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Article history: Meningiomas (MGs) are the frequent benign intracranial tumors. Their complete removal does
Received 14 March 2016 not always guarantee relapse-free survival. Recurrence-associated chromosomal anomalies in
Accepted 13 July 2016 MGs haves been proposed as prognostic factors in addition to the World Health Organisation
Available online 26 July 2016 (WHO) grading, tumor size and resection rate. The aim of this study was to evaluate the
frequency of deletions on chromosomes in sporadic MGs and to correlate them with the
Keywords: clinical findings and tumor behaviour. Along with survival, the tumor recurrence was the main
Meningioma endpoint. Chromosomal loss of heterozygosity (LOH) was studied. 46 benign MGs were
Loss of heterozygosity subjected to the analysis, complete tumor resection was intended and no early mortalities
LOH were observed. Incomplete removal was related to parasagittal location and psammomatous
Tumour recurrence hisptopathology (p < 0.01). Chromosomal alterations were present in 82.6% of cases; LOH at

22q (67.4%) and 1p (34.8%) were the most frequent and associated with male sex (p = 0.04).
Molecular findings were not specific for any of the histopathologic grade. Tumor recurrence (14
of 46) correlated with tumor size (235 mm), LOH at 1p, 14q, coexistence of LOH at 1p/14q, 10q/
14q, 'complex karyotype' status (22 LOHs excluding 22q), patient age (younger <35), and
Simpson grading of resection rate (>3 of worse prognosis). The last 3 variables were indepen-
dent significant prognostic factors in multivariate analysis and of the same importance in
recurrence prediction (Receiver Operating Characteristic curves comparison p > 0.05). Among
the cases of recurrence, tumor progression was observed in 3 of 14. In 2 cases, LOH on 1p and/or
coexistence of LOH 1p/14q correlated with anaplastic transformation.
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1. Introduction

According to the recent reports (2007-2011 USA registry),
meningiomas (MGs) are the most frequently diagnosed brain
tumor (36.1%), exceeding half of all intracranial benign tumors
(53.7%) [1]. A MG is a frequent incidental finding in magnetic
resonance imaging (MRI) of the head, but is revealed in only 2%
of autopsies [2,3]. To date, the etiology of these tumors has not
been sufficiently explored. Researchers attempted to use
molecular biology to explain the recurrence phenomena of a
completely removed MG. The criteria of the diagnosis of Grade
1-3 MG (respectively benign, atypical and malignant) were
based on clinicopathological correlations made by the World
Health Organisation (WHO) [4,5]. The 2007 revision of the WHO
classification identified 14 heterogeneous histopathological
subtypes [6]. According to WHO ~80% of all MGs are slowly
growing Grade 1 tumors [7]. Whereas the Grade 2 or 3 are rarely
diagnosed. Moreover, it has been suggested that 17-35% of
Grade 2 and 54-70% of Grade 3 progress from benign subtypes
[8,9]. The WHO grading of MGs remains controversial,
nonetheless it has facilitated estimating patient management
[10]. Parallel to the resection rate, the WHO classification is still
regarded as the most potent prognosis-associated factor
[10,11].

Almost 40% of the totally removed Grade 2 tumors relapse,
comparing to only 5% of Grade 1 MGs [12]. However, the
diagnosis of one of nine subtypes of benign MG (called Grade 1,
non-cancerous) does not preclude its worse clinical behaviour
in some patients [13]. Finally at least a quarter of patients
harbouring a benign MG experience a tumor relapse within
20 years [14]. Therefore, some prognosis-related factors have
been proposed to identify a clinically aggressive subset of
benign MGs: familial occurrence, patient age, tumor location,
Ki-67/MIB-1 labelling index, telomerase activity, proliferating
cell nuclear antigen [15-17]. Recently the molecular biology
has attempted to explain the recurrence phenomena of a
completely removed MG [10,18-20].The milestone was the
identification of the NF2 gene on the long arm of chromosome
22 (22q12.2) that is responsible for the production of merlin (a
cytoskeletal protein). Mutation or loss of NF2 is associated with
the multiple tumor occurrence and is found in up to 70% of
sporadic MGs [21,22]. Since 22q was established the most
frequent aberration in MGs, authors focused on cytogenetic
profiling of MG tumorigenesis or progression. A broad array of
the loci was postulated, including 1p, 3q, 6q, 9p, 99, 10p, 10q,
14q, 14p, 18p, 18q and 22q [10,20,23,24|. Moreover, single
nucleotide polymorphism (SNP) demonstrated loss of hetero-
zygosity (LOH) on several loci within one cytoband in MGs [21].
Surprisingly, the investigators sparsely focused on the
correlation of molecular findings with clinical data. Benign
tumors with known genomic status were rarely followed-up,
thus we still are not certain of the relapse-associated
chromosomal aberrations [18,20,25-27]. In clinical perspective,
the disease-free survival is actually the most crucial outcome
measure. The estimation of relapse-specific genomic land-
scape of MGs is strongly desired [18]. A prognosis based on
molecular and histopathological findings is believed to prompt
a decision-making process tailored to each individual patient
[20].

