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INTRODUCTION

Meningiomas are usually non-malignant, slow-growing neoplasms thought to arise from the meningothelial cells of the arachnoid layer. They are the most common intracranial extracerebral tumours accounting for 36.8% in the Central Brain Tumor Registry of the United States (CBTRUS) [START_REF] Ostrom | CBTRUS Statistical Report: Primary brain and other central nervous system tumors diagnosed in the United States in 2010-2014[END_REF]. The 2016 World Health Organisation (WHO) classification of tumours affecting the central nervous system (CNS) recognises three grades of meningiomas [START_REF] Louis | The 2016 World Health 13 Organization Classification of Tumors of the Central Nervous System: A summary[END_REF]. WHO grade I or benign meningiomas occur for two-thirds in women and have usually a good outcome [START_REF] Champeaux | Epidemiology of meningiomas. A nationwide study of surgically treated tumours on french medico-administrative data[END_REF][START_REF] Zouaoui | French Brain Tumor DataBase (FBTDB) Participants and Investigators, with the participation of the Société française de neurochirurgie (SFNC), Club de neuro-oncologie de la SFNC[END_REF]. WHO grade III or malignant meningiomas are rare and aggressive neoplasms with a poor prognosis [START_REF] Champeaux | Malignant meningioma: An international multicentre retrospective study[END_REF][START_REF] Champeaux | World health organization grade III meningiomas. A retrospective study for outcome and prognostic factors assessment[END_REF]. Behaviour and outcome of atypical -WHO grade II are intermediate [START_REF] Champeaux | Atypical meningioma. A study on recurrence and disease-specific survival[END_REF][START_REF] Champeaux | World health organization grade II meningioma: A 10-year retrospective study for recurrence and prognostic factor assessment[END_REF]. Management options include regular monitoring especially for incidental meningioma, symptom control, surgical excision, radiotherapy (RT), and stereotactic radiosurgery (SRS). Further optimal management is difficult to establish; the role of post-operative RT as standard adjuvant treatment remaining controversial apart for malignant meningiomas [START_REF] Champeaux | World health organization grade III meningiomas. A retrospective study for outcome and prognostic factors assessment[END_REF][START_REF] Champeaux | Atypical meningioma. A study on recurrence and disease-specific survival[END_REF][START_REF] Champeaux | World health organization grade II meningioma: A 10-year retrospective study for recurrence and prognostic factor assessment[END_REF].

Most meningiomas are sporadic and their incidence in France is about 5/100 000 persons per year [START_REF] Champeaux | Epidemiology of meningiomas. A nationwide study of surgically treated tumours on french medico-administrative data[END_REF][START_REF] Zouaoui | French Brain Tumor DataBase (FBTDB) Participants and Investigators, with the participation of the Société française de neurochirurgie (SFNC), Club de neuro-oncologie de la SFNC[END_REF]. Ionizing radiation is the only unequivocal risk factor identified although others have been suspected. Evidence suggests the influence of sexual hormones as meningiomas are known to be hormone-sensitive and usually express progesterone receptors. Exposure over one year to high dose of cyproterone acetate which has anti-androgenic, progestagenic and antigonadotropic effect, has been shown to increase the risk of meningioma [START_REF] Gil | Risk of meningioma among users of high doses of cyproterone acetate as compared with the general population: Evidence from a population-based cohort study[END_REF] Neurofibromatosis (NF) is a group of three conditions in which tumours grow in the nervous system. NF type 2 (NF2) is a rare autosomal-dominant multiple neoplasia syndrome resulting from mutations of the NF2 tumour suppressor gene located on chromosome 22q12. It has a incidence around one in 20 000 to 60 000 livebirths and nearly 100% penetrance by 60 years of age [START_REF] Evans | Schwannomatosis: A genetic and epidemiological study[END_REF]. Patients are predisposed to develop CNS lesions with vestibular schwannoma (VS) affecting 95% of individuals and typically occurring bilaterally. Schwannomas commonly occur on other nerves intracranially and in the spinal compartment, along with meningiomas, ependymomas, and gliomas. Meningiomas are the second most frequent tumour type in NF2 with a prevalence between 53 and 66% [START_REF] Asthagiri | Neurofibromatosis type 2[END_REF]. The cumulative incidence of meningiomas was shown to be close to 80% by 70 years of age in a cohort of 411 patients with proven NF2 mutation [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF].

