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Abstract

Aim: Histopathological and immunohistochemical study of prognostic factors in anterior skull base meningiomas in order to determine the
post-operative management. Materials and Methods: The studied material consisted in resection specimens from 65 patients with anterior
skull base meningiomas hospitalized in Clinic of Neurosurgery, National Institute of Neurology and Neurovascular Diseases, Bucharest,
Romania, and diagnosed in the Department of Pathology of the same Institute, between 2007 and 2013. The biological material was processed
by standard histological technique with Hematoxylin and Eosin staining which allowed the classification of tumors according to WHO 2007
system and the assessment of the morphological parameters of known prognostic value. Subsequently, the tumor fragments were submitted to
immunohistochemistry to evaluate the proliferative activity (Ki-67 labeling index) and progesterone hormone receptor (PR) status. Results:
83.07% of the 65 anterior skull base meningiomas were WHO grade I tumors; the grade II tumors accounted 15.38%, while the grade III
tumors were rare (1.53%). Mitotic activity was variable, reaching up to 14 mitoses/10 HPF (high-power field) in atypical and anaplastic tumors;
mitoses were absent in 64.81% of grade I tumors; the average mitotic index in grade II tumors was 5.15 mitoses/10 HPF. Both mitotic
activity and infiltrative and invasive tumor growth (the latter found in 36.92% of cases) were correlated with tumor grade. Ki-67 labeling
index ranged between 1.1% and 7.7%, with the highest value found in anaplastic tumor; progesterone receptors (PR) were expressed with
variable index in 84.61% of cases. The immunonegative PR tumors were represented by 16.66% of grade I tumors and by the only grade III
tumor. In contrast to PR, Ki-67 expression was statistically correlated with tumor grade. The comparison between the expression of Ki-67
and PR revealed an inverse relationship between the level of PR expression and the proliferative activity intensity. Conclusions: We found
that PR expression decreases as the biological behavior of tumor becomes more aggressive; it may be related with an increased risk of
recurrence, making the postoperative surveillance more rigorous in these patients.
Keywords: anterior skull base meningiomas, prognostic factors, postoperative management.

 Introduction
Anterior skull base meningiomas represent between
12 and 22% of intracranial meningiomas [1, 2].
According to World Health Organization (WHO)
classification, the majority of meningiomas (80–90%)
are benign or grade I tumors; grade II tumors account
for 5–15%, while grade III or anaplastic/malignant tumors
are very rare (1–3%) [3].
The prognosis of anterior skull base meningiomas is
determined by clinical factors, among which the most
important is the extent of surgical resection (Simpson
grade) [4], by neuroimaging factors related with tumor
aggressiveness [5] and by certain histological and
molecular factors.
WHO tumor grade is the main histological prognostic
factor and second most useful predictor of tumor recurrence
after the extension of surgical resection (Simpson grade)
[6]. WHO grade III (malignant) tumors have a significantly higher tendency to invasion and local recurrence
after the initial treatment, even in cases with complete
macroscopic resection [7, 8].
The aggressive biologic behavior of tumor correlates
with high values of mitotic index that reflects the tumor
proliferative activity [9]. The molecular marker of tumor
ISSN (print) 1220–0522

