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Abstract
Background.  Meningiomas have always represented the most frequently observed primary central nervous 
system (CNS) tumor in adults. Multiple advances concerning the genetic and epigenetic characterizations of adult 
meningiomas have been made over the last few years, and a new proposition for integrated histo-molecular 
grading has recently been offered in the literature. Pediatric meningiomas represent a very small proportion 
of all diagnosed meningiomas. New literature has determined that pediatric meningiomas are clinically, histo-
pathologically, genetically, and epigenetically distinct from their adult counterparts. Herein, we reviewed and per-
formed a synthesis of literature investigating pediatric meningiomas. We then compared and contrasted pediatric 
meningiomas with their adult counterparts.
Methods. We performed an extensive review of cases from English-language literature available in Pubmed using 
the keywords “pediatric” and “meningioma” as well as “children” and “meningioma”. We reviewed and analyzed 
fifty-six papers that include 498 cases.
Results. This literature review revealed that pediatric meningiomas differ from their adult counterparts clinically 
(location, sex ratio) and also in terms of etiology (germline mutations), histopathology (a greater incidence of clear 
cell subtype), molecular biology, and epigenetics.
Conclusions.  Pediatric meningiomas are, like other brain tumors (such as low-grade and high-grade gliomas), clin-
ically and biologically different from their adult counterparts. Further studies are needed to better understand the 
tumorigenesis of pediatric meningiomas and to optimize their stratification in terms of outcome and therapeutic 
strategy.

Keywords

meningioma | pediatric.

The classification of central nervous system (CNS) tumors 
has undergone a vast transformation in the last few years, 
thanks to important advances in genetic and epigenetic tech-
nologies (based on DNA-methylation profiling). Former 

diagnostic categories based solely on histopathological cri-
teria are now obsolete as multiple tumor types have emerged 
and well-constituted, mostly molecularly defined groups 
have replaced them.1 Moreover, pediatric and adult gliomas 

Pediatric meningiomas: A literature review and 
diagnostic update
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are now considered separately due to differential genetic 
drivers and molecular pathways.1 Meningiomas have al-
ways represented the most frequently observed primary 
CNS tumors in adults.1,2 Multiple advances concerning 
the genetic and epigenetic characterizations of adult 
meningiomas have been made over the last few years, and 
a new proposition for integrated histo-molecular grading 
has recently been considered in the literature.3,4 Pediatric 
meningiomas represent a very small proportion of all diag-
nosed meningiomas (ranging from 1 to 5% according to 
CBTRUS data).5,6 New literature has determined that pedi-
atric meningiomas are clinically (sex ratio, location of tu-
mors), histopathologically (histological grading criteria), 
genetically (molecular abnormalities), and epigenetically 
(methylation classes) distinct from their adult counterparts. 
These specific characteristics have yet to be confirmed by 
additional studies.7,8 In this article, we perform a literature 
review and synthesis of pediatric meningiomas studies and 
compare and contrast them with their adult counterparts. 

Literature Review

We performed an extensive review of cases from the 
English-language literature in Pubmed using the keywords 
“pediatric” and “meningioma” as well as “children” and 
“meningioma”. Fifty-six papers including 498 cases as 
well as papers representing series without specified de-
tails were analyzed for this review. We compared and con-
trasted those results with results from four series of adult 
meningiomas.9–12

Localization and Clinical Features

As in adults, pediatric meningiomas can be found 
throughout the CNS, with the most common sites being the 
cerebral convexities (46% of reported cases), and the skull 
base (27% of reported cases)3,7,8,13–37 (Figure 1). A greater 
incidence of intraventricular and spinal meningiomas tend 
to occur in children (10% and 7% of reported cases, respec-
tively).3,7,8,13–37 Other locations include the posterior fossa 
(7% of reported cases), and also exceptionally the orbit, 
the optic nerve, and olfactory grooves (all these rare loca-
tions representing less than 4% of reported cases).3,7,8,13–37 
Meningiomatosis is described in 15% of reported pediatric 
cases.3,7,8,13–37 Presenting symptoms depend on the tumor’s 
location. Due to their supratentorial predilection, pediatric 
meningiomas present with seizures, and intracranial hy-
pertension syndrome.3,7,8,13–37