Neurofibromatosis type 1 (NF1) does not increase the risk of meningioma growth with less than 1% [START_REF] Simsek | Atypical meningioma and extensive calvarium defects in neurofibromatosis type 1[END_REF]. The incidence of meningiomas seems to be same in the general population versus in NF1 patients [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF].

In NF2, meningiomas are frequently multiple and they develop at a younger age. Although histologically benign, tumours are associated with significant morbidity due to multiple problems including hearing and vision loss, gait abnormalities, paralysis, pain, and seizures. Risk of early mortality from brainstem compression and other complications is significant [START_REF] Ardern-Holmes | Neurofibromatosis type 2[END_REF].

Administrative medical databases (AMDB) are massive repositories of collected healthcare data for various purposes. They may contain medical claims for reimbursement, records of health services, medical procedures, prescriptions, and diagnoses. AMDB provide a variety of already stored data with a constant and often increasing on-going collection process [START_REF] Gavrielov-Yusim | Use of administrative medical databases in populationbased research[END_REF]. They encompass very large population and frequently the whole nation, ensuring high statistical power without biases related to the representativity of a sample. AMDB can be used to conduct epidemiological studies and evaluate medical practices. Use of these databases is less expensive than conducting specific surveys in dedicated populations by providing rapid access to data gathered in a standardised format [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance maladie (SNIIRAM) to the système national des données de santé (SNDS) in france[END_REF].

In that respect, the recent access opening of French nationwide health record database or SNDS (Système National des Données de Santé) is a great opportunity to carry out comprehensive health studies at the country level. The SNDS includes many information such as demographic data, medical and surgical procedure with linked and associated diagnoses or date of death [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance maladie (SNIIRAM) to the système national des données de santé (SNDS) in france[END_REF]. It is continually evolving towards enrichment by medical information [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance maladie (SNIIRAM) to the système national des données de santé (SNDS) in france[END_REF]. Around 3 000 patients are operated on for a meningioma each year in France. Very few cohort studies reporting on NF2 patients exist and little is known about the natural history of NF2-associated meningiomas. Using this unique database, we aimed at assess the outcome of NF2 patients after meningioma surgery as to date, such a research has never been achieved in France.

OBJECTIVE

The aim of this study was to investigate overall survival (OS) of NF2 patients operated on for a meningioma and search for associated factors using the French National Healthcare (SNDS) database.

MATERIAL AND METHODS

We performed a nationwide descriptive observational and analytic retrospective study.

Incidental meningiomas never operated were not considered in this study; only surgically treated tumours were taken into account. Data were extracted from the Système National des Données de Santé (SNDS), the national French medico-administrative database. All patients who underwent the surgical resection of a meningioma between 2007 and 2017 were included. Direct identification of patients who underwent a surgery for meningioma is not possible. Therefore, we used an algorithm combining two variables: the type of the surgical procedure identified by the Common Classification of Medical Acts (CCAM) and the primary diagnosis according to the International Classification of Diseases (ICD-10) as described previously [START_REF] Champeaux | Epidemiology of meningiomas. A nationwide study of surgically treated tumours on french medico-administrative data[END_REF]. For example, NF2 patients were selected with the ICD-10 code Q85.0, vestibular schwannoma with D33.3 and deafness with H90 or H91. Meningioma were categorised into 8 anatomical locations according their dural base insertion after further categorisation of the 40 CCAM codes which aimed at described intracranial extracerebral tumour resection. Benign meningiomas were considered as corresponding to the D32 ICD-10 codes, atypical to D42 and malignant to C70. The Mortality-Related Morbidity Index (MRMI) predictive of all-cause mortality and the Expenditure-Related Morbidity Index (ERMI) predictive of health care expenditure were used to assess the global health-state severity [START_REF] Constantinou | Two morbidity indices developed in a nationwide population permitted performant outcome-specific severity adjustment[END_REF].

Statistical methods

Continuous variables are reported as means and standard deviations or as medians and interquartile ranges (IQR); categorical variables are reported as frequencies and proportions.

