Sporadic Multiple Intracranial Meningioma Does Not Infer Worse Patient Outcomes – Results from A Case Control Study
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ABSTRACT
Background
Sporadic multiple meningioma are uncommon. Population-based data suggests that these patients have a reduced overall survival when compared to patients with solitary meningioma. The aim of this study was to investigate the clinical outcomes in multiple and solitary meningioma.
Methods
A single-centre matched cohort study (2008-2018) was performed. Patients with synchronous multiple meningioma at presentation, with no history of prior intracranial radiation, concurrent hormone replacement therapy or features of NF2-schwannomatosis were included. Eligible patients were matched 1:1 to patients with solitary meningioma. Outcomes of interest were occurrence of an intervention, recurrence, new meningioma development and mortality. 
Results
Thirty-four patients harboring 76 meningioma at presentation were included. Mean age was 59.3 years (SD=13.5). Thirty-one (91.2%) were female. The median number of meningioma per patient was 2 (range 2-6). Eighteen patients (52.9%) were symptomatic at presentation. Median overall follow-up was 80.6 months (IQR 44.1-99.6). Compared to patients with a sporadic meningioma, there was no difference in intervention rates (67.6% vs 70.6%, P=0.792). Eight patients (34.8%) with a multiple meningioma had a WHO grade 2 meningioma compared to 7 (29.2%) with a solitary meningioma (P=0.679). Median recurrence-free survival was 89 months (95% CI 76-104) with no difference between the two groups (P=0.209). Mean overall survival was 132 months (95% CI 127-138) with no difference between the two groups (P=0.860). One patient with multiple meningioma developed two further new meningioma 36 months following diagnosis. 
Conclusion
Sporadic multiple meningioma may not have worse clinical outcomes. Management of patients with sporadic multiple meningioma should be tailored towards the symptomatic meningioma or high-risk asymptomatic meningioma.





INTRODUCTION
Meningioma are the most common primary non-malignant brain tumors, with incidence rates of 5-6 cases per 100 000 males and 11-12 cases per 100 000 females per year.1 The mainstay of treatment is surgical resection. Radiation therapy may be used in the adjuvant setting or at recurrence (1). The World Health Organisation (WHO) classifies meningioma into grade 1 (non-malignant) and grades 2 and 3 which are more aggressive. The ten-year relative survival rates for non-malignant meningioma are around 81-87% and 60-70% for higher grade meningioma (2,3). Approximately 1-9% of meningioma patients present with multiple tumors which are defined as the presence of ≥2 spatially separated synchronous lesions (4). Risk factors for this include previous intracranial radiation, NF2-schwannomatosis (NF2) and exposure to high doses of exogenous hormones such as cyproterone acetate (5–7). A recent large population-based study found that in general, patients with multiple meningioma have a worse overall survival, in comparison to patients with a solitary meningioma (8). However, it is uncertain if patients with sporadic synchronous multiple meningioma also share the same outcome.  

OBJECTIVE
The aim of the study was to assess the clinical outcomes of patients with sporadic synchronous multiple meningioma compared to a matched cohort of patients with solitary meningioma.

