
Abstract. Background/Aim: Meningioma is the most frequent
meningeal neoplasm, usually without relapse or metastasis.
Patient follow-up is challenging, not standardized and is
decided in multidisciplinary case discussion. Our aim was to
determine the clinical and histological factors influencing the
time to relapse. Patients and Methods: We conducted a single-
Center retrospective study on 38 patients with surgically-
excised relapsing meningiomas and collected clinical and
pathological data. Results: Our results show that none of the
histological factors included in the WHO classification, nor
those not included are related to a shorter time to relapse.
Conclusion: In our study, none of the histological,
immunohistochemical and clinical parameters evaluated seem
to be able to predict the time to relapse in meningioma. 

Meningioma is a frequently encountered tumor in daily
neurosurgical and neuropathological practice. Their diagnosis
is usually highly suggestive on examining clinical and
radiological data, and their pathological diagnosis is usually
easy. Their prognosis depends mainly on the extent of the
surgical resection and the allowed histological grade
according to the World Health Organization (WHO)
classification (1). These two main prognostic factors assess
the risk of recurrence, but their influence on the time to
relapse in not known (2). The frequency and the duration of
the follow-up is decided in multi-disciplinary case discussion
but is not standardized. Our aim was to determine if the
clinical and histological parameters included in the WHO
classification and those not included could predict the time to
relapse time and therefore influence the follow-up.

Patients and Methods
Patients and clinical data. From the database of our University
Hospital Center Pathology Laboratory, we identified 731
consecutive patients with a diagnosis of meningioma from 1992
to 2012. We extracted the data of patients with two occurrences of
meningioma. Occurrence of a meningioma at another site, tumors
not classified as meningiomas according to the actual WHO
classification (such as haemangiopericytoma/solitary fibrous
tumor) and patients whose histological material was not available
(clinical or radiological recurrence without histologically-proven
relapse) were not included. All patients underwent surgery at our
institution between 1992 and 2012. None of them was treated by
radiation therapy at the time of the initial occurrence. For all
patients, the following clinical data were collected: date of birth,
age at diagnosis, gender, date of surgical resection, extent of
resection (Simpson grade) and tumor location. The time to relapse
was assessed by the time between the first surgical resection and
the second one.

The study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki. All persons
gave their informed consent prior to their inclusion in the study.

Pathological material. Surgical specimens were obtained after
approval of an Institutional Review Board (No DC-2010-1108)
and conducted according to national regulations. Tumor
specimens were formalin-fixed, or Bouin's fixed for the older
ones, and paraffin-embedded. We also collected the following
histopathological data for each resection specimen: WHO grade
and its components [histological subtype, number of mitoses per
10 high-power fields with a conversion to mitoses/mm2 (threshold
of 2.51 mitoses/mm2) as previously described (1, 2), invasion of
brain tissue, increased cellularity, small cells, prominent nucleoli,
foci of spontaneous necrosis and patternless or sheet-like growth],
and histological characteristics not included in the WHO grading
such as invasion of bone or the dura mater.

Immunohistochemistry. Ki67 expression (clone MIB1, dilution
1:200; DAKO, Les Ulis, France) was performed on 5 μm-thick
sections using an automated immunohistochemical procedure on
Ventana Benchmark devices (Ventana, Tucson, AZ, USA). The
proliferative index was evaluated by consensus with a semi-
quantitative method in the most proliferative area by two
neuropathologists (FF, MP).
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Statistical analysis. Descriptive statistical analysis was carried out
for all patients. Analysis of variance was applied (univariate and
multivariate analyses) and SAS Inc. software Version 8 (SAS inc,
Brie Comte Robert, France) was used for analysis.

Results

Patients and time to relapse. The patients had an average age
at initial diagnosis of 53 years and 6 months. The average
age at initial diagnosis for men was 56 years and 8 months
(n=16), and 51 years and 2 months for women (n=22). A
total of 18% (n=7) of patients were aged below 40 years at
initial. Each tumor was supratentorial and dura mater-based
without prominent localization.

The mean time to relapse was 4 years and 4 months (range=4
months and 15 days to 18 years and 6 months, median=3 years
and 10 months). All patients except one had a relapse before
completing a follow-up of 8 years; this one patient had a late
relapse at 18 years and 6 months at the same site.

Correlation between the time to relapse, and clinical and
histological parameters. The clinical, surgical and
histological data at initial resection and their correlation with
the time to relapse are summarized in Table I.

Age was not significantly correlated with the time to
relapse (p>0.05 in univariate and multivariate analyses). Bone
or dura mater invasion by the tumor and the age of patients
was not significantly correlated with the time to relapse in
multivariate or univariate analyses. The proliferative index as
evaluated by Ki67 immunohistochemistry ranged from 0.2 to
15% (mean=1.85%) and was also not correlated with the time
to relapse (p>0.05) in univariate and multivariate analyses.
Six meningiomas had a higher grade than the first resection
on the second occurrence. No correlation between Simpson
grade and the time to relapse was found.

The mean time to relapse for grade I meningioma for men
is 3 years and 5 months (n=7) whereas it is 2 years and 8
months (n=9) for grade II. The mean time to relapse for
grade I meningioma for women is 5 years and 4 months
(n=15) whereas it is 4 years and 9 months (n=7) for grade
II. The statistical analysis of the time to relapse as a function
of gender adjusted histological grade (linear multiple
regression model) gave an adjusted mean of 45.6 months for
those with grade I tumour, 43.8 months for those with grade
II, 53.4 months for women and 35.9 months for men. The 
p-value for gender was 0.0918 and for grade was 0.5639.