Overall survival (OS) was measured from the date at meningioma first surgery to the date of last follow-up or death [START_REF] Harrell | Regression Modeling Strategies[END_REF]. We used the Kaplan-Meier method to estimate the OS and the Mantel Cox log-rank test was used to compare survival curves. Cox proportional hazards regression was implemented to identify predictors of death and, to estimate Hazard Ratio (HR) with 95% Confidence Intervals [95%CI] [START_REF] Terry | Modeling survival data: Extending the Cox model[END_REF]. All tests were 2-sided and statistical significance was defined with an alpha level of 0.05 (p < 0.05). The follow-up was calculated by the reverse Kaplan-Meier estimator method [START_REF] Schemper | A note on quantifying follow-up in studies of failure time[END_REF]. Analysis was performed with both the SAS Enterprise version 7.15, the R programming language and software environment for statistical computing and graphics (R version 4.0.2 (2020-06-22)) and the survival package among others [START_REF] Core | R: A language and environment for statistical computing[END_REF][START_REF] Therneau | A package for survival analysis in s[END_REF]. The statistical programme and workflow was written in R Markdown v2 with RStudio ® for dynamic and reproducible research [START_REF]RStudio: Integrated development environment for r[END_REF].

Compliance with ethical standards

This study was conducted according to the ethical guidelines for epidemiological research in accordance with the ethical standards of the Helsinki Declaration (2008), to the French data protection authority (CNIL) an independent national ethical committee, authorisation number: 2008538; to the RECORD guidelines for studies conducted using routinely-collected health data and, according to the SAMPL Guidelines [START_REF] Elm | STROBE Initiative, The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies[END_REF][START_REF] Lang | Basic statistical reporting for articles published in biomedical journals: The "Statistical Analyses and Methods in the Published Literature" or the SAMPL Guidelines[END_REF][START_REF] Nicholls | The REporting of studies conducted using observational routinely-collected health data (RECORD) statement: Methods for arriving at consensus and developing reporting guidelines[END_REF]. Informed consent was not required due to the retrospective nature of the study.

RESULTS

Population description

This nationwide study found 184 patients who were operated on for 315 meningiomas over a 10-year period. 57.6% were female, median age at first surgery was 40 years IQR[24.8 -50.2] and 10.9% were under 18 years. Median MRMI and ERMI were respectively 1 IQR[0 -3] and 2 IQR[0 -7]. Cranial convexity was the most common (23.4%) location followed by posterior skull base (16.8%). Spinal tumours accounted for 15.2%. Benign meningioma represented 89.7%, atypical 7.1% and malignant 3.3%. 36.4% of the patients underwent two or more surgeries and 34.8% had two or more meningioma locations e. g. spine, posterior skull base (SKB) then anterior SKB. For those who had multiple meningioma surgeries, median time between the first and the last recorded surgical date was 2.3 years, IQR[1.3 -5.1]. 41.3% patients were found to have an associated diagnosis of vestibular schwannoma, 50% a deafness and 60.3% either of the former diagnoses. 16.3% of the patient received radiotherapy (RT) and 13.6% stereotactic radiosurgery (SRS) (table 1). Median follow-up was 6.3 years 95%CI [5.3-7].

Overall survival

At data collection, 28 patients were dead (15.2%) and median age at death was 41.7 years, IQR [32.7 -50.4]. 5 patients died within the year of meningioma surgery. OS rates at 5 and 10 years were: 87.8%, 95%CI[82.6 -93.3] and 73.2%, 95%CI[63.7 -84.1] respectively.

Predictors of overall survival

In univariable Cox regression analysis, Mortality-Related Morbidity Index (MRMI) (HR= were associated to the outcome. In multivariable analysis, solely the MRMI and a malignant meningioma remained significant predictors of reduce OS (table 3).

DISCUSSION

Studies relying on AMDB are useful for evaluating treatment strategies as they offer another insight compared to results of selected retrospective data. AMDB allow inclusion of large patients' groups that may be ineligible for trials due to older age and co-morbidities. In contrast to malignant neoplasms, outcome data on benign tumours such as meningioma are scarce as they are logically not considered as "cancer" and thus, rarely registered. Up-to-date and detailed population-based data on NF2 patients is sparse. Those worth of interest are summarised in the table 3.

Strengths and limitations

Studies based on AMDB are made of what is available in themselves, sometimes limiting the potential to explore interesting associations. However, for the variables included, it is possible to collect large amounts of data in a population-based setting. The strengths of the SNDS reside both in the high number of patients and in the exhaustive data available from every hospital in France. The SNDS which covers 97.2% of the French population i.e. around 68 million inhabitants is one of the largest AMDB in the world [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance maladie (SNIIRAM) to the système national des données de santé (SNDS) in france[END_REF]. Compiled from a number of institutions, its accuracy is limited by inconstancies in data collection and recording. Moreover, important variables are missing such as the quality of resection [START_REF] Simpson | The recurrence of intracranial meningiomas after surgical treatment[END_REF].

