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Introduction:
Meningiomas are the most common benign  tumors of brain, and 
account for 36% of primary central nervous system tumors.[1,2] WHO 
grading system divided these tumours into three grades on the basis 
of histology.[2,3]  Some of the  histologic criterias for  diagnosing 
atypical and anaplastic meningiomas are vague and  there is 
considerable interobserver variation in interpretation[4] Studies have 
reported that a good correlation exists in meningiomas between Ki-
67(proliferative marker) expression calculated as Ki-67(MIB-1) 
Labelling Index( Ki-67 LI) and increasing grades of meningioma.[4-8]. 
However due to significant differences in technique and interpretation 
it is difficult to establish definitive cut off values.[2]  Progesterone 
Receptor(PR) expression in  meningiomas have also  been studied.[9-
13]  This study was done to assess the expression of Ki-67 and PR in 
different histological grades and types of meningioma.

Material and Methods:
A total of 100 consecutive histopathologically confirmed cases of 
meningioma resected over a period of one year were included in this 
study. Clinical and demographic data about each patient was obtained 
through review of recquisition forms and included age, sex, clinical 
complaints, tumor location and radiological findings. Haematoxylin 
and eosin (H and E) staining was done for histological typing and 
grading of tumors. Tumors were graded according to the WHO grading 
system. Immunohistochemical staining was performed with 
monoclonal antibody for MIB-1 and PR. Three to four micrometer thin, 
formalin fixed, paraffin embedded tissue sections were taken on slides 
coated with poly-L-lysine. Sections were deparaffinised and 
dehydrated in xylene, absolute alcohol, 90% and 70%alcohol. Antigen 
retrieval was done in microwave using tri sodium buffer at pH six. 
Sections were treated with three percent hydrogen peroxidase to 
quench endogenous peroxidase activity. Sections were stained with 
antibodies and peroxidase antiperoxidase method was followed for 
secondary staining. DAB was used for colouring the antigen-antibody 

complex. Known positive controls ( breast carcinoma for PR and Tonsil 
for Ki-67) were run at each staining session.

Ki-67 Labelling Index(LI) was determined in each case by manual 
counting at 400X . A total of 1000 nuclei were counted in the most 
densely labelled microscopic fields and the Ki-67 Labelling Index was 
expressed as a percentage of positively stained tumor nuclei out of 
1000 nuclei counted. PR expression was determined by a 
semiquantitative scoring scale with respect to staining intensity( 
graded as: 0, absent; 1, weak; 2, moderate; and 3, strong) and 
percentage of positive tumor cells (0, indicating the absence of 
positive nuclei, 1, the presence of a few positive tumor nuclei < 10% in 
the entire section; 2, an estimated 10-50% positive nuclei; 3, 51-80% 
positive tumor nuclei; and 4, >  80% positive tumor nuclei). As verified 
with meningioma tissue, [9, 14] an immunoreactive score was 
calculated for each tumor by multiplying the staining intensity by the 
indicator of positive tumor cells, producing an IRS range from 0 to 12. 
Tumors with an IRS of two or more were considered receptor positive.

Staatistical analysis of data was performed using SPSS (version 12) 
software program. Quantitative data was assessed using mean, range 
and standard deviation (SD). Qualitative data was assessed by chi-
square test. A P value < 0.05 was considered to be statistically 
significant. Our study was a retrospective study analysing previously 
reported cases.  The institutional ethics   committee granted approval 
of the study.
                                                                                                                                  
