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INTRODUCTION 

Data from the Central Brain Tumor Registry of the 

United States (CBTRUS), meningioma is the most 

common tumor type of the primary central nervous 

system (CNS) tumor which covers one third or 36.4% of 

all CNS tumors. Its prevalence is estimated at 

97.5/100,000 populations in the USA, with more than 

170,000 individuals diagnosed with meningioma. The 
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incidence in women is higher than in men with a ratio of 

2: 1 in intracranial meningioma and 10:1 in spinal 

meningioma. These tumors are often diagnosed in middle 

age.1 Two important factors determining the prognosis of 

patients with a diagnosis of meningioma are the 
percentage of tumor resection and the degree of tumor 

histopathology. High-grade tumors, which do not reach 

total resection can cause recurrence. The WHO grade is 

the most useful recurrence predictor, in which benign, 

atypical and anaplastic meningiomas have a recurrence of 

7-25%, 29-52% and 50-94% in 20 years, respectively.1,2 

Since there are limitations to routine histopathological 

examination in predicting tumor progressivity, several 

examination techniques have been developed including 

cytogenetics and use of immunohistochemical 

examinations. However, those examinations havenot 

been carried out routinely on meningioma patients. Some 
significant immunohistochemical tests on meningioma 

include EMA, vimentinand cytokeratin. Ki-67/MIB-1 

examination, which is a proliferative predictor, shows the 

results as a prognostic meningioma.1-3 

METHODS 

This research is an analytical observational study. 

Samples analyzed were from 2012 to December 2018, in 

which 239 cases of meningioma grade I, 52 cases of 

meningioma grade II and 20 cases of grade III 

meningioma were obtained. The samples were then 

analyzed based on inclusion and exclusion criteria. 
Exclusion criteria include: recurrent meningioma, 

Meningiomas that have received radiation therapy and 

patients with a diagnosis of other cerebral tumor or tumor 

in different location. 

The surgical specimens were fixed in 10% buffered 

neutral formalin, entirely sampled, and embedded in 

paraffin. A 5-µm sections were stained with 

haematoxylin and eosin (H&E). All histological and 

immunohistochemical (IHC) tumor slides were evaluated 

by two pathologist and regrouped as benign, atypical, and 

anaplastic meningiomas according to the WHO 

classification of tumors of the central nervous system. 

Immunohistochemistry with anti-Ki-67 mouse 

monoclonal antibody (DAKO, clone MIB-1, dilution 

1:500) was manually performed. The largest 

representative tumor tissue section available was selected 

for immunohistochemistry. Five μm thick FFPE tissue 

sections were obtained. Briefly, tissue sections were 

deparaffinized and hydrated in graded ethanol 
concentrations. Antigen retrieval was performed using 

citrate pH 6 solution followed by endogenous peroxidase 

blocking using phosphate-buffered saline (PBS), 30% 

hydrogen peroxide, and Tween 20 (0.1%). Tissue 

sections were incubated with primary antibody solution 

overnight at 4°C, followed by washes and incubation 

with HRP conjugated secondary antibody (DAKO) and 

detection of antibody complex by adding DAB 

chromogen (DAKO).  

The immunohistochemical stains were independently 

scored manually by two pathologists with a double blind 

method. The highest area of proliferation was identified 
and Ki67 indices were calculated as number of mitotic 

figures or strongly positive nuclei, per 1000 and 100 

tumor cells respectively. Positive expression will appear 

brown at the location of the antigen to be detected. 

Mitotic index was determined by counting the number of 

mitoses per 1000 tumor cells. 

RESULTS 

The samples consisted of 19 (27.9%) men and 49 (72.1%) 

women with an average age of 42 years (Table 1).  

Table 1: Distribution of meningioma cases based on 

tumor location. 