Epidemiology

Epidemiological data for pediatric meningiomas vary ac-
cording to the studies and countries concerned, the age 
of patients, and the expertise of the neurosurgery de-
partments. The Surveillance, Epidemiology, and End 
Results database reports that meningiomas occurring 
between 0 and 21  years of age account for only 0.64% 

of all meningiomas.16 Among pediatric CNS tumors, 
meningiomas represent 1.42 to 5% of cases.5,6,17

Worldwide incidence data for pediatric meningiomas is 
very limited. In the Netherlands, pediatric meningiomas 
occur at an average annual rate of 1 case per 1 million in 
the pediatric population.36 Contrary to their adult coun-
terparts, pediatric meningiomas affect males and females 
equally (52 vs. 48% of reported cases).3,7,8,13–37 For child-
hood meningiomas, the median age of at presentation is 13 
(ranging from 0 to 18 years), with infantile cases (less than 
1 year of age) representing less than 4% of cases.3,7,8,13–37

Etiology

Similar to adult tumors, ionizing radiation may consti-
tute an established environmental risk factor for pediatric 
meningiomas (representing 8% of all reported cases), par-
ticularly after radiation therapy for a medulloblastoma, 
ependymoma, glioma, or lymphoma.3,7,8,13–37 
Neurofibromatosis type 2 is encountered in 21% of re-
ported pediatric meningiomas, with multiple locations in 
the majority of cases.3,7,8,13–37 Pediatric meningiomas have 
also been described in families with germline mutations in 
NF1,26 SMARCE1,38 BAP1,39 and SUFU40 genes. The identi-
fication of clear cell meningioma may help detect germline 
loss of function mutations of the SMARCE1 gene and – 
through genetic counseling – also diagnose, parents with a 
family history of meningiomas/meningiomatosis.41

Imaging

Using magnetic resonance imaging (MRI), pediatric 
meningiomas (similar to their adult counterparts) are iso-
hypointense on T1-weighted imaging and hyperintense 
on T2-weighted imaging.42 Intense gadolinium en-
hancement is frequent.42 Neoplastic dural infiltration is 
determined by the presence of the «dural tail» which is in-
constant.42 Computer tomography (CT) scan demonstrates 
a hyperdense mass with an intense and homogeneous en-
hancement after contrast injection, calcifications, edema, 
and hyperostosis.42 Pediatric meningiomas are more likely 
to be cystic and larger than their adult counterparts.42,43 
The absence of dural attachment and calcifications is more 
frequently seen in children than adults.42

Histopathology

Meningiomas are histopathologically classified and graded 
according to the World Health Organization (WHO) classifi-
cation.1 Pediatric meningiomas may present as any of the 
15 histopathological subtypes, with, as in adults, a majority 
of classical morphologies (meningothelial, transitional, 
and fibroblastic). Our meta-analysis of 56 studies (which 
included 571 pediatric meningiomas) shows that they can 
be broken into the following subtypes present as: 28% 
meningothelial subtype, 21% transitional subtype, 15.5% 
atypical subtype, 10.5% fibroblastic subtype, 6% clear 
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cell subtype, 4% anaplastic subtype, 4% psammomatous 
subtype, 3% papillary subtype, 3% rhabdoid subtype, 
1.5% microcystic subtype, 1.5% chordoid subtype, 1% 
angiomatous subtype, <1% secretory subtype, <1% met-
aplastic subtype, and <1% lymphoplasmacyte-rich sub-
type3,7,8,13–37 (Figure 1). This meta-analysis is biased by 
the use of various past WHO classifications. These results 
provide evidence that the clear cell subtype is more prev-
alent in the pediatric population than in the adult popula-
tion.44 However, the distribution between the three tumor 
grades is quite similar to that in adults.3,7,8,13–37 In the ma-
jority of cases, the histopathological diagnosis of a me-
ningioma does not present difficulties for pathologists. 
However, recent literature has identified a potential mor-
phologic mimicker, the intracranial mesenchymal tumor, 
FET::CREB-fused which can be found in adult and pediatric 
populations and which shares anatomic, radiological, and 
histological features with meningiomas.45,46 However, this 
tumor type does not present SSTR2a immunoexpression,46 
NF2 alterations, is defined by a fusion between a member 
of the FET (mainly EWSR1) and the CREB (CREB1, CREM, 
or AFT1) family of genes respectively,1,45,46 and also has 
a distinct DNA-methylation profile.46,47 Another potential 
histopathological confusion may happen with other CNS 
tumor with BCOR internal tandem duplication1: it has often 
been falsely diagnosed as a papillary meningioma in a 
subset of pediatric cases in the literature.48

