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Abstract
Background and Objective: We detected the expression of MIF and matrix metalloproteinase
9 (MMP9) in meningiomas to determine whether they are valuable recurrence predictor for
meningioma.
Methods: 67 cases of meningiomas, including 57 benign tumors (WHO grade I) and 10 non-benign
tumors (WHO grade II and III), were collected, and expression of MIF and MMP9 in tissue microarray was evaluated immunohistochemically. The correlations between immunostainings and
clinicopathological parameters, as well as the follow-up data of patients, were analyzed statistically.
Results: Increased expressions of both MIF (58.2%, 39/67) and MMP9 (55.2%, 37/67) were significantly associated with microvessel density (MVD) of tumor, but only dual high-expression of
MIF and MMP9 was in relation to tumor invasion (P=0.016) and tumor recurrence (P=0.001).
Based on univariate analysis, histological grade, tumor invasion and co-expression of MIF and
MMP9 were significant predictors for recurrence. However, only histological grade and
co-expression of MIF and MMP9 in tumor were independent recurrence factors with a hazard
ratio of 49.033 (P=0.002) and 37.766 (P=0.002) in multivariate analysis.
Conclusions: Together with histological grade, increased co-expression of MIF and MMP9 in
tumor might be a valuable predictor for recurrence, especially for benign meningiomas.
Key words: Meningioma; Macrophage migration inhibitory factor (MIF); Matrix metalloproteinase
9 (MMP9); Recurrence.

Introduction
Meningiomas occur most commonly in middle-aged patients and account for about 24-30% of
primary intracranial tumors. Histological grade is the
most useful morphologic predictor of recurrence of
meningiomas [1]. While meningiomas with grade I
have recurrence rates of about 7-25%, atypical men-

ingiomas (grade II) recur in 29-52% of cases and anaplastic meningiomas (grade III) at rates of 50-94% [2].
However, except for the histological grading of tumors, other risk factors for recurrence are not well
understood in the cases with benign meningioma. In
clinical, more than 90% of meningiomas are benign
http://www.medsci.org
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(grade I) [3], and the ideal treatment for these tumors
is complete surgical resection but, when invasion of
the adjacent structures, including dura mater, bone,
and brain parenchyma, is present (these are not
prognostic factors in the WHO criteria), this aim is
often not achieved. Therefore, the histological grade
alone sometimes is inadequate to precisely predict the
patients’ prognosis, especially in those with benign
meningiomas. It is necessary to explore and investigate the more precise recurrence prediction for meningiomas.
Macrophage migration inhibitory factor (MIF) is
a multi-functional cytokine associated with inflammation and tumorigenesis [4]. A deregulated cytokine
expression pattern is observed during neurological
diseases, including brain tumor [5]. Current studies
have shown that MIF plays an important role in tumor growth and progression. Increased expression of
MIF has been identified in various human cancers,
including breast cancer, adenocarcinoma of lung,
hepatocellular carcinoma and cervical carcinoma
[6-8]. Recent studies also demonstrated that MIF
modulates the biological response in different cell
types by inducing the nuclear factor-kappa B (NF-κB),
Erk1/2 and activating protein-1(AP-1) signaling
pathways, or by binding CD74/CD44 receptor complex [9-11]. In brain tumor, MIF is one of the most
up-regulated transcripts in glioblastomas [12-13].
More recently, MIF has been shown to promote cell
proliferation and migration/invasion in prostate
cancer, lung adenocarcinoma, and neuroblastoma
cells [14-15]. However, the relationship between MIF
and meningiomas has not been clarified yet.
Matrix metalloproteinase 9 (MMP9) can degrade
extracellular matrix (ECM) and basement membrane
(BM), thus playing an essential role in invasion and
metastasis [16]. Previous studies have associated
MMP9 with the invasion and metastasis of a large
variety of cancers, such as lung, prostate, breast, and
colon cancers [17-18]. In meningiomas, MMP9 expression in tumor has been correlated with tumor
edema and cell proliferation, both of which are predictive factors for tumor recurrence [19]. Recent
studies have also reported that MIF can induce MMP9
expression by MEK-ERK MAP kinase pathway [20],
and tumor-derived MIF promoting release of MMP9
in neutrophils contributes to tumor progression of
head and neck cancer [21]. Our previous study also
revealed MIF-induced MMP9 enhanced cell invasion
in nasopharyngeal carcinoma cells [22]. These findings suggest that MIF and MMP9 may play a
co-operative role in biological behavior of tumors.
However, no study has been conducted to investigate
this in meningiomas.
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The objective of this study was to analyze semiquantitatively the expression of MIF and MMP9, as
well as intratumoral microvessel density in the tumor.
We wonder if their expression status was in correlation with tumor grade and recurrence of meningiomas. We hypothesized that MIF might play roles in
the recurrence of meningiomas by modulating tumor
cell invasion and angiogenic activity of tumors. Our
main goal was to estimate the risk of meningioma
recurrence via histopathological findings and biomarkers during early postoperative period.