Despite some limitations, the SNDS is an invaluable tool to assess meningioma outcome. It offers an incomparable mean to explore associations with other pathology, medication or combine surgical treatment which has and could not be assessed before. The retrospective nature of this study, together with the lack of clarity regarding treatment rationales and non-homogeneous management strategies without random assignment, needs to be considered when evaluating the results.

Characteristics of meningioma in NF2 patients

In most epidemiological study, meningioma is about 3 times more common in women [START_REF] Champeaux | Epidemiology of meningiomas. A nationwide study of surgically treated tumours on french medico-administrative data[END_REF][START_REF] Zouaoui | French Brain Tumor DataBase (FBTDB) Participants and Investigators, with the participation of the Société française de neurochirurgie (SFNC), Club de neuro-oncologie de la SFNC[END_REF]. These proportions are not alike in our study with only a slight over-representation of female of 57.6%. However, Goutagny et al still found a majority of female of 64.9% among 74 NF2 patients with a least one meningioma [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF]. In the former study, of 119 NF2 patients, 62.1% had intracranial meningioma of which 28.6% of the whole cohort required surgery. Median age at meningioma surgery is usually around 60 years but for NF2 patients this is much premature; about 20 years earlier in our study with a median age at surgery of 40 years.

Moreover, sporadic meningioma before 18 years of age is rare below 0.5% but not in NF2 with 10.9%.

Post-operative mortality

Meningioma literature before 2000 showed high rates of 30-day mortality ranging from 8% to 45% with a mean of 16% [START_REF] Black | Meningioma surgery in the elderly: A case-control study assessing morbidity and mortality[END_REF]. Hopefully, these unsatisfactory results have notably improved. Meling et al. observed a 30-day mortality of 1.9% and its significant reduction as well as of neurologic morbidity over the time [START_REF] Meling | Meningioma surgery-are we making progress?[END_REF]. Neurosurgery is nowadays safer. This improvement is multifactorial and due e.g. to better surgical and anaesthetic techniques, earlier treatment with less burden of disease because of easy access to brain imaging. The 3month post-operative mortality was 2% for Van Alkemade et al vs. none in our cohort [START_REF] Van Alkemade | Impaired survival and long-term neurological problems in benign meningioma[END_REF].

In a series of 1 549 meningiomas surgeries, Linsler et al they found that there was an increase of patients with advanced age, especially for those above 60 years, a prolonged PFS time in addition to a reduced perioperative mortality from 2.2% to 1.2% when comparing patients operated in 1968-1985 vs. in 1985-2011 [START_REF] Linsler | Prognosis of meningiomas in the early 1970s and today[END_REF].

Location

One of the advantages of the SNDS which uses the CCAM classification is to provide precise location of the dural insertion. The majority of meningioma was situated intracranially and convexity was the most common location with one fourth (23.4%) of the tumours. In a study of 287 meningiomas, Goutagny et al. found a preponderance of convexity and falx cerebri (71.8%) followed by SKB location in 24.7% vs. 37% in our study [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF]. Spinal meningiomas are thought to be present in about 20% of the NF2 patients vs. 15.2% in our study [START_REF] Asthagiri | Neurofibromatosis type 2[END_REF].

Grading

It still debated whether or not NF2 patients developed more aggressive meningioma compared to the general population [START_REF] Perry | Aggressive phenotypic and genotypic features in pediatric and NF2-associated meningiomas: A clinicopathologic study of 53 cases[END_REF]. For Goutagny et al. Grades II/III meningiomas accounted for 35% of symptomatic or growing meningiomas resected in NF2 patients vs.

10.3% in our study [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF]. However, the author suggests that their finding likely reflects a selection bias as only symptomatic or growing meningiomas were removed and conclude that in their series, meningiomas in NF2 patients were not histologically more aggressive than sporadic ones [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF].