METHODS
Study design and patient selection
This is a retrospective case control study of a cohort of patients diagnosed with sporadic synchronous multiple meningioma at presentation, matched with a cohort of patients diagnosed with solitary meningioma. Patients were diagnosed at The Walton Centre NHS Foundation Trust, Liverpool, UK, between January 2008 and December 2018.  Follow-up was through to July 2021. Inclusion criteria were adult patients (≥ 18 years) with ≥2 meningioma at presentation. Exclusion criteria were patients who had previous intracranial radiation therapy (radiation induced meningioma), had a diagnosis of NF2 or had/were at the time of diagnosis on hormonal therapy. Data were collected on demographics, symptoms, neuroimaging features, treatment, outcomes and histopathological features. Data were anonymised and recorded into an encrypted Excel® database (Microsoft, Redmond, WA, USA). Local intuitional approval was obtained.   
Study outcomes
The outcomes of interest were intervention-free survival, recurrence-free survival following an intervention, new meningioma development and overall survival. 
Study variables and definitions
Clinical characteristics were collected and recorded at the time of diagnosis. Patient sex, age, presenting clinical features (asymptomatic vs symptomatic), WHO performance status, and age-Adjusted Charlson comorbidity index (ACCI) were included. The radiological features of the meningioma were recorded. The tumor location was defined according to the International Consortium on Meningioma (ICOM) classification system (9). The meningioma volume was calculated using the simplified ellipsoid formula (ABC/2) and reported in centimeters cubed (cm3). Meningioma signal intensity was categorized into hyperintense and iso/hypointense, in relation to the contralateral gray matter, on T2 weighted or fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging (MRI). The presence of peri-tumoral signal change was determined from T2 weighted or FLAIR MRI. Proximity to major dural venous sinuses or critical neurovascular structures (e.g, optic apparatus) was noted. The primary intervention was categorised as surgery, stereotactic radiosurgery (SRS) or fractionated radiotherapy (fRT). Surgical extent of resection was defined using the Simpson grading Scale (gross total resection [Simpson 1-3] and subtotal resection [Simpson 4-5]). Radiotherapy dose and fractionation were recorded. Adjuvant treatment was defined as additional radiotherapy given within six months of an operation. Salvage treatment was defined as treatment delivered due to meningioma recurrence/growth. 
Statistical analysis and matching process
Data are presented as count (%), mean (standard deviation [SD]), or median (interquartile range [IQR]), as appropriate. For all patients, matching was performed for ACCI (≥6 [older patients with comorbidities] vs remainder), performance status (0-2 vs 3-4) and duration of follow-up. For patients who were asymptomatic, matching was also based on the meningioma with higher risk features, determined using the IMPACT score, which is a prognostic tool used to evaluate the risk of incidental meningioma progression (10). IMPACT classifies a meningioma based on four MRI parameters - volume, tumor signal intensity, peri-tumoral signal intensity and proximity to critical neurovascular structures - into low- (<1), medium- (1-3) and high-risk (≥3). For each patient, the meningioma with a higher score was designated as the index meningioma and used for the purpose of matching to a patient with a solitary meningioma. For patients who were symptomatic, matching was based on the meningioma causing symptoms. The characteristics that were matched for included meningioma location (skull base vs non skull base) and volume. Cohorts were matched without replacement in a 1:1 ratio using a tolerance level of 10 units for tumor volume, and duration of follow-up. Exact matching was performed for categorical variables. Across outcome groups, categorical variables were analysed using χ2 test. Continuous variables were analysed using either the unpaired t- test or Mann-Whitney U test. A p value <0.05 was considered significant. Life table statistics and Kaplan Meier analyses were used to assess intervention-survival, recurrence-free and overall survival. Multivariable analyses, using backward stepwise Cox regression analysis, were constructed to assess factors associated with each outcome in the joint cohort. All statistical tests and matching were performed using SPSS® Statistics 25 (IBM Corp., Armonk, NY, USA).  