2. Materials and methods
2.1.  Study design

The aim of the study was to correlate the recurrence status and
time to relapse with chromosomal alterations in sporadic
Grade 1 MGs. The analysis included clinical data such as age,
sex, tumor location and rate of recurrence. Multivariate
analysis was used to bring reliable molecular recurrence-related
prognostic factors.

2.2. Patients

Tumor tissues were obtained from patients presenting with
non NF1/NF2-related intracranial MG. All consenting patients
were managed operatively at the Neurosurgery Department
(coded for peer review process) from 1999 to 2007. Intent-to-
treat patient selection was applied; complete resection was
intended in all cases and the Simpson grading was used for
assessing the extent of tumor removal [28]. The study group
consisted of 46 patients with benign (WHO Grade 1) sporadic
MGs. The demographics are presented in Table 1. Pre- and
postoperative imaging was evaluated, but was not standar-
dised throughout the study (either computer tomography or
MRI was performed based on the accessibility). The details of
the surgical techniques performed are beyond the scope of this
article purpose. Baseline and postoperative neurological status
was not evaluated. Postoperative radiotherapy was not
offered. All patients were followed-up either by outpatient
clinic visits, mail, e-mail or phone.

Table 1 - Patient characteristics, histopathological diag-
noses and the extent of resection.

n % or ratio
Demographics
Sex (female:male) 33:13 Ratio:2.54
Age [mean + SD 51.1 £12.9
median, min-max] 50 (20-80)
Location
Supra-/infratentorial 38:8 ratio:4.75
Convexity 25 54.3%
Parasagittal or falx 15 32.6%
Cranial base 21 45.7%
Sphenoid 13 28.3%
Pyramid 5 10.9%
Size (mm)
<35 4 8.7%
35-55 11 23.9%
>55 31 67.4%
Simpson grading
1 26 56.5%
2 15 32.6%
3 4 8.7%
4 1 2.2%
Histopathology
Transitional 24 52.17%
Fibroblastic 10 21.7%
Meningothelial 9 9.57%
Psammomatous 3 6.52%
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2.3. Histopathology and LOH analysis

Tumor samples were collected intraoperatively for the
standard histopathological examination and for the molecular
analysis.

For the purpose of the molecular analysis, samples were
stored at —20 °C. The genomic DNA was isolated from frozen
tumor tissues and the corresponding peripheral blood leuko-
cytes using a phenol-chloroform extraction protocol. Further
quantification and analysis with respect to protein content
and purity was performed. The markers were selected by using
the NCBI database; paired normal and tumor DNA samples
were analysed for LOH using 24 microsatellite markers
obtained from HVD Holding AG (Ebersberg, Germany). The
following polymorphic loci were tested: D;Ssog, D1S199, D1S197,
D1S162, DoS156, DoS162, D9S319, DoS1748, D10S197, D10S209, D10Sss7,
D10S1709, D14S292, D14S1010, D18Sag1, D22S257, D22S2s8, D22S26s,
D22S298, D22S303, D22Sa49, D22Se09, D22S1150, @and D2yS;1163. The
polymerase chain reaction (PCR) was performed under
standard conditions, the products were then electrophoresed
on 6% denaturing polyacrylamide gel containing 7 mmol/L of
urea and visualized using a LiCor automatic sequencer (LiCor
Biotechnology, Lincoln, NE, USA). A >50% reduction of
intensity in the tumor lane compared to the corresponding
blood lane was regarded as LOH. All samples with LOH were
confirmed by repeated analysis.

Histopathological examination was performed; tumor
samples were put in a 4% solution of buffered formaldehyde;
dehydrated after 10-24 h of fixation, cleared and impregnated
with parraffin in tissue processor and embedded in paraffin
blocks. Slices of 4 pm thickness were made and placed on
microscope slides, stained by hematoxylin and eosin using an
automatic stainer, then covered with coverglasses. After the
initial histopathologic evaluation, immunostains with anti-
bodies to progesterone receptor, epithelial membrane antigen
(EMA) and MIB-1 were performed. Tumors were classified
according to the WHO criteria (2002 and 2007 revision) [6,13].

2.4.  Statistical analysis
The Chi-square with or without Yates correction for continui-

ty, Fisher test, t-test or Mann-Whitney U test were used
for testing statistical hypotheses. The independent MG

recurrence-associated factors were obtained by logistic re-
gression in stepwise fashion. Odds ratios (ORs) were provided
with 95% confidence interval (CI). Area under (AUC) receiver
operating characteristic (ROC) curve was calculated for
significant factors in multivariate analysis. GraphPad Prism
v6.07 (GraphPad, La Jolla, CA, USA) and Statistica v12.0
(StatSoft, Tulsa, OK, USA) were applied for the calculations.
A p value <0.05 was considered statistically significant.