Pathogenesis

As in adults, monosomy of chromosome 22 is the most 
frequently reported genetic abnormality in pediatric 
meningiomas.7 Loss of heterozygosity of 22q with bi-allelic 
inactivation of the NF2 tumor suppressor gene, located 
at 22q12.2, is recognized as an early tumorigenic event of 
meningioma.49 The NF2 gene encodes the protein Merlin 
which plays a role in regulating cell growth and cell mo-
tility as well as binding several transmembrane signaling 
proteins.49 NF2 alterations have been more frequently 
reported in children (49% of cases) than in adults (22% 
of cases).7,8,12,50 Whereas TRAF7, AKT1, KLF4, SMO, and 
PIK3CA alterations have been reported in a large part of 
adult meningiomas, particularly those located in the skull 
base, these mutations are rare in the pediatric popula-
tion.7,13,51 Genetic mutations in these pathways (Hedgehog 
signaling for SMO- and SUFU-altered meningiomas, 
PIK3 pathway for PIK3CA- and AKT-altered meningiomas) 
seem to correlate with the anatomical distribution of 
meningiomas (anterior and medial skull base, convexity) 
and embryological origins.51,52 This anatomic/genetic 
correlation suggests different molecular driver events 
may be present in children. In non-NF2 driven pediatric 
meningiomas, YAP1 fusions (particularly with the MAML2 
gene) as an alternative pathogenic alteration have been 
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Figure 1.  Locations and histopathological subtypes of pediatric meningiomas. Those results included all articles concerning pedi-
atric meningiomas of the literature review and the four series of adult meningiomas.
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reported.35,53 YAP1 is a transcriptional co-activator and 
downstream effector of the HIPPO pathway which regulates 
the expression of genes involved in cell proliferation and 
apoptosis. YAP1 fusions have been evidenced in a series 
of meningiomas, mainly pediatric (one adult case was de-
scribed), but no clear phenotype (different morphologies 
of meningiomas have been reported with these fusions, in-
cluding poorly differentiated forms initially misdiagnoses 
as gliomas) or grade was found to be associated.35 A group 
of rhabdoid and papillary meningiomas share BAP1 
(BRCA1-associated protein-1) and PBRM1 alterations.54,55 
Loss of function mutations in the BAP1 gene is easily de-
tectable immunohistochemically by protein loss.56 Even 
though pediatric rhabdoid/papillary meningiomas are ex-
ceedingly rare (only one reported case with BAP1 altera-
tion),39 the clinical implications are important because a 
subset of meningiomas associated with BAP1 alterations 
may reveal the presence of the BAP1 tumor predisposition 
syndrome including tumors of different organs and lineage 
(mesotheliomas, uveal, and cutaneous melanomas, clear 
cell carcinoma of the kidney).56,57 Moreover, loss of BAP1 
staining was associated with an aggressive clinical be-
havior in these subtypes of meningioma.56 However, only 
adult cases of these subtypes of meningioma have been re-
ported to date. Bi-allelic alterations in SMARCE1 constitute 
the sole specific abnormality of a histopathological sub-
type the clear cell meningioma, which is mostly encoun-
tered in children, adolescents, and young adults.38,44,58–60 
The SMARCE1 gene, located on chromosome 17q21, en-
codes a component of the SWI/SNF (BAF57) protein com-
plex which is a modulator for chromatin remodeling and 
gene transcription.58 This loss of function alteration may be 
easily and specifically evidenced by the loss of SMARCE1 
protein expression using immunohistochemistry.44 Finally, 
the DNA-methylation profiling of pediatric meningiomas 
revealed that they represent three different epigenetic 
subgroups (named as 1, 2a, and 2b), distinct from those 
described in adults (distributed throughout 6 prognostic 
subgroups: benign-1, benign-2, benign-3, intermediate-A, 
intermediate-B, and malignant).7,12 Even pediatric 
meningiomas presenting NF2 alterations did not fall into 
the cluster of NF2-altered adult meningiomas.7 These 
methylation classes include different histopatholog-
ical subtypes and grades. However, group 1 seems to be 
largely encompassed by clear cell meningiomas and NF2 
alterations seem to be excluded from group 2B.7 These 
results (obtained via DNA-methylation profiling) seem to 
suggest the presence of a NF2 alteration in a pediatric me-
ningioma. However, germline mutation may be difficult to 
diagnose by classical molecular analyses.7