Results:
A total of 100 cases were studied. The mean age was 44 years with an 
age range of 11-75 years. Maximum patients were noted in the age 
group of 31-50 years. There were 56 female patients and 44 male 
patients with a M:F ratio of 1:1.27. Among middle aged persons(31-
40years) there was marked female predominance with M:F ratio of 
1:1.72. The most common location was frontal region( 18%) followed 
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by sphenoid wing (14%)and intraspinal (13%). According to 
histological type, 37 were meningothelial(37%), 34 transitional (34%), 
ten fibroblastic(10%), five angiomatous (5%),  four psammomatous( 
4%),  three microcystic (3%), one secretory(1%)(Figure 1 and 2), there 
were three cases of atypical meningioma( Figure 3a)  (3%), and one 
each of clear cell(Figure 3b,c), rhabdoid (Figure 4) and anaplastic 
meningioma( Figure 5)  (1% each). According to WHO  grading system, 
94 cases were Grade I (94%), four cases were Grade II (4%) and two 
cases were Grade III meningiomas(2%). Among 94 cases of Grade I 
there were 53 female and 41 male patients with a M:F ratio of 1:1.29, 
while in Grade II and Grade III meningioma cases M:F ratio was 1: 1 
with two male and two female patients of Grade II meningioma and 
one male and  one female patient of Grade III meningioma.
                
We determined Ki-67 LIs of all the 100 cases. Mean  Ki-67 LI in 44 male 
patients was 2.47%( SD = 6 .00) whereas in 56 female patients was 
1.85% (SD = 3.07).  No statistically significant difference of Ki-67 LI 
was observed in different histological subtypes of  Grade 1 
meningioma. ( Table 1). Mean Ki-67 LIs of 94 Grade I meningiomas ( 
mean LI: 1.30%, SD = 0.71)(Figure 6a) were significantly lower (P 
0.0081 )than LIs of four Grade II meningiomas( mean LI: 6.75%, SD 
=1.75)(Figure 6b). Two cases of Grade III meningioma  showed   mean 
Ki-67 LI of 31.5%(SD = 5.66)( Figure 6c), but no statistically significant 
difference in LIs was observed between Grade III and Grade II( P 
0.2074) and Grade I and grade III meningiomas( P 0.1746). We also 
analyzed Progesterone Receptor(PR) expression in all the 100 cases. PR 
positivity was found in 63 out of the100 cases of meningioma. Among 
56 female patients, 40 showed positive PR staining (71.42%) whereas 
among 44 male patients 23 showed PR positivity (52.27%)and this 
gender related difference in PR expression was statistically significant 
(P 0.0489). In our study PR was positive in 63 out of 94 cases of Grade I 
meningiomas while none of the Grade II and Grade III tumors showed 
expression of PR(Figure 7A,B), there was statistically significant 
difference in PR expression between Grade I and Grade II (P 0.0145) and 
between Grade I  and Grade III (  P 0.0483).   Among the 
histomorphologic subtypes of WHO Grade I meningiomas, PR 
expression was seen more frequently in meningothelial compared to 
other subtypes(Table 2).  The Ki-67 LI of the PR negative tumors was 
significantly higher than PR positive tumors( P 0.0277). (Table 3)

Discussion:
High grade meningiomas have an aggressive behavior mainly 
determined by the histological grade.[2,3] Although the histologic 
criteria for diagnosis of  high grade meningiomas are well defined in 
recent WHO classification, in some odd cases of meningioma 
establishing a diagnosis of high grade meningioma could be 
difficult.[2,7,15] Moreover there remains considerable variability in  
biological behaviour, growth potential and clinical outcome within 
each grade and thus the histologic parameters alone may be 
insufficient for prediction of aggressive behavior.[7,16-18]There are 
studies stating a good correlation  between Ki-67(MIB-1) and grade in 
meningiomas.[4-7] Previous studies have stated  the presence of 
significantly  higher PR values in benign meningiomas compared with 
WHO grade II or III tumors, and  that atypical and anaplastic 
meningiomas frequently lack PR.[9-14] There is some evidence that 
evaluation of PR status and Ki-67 LI together with histologic 
evaluation can provide a tool for estimating the  biological behaviour 
of meningiomas.[4,12] The available data about relationship between 
expression of PR and Ki-67 LI  in  order to determine more precisely the 
potential of aggressiveness is limited.   In the present study our aim 
was to investigate the   Ki-67 LI ad PR expression in various grades and 
histologic subtypes of meningioma at a tertiary care institute catering 
to surrounding rural population in north western India.