3. Results
3.1. Outcome

There were no early mortalities either related to the initial
surgery. All 4 small and 72.7% (8 of 11) of medium MGs were
excised completely (Simpson grade 1). Only 45.2% (14 of 31) of
large tumors were resected totally with attached dura mater.
However, the tumor size did not influence the resection rate
(Chi-square 10.5, p = 0.10). Convexity and cranial base MGs had
a similar resection rate (Chi-square/Yates 2.4, p=0.49),
likewise infra and supratentorial tumors (Chi-square/Yates
0.6, p=0.89). However, parasagittal (falx) tumor location
correlated to its incomplete removal (Simpson grade >3). Of
note, 3 of 15 (20.0%) parasagittal MGs were partially resected
and 2 of 31 (6.5%) those occupying other location (Chi-square
17.9, p < 0.01). All fibroblastic (n =10), almost every menin-
gothelial (8 of 9; 88.9%) or transitional MG (22 of 24; 91.7%) was
totally removed, while only 1 of 3 (33.3%) of psammomatous
histopathology were (Chi-square 17.8, p=0.04). Simpson
grading did not correlate with the side of tumor (Chi-square
3.4, p=0.76) or sex (Chi-square/Yates 0.63, p = 0.89).

3.2.  Genetic profile

Chromosomal alterations among the determined set of loci
were present in 38 MGs (82.6%). The most frequent alteration
was LOH at 22q, following 1p and 14q. Male sex significantly
predisposed to LOH at 1p. No LOHs were specific for any of
histopathology (Table 2).

No specific chromosomal localization of LOH was associat-
ed with tumor localization nor its primary size (p > 0.05). Only
tumors >35 mm in diameter harboured mutation on 10q (n = 6)

Table 2 - Distribution of loss of heterozygosity on determined cytobands. A correlation with sex and histopathology was

presented. Statistically significant correlation in bold. LOH - loss of heterozygosity.

Sex Histopathology
Entire group Females Males p Meningothelial Fibroblastic Mixtum Psammomatous P
(n = 46) (n=33) (n=13)

LOHat n % of column (n; % of column) (n; % of column)

1p 16 34.8% 8; 24.2% 8; 61.5% 0.04 4; 44.4% 3; 30.0% 9; 37.5% 0; 0.0% 0.54
9p 3 6.5% 2; 6.0% 1, 7.7% 0.64 0; 0.0% 2; 20% 1; 4.2& 0; 0.0% 0.26
10q 6 13.0% 2; 6.1% 4;30.8%  0.07 0; 0.0% 1; 10.0% 5; 20.8% 0; 0.0% 0.37
14q 13 28.0% 9; 27.7% 4;30.8%  0.90 4; 44.4% 3; 30.0% 6; 25.0% 0; 0.0% 0.48
18p 1 2.2% 1; 3.0% 0; 0.0% 0.63 0; 0.0% 1; 10.0% 0; 0.0% 0; 0.0% 0.30
22q 31 67.4% 25; 75.8% 6; 46.1% 0.11 3;33.3% 9; 90.0% 17; 70.8% 2;66.7% 0.07
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Fig. 1 - Number of patients with total number of altered
chromosomes.

Light red line - 22q anomaly was included, dark red line -
without 22q.

LOH - loss of heterozygosity.

more frequently than smaller tumors (Chi-square 7.1, p = 0.03).
Of note, none of smaller MGs had LOH at 10q. Patient age did
not correlate with any LOH (p = 0.16-1.00).

Excluding LOH at 22q, 11 tumors (23.9%) had LOH on at least
two cytobands (named herein 'complex karyotype'). The mean
number of chromosomal alterations was 1.5 (median 1,
maximum LOH at 6 chromosomes) (Fig. 1).

'Complex karyptype' was more frequent in males (6/13 46.1%
vs. 5/3315.2%; p = 0.07) and significantly more frequent for MGs
located parasagittally (7/15 46.7% vs. 4/31 12.9%; p =0.03).
Neither age (p=0.72), histopathology (p =0.68) or Simpson
grade (p = 0.26) associated with LOH occurrence.