RESULTS
Study population and baseline demographics
There were 34 patients with multiple meningioma, who were matched to 34 patients with solitary meningioma. The mean age of the whole study cohort was 58.3 years (SD=13.7). Fifty-four (79.4%) were female. More females were present in the multiple meningioma group (91.2 vs 67.6%, P=0.36). Thirty-six patients (52.9%) were symptomatic at presentation. Baseline clinical characteristics are detailed in Table 1. In patients with multiple meningioma, the median number of meningioma per patient was 2 (range 2-6). Twenty-nine (85.3%) patients had 2 meningioma, 4 (11.8%) had 3 and 1 (2.9%) had 6. Sixteen patients (47.1%) had their multiple meningioma in non-skull base locations, 5 (14.7%) in skull base locations and 13 (38.2%) had a mix of both. Baseline imaging characteristics, per patient and meningioma, are detailed in Table 1. Overall median follow-up was 85.9 months (IQR 47.6-105.8), with no difference between the two cohorts (P=0.454).
Requirement for primary intervention
Treatment details are presented in Table 2. In total, 26 primary interventions (26/76, 24.2%) were performed in 23 (67.6%) patients with multiple meningioma (Figure 1).  These were predominately for the index meningioma (n=22, 84.6%) and were surgery (n=21) and fRT (n=1). Four patients underwent treatment for a meningioma other than the index tumor; 3 after surgery for their index tumors (surgery, n=1; SRS, n=1; fRT, n=1) and 1 patient underwent SRS with no previous interventions. The rates of undergoing a primary intervention per patient did not differ between patients with multiple and solitary meningioma (67.6 vs 70.6%, P=0.792). Meningioma growth was the indication for treatment in 19.2% (5/26) of patients with multiple meningioma, compared to 16.7% (4/24) of patients with a solitary meningioma (P=0.816). The remainder underwent an intervention for a symptomatic meningioma. The median intervention-free survival was 3.4 months (95% CI 0-18.0) in patients with multiple meningioma compared to 8.3 (95% CI 0-87.1) in patients with solitary meningioma (P=0.918). The 5-year intervention free survival was 42% (95% CI 24.4-59.6) in patients with multiple meningioma compared to 34% (95% CI 18.3-49.7) in patients with solitary meningioma. In multivariable analysis, factors associated with an intervention were a symptomatic presentation (HR 14.7 [95% CI 6.1-35.7], P<0.001) and volume of index meningioma (HR 1.02 [95% CI 1.01-1.03], P<0.001) (Supplementary Table 1). 
Intervention outcome - surgery and adjuvant radiation
Treatment details for the cohort are presented in Table 2. Twenty-one patients (61.8%) with multiple meningioma underwent 22 primary surgical interventions, compared to 24 patients with a solitary meningioma (70.6%). Gross total resection (GTR) was achieved for 18 multiple meningioma (81.8%). Sixteen patients (66.7%) with a solitary meningioma had GTR. Histology revealed a WHO grade 2 tumor in 7 patients (31.8%) with multiple meningioma, and 7 (29.2%) with solitary meningioma (P=0.679). There were no cases of de novo WHO grade 3 tumors. After surgery, adjuvant radiation was administered to 1 patient with multiple meningioma (STR + WHO grade 1) and 8 patients with a solitary meningioma (P=0.013) (Figure 2). There were 8 recurrences in patients with multiple meningioma (36.4%) and 6 in patients with solitary meningioma (25.0%) (P=0.402). The overall median recurrence-free survival was 89 months (95% CI 76-104). The median recurrence-free survival was 73.5 months (95% CI 44.3-102.7) in the multiple meningioma group compared to 123.9 months (95% CI NA) in the solitary meningioma group, however this did not reach statistical significance (P=0.209) (Figure 3).  In multivariable analysis, factors which were associated with recurrence were a higher WHO grade (HR 6.26 [95% CI 1.66-23.57], P=0.007) and adjuvant radiotherapy (HR 0.08 [95% CI 0.01-0.78], P=0.029) (Supplementary Table 2). Three recurrences in each group (multiple meningioma, 37.5%; solitary meningioma, 50%) were managed with salvage fRT/SRS with no further regrowth afterwards whilst the remainder continued to be actively monitored (P=0.639). 
Intervention outcome – primary SRS and fRT
Two meningioma received SRS (12.5Gy) and two had fRT (54Gy, 30 fractions). Indication for treatment was growth. Median follow-up duration after treatment was 42.9 months (IQR 15.6-83.4). Thirty-three months following surgery for an index convexity meningioma (WHO grade 1), one patient received SRS for a growing parafalcine meningioma. Twenty-six months later the patient developed leg weakness with further growth of the parafalcine meningioma and underwent surgery (GTR), which revealed a WHO grade 2 tumor. Thirty-seven months later, they underwent a reoperation for a recurrence with worsening leg weakness and the meningioma had undergone malignant transformation to grade 3. The patient remains alive 89 months following diagnosis with no further recurrences. There were no other incidences of regrowth. 
Overall survival and development of new meningioma 
There was one meningioma-related death (2.9%) due to a hospital acquired pneumonia 28 days after surgery for a parafalcine meningioma. There were 5 other unrelated deaths (multiple meningioma, n=3, 8.8%; solitary meningioma, n=2, 5.9%).  Mean overall survival was 132 months (95% CI 127-138) with no difference between multiple and solitary meningioma (P=0.860) (Figure 3). One patient with multiple meningioma developed two further new meningioma 36 months following diagnosis. 

