although regional differences regarding meningioma 
proliferative activity have not been found between 
meningiomas occurring in intracranial or orbital locations, 
there are some studies reporting lower Ki-67 LIs in spinal 
AMs [18, 35, 52, 53]. Even though our study has been 
carried only on cases of intracranial meningiomas, this 
difference is worth mentioning, since it opens new lines 
of research. 

 Conclusions 

The use of Ki-67 LI in the anatomopathological history 
of meningiomas is a supplement in determining the 
histological grade, not a substitute. Despite the fact that 
statistically we could not find any significant correlation 
regarding patients’ gender and age, tumor anatomic loca-
tion, and Ki-67 LI expressed by AMs, IHC detection of 
Ki-67 antigen remains an important tool in addition to 
routine histological evaluation, which can be used to 
predict tumor behavior of meningiomas. Together with 
the histopathological characteristics of meningioma malig-
nancy, Ki-67 LI can be used as a potential indicator of 
recurrence. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, 

Jouvet A, Scheithauer BW, Kleihues P. The 2007 WHO 
Classification of tumours of the central nervous system. 
Acta Neuropathol, 2007, 114(2):97–109. 

[2] Pearson BE, Markert JM, Fisher WS, Guthrie BL, Fiveash JB, 
Palmer CA, Riley K. Hitting a moving target: evolution of a 
treatment paradigm for atypical meningiomas amid changing 
diagnostic criteria. Neurosurg Focus, 2008, 24(5):E3. 

[3] Rogers L, Gilbert M, Vogelbaum MA. Intracranial meningiomas 
of atypical (WHO grade II) histology. J Neurooncol, 2010, 
99(3):393–405. 

[4] Cucu AI, Costea CF, Carauleanu A, Dumitrescu GF, Sava A, 
Scripcariu IS, Costan VV, Turliuc S, Poeata I, Turliuc MD. 
Meningiomas related to the Chernobyl irradiation disaster in 

north-eastern Romania between 1990 and 2015. Rev Chim 
(Bucharest), 2018, 69(6):1562–1565. 

[5] Willis J, Smith C, Ironside JW, Erridge S, Whittle IR, 
Everington D. The accuracy of meningioma grading: a 10-
year retrospective audit. Neuropathol Appl Neurobiol, 2005, 
31(2):141–149. 

[6] Cucu AI, Costea CF, Perciaccante A, Carauleanu A, Turliuc S, 
Costachescu B, Poeata I, Turliuc MD. The history of Arachne 
through historic descriptions of meningiomas with hyperostosis: 
from prehistory to the present. World Neurosurg, 2019, 128: 
37–46. 

[7] Pavelin S, Becic K, Forempoher G, Mrklic I, Pogorelic Z, 
Titlic M, Andelinovic S. Expression of Ki-67 and p53 in 
meningiomas. Neoplasma, 2013, 60(5):480–485. 

[8] Cattoretti G, Becker MH, Key G, Duchrow M, Schlüter C, 
Galle J, Gerdes J. Monoclonal antibodies against recombinant 
parts Ki-67 antigen (MIB 1 and MIB 3) detect proliferating  
in the microwave-processed formalin-fixed paraffin sections.  
J Pathol, 1992, 168(4):357–363. 

[9] Cucu AI, Costea CF, Poeată I, Turliuc DM. Prognostic factors 
in atypical meningioma. Rom Neurosurg, 2017, 31(2):165–171. 

[10] Abramovich CM, Prayson RA. Histopathologic features  
and MIB-1 labeling indices in recurrent and nonrecurrent 
meningiomas. Arch Pathol Lab Med, 1999, 123(9):793–800. 

[11] Bruna J, Brell M, Ferrer I, Gimenez-Bonafe P, Tortosa A. 
Ki-67 proliferative index predicts clinical outcome in patients 
with atypical or anaplastic meningioma. Neuropathology, 2007, 
27(2):114–120. 

[12] Riemenschneider MJ, Perry A, Reifenberger G. Histological 
classification and molecular genetics of meningiomas. Lancet 
Neurol, 2006, 5(12):1045–1054. 