proliferative activity is the Ki-67 labeling index whose
value increases with histological grade [10, 11].
Another molecular prognostic factor in meningiomas
is the progesterone receptor status, evaluated in conjunction with histological grade and proliferative activity
of the tumor [12, 13].
For the best accuracy of the predictive value of prognostic factors was recommended a three-factor interaction
model, in which a score of 0 for the progesterone receptor,
a mitotic index above 6 and WHO grade III of tumor
showed a high predictive value for the unfavorable
outcome [14].
The importance of knowing and evaluation of prognostic factors results from the influence that they have on
postoperative surveillance. After the initial neurological
and neuroimagistic examination, performed on days 1
and 2 postoperatively, the frequency of surveillance
and the need of complementary therapies (radiotherapy,
systemic therapy), i.e., post-operative management, is
based on the results of the evaluation of the prognostic
factors for each patient [15, 16].
 Materials and Methods
The study material consisted in resection specimens
ISSN (on-line) 2066–8279
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from 65 patients who underwent surgical resection for
anterior skull base meningiomas in the Clinic of Neurosurgery, National Institute of Neurology and Neurovascular Diseases, Bucharest, Romania, and who were
diagnosed in the Department of Pathology of the same
Institute, between 2007 and 2013.
The tissue fragments were fixed in 10% formalin
and processed by standard histological techniques based
on Hematoxylin and Eosin (HE) staining. They were
morphologically evaluated and classified according to
WHO 2007 system, following specific criteria for classification into following categories: grade I (benign), grade II
(atypical) and grade III (anaplastic or malignant) tumors.
We also performed the histopathological evaluation of
morphological parameters with prognostic value related
to tumor proliferation and invasiveness, namely mitotic
index, infiltrative tumor growth and invasion of brain
tissue.
To complete the prognostic parameters, the selected
cases were further investigated immunohistochemically
using the immunoenzymatic technique with soluble
complexes (LSAB /HRP) and DAKO LSAB 2 (System
HRP (Universal DAKO Labeled Streptavidin Biotin 2
System Horseradish Peroxidase) kit. We evaluated the
proliferative activity by the Ki-67 immunoreactivity
(MIB-1 clone, 1:10 dilution, incubation time 30 minutes
at room temperature) and by progesterone receptor (PR)
expression (PgR clone, 1:50 dilution, incubation time 60
minutes at 370C). The tissue sections were previously
subjected to microwave antigen unmasking in citrate buffer
for Ki-67 and in EDTA for PR; endogenous peroxidase
was blocked with 3% hydrogen peroxide and the blocking
of non-specific binding sites was performed with PBS
(phosphate-buffered saline) solution that contained 8%
saline BSA (bovine serum albumin). The immunostaining
viewing was performed using DAB (3,3’-diaminobenzidine); for side validation, we used internal and
external controls.
Ki-67 labeling index was defined as the percentage
of Ki-67-positive nuclei (nuclear brown or black staining,
diffuse or granular, with occasional nucleolar concentration) for 10 HPF (400×), counting at least 500 tumor
cells per cross-section. Tumor proliferative activity was

Figure 1 – Meningothelial meningioma, grade I. Lobular
growth pattern, monomorphic cellularity (HE staining,
×100).

classified into three categories: <1%, 1–10% and >10%,
the labeling index indicating the tumor cell growth fraction
in respective tumor.
The immunoreactivity for progesterone receptors was
considered positive by the presence of brown nuclear
staining; the positive tumors were classified into four
categories: 1–10%, 10–50% and >50%, regardless of the
intensity of the reaction.
We also performed the statistical analysis to assess
the relationship between the prognostic parameters that
we evaluated in our study.
 Results
The anterior skull base meningiomas were from 65
patients, 23 men and 42 women, aged between 36 and
79 years. Histopathologically, these tumors were in the
vast majority grade I meningiomas (benign) with a total
of 54 (83.07%) cases; the grade II (atypical) meningiomas
were found in 10 (15.38%) cases and anaplastic meningiomas, grade III (anaplastic or malignant) in one case
(1.53%).
Grade I tumors included meningotelial subtype as
most frequent (with 31 cases, 57.4%), followed by other
histological variants as follows: transitional (ten cases),
fibrous (seven cases), psammomatous (four cases),
secretory and angiomatous (each with one case). These
tumors were characterized by lobular growth, monomorphic cellularity, absent or only occasional mitotic
activity and growth pattern characteristic of each subtype
(Figures 1–3).
Grade II meningiomas met the criteria for atypical
tumors of 2007 WHO classification system and were
characterized by increased mitotic activity to more than
four mitoses/10 HPF in the absence of distinct growth
pattern and in combination with certain morphological
features as increased cellularity, small cells with increased
nucleus/cytoplasm ratio, prominent nucleoli, and areas
of “geographical” necrosis (Figures 4 and 5).
Grade III meningioma was characterized by obvious
anaplasia, the tumor cellularity showing carcinomatous
features, although the mitotic activity was less than 20
mitoses/10 HPF (Figure 6).