Location Number Percentage 

Olfactory grove  7 10,2 

Convexity 20 29.4 

Falx/parasagital 12 17,6 

Posterior Fossa 3 4,5 

Sphenoid wing 16 23,5 

Suprasellar 2 2,9 

Retrobulbar 3 4.5 

Spinal cord 5 7.4 

Total 68 100 

 

 

Figure 1: Ki67 expression was colored positively if brown cells were found after Ki67 antibody staining. (A) Grade 

I meningioma, (B) grade II meningioma, (C) grade III meningioma (arrow shows positive colored cells). 

A B C 
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Table 2: Distribution of samples based on variations in pathology. 

Meningioma Grade Pathology Number Percentage 

Grade I 

Meningothelial Meningioma 8 11.8 

Fibroblastic Meningioma 3 4.4 

Mycrocystic Meningioma 3 4.4 

Mixed Meningioma 5 7.4 

Psammomatous Meningioma 6 8.8 

Transitional Meningioma 3 4.4 

Grade II 
Chordoid Meningioma 7 10.3 

Atypical Meningioma 15 22.1 

Grade III 
Papillary Meningioma 2 2.9 

Anaplastic meningioma 16 23.5 

Total 68 100 

 

The most common location of the tumor is in the 

convection area with an incidence of 29.4%. 

Meningothelial meningioma ranks first in terms of the 

most tumor incidence in first-grade meningioma (Table 

2). 

Overall, anaplastic meningioma was the most type of 

tumor with 23.5% incidence (Table 3). 

Based on the histopathological degree, grade I 

meningioma was found the most with 41.2% incidence, 

while grade III was 26.5% (Table 4). 

Table 3: Distribution of samples according to 

histopathological degree based on the WHO category. 

Grade Number Percentage 

Grade I 28 41.2 

Grade II 22 32.4 

Grade III 18 26.5 

Total 68 100 

The results showed that the mitotic index in grade I was 

0.25, grade II was 6.2 and grade III was 22.5. 

 

Table 4: Mitotic index based on meningioma grade. 

Mitotic Index Minimum Maximum Median Mean SD 

Grade 1 0 3 0 0.25 0.75 

Grade 2 0 21 6 7.4 5.19 

Grade 3 13 28 23.5 22.75 4.5 

Table 5: Ki67 expression based on the type of tumor histopathology. 

Meningioma Grade Pathology Type Number  Mean of Ki67 expression (%) 

Grade I 

Meningothelial Meningioma 8 0 

Fibroblastic Meningioma 3 1.3 

Mycrocystic Meningioma 3 0.6 

Mixed Meningioma 5 1.4 

Psammomatous Meningioma 6 1.1 

Transitional Meningioma 3 3.0 

Grade II 
Chordoid Meningioma 7 3.6 

Atypical Meningioma 15 2.1 

Grade III 
Papillary Meningioma 2 0.5 

Anaplastic meningioma 16 16.6 

 

The mitotic index increases in accordance with 

histopathological grade. In grade I, the mean was 0.25, 

grade II was (7.4) while grade III was 22.75. 

Ki-67 antigen was detected using MIB-1 antibody. (Abry 

et al., 2010), in which the Ki-67 index/MIB-1 was 

calculated in the form of the percentage of the tumor cell 
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nucleus that were positively colored by the total number 

of tumor cell nuclei (Figure 1). 

Ki67 expression was found to be highest in anaplastic 

meningioma, reaching 16.6%. Ki67 was not found in 

meningothelial meningioma. IHC expression of Ki67 
increases proportionally to the degree of histopathology 

of meningioma. In grade I, the mean Ki67 expression was 

1.01%. The highest expression was obtained in grade III 

with an average of 14.8% and the highest expression of 

53% (Table 5). 

According to the results of the examination, it was found 

that the mean percentage of Ki67 expression in grade I 
was 1.01%, grade II was (2.4%) and grade III was 

16.16% (Table 6 and Figure 2).  

 

Table 6: Ki67 expression based on meningioma grade. 

Ki67 Expression Minimum Maximum Median Mean SD p* 

Grade 1 0 9 0 1.01 2.0 0.002 

Grade 2 0 12 1.5 2.4 3.3 0.002 

Grade 3 0 53 10.8 16.6 18.8 0.002 

*Kruskal-Wallis test. 