[13] Commins DL, Atkinson RD, Burnett ME. Review of meningioma 
histopathology. Neurosurg Focus, 2007, 23(4):E3. 

[14] Torp SH, Lindboe CF, Grønberg BH, Lydersen S, Sundstrøm S. 
Prognostic significance of Ki-67/MIB-1 proliferation index in 
meningiomas. Clin Neuropathol, 2005, 24(4):170–174. 

[15] Devaprasath A, Chacko G. Diagnostic validity of the Ki-67 
labeling index using the MIB-1 monoclonal antibody in the 
grading of meningiomas. Neurol India, 2003, 51(3):336–340. 

[16] Arsene D, Comănescu M, Ardeleanu C. Adhesion cell molecules 
as potential markers of aggressiveness in meningiomas. 
Rom J Morphol Embryol, 2014, 55(2 Suppl):585–589. 

[17] Burger PC, Shibata T, Kleihues P. The use of monoclonal 
antibody Ki-67 in the identification of proliferating cells: 
application to surgical neuropathology. Am J Surg Pathol, 
1986, 10(9):611–617. 

[18] Roser F, Samii M, Ostertag H, Bellinzona M. The Ki-67 
proliferation antigen in meningiomas. Experience in 600 cases. 
Acta Neurochir (Wien), 2004, 146(1):37–44; discussion 44. 

[19] Al-Nuaimy WMT, Jalal JA, Mohammed BB. Ki-67 (MIB-1) 
and progesterone receptor in meningioma: an immunohisto-
chemical study. Iraqi Postgrad Med J, 2012, 11(2):157–167. 

[20] Rao S, Sadiya N, Doraiswami S, Prathiba D. Characterization 
of morphologically benign biologically aggressive meningiomas. 
Neurol India, 2009, 57(6):744–748. 

[21] Uzüm N, Ataoğlu GA. Histopathological parameters with  
Ki-67 and bcl-2 in the prognosis of meningiomas according 
to WHO 2000 classification. Tumori, 2008, 94(3):389–397. 

[22] Karabağli P, Sav A. Proliferative indices (MIB-1) in menin-
giomas: correlation with the histological subtypes and grades. 
J Neurol Sci, 2006, 23(4):279–286. 

[23] Amatya VJ, Takeshima Y, Sugiyama K, Kurisu K, Nishisaka T, 
Fukuhara T, Inai K. Immunohistochemical study of Ki-67 
(MIB-1), p53 protein, p21WAF1, and p27KIP1 expression in 
benign, atypical, and anaplastic meningiomas. Hum Pathol, 
2001, 32(9):970–975. 

[24] Hsu DW, Efird JT, Hedley-Whyte ET. MIB-1 (Ki-67) index 
and transforming growth factor-alpha (TGF alpha) immuno-
reactivity are significant prognostic predictors for meningiomas. 
Neuropathol Appl Neurobiol, 1998, 24(6):441–452. 

[25] Abry E, Thomassen IØ, Salvesen ØO, Torp SH. The signi-
ficance of Ki-67/MIB-1 labeling index in human meningiomas: 
a literature study. Pathol Res Pract, 2010, 206(12):810–815. 

[26] Antinheimo J, Haapasalo H, Haltia M, Tatagiba M, Thomas S, 
Brandis A, Sainio M, Carpen O, Samii M, Jääskeläinen J. 
Proliferation potential and histological features in neurofibro-
matosis 2-associated and sporadic meningiomas. J Neurosurg, 
1997, 87(4):610–614. 



Andrei Ionuţ Cucu et al. 

 

572 

[27] Prayson RA. The utility of MIB-1/Ki-67 immunostaining in the 
evaluation of central nervous system neoplasms. Adv Anat 
Pathol, 2005, 12(3):144–148. 

[28] Morimura T, Kitz K, Budka H. In situ analysis of cell kinetics 
in human brain tumors. A comparative immunocytochemical 
study of S phase cells by a new in vitro bromodeoxyuridine-
labeling technique, and of proliferating pool cells by mono-
clonal antibody Ki-67. Acta Neuropathol, 1989, 77(3):276–282. 