Material and Methods
Patients and clinicopathological data
Sixty-seven primary intracranial meningioma
patients were admitted to the First Affiliated Hospital
of Sun Yat-sen University during the period of 1999 to
2009. The patients were followed from 3 to 110
months, with a mean period of 56 months, and 14
patients (20.1%) had recurrence of tumor during the
follow-up period. None patients had received prior
radiotherapy before surgery. The extent of tumor removal was graded according to Simpson’s criteria
[23], and all of patients recruited in this study underwent tumor excision of Simpson Grade I (complete
tumor excision including the dural attachment). The
size of the tumors was categorized as large (>4 cm) or
small (<4 cm) by calculating its mean diameter on
MRI [24]. After surgery, the tumor samples were fixed
with 10% neutral-buffered formalin and paraffin-embedded. Histological classification and grading
of each resected specimens were reviewed by an authoritative pathologist according to WHO criteria.

Paraffin tissue microarray construction
In this study, the paraffin tissue microarray construction was conducted as routine method. Briefly, a
section was cut from each paraffin block and stained
with hematoxylin and eosin (H&E). Each donor block
was overlaid with the corresponding H&E slide and
observed by experienced pathologists. The area in the
donor block for tissue microarray sampling was verified according to the H&E slide and marked. A manual tissue arrayer (Beecher Instruments Inc., USA)
was used for array construction. Three representative
1.0-mm cores were removed from each donor block
and transferred to a premolded recipient paraffin
block with designated orientation. An additional six
cores derived from tonsil, lymph node, and breast
carcinoma was used as control material. Serial sections with 4 um thickness were cut from the arrayed
block and mounted on aminopropyltriethoxysilane
(APES)-coated glass slides and stored at 4°C for fur-
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ther analysis.

Immunohistochemical staining and scoring
analysis
The tissue array sections were subjected to immunostaining using a ChemMate Envision/HRP kit
(Dako Co., Denmark). Slides were dewaxed and rehydrated routinely before antigen retrieval by microwave. Non-specific binding sites were blocked
with a solution of 2% bovine serum albumin. The
slides were incubated with diluted primary antibodies (MIF mouse monoclonal antibody 1:100, Abcam,
USA; MMP9 mouse monoclonal antibody 1:50 and
CD34 mouse monoclonal antibody 1:100, Santa Cruz
Biotechnology, USA) at 4°C overnight. EnVision system was used to detect these antigens in meningiomas. The slides were developed with DAB, and
lightly counterstained with hematoxylin.
The immunohistochemical reactions were analyzed by two individuals and followed the criteria
[19]: 0) negative, 1) 10% up to 20%, 2) 21% up to 50%,
and 3) 51% or more. Immunoreactive intensity was
graded as 0) negative, 1) weakly yellowish, 2)
brown-yellow, 3) dark brown. The multiplier of the
above two scores was defined as the protein expression in tumor and the scale was given a numerical
value from 0 to 9 for further analysis. MIF or MMP9
high-expression in the tumor was defined when the
score was equal or more than 4, whereas
low-expression of proteins was less than score 4.

Microvessel density (MVD) counting and image analysis
Intratumoral microvessel density (MVD) was
highlighted in the intact tumor sections by staining
endothelial cells for anti-CD34. The most intense neovascularization or hotspots in tumor was firstly determined by light microscopy. Images were captured
and analyzed using a CCD camera and Image ProPlus
software. The MVD was calculated by selecting the
area with the highest vascular density and five medium power fields (200×) were captured and the microvessels counted. Vessels between 8 and 14 um
were regarded as microvessels, in accordance with the
criteria in a previous study [25].