DISCUSSION
In this single centre, retrospective matched cohort study, the outcomes of patients with sporadic multiple and solitary meningioma were investigated. Matching was based on the clinical characteristics of patients and the radiological features of the symptomatic meningioma or asymptomatic meningioma at higher risk of progression. Intervention-free survival, recurrence-free survival and overall survival did not differ between patients with sporadic multiple and solitary meningioma. These results suggest that sporadic multiple meningioma do not incur an increased risk of recurrence and worse overall survival, and that clinical management should be determined by the clinical characteristics and imaging features of the index tumor.
Rate of intervention and outcomes following surgery and radiotherapy
The rate of intervention in this study was like other recent single-centre studies of patients with multiple meningioma. In a study of 133 patients, of whom half were asymptomatic at presentation, 64% of patients had received a primary treatment for 33% of meningioma by the end of the study period. Indications for treatment were similar to our practice including a symptomatic or growing asymptomatic meningioma (11). However, in a meta-analysis of studies of multiple meningioma, the rate of intervention was higher, with 44% of tumors having received an intervention by the end of follow-up. This was skewed by inclusion of studies which focused solely on treated multiple meningioma (12). Studies of intracranial meningioma on the whole demonstrated no association between meningioma multiplicity and patient outcomes. In a study assessing the prognostic relevance of multiple imaging and clinical features in 303 patients who underwent surgery, multiple meningioma were not associated with recurrence or overall survival (13). Likewise, in a study of 128 patients who underwent surgical resection of a meningioma, assessment of radiomic features demonstrated no relationship between recurrence and number of meningioma per patient (14). With regards to meningioma subject to conservative management, a study of 441 patients demonstrated no relationship between growth of tumor necessitating intervention and having multiple meningioma (10). Imaging features such as meningioma volume, peri-tumoral oedema and apparent diffusion coefficient values have been consistently shown to be associated with patient outcomes and we therefore matched for these in our study (10,13–15). Recent studies which did not match or adjust for these characteristics demonstrated that multiple meningioma were associated with worse recurrence-free and overall survival (8,16), which contrasts with our study and others (10,13–15). In our study, of the four patients who received radiation treatment, one continued to have meningioma growth requiring salvage surgery and eventually transforming into a WHO grade 3 meningioma.  The patient also had another meningioma resected which was grade 1. This highlights that some sporadic multiple meningioma can have a more aggressive clinical course, and be of different grades and with different genomic changes (17). 
Role of genetic testing in patients with multiple meningioma
The patients with multiple meningioma in our study did not have other syndromic features (e.g., NF2-schwannomatosis) and therefore genetic testing was not performed. A recent study of 152 patients with multiple meningioma alone, reported that 7% and 5% had pathogenic variants in the NF2 and SMARCB1 genes, respectively (18). These finding are of importance as they would implicate family members and likely influence the development of further meningioma and intracranial tumors such as vestibular schwannoma. In the aforementioned study, SMARCB1 was found mostly in patients with both cranial and spinal meningioma (18). Moreover, their population was younger (median age 46 vs 58 years) and therefore more likely to have a tumor predisposition syndrome (18,19). Finally, approximately 40% of patients with NF2-schwannoamtosis develop de novo meningioma during follow-up (20). In our study, the rate of this was substantially lower - only 1 (2.9%) patient with multiple meningioma developed further tumors within the follow-up period. The current diagnostic criteria for NF2-schwannomatosis does not recognise the presence of multiple meningioma alone as a diagnostic feature (7). Further work is required to define the clinical features of patients with multiple meningioma and no other syndromic manifestations, but who may nevertheless harbor these genetic changes. 
Suggested management strategies 
Our suggested management strategy for patients with multiple meningioma is presented in Figure 4. For patients who present with a symptomatic meningioma, this is defined as the ‘index meningioma’ and management may be tailored based on this. Upfront treatment for other meningioma is not recommended and these should be monitored with interval MRI, alongside monitoring for recurrence or regrowth of the treated meningioma. In patients with asymptomatic meningioma, the risk of each meningioma growth can be estimated using a prognostic tool such as IMPACT (10), and the highest-risk tumor should be defined as the ‘index meningioma’ and MRI follow-up should be tailored to this. 
Study limitations
Some limitations of the study should be noted. First, this was a single centre retrospective study, with a small sample size limited by treatment selection bias. However, all patients with multiple meningioma at presentation were analysed with no restriction based on initial treatment decision. Second, assessment of study outcomes was based on clinical notes and images with possible recall bias, and the use of intervention as an outcome was limited by patient and clinician biases. Third, the cohorts weren’t balanced for characteristics such as sex, meningioma location subclass, peri-tumoral signal intensity, extent of surgical resection and utility of adjuvant fRT/SRS. These variables however, apart from adjuvant fRT, were not associated with outcomes in multivariable analyses. Conversely, recurrence-free survival in patients with multiple meningioma was non statistically shorter than in patients with solitary meningioma and this may be attributed to the lower use rate of adjuvant fRT/SRS. Fourth, most patients had 2 meningioma: a large index lesion with 1 other much smaller meningioma. This mode of presentation for sporadic multiple meningioma is the most common, previously described as the “mother-son tumor” phenomenon (21). The study findings therefore may not be applicable to the rarer scenario of patients with ≥2 large meningioma. Fifth, assessment of quality of life was not possible with the data available. 