Meningioangiomatosis

Meningioangiomatosis is a poorly studied, rare, benign, 
and epileptogenic brain meningovascular lesion. Only 
about two-hundred cases have been reported to date.61,62 
The majority of meningioangiomatosis are sporadic, af-
fecting predominantly male patients, younger than 20 years 
of age.62 Epileptic seizures constitute the main symptom, 
with more than 80% of patients having uncontrolled 

seizures at the time of surgery.62 Meningioangiomatosis 
are mainly located in the frontal and temporal lobes.62 
Imaging presentation is heterogeneous, and the diagnosis 
is often missed pre-operatively.62 Histopathologically, 
meningioangiomatosis is characterized by an intracortical 
meningovascular proliferation with a perivascular 
spread of spindle-shaped cells along the Virchow-Robin 
spaces. It often encompasses psammoma bodies, fi-
brosis, and white matter infiltration.62 The malformative 
or neoplastic origin of meningioangiomatosis is still not 
well-understood. However, the fact that 30% of cases 
are reported in association with an adjacent tumor, pre-
dominantly a meningioma62 – and also that cytogenetic 
analyses of isolated meningioangiomatoses or those asso-
ciated with meningiomas have been found to present al-
terations, including 22q12 deletions61,62 – seems to support 
the idea that meningioangiomatosis represents a poten-
tial specific tumoral pattern of infiltration. The outcome of 
meningioangiomatosis is favorable. Indeed, the majority 
of patients are treated by a complete resection and have 
epileptic seizure control at the end of follow-up; recur-
rences are rare.62