3.3. Tumor recurrence

Mean observation time to the first relapse after successful
surgery was 5.7 years (16 months-13 years). 19.6% of patients
(9/46) were followed for less than 30 months. In the time of
observation tumor relapsed in 14 patients (30.4%), 9 of whom (9
of 14; 64.3%) experienced a second relapse. In the recurrence
group, mean relapse-free survival was 31.5 months (median
25.5; 9 months-6 years). Slightly more males experienced MG
relapse (7/13 53.9% vs. 7/33 21.2%; p = 0.07). Convexity location
had A tendency to recur was noted in the convexity location,
though it was not statistically significant (11/25 44.0% vs. 3/21
14.3%; p=0.06). Supra/infratentorial location (Chi-square/
Yates 0.1, p = 0.96), cranial fossa (Chi-square 3.8, p = 0.42), side
of the body (Chi-square 0.0, p =0.99) as well as MG histopa-
thology (Chi-square 0.7, p =0.88) did not demonstrate influ-
ence on the recurrence. MIB1 labeling index was evaluated in
less than a half of cases thus not studied. 0 (0.0%), 1 (9.1%) and
13 (41.9%) of small, medium and large tumors relapsed
respectively (Chi-square 6.1, p =0.05). As hypothetized, the
rate of resection had an impact on the recurrence: 29.3% (12 of
41) of completely removed MGs (Simpson grade <2) versus
40.0% (2 of 5) of grade =3 relapsed (Chi-square 11.7, p < 0.01).
Younger patients experienced tumor recurrence more often,
as mean age in the recurrence group was 54.1 (SD + 12.9) and in
the non-recurrence group was 44.1 (SD +10.1) (Z statis-
tics = 2.6; p < 0.01).

1p
43.8%

Fig. 2 - Venn diagram demonstrating the influence of
chromosomal anomalies on the meningioma recurrence.
Tumors presenting with a selected chromosomal
alterations or their coexistence are stratified for recurrent
(black/red, black - insignificant, red - significant
comparisons) and non-recurrent meningiomas (grey bar).

The presence of LOH at any of the examined cytobands was
not associated with the recurrence (Chi-square/Yates 2.7,
p =0.10). The analysis of a single aberration revealed that only
LOH at 1p, 14q as well as 'complex karyotype' (LOH at more than 2
loci) was related to the tumor recurrence. The greater number
of chromosomes was damaged, the greater was the risk of
recurrence; 8 of 14 (57.1%) recurrent tumors had complex
karyotype (Fig. 2, Table 3).

Interestingly, 2 of the 7 tumors (28.6%) relapsed in the same
location and 6 of 7 (85.6%) that relapsed in other location had
complex karyotype (Fisher exact test 0.4, p = 0.38).

Summarising the significant univariate analyses of relapse-
associated factors, there were 5 genetic variables: 1p, 14q,
complex karyptype (including coexistence of 1p/14q and 10g/
14q), total number of damaged chromosomes (excluding 22q)
as well as 3 other variables: size, Simpson grading, and patient
age. In logistic regression (model Chi-square 24.6) only 3
factors independently and significantly influenced the recur-
rence behaviour: age (OR = 0.9; 95%CI: 0.8-1.0; p = 0.03), complex
karyotype (OR = 27.2;95%CI: 3.3-223; p < 0.01) and resection rate
(Simpson grading) (OR = 4.8;95% CI: 1.4-16.8; p = 0.01). All of the
above 3 factors had a comparable impact on the benign MG
recurrence (ROC curves comparison: p < 0.01) (Fig. 3).

Area under curves (AUC) of the following factors: complex
karyotype AUC=0.74; 95%CI: 0.59-0.86, Simpson grading
AUC =0.73; 95%CI: 0.58-0.85, patient age AUC =0.74; 95%CI:
0.59-0.85.

Concerning the 14 patients who experienced tumor recur-
rence, time to relapse (in other words relapse-free survival) was
analysed in terms of various factors (LOH, demographics,
tumor location, rate of resection and histopathology).
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Table 3 - The comparison of genetic profile of meningio-

mas in patients with and without relapse. Statistically
significant correlations in bold.

Recurred  Non-recurred P
(n=14) (n=32)
LOH at (n; % of column)
1p 9; 64.3% 7, 21.9% 0.01
9p 2; 14.3% 1; 3.1% 0.45
10q 3; 21.4% 3; 9.4% 0.52
14q 8; 57.1% 5; 15.6% 0.01
18p 1;7.1% 0; 0.0% 0.67
22q 9; 64.3% 22; 68.8% 0.96
Complex karyotype 8; 57.1% 3;9.4% <0.01
1p/10q 3; 21.4% 1; 3.1% 0.14
1p/14q 7; 50.0% 2;6.3% <0.01
1p/22q 5; 35.7% 5; 15.6% 0.26
10qg/14q 3;21.4% 0; 0.0% 0.04
10q/22q 2; 14.3% 2; 6.3% 0.74
14qg/22q 3; 21.4% 5; 15.6% 0.96
Number of damaged
chromosomes
(mean + SD)
Including 22q 16+14 0.5+0.8 0.02
Excluding 22q 22+15 1.2+09 0.01

Our calculations revealed that none of them had a statistically
significant impact.

3.4. Tumor progression

Among all cases of MG recurrence, there were 3 (21.4%; 3 of 14)
that progressed to higher grade according to WHO classifica-
tion. In Patient 1 the tumor progressed to atypic and then to
anaplastic MG. Patient 2 had a primary transitional MG, but on
it relapsed as atypic. Patient 3 had a Grade 1 (meningothelial)
recurrent tumor, whereas the second relapse was diagnosed as
atypic MG. The molecular profile of the progressed tumors was

100 — e OOW
= Q'- “’—’

Sensitivity

—— combined LOH
- Simpson grading
patient age

40 60 80 100
100% - Specificity

Fig. 3 - Comparison of Receiver Operating Characteristic
(ROC) curves between significant markers of benign
meningioma recurrence.

the same in 2 cases, whereas in Patient 1 the additional 1p
mutation was noted upon the first relapse (Fig. 4).