CONCLUSIONS
Sporadic multiple meningioma may not have worse recurrence-free and overall survival compared to solitary meningioma. Management of patients should be tailored to the symptomatic meningioma or higher risk asymptomatic meningioma – the so-called ‘index meningioma’. 
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Figure 1. A bar plot presenting the number of interventions in patients with solitary and multiple meningioma
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Figure 2. Extent of resection and utility of adjuvant treatment with recurrence rates stratified by each
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Figure 3. A) Recurrence-free survival and B) overall survival stratified by multiplicity of meningioma
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[bookmark: _GoBack]Figure 4. Recommended management strategies for the management of patients with multiple meningioma at presentation
	TABLES 

	Table 1. Baseline characteristics of the study cohort as a whole and by matched groups

	Patient Characteristics
	Overall (n=68)
	Multiple  meningioma (n=34)
	Solitary meningioma (n=34)
	P-value

	Age, mean (SD)
	58.3 (13.7)
	59.3 (13.5)
	57.3 (14.0)
	0.557

	Female sex, count (%)
	54 (79.4)
	31 (91.2)
	23 (67.6)
	0.036

	Performance Status 0-2, count (%)
	68 (100)
	34 (100)
	34 (100)
	0.999

	Incidental diagnosis, count (%)
	32 (47.1)
	16 (47.1)
	16 (47.1)
	0.999

	Duration of follow-up, median (IQR)
	85.9 (47.6-105.8)
	80.6 (43.7-100.9)
	91.1 (53.1-107-8)
	0.454

	For index tumour

	Meningioma location, count (%)
	
	
	
	0.213

	Non-skull base
	44 (64.7)
	22 (64.7)
	22 (64.7)
	

	Convexity
	18 (26.5)
	12 (35.3)
	6 (17.6)
	

	Parasagittal
	9 (13.2)
	3 (8.8)
	6 (17.6)
	

	Parafalcine
	10 (14.7)
	3 (8.8)
	7 (20.6)
	

	Intraventricular
	3 (4.4)
	0
	3 (8.8)
	

	Tentorial
	3 (4.4)
	3 (8.8)
	0
	

	Pineal
	1 (1.5)
	1 (2.9)
	0
	

	Skull base
	24 (35.3)
	12 (35.3)
	12 (35.3)
	

	Sphenoid wing
	15 (22.1)
	8 (23.5)
	7 (20.6)
	

	Anterior midline
	4 (5.9)
	2 (5.9)
	2 (5.9)
	

	Posterior fossa – lateral and posterior
	3 (4.4)
	1 (2.9)
	5 (5.9)
	

	Posterior fossa – Midline
	2 (2.9)
	1 (2.9)
	1 (2.9)
	

	Meningioma volume, median (IQR)
	9.0 (3.0-35.2)
	8.3 (2.0-30.7)
	10.1 (3.3-36.5)
	0.364

	Peri-tumoural signal intensity, count (%)
	24 (35.3)
	9 (26.5)
	15 (44.1)
	0.102

	Proximity to critical neurovascular structures, count (%)
	51 (75)
	25 (73.5)
	26 (76.5)
	0.779