In our study females comprised a greater percentage of cases 
compared to males (56% vs 44%) with an overall F:M ratio of 1.27:1 
which was consistent  with the earlier studies.[19,20] The F:M ratio in 
the 31-40 yrs age group was 1.72 and this finding was  similar to 
Cordera et al21] (F:M ratio  in  middle aged patients 1.7:1 ). Our results 
s h o w e d  t h e  m o s t  c o m m o n  h i s t o l o g i c a l  s u b t y p e  a s 
meningothel ia l (37%) fo l lowed by transit ional (34%)and 
fibroblastic(10%) and this finding was similar to Gursan et al., 
(Meningothelial 50%> Transitional 29% >fibroblastic 16%).[12] 
However the frequency of meningothelial (37%vs 50%) and 
fibroblastic (10% vs 16%) was lesser and that of Transitional (34%vs 
29%) greater compared to Gursan et al.[12] Anaplastic meningioma 

comprised 1% of all cases in our study and this was consistent with 
Willis et al.[22] and Perry et al.[23]
  
According to histological grade we found 94 cases of Grade I (94%), 
four cases of Grade II (4%) and two cases of Grade III(2%). So Grade III 
cases comprised of 2% cases in our study which was consistent with 
several other studies (Maier et al.-2.4%; Willis et al.-1.6%).[22,24] 
However Grade II cases comprised only 4 % cases in our study which  
was similar to  Jaaskelainen et al.,(4.7%);[25]  but deviated from Willis 
et al. (20.4 % ).[22]

Amatya et al., [7] in their study stated that among benign 
meningiomas fibrous type had higher LIs than other histological 
subtypes. Our study deviated from this finding and showed no 
significant difference in Ki-67 proliferation index  in histologic 
subtypes  and this finding correlated well to Mukherjee et al., 
2011.[26] In our study the mean Ki-67 labelling index showed an 
increase with increasing grade of tumor. Grade II cases showed a 
significantly higher Ki-67 LI compared to their benign counterparts (P 
0.0081) and this finding is corroborative with the previous studie 
(Abramovich et al.,[5] Kayaselcuk et al.,[6] Gursan et al.[12]). Our study 
found a higher mean Ki-67 LI in Grade III versus Grade II   but was 
unable to show a statistically significant difference among  them. This 
finding was similar to Langford et al.[27] and  Striepicke et al.[28] as  
our study too suffered from limitation of very   low number of each of 
these tumor grades as  the above studies.

Mean MIB 1 Labelling Index of  two cases of grade III was much greater 
than  of benign meningiomas, but this difference was statistically not 
significant (P>0.05). This deviated from earlier studies by 
Karamatopoulou et al.,[8] and Gursan et al.[12] and may be explained 
as to be the limitation of very small number of grade III tumors 
included in our study. Moreover, because staining and counting 
techniques for obtaining Ki-67 LIIvary significantly among different 
laboratories, it is difficult to decide upon a reliable cut off.[29]  
Although proliferation markers such as Ki-67 might provide valuable 
prognostic information,[6,7] they have not been included in the 
grading criteria, probably due to the high interinstitutional and 
interindividual variability with respect to their cut offs.[2,30]

We have found PR positivity in 63% of the cases which is close to study 
by Mukherjee et al.,[26] which showed PR positivity in 65% of the cases 
and Brandis et al.,[14] which showed PR expression in 61% cases. 
However there are different other studies (Gursan et al.)[12] which 
showed a little higher PR positivity(72%) as well as studies which 
showed lower PR positivity (F Roser et al. [9] 55.9%). 