Figure 2 – Psammomatous meningioma, grade I. Frequent
foci of concentric lamellar calcifications (HE staining,
×400).
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Figure 3 – Secretory meningioma, grade I. Numerous
dense eosinophilic secretory globules, pseudolumens
(HE staining, ×400).

Figure 4 – Atypical meningioma, grade II. Patternless
cell growth, prominent nucleoli, frequent mitoses (HE
staining, ×400).

Figure 5 – Atypical meningioma, grade II. Area of
geographic necrosis (HE staining, ×400).

Figure 6 – Anaplastic meningioma, grade III. Carcinomatous features (HE staining, ×400).

Dural infiltration has been microscopic documented
in 24 (36.92%) cases represented by the meningiomas
17 (31.48%) cases of grade I tumors, seven (70%) of
grade II meningiomas and by the grade III tumor. The
brain invasion was found in three cases (two atypical
meningiomas and the anaplastic tumor). Infiltrative
growth and tumor invasion correlated with tumor grade
(p<0.05) (Figures 7 and 8).
The proliferative capacity of the tumor was determined
by the number of mitoses/10 HPF in tumor grading and by
the Ki-67 immunostaining. Mitotic activity was variable,
reaching up to 14 mitoses/10 HPF in atypical and anaplastic tumors, while the Ki-67 labeling index ranged
between 1.1% and 7.7%; both of these parameters correlated with tumor grade (Table 1).
Table 1 – Mitotic index and Ki-67 labeling index
Anterior skull base meningiomas (No. of cases)
WHO tumor grade
Grade I
Grade II
Grade III
54
10
1
Mitotic index (no mitosis/10 HPF) (p<0.001)
0
35
0
0
<4/10 HPF
19
2
0

Total
65
35
21

Anterior skull base meningiomas (No. of cases)
>4/10 HPF
0
8
1
Average 1.63/10 HPF 5.15/10 HPF 9.5/10 HPF
Ki-67 labeling index (p<0.001)
0
30
0
0
<1%
16
0
0
1–10%
8
10
1
Average
1.1%
4.1%
7.7%

9

30
16
19

Mitotic activity was absent in 35 of the 54 (64.81%)
grade I tumors; in the remaining cases (35.18%), mitotic
index was low with an average of 1.63 mitoses/10 HPF.
In positive grade I tumors (24/54 cases, 44.44%), Ki-67
expression was confined to less than 1% of the tumor
cells in 16 (29.62%) cases and in less than 10% in another
eight (14.81%) cases (Table 1) (Figure 9).
Grade II tumors showed mitotic activity easily
detectable, with an average of 5.15 mitoses/10 HPF and
with more than four mitoses/10 HPF in most of the cases
(8/10 cases, 80%); for these tumors, the mean Ki-67
labeling index was 4.1% (Table 1) (Figure 10).
Anaplastic tumor was characterized by an average
number of 9.5 mitoses/10HPF and a Ki-67 labeling
index of 7.7% (Table 1) (Figure 11).
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Progesterone receptors were expressed in 55 (84.61%)
cases with a variable index and with no relation with
tumor grade by tumor grouping as non-atypical (grade I,
54 cases) and atypical (grade II and III, 11 cases) based
on PR index (Table 2) (Figures 12 and 13).
PR was negative in 10 (15.38%) cases, represented
by nine (16.66%) of the grade I tumors and anaplastic

tumor. PR expression was positive in <10% of tumor
cells in the most part of grade I and grade II tumors
(twenty-one cases, 38.88% and five cases, 50%
respectively). Among of grade I tumors, PR expression
was intensely positive (more than 50% of tumor cells)
in 11 (20.37%) cases, as was in two (20%) of grade II
tumors (Table 2).