4, Discussion

Leaving an apparently cured patient with Grade 1 MG
unattended may be deletoriuos as the tumor can relapse.
Irrespective of the WHO classification, two factors are
undisputedly regarded as responsible for the recurrence -
tumor size and the resection rate [29]. Considering only benign
MGs, as in our series, a complete removal of the tumor mass
could be achieved at least in half of patients. However, the
neurosurgeons' self-assessment remains unreliable. In our
series partially resected MGs were followed up by imaging
without radiotherapy. Finally, 5% of the totally resected
tumors recur [12], but almost 20% recur if observed for 20 years
[13,14,30]. The resection rate correlated with recurrence rate in
our series.

Younger patients are more prone to develop tumor
recurrence, which can be connected with a longer survival
time, but not elucidated. In our study, the multivariate
analysis pointed to age as an independent and statistically
significant factor responsible for the relapse status. Linsler's
results does not support our findings even though he
incorporated over hundred patients [31]. According to the
Domingues series (302 cases), older patients experience longer
relapse-free survival [20].

The third marker of recurrence in our study was the tumor
size. One explanation is that more advanced technical skills
are required to completely remove the larger tumor and
therefore leaving a remnant is more probable. We proved that
the size of the tumor did not influence the resection rate.

Tumor location correlated with the resection rate, but also
relates to the recurrence rate itself. MGs originating at the
cranial base recur more often than those of other locations
[20,32]. In our sample, the recurrence of the convexity MGs was
insignificantly more frequent than in cranial base tumors.

Molecular profiling is a recent and considered as powerful
tool in explaining tumorigenesis of various brain tumors
[10,33]. The aberration of chromosome 22 or mutation of NF2
(22912.2) are the most commonly cited cytogenetic markers in
MGs [34]. NF2 mutation is most frequent in fibroblastic,
transitional and psammomatous histopathology [35]. In our
series, 2/3 of tumors presented with LOH at 22q, which was the
most frequent chromosomal aberration, though not associat-
ed with any particular histopathology. On the epigenetic level,
the mutation or incorrect expression of the candidate genes
(including, but not limited to, MN1, INI1, TIMP-1, TIMP3, p16,
BCR, BAM22) was suspected in MG pathogenesis [31,36].
However, the above findings still show a limited prognostic
value for patients harbouring Grade 1 MG. Genetic changes
may bring better understanding of the relapse of completely
removed benign tumors [23]. Recent studies consider the
analysis of chromosomal LOH as the most crucial part of
genetic evaluation in MGs [10,20,21].

For years the histopathological classification has been
regarded as the most accurate parameter in the prognostica-
tion of these tumors. However, both the clinical and prognostic
value of WHO grading is limited in cases of benign MGs
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Type of No of LOH on Combined LOH
Patient meningioma relapse 9 10 14 18 22  on1p/14q
Mixtum X X X
Ve Atypic 1 X X X X
Anaplastic 2 not evaluated
2 Mixtum X
Atypic 1 X
Mixtum X X X
3 Meningothelial 1 X X X
Anaplastic 2 not evaluated

Fig. 4 - The molecular characteristic of the 3 patients in who tumor progression was observed. The initial computer
tomography (CT, axial plane image) of the Patient 1 (red tick) was presented (1) and axial plane CT at the time of tumor
relapse (2) (atypic histopathology and additional 1p mutation). Second progression (3) magnetic resonance imaging (axial and
coronal plane images) demonstrated sagittal sinus, bone and brain invasion. The coexistence of loss of heterozygosity at 1p/

14q was marked.

[5,26,37]. Due to the high frequency of occurrence, the absolute
number of relapses after a seemingly successful removal
among all MGs is the highest for benign histopathologies [26].
Moreover, some Grade 1 tumors behave more aggressively,
similarly to atypic or anaplastic MGs. These findings demon-
strate the need to identify additional recurrence-associated
biomarkers, specific for benign tumors. Predicting the worst
clinical scenario could streamline a tailored therapy.

Following 22q, the anomaly of 1p is the most frequent
chromosomal aberration in sporadic MGs. However, opposite
to 22g, LOH on 1p is considered as the most influencial
recurrence-associated chromosomal change [21,31]. Except for
ELAVL4, the presence of any other suppressor gene among 1p
was suggested, but as of yet was not sufficiently proven [38].
The expression of ELAVL4 was lower in males, explaining the
higher recurrence rate in males [36]. LOH on 1p and male sex
both correlated with tumor recurrence in univariate statistics
in our study, which can indirectly confirm the deleterious role
of ELAVL4 mutation.