Statistical analysis
All statistical analyses were carried out using
SPSS 13.0 software for Windows. The chi-square test
was used to assess MIF and MMP9 expression with
clinicopathological characteristics. Univariate analysis
by Student’s t test was used to assess protein expression in relation to angiogenesis of meningioma. The
recurrence curve of patients was determined using the
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Kaplan-Meier method and Cox regression, and statistical evaluation was performed using the log rank test.
A P-value <0.05 was considered statistically significant.

Results
Clinicopathological findings of patients with
meningiomas
The patients were 17 males and 50 females with a
median age of 45 years old. 57 patients had grade I
meningiomas, including 26 meningothelial, 15 fibrous, 13 transitional and 3 psammomatous variant. 6
patients had grade II meningiomas, including 5 atypical and 1 clear cell variant. The other 4 patients had
grade III meningiomas, including 2 anaplastic, 1 papillary and 1 rhabdoid variant. All of cases were classified as Simpson grade I in which complete tumor
excision including the dural attachment was achieved.
Based on the MRI examination, 43 cases were categorized as small tumor and 24 were large tumor. 9 cases
of non-benign meningiomas (grade II and III, 90%,
9/10) were found to invade the dura matter and cortical parenchyma, but only 11 (19.3%, 11/57) benign
meningiomas (grade I) were found to invade the adjacent dura matter, skull and (or) brain parenchyma.
Of the 67 patients, 14 patients developed a recurrent
meningioma during the period of following-up, including 7 benign tumors and 7 non-benign tumors.
The mean time to recurrence was 58.3±7.8 months
(range, 48 to 64 mos) for benign meningiomas and
35.6±22.5 months (range 3 to 65mos) for non-benign
meningiomas.

MIF and MMP9 expression in correlation to
clinicopathological parameters and MVD in
meningiomas
A total of 58.2% of tumor tissues (39/67) showed
high expression for MIF. MIF expression was intense
in the cytoplasm of tumor cells (Figure 1A, B). MIF
high expression was significantly correlated with
MVD of tumor and high expression of MMP9 in tumor, but not correlated with tumor invasion and recurrence. MMP9 immunoreactivity was also detected
in the tumor cells (Figure 1C). High expression of
MMP9 (55.2%, 37/67) was found to have a positive
significant correlation with MVD of tumor (Figure
1D). In our study, we found that MIF and MMP9
could be detected in a concomitant high-expression in
28 tumors. MIF and MMP9 showed a co-expression in
the same portion of tumor cells on serial sections
(Figure 1E). The dual high-expression of MIF and
MMP9 exhibited closely correlation with tumor invasion and recurrence (P values were less than 0.05, Ta-
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ble 1). We examined the relationship between other
clinicopathological variables and MIF/MMP9 ex-
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pression or MVD in tumor; no significant correlations
were found.

Figure 1. Immunohistochemical staining of meningioma tissue microarray. (A) Positive MIF staining in low-power field. (B) Strongly positive cytoplasmic
MIF staining in tumor cells and weak staining of stromal cells of meningioma. (C) Diffuse positive MMP9 staining in tumor cells. (D) Microvessels in tumor
were highlighted by staining endothelial cells. (E) MIF and MMP9-positive tumor cells in the same area of tumor in serial section. MIF-positive cells on the
left, MMP9 positive cells on the right (A, immunohistochemical staining with original magnification, 100×; B-E, immunohistochemical staining with original
magnification, 400×).
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Table 1. Correlation among proteins expression, MVD value and clinicopathological parameters of patients with meningioma.
Variable

MIF expression a)

MMP9 expression a)

Low exp.
(n=28)

High exp.
(n=39)

Low exp.
(n=30)

High exp.
(n=37)

<45 (n=33)

15

18

14

≥45 (n=34)

13

21

16

Co-expression of MIF and MMP9 a) MVD Value b)
Non-dual high
Dual high exp. (mean ± SD)
exp. (n=39)

(n=28)

19

20

13

17.51 ± 6.22

18

19

15

17.95 ± 7.21

Age (year)

P=0.424

P=0.686

P=0.612

P=0.789

Gender
Male (n=17)

6

11

9

8

11

6

16.41 ± 5.74

Female (n=50)

22

28

21

29

28

22

18.19 ± 6.97

P=0.317

P=0.267

P=0.317

P=0.347

Histological grade
Grade I (n=57)