Discussion

WHO grading and the extent of surgical resection are the
two most important parameters for assessing the risk of
relapse (1, 2). The surgical evaluation of the extent of the
surgical resection does not correctly assess the entire
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Table I. Clinical, surgical and histological data of the initial resection
and their correlation with the time to relapse.

Average time p-Value p-Value 
to relapse (multivariate (univariate 

analysis) analysis)

Gender Men: 3 years
Women: 5 years 0.0587 0.0202

and 1 month

Simpson grade 1: 4 years and 11 months
2: 4 years and 4 months
3: 5 years ans 9 months
4: 3 years and 7 months
Not specified: 2 years 

and 9 months

WHO Grade I: 3 years (n=22)
histological Grade II: 3 years and 0.3193 0.5709
grade 6 months (n=16)

Mitoses/mm2 <2,51/mm2: 4 years and 
3 months (n=31)
>2,51/mm2: 4 years (n=7) 0.7364 0.6944

Brain invasion Brain tissue present 0.5303 0.8023
not invaded: 5 years 
and 7 months (n=11)
Brain tissue present 
invaded: 4 years (n=11)
Brain tissue absent: 3 years 
and 6 months (n=16)

Spontaneous Absent: 4 years and 0.4266
necrosis 7 months (n=22)

Present: 3 years and
8 months (n=16)

Small cells Absent: 6 years and 0.4488 0.0792
10 months (n=1)
Present: 4 years and
2 months

Prominent Absent: 4 years and 0.0670 0.2798
nucleoli 10 months (n=29)

Present: 2 years and
5 months (n=9)

Cellularity Low: 3 years and 0.4508 0.7990
5 months (n=8)
High: 4 years and
5 months (n=31)

Patternless or Absent: 4 years and 0.3079 0.1928
sheet-like 1 month (n=34)
growth Present: 5 years and

3 months (n=4)



removal of a meningioma (2). We chose to use the term
'relapse' rather than the terms of re-growth or recurrence
which refer to tumor growth after incomplete surgical
removal and after complete surgical resection, respectively.
There is no clear definition of a relapse for meningiomas,
which could be a radiological or histological definition. This
is why we restricted our study to surgically excised
meningiomas with histologically proven relapse because
some dural lesions can radiologically mimic meningiomas
(3). As in our study, the time to relapse reported in the
literature is highly variable: a clinical article of 32 recurrent
meningiomas found a mean time to first relapse of 4 years
and 7 months (range from 5 to 183 months) without
prognostic analysis of the histological parameters on the
time to relapse (4). But the histological grading used was
not that currently used (5); this grading was highly
subjective (6). As expected, none of the histological
parameters of the WHO grading of meningiomas has any
influence on the time to relapse, but they do have a well-
known importance in the histological grading of
meningiomas, which can predict the risk of relapse (2).

It is well known that meningiomas encountered in men are
more frequently grade II meningiomas; in our study, for the
same histological grade, meningiomas in men seemed to
relapse earlier but this was not statistically significant. This
could be indicative of a distinct behavior of meningiomas in
men. These data are further supported by genetic data
suggesting a more frequent occurrence of del(1p36) in men
with meningiomas (7). Meningiomas in younger patients or
in men are more likely to relapse, but this should be
counterbalanced because of the occurrence of tumors with a
higher grade in these populations (1).

MIB1 is a monoclonal antibody directed against the Ki-
67 protein, which is present only in the active phases of cell
cycle (4). Numerous works have studied the expression of
Ki67 in meningiomas (4, 8-12). The results are contradictory,
showing both a prognostic value, on in other cases no
prognostic value of a higher proliferative index (4, 8-12).
Regardless, there is an overlap of proliferative index in
relapsing and non relapsing meningiomas, and its evaluation
is subject to interpretation bias (4, 8-12). Our study confirms
these data, showing an overlap of proliferative index between
early and late relapses. However, Ki67 is still useful to
identify small highly proliferating areas or discordance with
the histological grade which could identify patients needing
a closer follow-up (4, 13). It is difficult to set a threshold
proliferative index that could be included in a histological
classification because both the technique and counting
method used differ among laboratories (4). The proliferative
index cannot substitute for the main prognostic factors:
extension of surgical resection and histological grade (1, 2).
Our results are consistent with most studies showing a higher
proliferative index (3% vs. 1.8%) and a higher grade for the

specimen of the recurrence (14). Only one study reported a
lower proliferative index in the recurrence (15). The higher
proliferative index in the recurrence could be a feature of a
slow progression of meningioma over time with an
increasing proliferative index, accumulation of genetic
abnormalities and progression to a higher grade (16).

Certain studies have integrated a multistep approach by
histology and genetic analysis to assess the risk of recurrence
(17) but there is no clinical validation of this approach, and
it is difficult to perform in routine practice.

Few chemotherapy drugs are efficient against meningioma
(18). Some have demonstrated modest efficacy of
immunotherapy with interferon alpha-2B in some cases (19).
There is a need for new therapies in this frequently encountered
meningeal tumor, especially for relapsing meningiomas and
when complete surgical excision is difficult (20, 21).

Our work supports the lack of predictive value for the time
to relapse not only of the WHO classification criteria used
in the histological grading of meningiomas but also of other
clinical and histological parameters. 
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