Among the determined loci, LOH on 9p, 10q and 18p was
notrelated to the aggressive behaviour of a benign MG. Other
cytogenetic investigations described the role of 9q, 10q and
18p in MG progression and which are a characteristic finding
in anaplastic histopathology [38]. The alteration of 10q is
linked with the PTEN mutation (10g23.3), characteristic for
Cowden syndrome [38], but rare in MGs. Larger tumors in our
series displayed mutations on 10q more often. On the other
hand, the coexisting LOH on 10q and 14q was a significant
marker of recurrence in our series. The mutation or
hypermetylation ofNDRG2 and MEG3 both a located on 14q
were proposed in MG progression and recurrence [38]. Most of
clinical studies confirmed 14q as a prognostic indicator for
recurrence in Grade 1 tumors [20,38,39], as shown in our
study.

Opposite to the results of the multivariate analysis, a
variety of cytogenetic anomalies demonstrated the impact on
the tumor recurrence in our series. LOH on 1p, 14q, 'complex
karyotype,' combined LOH on 1p/14q, 10q14q as well as total
number of aberrations (excluding the most common LOH -
22q) were significant in univariate comparisons. Domingues
et al. performed an analysis similar to ours and out of many
the numerous single prognostic factors selected only the
'‘complex karyotype', tumor location, tmour size and patient
age as the best combination of independent variables for
predicting relapse-free survival only [20]. These prognostic
factors were incidental in our findings, except for the Simpson
grade of resection. Domingues et al. created a tailored scale of
prognostic importance which can be applied to any single
patient post hoc. According to their findings, the role of a
molecular biology in predicting a MG recurrence seems crucial,
but likewise in our series it is limited to the number of altered
loci. The statistical methodology applied in both studies
(Domingues et al. and ours) revealed that univariate compari-
son seems valid, unless multivariate analysis is performed
[20]. Multivariate analysis is a goal in the recurrence.

Unfortunately Pfisterer et al. [19] contradicted all of the
above conclusions. He demonstrated that a regional variability
of distribution in chromosomal changes exists in a single MG.
For example, only 20% of benign MG presented with a
homogeneous 14q aberration.

Our study did not aim to investigate the molecular pattern
of tumor progression. Out of 14 relapsed tumors, 3 exhibited
histopathological progression. The molecular findings
revealed that acquired loss of genetic material on 1p and
coexistence of LOH on at 1p/14 lead to anaplastic transforma-
tion. These findings, based only on 3 progressed samples,
support the deleterious role of mutation on 1p in progression
of MG [20,39].
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In sum, the aggressive phenotype of a benign MG is
certainly correlated with its molecular status. Popular cyto-
bands, including 1p, 149 and their coexistence, are recurrence-
specific genomic alterations.

5. Conflict of Interest

None declared.

6. Acknowledgement and Financial Support

None declared.

7. Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; Uniform Requirements for manuscripts submit-
ted to Biomedical journals.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:10.1016/j.pjnns.2016.07.001.

REFERENCES

[1] Ostrom QT, Gittleman H, Liao P, Rouse C, Chen Y, DowlingJ,
et al. CBTRUS statistical report: primary brain and central
nervous system tumors diagnosed in the United States in
2007-2011. Neuro Oncol 2014;16(Suppl 4):iv1-63.

[2] Nakasu S, Hirano A, Shimura T, Llena JF. Incidental
meningiomas in autopsy study. Surg Neurol 1987;27:319-22.

[3] Vernooij MW, TIkram MA, Tanghe HL, Vincent AJPE, Hofman
A, Krestin GP, et al. Incidental findings on brain MRI in the
general population. N Engl ] Med 2007;357:1821-8.

[4] Maiuri F, De Caro MDB, Esposito F, Cappabianca P,

Strazzullo V, Pettinato G, et al. Recurrences of

meningiomas: predictive value of pathological features and

hormonal and growth factors. ] Neurooncol 2007;82:63-8.

Wrobel G, Roerig P, Kokocinski F, Neben K, Hahn M,

Reifenberger G, et al. Microarray-based gene expression

profiling of benign, atypical and anaplastic meningiomas

identifies novel genes associated with meningioma
progression. Int ] Cancer 2005;114:249-56.

Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC,

Jouvet A, et al. The 2007 WHO classification of tumours

of the central nervous system. Acta Neuropathol

2007;114:97-109.

[7] Kleihues P, Sobin LH. World Health Organization
classification of tumors. Cancer 2000;88:2887.

[8] Krayenbiihl N, Pravdenkova S, Al-Mefty O. De novo versus
transformed atypical and anaplastic meningiomas:
comparisons of clinical course, cytogenetics, cytokinetics,

[5

6

[9

[10]

(11]

(12]

(23]

(14]

(23]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

and outcome. Neurosurgery 2007;61:495-503. discussion
503-4.