25

32

26

31

34

23

17.31 ± 6.37

Grade II and III (n=10)

3

7

4

6

5

5

20.20 ± 8.19

P=0.592

P=0.819

P=0.701

P=0.209

Tumor size
Small (n=43)

16

27

21

22

25

18

18.63 ± 7.04

Large (n=24)

12

12

9

15

14

10

16.14 ± 6.81

P=0.285

P=0.333

P=0.998

P=0.146

Invasion of adjacent
tissue
No (n=47)

23

24

24

23

32

15

17.84 ± 6.89

Yes (n=20)

5

15

6

14

7

13

17.50 ± 6.34

P=0.096

P=0.131

P=0.016

P=0.851

Tumor recurrence
No (n=53)

25

28

26

27

35

18

18.16 ± 7.07

Yes (n=14)

3

11

3

11

4

10

16.11 ± 4.88

P=0.180

P=0.268

P=0.001

P=0.308

MIF expression
Low expression (n=28)

19

9

15.35 ± 4.36

High expression (n=39)

11

28

19.45 ± 7.55

P=0.001

P=0.012

MMP9 expression
Low expression (n=30)

19

High expression (n=37) 9

11

15.61 ± 4.14

28

19.45 ± 7.83

P=0.001
MVD value

15.35 ± 4.36

P=0.018
19.45 ± 7.55

P=0.012

15.61 ± 4.14
P=0.018

19.45 ± 7.83

15.37 ± 4.01

20.48 ± 8.21

P=0.001

a). Chi-square test. b).independent-sample T test

Association of MIF and MMP9 expression with
recurrence of meningiomas
The mean recurrence-free time of patients with
benign and non-benign meningiomas was 69.7 ± 18.3
months and 41.2 ± 20.9 months, respectively. There

was a significant difference statistically (P=0.001,
Figure 2A). When the tumor invaded the adjacent
tissue, the recurrence-free time of patients was significantly shorter (P=0.001, Figure 2B). However, there
was no significant correlation between recurrence-free
time of patients and age, gender, tumor size or MVD
http://www.medsci.org
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of tumors. In univariate analysis, the recurrence-free
time of patients was not significantly different between meningiomas with or without single
MIF/MMP9 high-expression (P> 0.05, Figure 2C and
2D ), but in the patients with dual high-expression of
MIF and MMP9 in tumors, the recurrence-free time
was significantly shorter than that of patients with
non-dual high-expression of proteins (Figure 2E).
In addition, in benign meningiomas, 6 (85.7%) of
7 recurred tumors was found dual high-expression of
MIF and MMP9, however, only 1 recurred tumor
(14.3%, 1/7) was found in patients without dual
high-expression of proteins. There was a significant
correlation between proteins high expression and
recurrence-free time of patients (Figure 2F, Table 2).
That indicated dual high-expression of MIF and
MMP9 was a valuable predictor for the tumor recurrence in patients with histological benign meningiomas. In multivariate analysis, only histological grade
and dual high-expression of MIF and MMP9 in meningioma were independently associated with tumor
recurrence (Table 3). Moreover, the most important
variable related to recurrence of benign meningiomas
were co-expression of MIF and MMP9 in tumor with a
hazard ratio of 18.383 (P=0.021) (Table 4). Other clinical parameters such as age, gender, microvessels
density, and tumor size exhibited no association with
the tumor recurrence of patients.

Table 2. Kaplan-Meier analysis for recurrence-free time of
patients with meningiomas
Characteristics
Age (years)
<45 (n=33)
≥45 (n=34)
Gender
Male (n=17)
Female (n=50)
Histological grade
benign (WHO I) (n=57)
non-benign (WHO II-III) (n=10)
Tumor size
Small (n=43)
Large (n=24)
Invasion of adjacent tissues
No (n=47)
Yes (n=20)
MIF expression
High expression (n=39)
Low expression (n=28)
MMP9 expression
High expression (n=37)
Low expression (n=30)
Co-expression of MIF and MMP9
Dual high-expression (n=28)
Non-dual high-expression (n=39)
MIF and MMP9 in benign meningiomas
Dual high-expression (n=23)
Non-dual high-expression (n=34)

Mean recurrence P valfree time (months) ues*
0.238
71.09 ± 20.60
60.05 ± 20.66
0.334
65.82 ± 22.08
65.38 ± 21.14
0.001
69.75± 18.33
41.20 ± 20.94
0.138
62.46 ± 21.37
70.91 ± 20.23
0.001
70.21 ± 18.06
54.40 ± 24.28
0.052
60.21 ± 20.71
72.85 ± 18.45
0.115
61.48 ± 23.48
70.43 ± 17.16
0.005
57.82 ± 22.39
71.00 ± 18.73
0.005
65.13 ± 16.17
72.88 ±19.26

*, Log rank test.