Survival

Despite having a mostly indolent behaviour, outcome of NF2 patients treated for meningioma is impaired with a significant reduce survival. In our study 15.2% of the patients died during a median follow-up of 6. [START_REF] Lang | Basic statistical reporting for articles published in biomedical journals: The "Statistical Analyses and Methods in the Published Literature" or the SAMPL Guidelines[END_REF] [START_REF] Aboukais | Prognostic value and management of spinal tumors in neurofibromatosis type 2 patients[END_REF]. Others authors describe a much better prognosis with median survival of 62 years to 66.2 but very few studies have reported on survival in NF2 patients, especially for those requiring meningioma surgery [START_REF] Aboukais | Prognostic value and management of spinal tumors in neurofibromatosis type 2 patients[END_REF]. For sporadic meningioma usual 5year OS ranges above 85% and often around 90% vs. 87.8% in this cohort of NF2 patients [START_REF] Ostrom | CBTRUS Statistical Report: Primary brain and other central nervous system tumors diagnosed in the United States in 2010-2014[END_REF][START_REF] Meling | Meningioma surgery-are we making progress?[END_REF][START_REF] Woehrer | Austrian Brain Tumour Registry, Relative survival of patients with non-malignant central nervous system tumours: A descriptive study by the Austrian Brain Tumour Registry[END_REF][START_REF] Holleczek | Incidence, mortality and outcome of meningiomas: A population-based study from germany[END_REF][START_REF] Brodbelt | The outcome of patients with surgically treated meningioma in england: 1999-2013. A cancer registry data analysis[END_REF].

Limited data are available regarding longevity in NF2. For Otsuka et al who followed a cohort of 74 NF2 patients with bilateral VS, 10-year OS from diagnosis was only 67% in compared to 73.2%, 95%CI[63.7 -84.1] for our study and reported 20-year OS only 38% [START_REF] Otsuka | Age at symptom onset and long-term survival in patients with neurofibromatosis type 2[END_REF].

Factors affecting the survival

Despite a significant impaired survival, factors influencing the outcome have been poorly studied. Our results show that in univariable analyse, OS was influenced by tumour grade and an associated diagnosis of deafness and/or vestibular schwannoma with only malignant meningioma remaining a significant predictor of a poor outcome in adjuster Cox regression.

Both Baser & Aboukais reported that mortality risk was higher for younger age at diagnosis and for the patients with intracranial meningiomas [START_REF] Aboukais | Prognostic value and management of spinal tumors in neurofibromatosis type 2 patients[END_REF][START_REF] Baser | Predictors of the risk of mortality in neurofibromatosis 2[END_REF]. The presence of spinal tumours have been described as a factor of poor prognosis but in our study subject operated on for a spinal meningioma did not show a reduce OS (HR= 0.75, 95%CI[0.22 -2.57], p 0.650). NF2 patients usually developed a multitude of tumours type such as schwannomas and gliomas which may either reduce their life expectancy. Causes of death are currently solely available for the years 2013 to 2015 which is insufficient to assert the disease-specific survival of our cohort. Aboukais et al. in their limited study on causes of mortality in NF2 concluded that the presence of lower cranial nerves schwannomas was a poor prognostic factor as also found in the present report with a diagnosis of deafness and/or vestibular schwannoma (HR= 2.52, 95%CI[1.02 -6.23], p= 0.0447) being associated with a reduce OS [START_REF] Aboukais | Prognostic value and management of spinal tumors in neurofibromatosis type 2 patients[END_REF]. Follow-up of NF2 patients by a dedicated multidisciplinary team is recommended to improve their management and reduce the mortality risk. As most meningiomas in NF2 patients display no or minimal growth, proactive treatment seems not an appropriate option [START_REF] Goutagny | Meningiomas and neurofibromatosis[END_REF].

Treatment of recurrence

Despite a generally indolent biological behaviour, the outcome of patients treated for meningioma may occasionally be poor and in this study, the patients who needed reoperation, RT or SRS for recurrence or residual progression, did not demonstrated improved survival. It has been hypothesise that multiple surgical procedures trigger a progressive functional deterioration of NF2 patients, finding we could not uphold: patients with multiple meningioma surgeries (> 1) (HR= 1.16, 95%CI[0.55 -2.46], p= 0.698]) or on multiple locations (HR= 0.97, 95%CI[0.45 -2.08], p= 0.933]) did not have a reduce survival.