Yang S-Y, Park C-K, Park S-H, Kim DG, Chung YS, Jung H-W.
Atypical and anaplastic meningiomas: prognostic
implications of clinicopathological features. ] Neurol
Neurosurg Psychiatry 2008;79:574-80.

Linsler S, Kraemer D, Driess C, Oertel J, Kammers K,
Rahnenfiihrer J, et al. Molecular biological determinations
of meningioma progression and recurrence. PLoS One
2014,9:€94987.

Ketter R, Rahnenfiihrer J, Henn W, Kim Y-J, Feiden W,
Steudel W-I, et al. Correspondence of tumor localization
with tumor recurrence and cytogenetic progression in
meningiomas. Neurosurgery 2008;62:61-9. discussion
69-70.

Perry A, Stafford SL, Scheithauer BW, Suman VJ, Lohse CM.
Meningioma grading: an analysis of histologic parameters.
Am ] Surg Pathol 1997;21:1455-65.

Kleihues P, Louis DN, Scheithauer BW, Rorke LB,
Reifenberger G, Burger PC, et al. The WHO classification of
tumors of the nervous system. ] Neuropathol Exp Neurol
2002;61:215-25. discussion 226-9.

Jaaskelainen J. Seemingly complete removal of histologically
benign intracranial meningioma: late recurrence rate and
factors predicting recurrence in 657 patients. A multivariate
analysis. Surg Neurol 1986;26:461-9.

Chang IB, Cho BM, Moon SM, Park SH, Oh SM, Cho SJ. Loss of
heterozygosity at 1p, 7q, 17p, and 22q in meningiomas. ]
Korean Neurosurg Soc 2010;48:14-9.

Richterova R, Jurecekova J, Evinova A, Kolarovszki B, Benco
M, De Riggo J, et al. Most frequent molecular and
immunohistochemical markers present in selected types of
brain tumors. Gen Physiol Biophys 2014;33:259-79.

Claus EB, Park PJ, Carroll R, Chan J, Black PM. Specific genes
expressed in association with progesterone receptors in
meningioma. Cancer Res 2008;68:314-22.

Lee Y, Liu J, Patel S, Cloughesy T, Lai A, Farooqi H, et al.
Genomic landscape of meningiomas. Brain Pathol
2010;20:751-62.

Pfisterer WK, Hank NC, Preul MC, Hendricks WP, Pueschel J,
Coons SW, et al. Diagnostic and prognostic significance of
genetic regional heterogeneity in meningiomas. Neuro
Oncol 2004;6:290-9.

Domingues PH, Sousa P, Otero A, Gongalves JM, Ruiz L, de
Oliveira C, et al. Proposal for a new risk stratification
classification for meningioma based on patient age, WHO
tumor grade, size, localization, and karyotype. Neuro Oncol
2014;16:735-47.

Tabernero MD, Maillo A, Nieto AB, Diez-Tascén C, Lara M,
Sousa P, et al. Delineation of commonly deleted
chromosomal regions in meningiomas by high-density
single nucleotide polymorphism genotyping arrays. Genes
Chromosomes Cancer 2012;51:606-17.

Wozniak K, Piaskowski S, Gresner SM, Golanska E, Bieniek
E, Bigoszewska K, et al. BCR expression is decreased in
meningiomas showing loss of heterozygosity of 22q within
a new minimal deletion region. Cancer Genet Cytogenet
2008;183:14-20.

Ketter R, Henn W, Niedermayer I, Steilen-Gimbel H, Konig J,
Zang KD, et al. Predictive value of progression-associated
chromosomal aberrations for the prognosis of
meningiomas: a retrospective study of 198 cases. J
Neurosurg 2001;95:601-7.

Ely EE, Guzman MA, Calvey LS, Batanian JR. Masked
hypodiploidy in anaplastic meningiomas by duplication of
the original clone found in atypical meningiomas:
illustration of the evolution of genetic alterations.
Neuropathology 2014;34:353-9.


http://dx.doi.org/10.1016/j.pjnns.2016.07.001
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0200
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0200
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0200
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0200
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0205
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0205
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0210
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0210
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0210
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0215
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0215
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0215
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0215
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0220
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0220
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0220
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0220
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0220
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0225
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0225
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0225
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0225
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0230
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0230
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0235
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0235
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0235
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0235
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0235
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0240
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0240
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0240
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0240
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0245
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0245
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0245
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0245
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0250
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0250
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0250
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0250
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0250
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0255
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0255
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0255
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0260
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0260
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0260
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0260
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0265
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0265
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0265
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0265
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0270
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0270
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0270
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0275
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0275
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0275
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0275
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0280
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0280
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0280
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0285
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0285
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0285
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0290
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0290
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0290
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0290
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0295
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0295
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0295
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0295
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0295
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0300
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0300
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0300
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0300
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0300
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0305
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0305
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0305
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0305
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0305
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0310
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0310
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0310
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0310
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0310
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0315
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0315
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0315
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0315
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0315

402

NEUROLOGIA I NEUROCHIRURGIA POLSKA 50 (2016) 395-402

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

Pham MH, Zada G, Mosich GM, Chen TC, Giannotta SL,
Wang K, et al. Molecular genetics of meningiomas: a
systematic review of the current literature and potential
basis for future treatment paradigms. Neurosurg Focus
2011;30:E7.