	IMPACT score, median (IQR)*
	2.3 (1.4-3.6)
	2.3 (1.2-3.9)
	2.3 (1.5-3.6)
	0.880

	For all meningioma

	Number of meningioma, (range)
	110 (1-6)
	76 (2-6)
	34 (1-1)
	-

	Meningioma location, count (%)
	
	
	
	0.131

	Non-skull base
	72 (65.4)
	50 (65.8)
	22 (64.7)
	

	Convexity
	34 (30.9) 
	28 (36.8)
	6 (17.6)
	

	Parasagittal
	12 (10.9)
	6 (7.9)
	6 (17.6)
	

	Parafalcine
	19 (17.3)
	12 (15.8)
	7 (20.6)
	

	Intraventricular
	3 (2.7)
	0
	3 (8.8)
	

	Tentorial
	3 (2.7)
	3 (3.9)
	0
	

	Pineal
	1 (0.9)
	1 (1.3)
	0
	

	Skull base
	38 (34.5)
	26 (34.2)
	12 (35.3)
	

	Sphenoid wing
	21 (19.1)
	14 (18.4)
	7 (20.6)
	

	Anterior midline
	7 (6.4)
	5 (6.6)
	2 (5.9)
	

	Posterior fossa – lateral and posterior
	7 (6.4)
	5 (6.6)
	2 (5.9)
	

	Posterior fossa – Midline
	3 (2.7)
	2 (2.6)
	1 (2.9)
	

	Total meningioma volume per patient, median (IQR)
	11.1 (3.3-34.3)
	12.9 (3.3-39.4)
	10.1 (3.3-36.5)
	0.904

	Meningioma volume, median (IQR)
	3.3 (0.7-12.7)
	1.4 (0.4-8.1)
	10.1 (3.3-36.5)
	0.001

	Peri-tumoural signal intensity, count (%)
	24 (21.8)
	9 (11.8)
	15 (44.1)
	0.001

	Proximity to critical neurovascular structures, count (%)
	73 (66.3)
	47 (61.8)
	26 (76.5)
	0.133

	IMPACT score, median (IQR)*
	1.3 (-0.2-2.6)
	0.9 (-0.7-3.6)
	2.3 (1.5-3.6)
	0.001

	* For asymptomatic tumours



	Table 2. Treatment details for the study cohort

	
	Overall (n=68)
	Multiple meningioma (n=34)
	Solitary meningioma (n=34)

	For index tumour

	Surgery, count (%)
	
	
	

	Primary
	45 (66.2)
	21 (61.2)
	24 (70.6)

	Simpson 1
	15 (33.3)
	9 (42.9)
	6 (25.0)

	Simpson 2
	15 (33.3)
	6 (28.6)
	9 (37.5)

	Simpson 3
	3 (6.7)
	2 (9.5)
	1 (4.2)

	Simpson 4
	12 (26.7)
	4 (19.0)
	8 (33.3)

	Salvage
	0
	0
	0

	SRS, count (%) 
	
	
	

	Primary
	0
	0
	0

	Adjuvant
	1 (1.6)
	0
	1 (2.9)

	Salvage
	2 (2.9)
	1 (2.9)
	1 (2.9)

	fRT, count (%)
	
	
	

	Primary
	1 (1.6)
	1 (2.9)
	0

	Adjuvant 
	8 (11.8)
	1 (2.9)
	7 (20.6)

	Salvage
	4 (5.9)
	2 (5.9)
	2 (5.9)

	Due to other meningioma

	Surgery, count (%)
	
	
	

	Primary
	1 (1.6)
	1 (2.9)
	-

	Simpson 1
	1 (100)
	1 (100)
	-

	Salvage
	1 (1.6)
	1 (2.9)
	-

	Simpson 2
	1 (100)
	1 (100)
	-

	SRS, count (%)
	
	
	

	Primary
	2 (2.9)
	2 (5.9)
	-

	Adjuvant
	0
	0
	-

	Salvage
	0
	0
	-

	fRT, count (%)
	
	
	

	Primary
	1 (1.6)
	1 (2.9)
	-

	Adjuvant 
	0
	0
	-

	Salvage
	0
	0
	-

	The percentages between brackets for Simpson’s grade of resection = the number of patients who underwent said extent of resection/number of patients who underwent surgery. Otherwise, the percentages between brackets are in relation to the overall number of patients or the number of patients with multiple or solitary meningioma 
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