Table 3. Cox regression model for multivariate analyses of recurrence factor in total meningiomas.
Variable
Age (<45 vs. ≥ 45)
Gender (male vs. female)
Histological grade (benign vs. non-benign)
Tumor size (small vs. large)
Invasion of adjacent tissues (no vs. yes)
Angiogenesis (MVD value)
Dual high MIF and MMP9 expression (no vs. yes)

Hazard ratio
0.968
0.654
49.033
0.327
2.326
0.920
37.766

P value
0.961
0.621
0.002
0.131
0.303
0.095
0.002

95% confidence interval
0.265-3.536
0.121-3.528
4.349-552.738
0.076-1.399
0.465-11.616
0.834-1.014
3.856-369.816

Table 4. Cox regression model for multivariate analyses of recurrence factor in benign meningiomas
Variable
Age (<45 vs. ≥ 45)
Gender (male vs. female)
Tumor size (small vs.large)
Invasion of adjacent tissues (no vs. yes)
Angiogenesis (MVD value)
Dual high MIF and MMP9 expression (no vs. yes)

Hazard ratio
1.201
0.265
0.196
1.749
0.882
18.383

95% confidence interval
0.211-6.824
0.017-3.963
0.029-1.324
0.268-11.407
0.754-1.032
1.528-221.108

P value
0.836
0.335
0.094
0.558
0.119
0.021
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Figure 2. Kaplan-Meier recurrence analyses of meningioma patients. (A) Kaplan-Meier curve showed that patients with non-benign meningioma (grade II
and III) have lower recurrence-free rate than those with benign one (grade I). (B) A significant difference in recurrence-free rate was found between tumor
with or without invasion of adjacent tissues. There was no significant difference in recurrence-free rate was found between patients with single high and low
MIF expression in tumor (C), or single high and low MMP9 expression in tumor (D). (E) Patients with dual high-expression of MIF and MMP9 in tumor had
significantly lower recurrence-free rate than those with non-dual high-expression of proteins in tumor. (F) In benign meningiomas, dual high-expression of
MIF and MMP9 in tumor was an important factor to influence the recurrence-free rate of patients.

Discussion
Although certain prognostic factors (Simpson
grade, histological grade, and angiogenesis) have
been well-established as indicators of meningiomas,
the specific factors responsible for tumor recurrence,