Genomic Characteristics

Usually, meningioma reveals a normal karyotype or monosomy for chromosome 22 which seems to no influence the prognosis. The SNDS does not yet integrate genetic or molecular features to assess the prognostic value of e.g. chromosome instability which may play an important role for NF2 meningioma evolution. Goutagny et al noted a remarkable intra tumoral histological heterogeneity and showed an increasing chromosome instability in relation to worsening of the histopathological grade, the most frequent losses being on 22q, 1p, 18q, and 6p [START_REF] Goutagny | Long-term follow-up of 287 meningiomas in neurofibromatosis type 2 patients: Clinical, radiological, and molecular features[END_REF]. Pemov et al. found in a recent study that somatic inactivation of NF2 was the main driver of tumour initiation and that tumour progression likely occurs via accumulation of copy-number variants rather than point mutations [START_REF] Pemov | Comparative clinical and genomic analysis of neurofibromatosis type 2-associated cranial and spinal meningiomas[END_REF]. Genomic alterations play also a role in non NF2 patients meningioma as shown by Lisner et al. who found that deletion of chromosome 1p36 was an independent marker of recurrence and progression (p= 0.0097) [START_REF] Linsler | Molecular biological determinations of meningioma progression and recurrence[END_REF].

This original study on meningioma in NF2 patients using a the nationwide French AMDB is an eye-blink to Dr. Stephen Friend, the president of Sage Bionetworks which started the 2016 NF conference with a keynote on "big data". This work highlights the value of AMDB to assess outcome after meningioma surgery of patients with a rare condition such as NF2.

Inclusion of all NF2 subjects regardless they had meningioma surgery or not is planned but, exploitation of the SNDS is tricky due to its large volume and complex organisation. 
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 2 Univariable Cox regression for meningioma overall survival (OS)

		Overall survival (OS)
	Variable	HR a	[ 95 % CI] b	p-value
	Gender (female)	1.32 0.61, 2.87	0.48
	Age at surgery (continuous)	1.01 0.99, 1.03	0.52
	Mortality-Related Morbidity Index (MRMI) (continuous)	1.57	1.3, 1.9	<0.001
	Mortality-Related Morbidity Index (4 categories) (ref. 0 & 1)			
	• 2	1.56 0.47, 5.22	0.47
	• 3	3.57 1.24, 10.28 0.019
	• 4	7.62 2.89, 20.09 <0.001
	Expenditure-Related Morbidity Index (ERMI) (continuous)	1.16 1.09, 1.24 <0.001
	Age at diagnosis (4 categories)			
	(ref. < 20 years)			
	• > 20 years -< 40 years	1.77 0.57, 5.49	0.32
	• > 40 years -< 60 years	1.45 0.44, 4.75	0.54
	• > 60 years	1.59 0.35, 7.14	0.55
	Vestibular schwannoma	1.89 0.89, 3.99	0.097
	Deafness	2.22	1, 4.91	0.049
	Vestibular schwannoma or deafness	2.52 1.02, 6.23	0.045
	Multiple surgeries (> 1)	1.16 0.55, 2.46	0.7
	Multiple locations (> 1)	0.97 0.45, 2.08	0.93
	Location (ref. convexity)			
	• Ant. Middle or post skb	0.92 0.35, 2.42	0.87
	• Parasagittal or falx cerebri	0.89 0.31, 2.54	0.82
	• Spine	0.75 0.22, 2.57	0.65
	Pre-operative embolisation	3.68 0.87, 15.63	0.077
	Venous sinus invasion	0.6	0.14, 2.51	0.48
	Dura mater reconstruction	1.23 0.58, 2.58	0.59
	Cranioplasty	0.88 0.36, 2.18	0.79
	Cerebrospinal fluid shunt	1.62 0.49, 5.37	0.43
	Tumour grading			
	(ref. benign)			
	• Atypical	0.95 0.22, 4.04	0.94
	• Malignant	8.15 2.78, 23.85 <0.001
	Radiotherapy	1.75 0.77, 3.98	0.18
	Stereotatic radiosurgery	1.21 0.46, 3.19	0.7

a Hazard Ratio b 95 % Confidence Interval d Not Applicable p-values displayed in bold reached the statistical significance.

Table 3 .

 3 Multivariable Cox regression for meningioma overall survival (OS)

		Overall survival (OS)
	Variable	HR a	[ 95 % CI] b	p-value
	Mortality-Related Morbidity Index (MRMI) (ref. 0 & 1)			
	• 3	3.55 1.23, 10.26	0.02
	• 4	5.95 2.12, 16.72 <0.001
	Grade (ref.: benign)			
	• Grade III	5.93 1.75, 20.05 <0.001

a Hazard Ratio b 95 % Confidence Interval d Not Applicable p-values displayed in bold reached the statistical significance.

Table 4 .

 4 Literature review
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CONCLUSION

Using this unique database, we found that outcome of NF2 patients after meningioma surgery is impaired, especially for those with significant co-morbidities and affected by a malignant meningioma. 
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