Espinosa AB, Tabernero MD, Maillo A, Sayagués JM, Ciudad
J, Merino M, et al. The cytogenetic relationship between
primary and recurrent meningiomas points to the need for
new treatment strategies in cases at high risk of relapse.
Clin Cancer Res 2006;12:772-80.

Maillo A, Orfao A, Espinosa AB, Sayagues JM, Merino M,
Sousa P, et al. Early recurrences in histologically benign/
grade I meningiomas are associated with large tumors and
coexistence of monosomy 14 and del(1p36) in the ancestral
tumor cell clone. Neuro Oncol 2007;9:438-46.

Simpson D. The recurrence of intracranial meningiomas
after surgical treatment. ] Neurol Neurosurg Psychiatry
1957;20:22-39.

Nakasu S, Nakasu Y, Nakajima M, Matsuda M, Handa J.
Preoperative identification of meningiomas that are highly
likely to recur. ] Neurosurg 1999;90:455-62.

Perry A, Scheithauer BW, Stafford SL, Lohse CM, Wollan PC.
Malignancy in meningiomas: a clinicopathologic study of
116 patients, with grading implications. Cancer
1999;85:2046-56.

Linsler S, Kraemer D, Driess C, Oertel J, Kammers K,
Rahnenfiihrer J, et al. Molecular biological determinations
of meningioma progression and recurrence. PLoS One
2014,9:1-8.

Cornelius JF, Slotty PJ, Steiger HJ, Hanggi D, Polivka M,
George B. Malignant potential of skull base versus non-skull

base meningiomas: clinical series of 1,663 cases. Acta
Neurochir (Wien) 2013;155:407-13.

[33] Jesien-Lewandowicz E, Jesionek-Kupnicka D, Zawlik I,
Szybka M, Kulczycka-Wojdala D, Rieske P, et al. High
incidence of MGMT promoter methylation in primary
glioblastomas without correlation with TP53 gene
mutations. Cancer Genet Cytogenet 2009;188:77-82.

[34] Pfisterer WK. Diagnostic and prognostic significance of
genetic regional heterogeneity in meningiomas. Neuro
Oncol 2004;6:290-9.

[35] Hansson CM, Buckley PG, Grigelioniene G, Piotrowski A,
Hellstrom AR, Mantripragada K, et al. Comprehensive

genetic and epigenetic analysis of sporadic meningioma for

macro-mutations on 22q and micro-mutations within the
NF2 locus. BMC Genomics 2007;8:16.

[36] Stawski R, Piaskowski S, Stoczynska-Fidelus E, Wozniak K,
Bienkowski M, Zakrzewska M, et al. Reduced expression of
ELAVL4 in male meningioma patients. Brain Tumor Pathol

2013;30:160-6.

[37] Ketter R, Urbschat S, Henn W, Feiden W, Beerenwinkel N,
Lengauer T, et al. Application of oncogenetic trees
mixtures as a biostatistical model of the clonal
cytogenetic evolution of meningiomas. Int J Cancer
2007;121:1473-80.

[38] Choy W, Kim W, Nagasawa D, Stramotas S, Yew A, Gopen
Q, et al. The molecular genetics and tumor pathogenesis of

meningiomas and the future directions of meningioma
treatments. Neurosurg Focus 2011;30:E6.

[39] Hamilton BO, Sy JS, Megyesi JF, Ang LC. Her2neu
amplification associates with Co-deletion 1p/14q in
recurrent meningiomas. Can J Neurol Sci 2013;40:361-5.


http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0320
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0320
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0320
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0320
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0320
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0325
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0325
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0325
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0325
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0325
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0330
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0330
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0330
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0330
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0330
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0335
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0335
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0335
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0340
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0340
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0340
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0345
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0345
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0345
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0345
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0350
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0350
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0350
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0350
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0355
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0355
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0355
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0355
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0360
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0360
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0360
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0360
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0360
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0365
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0365
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0365
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0370
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0370
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0370
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0370
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0370
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0375
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0375
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0375
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0375
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0380
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0380
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0380
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0380
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0380
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0385
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0385
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0385
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0385
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0390
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0390
http://refhub.elsevier.com/S0028-3843(16)30067-6/sbref0390

	The correlation of clinical and chromosomal alterations of benign meningiomas and their recurrences
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients
	2.3 Histopathology and LOH analysis
	2.4 Statistical analysis

	3 Results
	3.1 Outcome
	3.2 Genetic profile
	3.3 Tumor recurrence
	3.4 Tumor progression

	4 Discussion
	5 Conflict of Interest
	6 Acknowledgement and Financial Support
	7 Ethics
	Appendix A Supplementary data
	References