Figure 7 – Anaplastic meningioma, grade III. Infiltrative
tumor growth in the adjacent dura (HE staining, ×100).

Figure 8 – Atypical meningioma, grade II. Invasive tumor
growth in the adjacent brain tissue (HE staining, ×100).

Figure 9 – Meningioma, grade I. Rare positive nuclei,
Ki-67 labeling index <1% (Ki-67 immunostaining, ×400).

Figure 10 – Meningioma, grade II. Ki-67 labeling index
1–10%, mitotic figure (Ki-67 immunostaining, ×400).

Figure 11 – Meningioma, grade III. Ki-67 labeling index
1–10%, mitotic figure (Ki-67 immunostaining, ×400).

Figure 12 – Meningioma, grade I. PR score 1–10%
(PR immunostaining, ×200).
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Figure 13 – Meningioma, grade II. Extensive nuclear
staining, PR score >50% (PR immunostaining, ×200).
Table 2 – Progesterone receptor (PR) score
Anterior skull base meningiomas
(No. of cases)
WHO tumor grade
Grade I
Grade II
Grade III
54
10
1
Progesterone receptors (PR) (p>0.5, NS)
0
9
0
1
<10%
21
5
0
10–50%
13
3
0
>50%
11
2
0

Total
65
10
26
16
13

NS – Not significant.

Regardless of the tumor grade, majority of tumors
with high expression of PR (>10%), representing a total
of 29 cases (44.61%), were Ki-67 negative (20/30 cases,
66.66%) or had a low Ki-67 labeling index (<1%) (seven/
sixteen cases, 43.75%); in tumors having a high
proliferative activity with Ki-67 labeling index between
1–10% (19 cases), the PR was predominantly negative
(eight cases, 42.1%) or low positive (47.36%); the PR
level exceed 10% (10.52%) in only two cases. These
results with highly statistic significance (p<0.001) revealed
the inverse relation between the level of progesterone
receptor expression and proliferative activity in anterior
skull base meningiomas in our series (Table 3).
Table 3 – Ki-67 labeling index and progesterone
receptor (PR) score
Anterior skull base meningiomas
(No. of cases)
Ki-67 labeling score (p<0.001)
PR score
0
<1%
1–10%
0
0
2
8
<10%
10
7
9
>10%
20
7
2
Total
30
16
19