 

Figure 2: Distribution of the mitotic index and Ki67 

expression in meningioma. 

DISCUSSION 

Based on gender, meningiomas were found more in 

women than men with a ratio of 3:1. Data 

from the Central Brain Tumor Registry of the United 

States (CBTRUS) demonstrates a more than twofold 

higher incidence among females [age-adjusted incidence 

rate (per 100,000 person years) of 8.36 and 3.61 for 

females and males, respectively].1 Based on the research 

by Pratik and Dhaval, the incidence of mengingioma in 

women was higher with a ratio of 2.1:1 compared to 

men.2 This comparison was reversed in prepubertal-age 

meningiomas. In atypical and anaplastic meningioma 
cases, it was more dominant in men.1 The cause of the 

distribution is still unclear. Several studies have shown a 

positive relationship between the use of hormonal therapy 

used in women with the development of meningioma. 

The convexity area was the most common location of 

meningiomas, followed by posterior fossa and sphenoid 

area.3,4 In the type of atypical meningioma, several 

studies showed that the non-skull base was the most 
common location for meningioma.4 The relationship 

between the incidence of tumor degree/grade and the 

location of the tumor is unclear, but it is thought to be 

related to embryological origin of meninges. 

Meningothelial meningioma ranks the first in terms of the 

incidence of first-grade meningiomas. This was also 

found in the study of Nasrin & Sayed with the incidence 

of meningothelial meningioma of (65.1%). Different 

results found by Thomas B.G et.al with the results of 

transitional meningiomas having the highest incidence 

rate (40%) compared to meningothelial meningioma 

(17%) in terms of grade I.5 

One of the criteria for determining the degree of 

histopathological meningioma based on the WHO 

category is mitotic activity, in which mitotic activity of 4-

19 is categorized as grade II, while mitotic activity of 

more than 20 is classified as grade III.6 The results of our 

study show that mitotic index in grade I is 0.25, grade II 

is 6.2 and grade III is 22.5. The results of the Thomas 

B.G et.al study showed that the average mitotic index in 

grade I was 1.1, grade II was 4.4 and in anaplastic 

meningioma (grade III) was 28.5.5 

Takahashi et al. found an association between mitotic and 

tumor progressivity. Patients without mitotic (group A) 

showed a tumor progressivity rate of 7% after 5 years 

with symptom-free period of 148 months in average. 

Group B (mitotic of 1-4) and group C (mitotic of more 

than 4) showed a 5-year recurrence rate averaging 87% 

and 90% with shorter symptom-free period (43 and 16 

months in average).7 Determination of tumor 

histopathology degrees is useful for clinicians for further 

management and determination of risk factors for tumor 

recurrence. 

IHC expression of Ki67 increases proportionally to the 

degree of histopathology of meningioma. In grade I, the 
mean of Ki67 expression was 1.01%. The highest Ki67 
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expression was found in anaplastic meningioma, 

amounting to 16.6%. Ki67 was not found in 

meningothelial meningioma. The highest expression was 

obtained in grade III with a mean of 14.8% and the 

highest expression of 53%. The studies review by Allen 
et.al, found the average labeling index (values rounded 

off) for grade I was estimated to 3% with average range 

of values of 1-16%. For grade II tumors, the average 

value was 8% with average range of values of 2-20%. 

Grade III meningiomas had an average value of 17% with 

average range of values of 7-32%.9 The study by Ramesh 

BT et al. showed positive Ki-67 results in all cases of 

anaplastic, papillary, atypical and metaplastic 

meningiomas. Ki-67 expressions were 100% positive in 

grade III (100%) followed by grade II meningiomas 

(77.7%), very low in in grade I. The degree of 

meningioma follows the Ki-67 cut-off level.8 Ki-67 
expression (MIB-1) is as an indicator to differentiate 

anaplastic meningiomas (grade III by WHO) (mean Ki-

67: 11%) with Who’s grade I (mean Ki-67:0.7%).9 

Meanwhile, atypical meningiomas (WHO’s grade II) 

showed an average of 2.1%.10 All studies showed a 

positive correlation between Ki-67/MIB-1 LI and tumor 

grade in human meningiomas.11-13  

Based on the Kruskal-Wallis test, there was a significant 

relationship between meningioma grade and the value of 

mitotic index (Asymp. Sig=0.000) and Ki67 expression 

(Asymp. Sig =0.002) with a value of <0.05. 