[29] Belinsky I, Murchison AP, Evans JJ, Andrews DW, Farrell CJ, 
Casey JP, Curtis MT, Nowak Choi KA, Werner-Wasik M, 
Bilyk JR. Spheno-orbital meningiomas: an analysis based on 
World Health Organization Classification and Ki-67 proliferative 
index. Ophthalmic Plast Reconstr Surg, 2018, 34(2):143–150. 

[30] Hashemi F, Babaheidarian P, Dabiran S. Are osteopontin 
and Ki67 expressions different in various histologic grades 
of meningioma? An Iranian experience. Iran J Pathol, 2015, 
10(4):253–257. 

[31] Nakasu S, Nakajima M, Matsumura K, Nakasu Y, Handa J. 
Meningioma: proliferating potential and clinicoradiological 
features. Neurosurgery, 1995, 37(6):1049–1055. 

[32] Salem M, Wagih M, Badawy M. Study of Ki-67 expression 
and DNA ploidy in various grades of meningioma. Egypt J 
Pathol, 2012, 32(2):211–216. 

[33] Cucu AI, Turliuc MD, Carauleanu A, Poeata I, Costea CF, 
Dumitrescu GF, Sava A. Chemical aspects of peritumoral 
cerebral edema in atypical meningiomas. Rev Chim (Bucharest), 
2018, 69(10):2804–2807. 

[34] Matsuno A, Fujimaki T, Sasaki T, Nagashima T, Ide T, Asai A, 
Matsuura R, Utsunomiya H, Kirino T. Clinical and histo-
pathological analysis of proliferative potentials of recurrent 
and non-recurrent meningiomas. Acta Neuropathol, 1996, 
91(5):504–510. 

[35] Wolfsberger S, Doostkam S, Boecher-Schwarz HG, Roessler K, 
van Trotsenburg M, Hainfellner JA, Knosp E. Progesterone-
receptor index in meningiomas: correlation with clinico-
pathological parameters and review of the literature. Neuro-
surg Rev, 2004, 27(4):238–245. 

[36] Korhonen K, Salminen T, Raitanen J, Auvinen A, Isola J, 
Haapasalo H. Female predominance in meningiomas can 
not be explained by differences in progesterone, estrogen, or 
androgen receptor expression. J Neurooncol, 2006, 80(1):1–7. 

[37] McCarthy BJ, Davis FG, Freels S, Surawicz TS, Damek DM, 
Grutsch J, Menck HR, Laws ER Jr. Factors associated with 
survival in patients with meningioma. J Neurosurg, 1998, 
88(5):831–839. 

[38] Vranic A, Popovic M, Cör A, Prestor B, Pizem J. Mitotic count, 
brain invasion, and location are independent predictors of 
recurrence-free survival in primary atypical and malignant 
meningiomas: a study of 86 patients. Neurosurgery, 2010, 
67(4):1124–1132. 

[39] Aghi MK, Carter BS, Cosgrove GR, Ojemann RG, Amin-
Hanjani S, Martuza RL, Curry WT Jr, Barker FG 2nd. Long-
term recurrence of atypical meningiomas after gross total 
resection with or without postoperative adjuvant radiation. 
Neurosurgery, 2009, 64(1):56–60; discussion 60. 

[40] Sandberg DI, Edgar MA, Resch L, Rutka JT, Becker LE, 
Souweidane MM. MIB-1 staining index of pediatric meningiomas. 
Neurosurgery, 2001, 48(3):590–595; discussion 595–597. 

[41] Yamamoto J, Takahashi M, Idei M, Nakano Y, Soejima Y, 
Akiba D, Kitagawa T, Ueta K, Miyaoka R, Nishizawa S. 
Clinical features and surgical management of intracranial 
meningiomas in the elderly. Oncol Lett, 2017, 14(1):909–917. 