In  our study the presence of PR immunostaining was more abundant 
in females (71% females vs 52% males) and this gender related 
difference was statistically significant . Earlier studies ( Gursan et al 
[12].; Mukherjee et al.,[26])   have also  shown a significant  gender 
difference in expression of PR, in that a higher percentage of women 
with meningioma have  PR than do men. In   our study we found PR 
expression more frequently in meningothelial compared to 
transitional or fibrous and this finding is consistent with that of earlier 
studies ( Roser et al., 2004[9] , Gursan et al.,[12] and Mukherjee et 
al.,[26])
    
Our Study included four cases of grade II(three atypical and one clear 
cell) and two cases of Grade III meningioma (  anaplastic and rhabdoid  
) none of which expressed PR  while 67%(63 out of 94) of Grade I 
tumors were positive for PR .In our study positive immunostaining 
rate for PR in Grade I meningiomas was significantly higher than  in 
higher grade tumors which is similar to earlier studies.[9-12]  We 
found PR positivity in 67% of Grade I meningiomas while Mukherjee et 
al.,[26] found 70% positivity in the same grade. 

Earlier studies [9,12,13,26] have shown that PR negative tumors have 
higher MIB-1(Ki-67) Labelling Index compared to PR positive tumors.  
Our data confirmed that Ki-67 Labelling Index were significantly 
higher in the PR negative tumors compared to PR positive tumors.

To conclude the results of the present work indicate that in 
meningiomas Ki-67 Labelling Index shows an increase with increasing 
grade of tumor. Difference in MIB 1 LI between Grade I and Grade II 
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tumors was statistically significant indicating that MIB 1 can be 
helpful as an adjunct to grading in histologically borderline cases. 
Progesterone Receptor positivity is significantly associated with 
tumor grade, with higher grades showing loss of PR expression. PR 
positivity in females is greater compared to males similar to various 
national and international studies. Ki-67 LI in PR negative tumors is 
significantly greater compared to PR positive tumors. Thus a 
combination of PR and Ki-67 LI can be useful to delineate aggressive 
cases from benign and   in distinguishing between grades of 
meningioma especially in  borderline cases when histology is difficult.

Tables
Table 1: MIB 1 Labelling Index in different histological subtypes of 
meningioma(n=100)

Table 2:PR status in histological subtypes of Grade I meningiomas

Table 3:  Association between PR status and MIB1 Labelling Index

Figures:

Figure 1 Histology of Grade 1 meningioma variants, (A) 
Meningothelial meningioma showing uniform tumor cells arranged in 
lobules (B) Transitional meningioma showing well defined whorls. (C) 
Angiomatous meningioma dominated by excessive vascularization. 
(D) Microcystic meningioma showing numerous small microcysts ( A-D 
Haematoxylin and Eosin, X100).

Figure 2: Secretory meningioma showing numerous PAS positive 
pseudopsammoma bodies( Periodic Acid Schiff[PAS] stain, X400).

Figure 3: Figure 3(A) Atypical meningioma (Grade II) showing 
pleomorphism and  atypical mitotic activity (Haematoxylin and Eosin, 
X400).(B) Clear cell meningioma showing a pattern less tumor 
dominated by cells with clear cytoplasm (Haematoxylin and Eosin, 
X100) (C) Clear cell meningioma high power  (Haemotoxylin and Eosin, 
X400).

Figure 4: Anaplastic  meningioma (Grade III) showing high  mitotic 
activity (Haematoxylin and Eosin, X400).

Figure 5:  Rhabdoid meningioma showing sheets of cells with 
eccentrically placed vesicular nuclei, prominent nucleoli and 
prominent inclusion like eosinophilic cytoplasm (Haematoxylin and 
Eosin X400)

Figure 6(a) Grade I Meningothelial meningioma showing low Ki-67 
expression with occasional brown stained nuclei (X400)(b) Atypical 
Meningioma (Grade II) showing moderate expression of Ki-67 
(X400)Figure (c) Anaplastic meningioma (Grade III) showing high Ki-67 
expression (X400)

Figure 7: (A) Grade I Meningioma showing strong PR expression 
(X400).Figure 7(B) Anaplastic meningioma (Grade III) showing absence 
of PR expression (X100)
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