The results of correlation calculation between mitotic 

index and Ki67 expression show that there is a positive 

correlation of 0.490, which means that there is a 

moderate correlation between mitotic index and Ki67 

expression, the higher the mitotic index, the higher the 

Ki67 expression. 

Table 7. Relationship between mitotic index and                  

Ki67 expression. 

  p R 

Spearman’s 

rho 

Mitotic Index 
<0,0001 0,490** 

Ki67 Expression 

** Significant correlation. 

This positive relationship was also found in mammary 

carcinoma. A study showed that Ki67 expression in 

mammary carcinoma ranged from 7-36.7%, increasing 
proportional to the degree of carcinoma.14 Ki-67 as a 

proliferation marker can be a predictor of meningioma 

recurrence. Concerning relapse, most studies reported 

higher labeling indices in recurrent meningiomas than in 

nonrecurrent (4% vs 2%).15-17  

The results of univariate analysis conducted by Jordi 

Bruna et al. on atypical and anaplastic meningiomas 

showed that Ki-67 labeling index and Karnofsky score 

after surgery were prognostic factors of tumor recurrence 

and life expectancy of patients.18 

A combination of Ki67 and mitotic index is a quantitative 

method that is meaningful for predicting the symptom-

free period in meningioma patients. The research 

conducted divided tumor patients into three groups: 

group A (Ki67 less than 1% and without mitotic), group 
B with Ki67 more than 5% and without mitotic, as well 

as group C with KI67 more than 5% and with mitotic. 

The limit value of Ki67 for the patient's outcome 

assessment was 1-5%. The results of the study showed 

that the combination of mitotic index and Ki67 

expression is a better predictor for meningioma 

recurrence, compared to if only using the KI-67 

indicator.7 In cervical carcinoma, KI-67 and IM 

correlated with the prognosis of patients receiving 

radiation therapy.19  

Based on the aforementioned results, Ki67 expression can 

be useful as an indicator of proliferation in small biopsy 
specimen samples, which are difficult for mitotic index 

testing. 

CONCLUSION 

IHC expression of Ki67 increases proportionally to the 

degree of histopathology of meningioma. There is a 

positive correlation of 0.490 which means that there is a 

moderate correlation between the mitotic index and Ki67 

expression. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. CDTRUS Statistical Report: primary brain and 

central nervous system tumors diagnosed in 
eighteen states in 2002-2006. Central Brain Tumor 

Registry of the United States, Hisdale. 2009-2010 

2. Li X, Zhao J. Intracranial meningiomas of 

childhood and adolescence: report of 34 cases with 

follow-up. Child's Nerv Sys. 2009 Nov 

1;25(11):1411. 

3. Samadi N, Ahmadi SA. Meningioma: A 

Clinicopathological Evaluation. Malays J Med Sci. 

2007 Jan;14(1):46-52. 

4. Magill ST, Young JS, Chae R, Aghi MK, 

Theodosopoulos PV, McDermott MW. Relationship 
between tumor location, size, and WHO grade in 

meningioma. Neurosurgical focus. 2018 Apr 

1;44(4):E4. 

5. Backer-Grøndahl T, Moen BH, Torp SH. The 

histopathological spectrum of human meningiomas. 

Int J clin  exp pathol. 2012;5(3):231-42. 

6. Commins, DL, Atkinson RD, Burnett ME. Review 

of Meningioma Histopathology, Neurosurg Focus, 

2007;23(4);1-9.  