[42] Cucu AI, Costea CF, Poeată I, Costăchescu B, Dumitrescu GF, 
Sava A, Turliuc MD. Anatomical localization of atypical menin-
giomas: our experience on 81 patients. Med Surg J – Rev 
Med Chir Soc Med Nat Iaşi, 2018, 122(4):744–752. 

[43] Kane AJ, Sughrue ME, Rutkowski MJ, Shangari G, Fang S, 
McDermott MW, Berger MS, Parsa AT. Anatomic location is 
a risk factor for atypical and malignant meningiomas. Cancer, 
2011, 117(6):1272–1278. 

[44] Cucu AI, Costea CF, Turliuc MD, Ghiciuc CM, Costachescu B, 
Popescu R, Dumitrescu GF, Sava A, Tanase DM, Arbore-
Sorete R, Poeata I. Anatomical localization of intracranial 
grade II meningiomas in North-Eastern Romania. Our 25-years 
experience. Rom Neurosurg, 2019, 33(3):232–238. 

[45] Sade B, Chahlavi A, Krishnaney A, Nagel S, Choi E, Lee JH. 
World Health Organization grades II and III meningiomas 
are rare in the cranial base and spine. Neurosurgery, 2007, 
61(6):1194–1198; discussion 1198. 

[46] Lee JH, Sade B, Choi E, Golubic M, Prayson R. Meningo-
thelioma as the predominant histological subtype of midline 
skull base and spinal meningioma. J Neurosurg, 2006, 105(1): 
60–64. 

[47] Kepes JJ. Presidential address: the histopathology of menin-
giomas. A reflection of origins and expected behavior?  
J Neuropathol Exp Neurol, 1986, 45(2):95–107. 

[48] McGovern SL, Aldape KD, Munsell MF, Mahajan A, DeMonte F, 
Woo SY. A comparison of World Health Organization tumor 
grades at recurrence in patients with non-skull base and skull 
base meningiomas. J Neurosurg, 2010, 112(5):925–933. 

[49] Turk O, Asik M, Batur S, Cetin E, Oz B, Kafadar A. Correlation 
of preoperative radiological evaluation of skull and non-skull 
base meningiomas with clinical and surgical data. Turk Neuro-
surg, 2019, 29(5):664–670. 

[50] Liang RF, Xiu YJ, Wang X, Li M, Yang Y, Mao Q, Liu YH. The 
potential risk factors for atypical and anaplastic meningiomas: 
clinical series of 1,239 cases. Int J Clin Exp Med, 2014, 
7(12):5696–5700. 

[51] Ciocan LM, Dănăilă L, Stănculescu DE, Neamţu SD, 
Mateescu GO, Stanca L. Prognostic factors in anterior skull 
base meningiomas. Rom J Morphol Embryol, 2014, 55(3 Suppl): 
1063–1069. 

[52] Pfisterer WK, Coons SW, Aboul-Enein F, Hendricks WP, 
Scheck AC, Preul MC. Implicating chromosomal aberrations 
with meningioma growth and recurrence: results from FISH 
and MIB-I analysis of grades I and II meningioma tissue.  
J Neurooncol, 2008, 87(1):43–50. 

[53] Roser F, Nakamura M, Bellinzona M, Ritz R, Ostertag H, 
Tatagiba MS. Proliferation potential of spinal meningiomas. 
Eur Spine J, 2006, 15(2):211–215. 

 
 
 
 
Corresponding authors 
Claudia Florida Costea, Senior Lecturer, MD, PhD, Department of Ophthalmology, Faculty of Medicine, “Grigore 
T. Popa” University of Medicine and Pharmacy, 16 University Street, 700115 Iaşi, Romania; Phone +40744–972 648, 
e-mail: costea10@yahoo.com 

Mihaela Dana Turliuc, Associate Professor, MD, PhD, Department of Neurosurgery, Faculty of Medicine, “Grigore 
T. Popa” University of Medicine and Pharmacy, 16 University Street, 700115 Iaşi, Romania; Phone +40744–762 927, 
e-mail: turliuc_dana@yahoo.com 
 
 
 
 
Received: March 15, 2019 

Accepted: October 22, 2019 