Total
10
26
29
65

 Discussion
The great majority of meningiomas (80–90%) are
benign tumors (WHO grade I), whereas atypical (grade II)
and anaplastic or malignant (grade III) tumors are more
rare, representing 5–15% and 13% respectively [3, 17].
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Although atypical (WHO grade II) and anaplastic
meningiomas (WHO grade III) has predilection for
progression and recurrence, some benign meningiomas
(WHO grade I) may also recur and may demonstrate
unpredictable clinical behavior [18].
The most known histopathological prognostic factors
for meningioma are tumor grade, proliferative activity
quantified by mitotic index and Ki-67 labeling index,
and progesterone receptor status [19]. To increase the
predictive value on tumor biological behavior and for
a better guidance of the postoperative management in
patients with anterior skull meningiomas recently it was
proceeded to interpretation in conjunction of the prognostic factors resulting in an interactive three-factor model.
According to this interpretation model, the association
of WHO grade III with a mitotic index above 6 and with
progesterone receptor score 0 has a highly predictive
value for adverse outcome [12, 13].
For the 65 anterior skull base meningiomas included
in our study, we evaluated the histopathological prognostic
factors in order to determine the postoperative management.
Concerning the histological grade, most of these
tumors were WHO grade I (benign) with a percentage
of 83.07% of cases; atypical (grade II) and anaplastic/
malignant (grade III) tumors were more rare representing
15.38% and 1.53% of cases.
Histological grade is known as the most important
predictive factor for tumor recurrence. Benign meningiomas
(grade I) associate a recurrence rate of 7–25%, while
atypical (grade II) and anaplastic (grade III) meningiomas
recurs in 29–52% and 50–94% of cases. On the other
hand, patients with grade III tumors show a low survival
rate [6, 20].
Regarding the aggressive tumor growth, dural infiltration was microscopically documented in 36.92% of
cases represented by 31.48% of grade I, 70% of grade II
meningiomas, and by the grade III tumor (100%), while
brain invasion was detected in 4.6% of cases including
atypical tumors and anaplastic tumor. Both infiltrative
growth and tumor invasiveness were statistically correlated
with tumor grade.
Brain invasion is used as criteria for grade II (atypical)
tumors, so that brain invasion alone is insufficient for
the diagnosis of malignancy. Although grade III tumors
are considered malignant, distant metastases are rare
and the local recurrence is the rule [3, 21].
The histological grade and tumor aggressive growth
influence the survival rate. In the study by Perry et al.,
the median survival in anaplastic tumors (WHO grade III)
was 1.5 years, with a mortality rate of 68% at five years; in
invasive cerebral anaplastic tumors, the five-year survival
rate was 83% and the mean survival was 1.4 years; benign
tumors and invasive atypical tumors had similar fiveyear mortality rates of about 25%, and median survival
between 10 and 14 [21].
In our study, tumor proliferative activity was statistically correlated with tumor grade. Mitoses were absent in
64.81% of grade I tumors; in remaining cases, the mitotic
index was low with an average of 1.63 mitoses/10 HPF.
In grade II tumors and anaplastic tumor, the average
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mitotic index was 5.15 mitoses/10 HPF and 9.5 mitoses/
10 HPF respectively. In 80% of grade II tumors, we
found more than four mitoses/10 HPF.
Ki-67 labeling index ranged between 1.1% and 7.7%,
the highest value being recorded for the grade III tumor.
In the majority of Ki-67 positive grade I tumors (29.62%),
the Ki-67 labeling index was less than 1%; in grade II
tumors, the average value of Ki-67 labeling index was
4.1%.
The aggressive clinical behavior of benign meningiomas
(grade I) was found to be directly related to increased
proliferative activity, reflected by a high mitotic index
[18]. Ki-67 labeling index is the molecular marker of
tumor proliferation that increases with the tumor grade
[22]; it was found to be the most important criterion to
differentiate between anaplastic meningiomas (average
11%) and atypical (average 2.1%) and may be
considered an independent predictive factor for tumor
aggressiveness [10, 11, 23].
Progesterone receptors were expressed in 84.61% of
cases, with a variable index and with no relation with
tumor grade. PR negative cases were represented by
15.38% of grade I tumors and by the grade III tumor.
20.37% of grade I tumors and 20% of the grade II were
intense PR immunopositive. PR expression was inverse
correlated to the Ki-67 labeling index, the PR intense
positive tumors been mostly Ki-67 (66.66%) negative or
with low Ki-67 labeling index (less than 1%); the PR
immunonegative anaplastic tumor had the highest median
Ki-67 index.
Progesterone receptor status has an important role
in determining the disease free survival in patients with
meningiomas, along with tumor grade and mitotic index
[12, 13].
A large proportion of atypical tumors and the most
of malignant meningiomas are PR-negative, suggesting
the loss of progesterone receptors during tumor progression
to malignancy, although PR-negative tumors tend to be
larger than the PR-positive ones [12, 24].
On the other hand, a significant proportion of benign
meningiomas are also PR immunonegative, questioning
the independent predictive value of this prognostic factor
and supporting the utility of the three-factors evaluation
model (histological grade, mitotic index, progesterone
receptors) [12, 13].
 Conclusions
We found that progesterone receptor expression
decreases as the biological behavior of the tumor becomes
more aggressive, morphologically reflected by increased
proliferative activity, higher histological grade and infiltrative and invasive growth; it may be related with an
increased risk of recurrence, making the postoperative
surveillance more rigorous in these patients.
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