7. Takahashi JA, Ueba T, Hashimoto N, Nakashima Y, 

Katsuki N. The Combination of Mitotic and Ki-67 



Yusriany R et al. Int J Res Med Sci. 2019 Sep;7(9):3540-3545 

                                                        
 

       International Journal of Research in Medical Sciences | September 2019 | Vol 7 | Issue 9    Page 3545 

Indices as a Useful Method for Predicting Short-

Term Recurrence of Meningiomas. Surg Neurol. 

2004;61(2):149-56.  

8. Abry E, Thomassen IØ, Salvesen ØO, Torp SH. The 

significance of Ki-67/MIB-1 labeling index in 
human meningiomas: a literature study. Pathology-

Research and Practice. 2010 Dec 15;206(12):810-5. 

9. Ramesh BT, Amit KC, Nandya LR, Rashmi 

Patnayak, Bobbi DP, et al. Histopathological and 

Immunohistochemical Evaluation of Meningiomas 

with Reference to Proliferative Markers p53 and Ki-

67,  J Clin Diagnostic Research.  2016;10(1);5-19. 

10. Kolles H, Niedermayer C. Schmitt W. Henn R. Feld 

WI, Steudel, et.al. Triple approach for diagnosis and 

grading of meningiomas: Histology, morphometry 

of Ki-67/feulgen stainings, and cytogenetics. Acta 

Neurochirurgica, 1995;137(3-4):174-81. 
11. Striepecke E, Handt S, Weis J, Koch A, Cremerius 

U, Reineke T, et al. Correlation of Histology, 

Cytogenetics and Proliferation, Fraction (Ki-67 and 

PCNA) Quantitated by Image Analysis in 

Meningiomas. Pathology-Research and Practice. 

1996 Jan 1;192(8):816-24. 

12. Moradi A, Semnani V, Djam H, Tajodini A, Zali 

AR, Ghaemi K, et al. Pathodiagnostic parameters 

for meningioma grading. J Clin Neurosc. 2008 Dec 

1;15(12):1370-5. 

13. Üzüm N, Ataoğlu GA. Histopathological parameters 
with Ki-67 and bcl-2 in the prognosis of 

meningiomas according to WHO 2000 

classification. Tumori J. 2008 May;94(3):389-97. 

14. Caly M, Genin P, Al Ghuzlan A, Elie C, Freneaux 

P, Klijanienko J, et al. Analysis of correlation 

between mitotic index, MIB1 score and S-phase 

fraction as proliferation markers in invasive breast 

carcinoma. Methodological aspects and prognostic 

value in a series of 257 cases. Anticancer research. 

2004 Sep 1;24(5B):3283-8. 

15. Nakasu S, Li DH, Okabe H, Nakajima M, Matsuda 
M. Significance of MIB-1 staining indices in 

meningiomas: comparison of two counting methods.  

Am J surg pathol. 2001 Apr 1;25(4):472-8. 

16. Vankalakunti M, Vasishta RK, Radotra BD, Khosla 

VK. MIB‐1 immunolabeling: a valuable marker in 

prediction of benign recurring meningiomas. 

Neuropathol. 2007 Oct;27(5):407-12. 

17. Roser F, Samii M, Ostertag H, Bellinzona M. The 

Ki-67 proliferation antigen in meningiomas. 

Experience in 600 cases. Acta neurochirurgica. 2004 

Jan 1;146(1):37-44. 

18. 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. Neuropathol. 2007 

Apr;27(2):114-20. 

19. Nakano T, Oka K. Differential values of ki‐67 index 

and mitotic index of proliferating cell population. 

An assessment of cell cycle and prognosis in 

radiation therapy for cervical cancer. Cancer. 1993 
Oct 15;72(8):2401-8. 

 

 
 
 

 
 
 
 

 

 

 

 

Cite this article as: Yusriany R, Cangara MH, 

Kaelan C, Asyadi G, Sungowati NK, Ihwan A, et al. 

Relationship between mitotic index and Ki67 

expression in meningioma. Int J Res Med Sci 

2019;7:3540-5. 