in particularly, recurrence of benign meningiomas,
have not been identified. The present study has
shown that MIF and MMP9 may play critical roles in
the mechanism of tumor recurrence in meningiomas.
MIF is known to promote angiogenesis and modulate
cell migration [13, 26]. In the current study, the result
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of the relationship between MIF high expression and
MVD of tumor indicated that MIF might be a possible
mediator to contribute to the neovascularization of
meningioma and influence the recurrence of meningiomas, because the amount of tumour vascularization has been proposed to affect the degree of cerebral
edema and also disease recurrence [24]. However,
single MIF high expression in tumors did not affect
the time to tumor recurrence of patients independently. A positive correlation with tumor invasion
and a significantly shortened recurrence-free time
occurred in patients only when the tumor dual
high-expressed MIF and MMP9. These results indicate that MIF high expression in tumor is not an independent factor to influence the recurrence of meningioma patients.
MMP9 has been reported to be markedly associated with invasion and metastasis in human cancers
[27-28]. The mechanism of meningiomas to invade
surrounding structures is poorly understood but the
expression of metalloproteinases may be involved in
this process, including MMP2 and MMP9 [29-31].
Invasion of surrounding structures by meningiomas
also depends on proteases, to degrade the ECM and
promote cells migration. MMP9 has been showed a
tendency to increase with increasing tumor grade [19,
32], and reported to participate in the angiogenic
process in a time-dependent manner [33]. This may be
related to the increase in angiogenesis present in
higher-grade tumors. In the current study no correlation was found between MMP9 expression and tumor
invasion or histological grade although MMP9
showed close correlation to MVD of tumor like similar
findings reported in a previous study [19]. These results indicated that increased MMP9 might be one
way by which tumor cells achieve greater mobility,
but was not an independent factor to influence the
prognosis of meningiomas. An interesting tendency
towards high MIF expression cases in relation to
higher MMP9 expression might be an important reason to elucidate the cooperative effect of MIF and
MMP9 on the tumor recurrence of meningioma patients. There was a significantly shorter recurrence-free time only in meningioma patients with MIF
and MMP9 dual high expression. In addition, strong
co-expression of MIF/MMP9 was closely related to
tumor invasion and acted as an independent recurrence factor in multivariate analysis. MIF is a known
stimulus for MMP9 expression in inflammatory cells
and varied tumor cells [21-22]. Therefore, we postulated that increased MIF and MIF-induced MMP9
production might promote the tumor recurrence
through the way of both tumor cell migration and
proliferation in meningiomas, increased co-expression
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of MIF and MMP9 could be a valuable marker for
prognostic prediction in meningiomas. Of course, the
further study will be necessary to confirm its relationship in a large number of meningiomas and in
vitro studies.
There are conflicting results regarding the relationship between tumor recurrence and invasion of
surrounding structures by meningiomas. Olmsted et
al. considered that meningiomas causing osteolysis
and extending into the soft tissue should be characteristics of malignant even if their initial histology
seems benign [34]. Ildan et al. supported this point
because their result showed the presence of osteolysis
increased the risk of recurrence in meningiomas [24].
However, Alvarez et al did not support this result
because they did not find this correlation in their series [35]. In our study, 2 (22.2%) of 9 benign cases of
meningioma with skull or dura mater invasion recurred, but 100% recurrence occurred in 2 benign
cases with invasion of brain parenchyma. We postulated that this may be related to strong edema induced by the adherence of tumor to the surrounding
brain tissue [36], because several studies have found
peritumoral edema was to be strongly correlated with
tumor recurrence regardless their histological grade
[24, 37]. Although the presence of tumor invasion
showed a correlation with recurrence in univariate
analysis, it failed to show an independent predictor
for time to recurrence in the multivariate analysis.
Comparing with dura mater invasion, invasion of
brain parenchyma by meningiomas might be more
valuable predictive factor for tumor recurrence.
It has been reported that large tumors were associated with higher incidence of tumor infiltration
and adherence to arachnoid membrane and the adjacent brain tissue than small tumors [36, 38]. A recent
study revealed that increasing tumor size correlated
closely with the increasing recurrence rate [24].
However, in our study, there was no statistical correlation between tumor size and other clinicopathological factors, including tumor invasion, recurrence and
relevant proteins expression. Further investigations
are necessary to reveal this correlation with larger
series.
Our results repeatedly confirm that histological
grade is so far the most valuable predictive factor of
recurrence in meningiomas [39]. The recurrence rate
of non-benign meningiomas was significantly higher
than that benign meningioma. Regrettably, we have
not stratified further the incidence of tumor recurrence in grade II and grade III, and correlate them
with proteins expression respectively because of lack
of samples. In our study, histological grade failed to
predict the recurrence of grade I meningiomas. In fact,
http://www.medsci.org
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despite the recent rapid proliferation of literature on
the early prediction of meningioma recurrence, a reliable factor on the prognostic value of the recurrence
rate in histological benign meningiomas has not yet
been identified. In the current study, co-expression of
MIF and MMP9 exhibited strongly their correlation
with tumor recurrence of benign meningiomas. That
indicated increased co-expression of MIF and MMP9
in grade I tumor might be a useful biomarker for
higher incidence of tumor recurrence. Together with
histological grade, MIF and MMP9 expression status
in meningiomas could help clinicians improve the
prognostic prediction, and more importantly, adopt
corresponding therapeutic approaches to treat theses
tumors even if their initial histology seems benign.
In conclusion, to our knowledge, the present
data for the first time provide a correlation between
co-expression of MIF and MMP9 in tumor and tumor
recurrence of meningiomas. Our findings suggest that
co-expression of MIF and MMP9 in tumor might be a
valuable predictor for recurrence of benign meningiomas.
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