Prognosis and Prediction

As in adults, clinical, histopathological, and biological 
features have been defined as prognostic factors in pedi-
atric meningiomas. Among these factors, a major clinical 
predictor of recurrence and overall survival in childhood 
meningiomas is based on the extent of surgical resec-
tion.26,30,43 The feasibility/quality of resection may, how-
ever, be limited by the tumor location (particularly in 
the skull base) and the extent of invasion. The WHO CNS 
classification grade has been determined as the most 
prevalent histopathological predictor of recurrence. 
However, because this grading was based on a series of 
581 meningiomas, of which less than 5% of cases were 
pediatric,63,64 and because some pediatric meningiomas 
are histopathologically classified as atypical (determined 
as 4 per 1.6 mm2 for grade 2), a novel proposition of mi-
totic count index (6 per 1.6  mm2 for grade 2)  has been 
shown to correlate with recurrence-free survival.8 The 
loss of H3K27me3 immunoexpression, which is associ-
ated with malignant morphology and a shorter overall 
survival in adult meningiomas,65,66 seems to be very rare 
in the pediatric group and to date, no prognostic im-
pact has been attributed in this age group.8 More than 
the histological grade, the histopathological subtype of 
clear cell meningioma, SMARCE1-altered is considered 
to have an aggressive clinical behavior with a higher rate 
of recurrences and death compared to other histopath-
ological subtypes of meningiomas.3,7,8,13–37,44 Cytogenetic 
(1p and 14q deletions) and molecular (CDKN2A homo-
zygous deletion) abnormalities have been reported to 
be associated with high-grade histologies, elevated 
risk of recurrence, and a shorter time to progression 
in adult and pediatric populations.4,7,67–69 Even though 
TERT promoter mutations have been associated with 
a poor prognosis in adults, this mutation seems to be 
very rare in the pediatric population despite a high rate 
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of grades 2 and 3 meningiomas in this age group.7 In 
adults, DNA-methylation profiling of meningiomas de-
fines six clusters of meningiomas split into three prog-
nostic subgroups (benign, intermediate, and malignant) 
which in turn correlates to prognosis.12,70 However, this 
classification has not been demonstrated in childhood 
meningiomas, which are separated into three subgroups 
distinct from adult meningiomas.7 Finally, an integrated 
molecular-morphologic risk stratification has been sug-
gested in adult meningiomas and has yet to be tested in 
pediatric population.7

Conclusion

Taken together, pediatric meningiomas are, like other brain 
tumors (such as low-grade and high-grade gliomas), clini-
cally and biologically different from their adult counterparts. 
Further studies of their histopathological, genetic, and epige-
netic characteristics are needed to better understand the tu-
morigenesis of pediatric meningiomas and to optimize their 
stratification in terms of outcome and therapeutic strategy.

Funding

No funding.

Conflict of interest statement. The authors declare that 
they have no conflict of interest directly related to the 
topic of this article. SMP and FS are co-founders and 
shareholders of Heidelberg Epignostix GmbH.

Supplement sponsorship. This supplement was spon-
sored by a generous donation from Mr. Paul Mielnik 
and his family to help raise awareness and advance 
the care of patients with meningiomas worldwide.

References

1.	 Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification of tu-
mors of the central nervous system: a summary. AJNR Am J Neuroradiol. 
2022; 43(7):928–937. 

2.	 Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS 
statistical report: primary brain and other central nervous system tumors 
diagnosed in the United States in 2014-2018. Neuro Oncol. 2021; 23(12 
Suppl 2):iii1–iii105. 

3.	 Liu H, Luo W, Li J, Yang J, Xu Y. Pediatric infratentorial meningiomas: a 
series of 19 cases and review of the literature. Childs Nerv Syst. 2017; 
33(5):777–786.

4.	 Perry  A, Banerjee  R, Lohse  CM, Kleinschmidt-DeMasters  BK, 
Scheithauer  BW. A role for chromosome 9p21 deletions in the 

malignant progression of meningiomas and the prognosis of anaplastic 
meningiomas. Brain Pathol. 2002; 12(2):183–90.

5.	 Ostrom QT, de Blank PM, Kruchko C, et al. Alex’s Lemonade stand foun-
dation infant and childhood primary brain and central nervous system 
tumors diagnosed in the United States in 2007-2011. Neuro-Oncology. 
2015; 16(Suppl 10):x1–x36.

6.	 Ostrom QT, Gittleman H, Fulop J, et al. CBTRUS statistical report: pri-
mary brain and central nervous system tumors diagnosed in the United 
States in 2008-2012. Neuro-Oncology. 2015; 17(Suppl 4):iv1–iv62.

7.	 Kirches  E, Sahm  F, Korshunov  A, et  al. Molecular profiling of pedi-
atric meningiomas shows tumor characteristics distinct from adult 
meningiomas. Acta Neuropathol. 2021; 142(5):873–886.

8.	 Toland  A, McNulty  SN, Pekmezci  M, et  al. Pediatric meningioma: a 
clinicopathologic and molecular study with potential grading implica-
tions. Brain Pathol. 2020; 30(6):1134–1143.

9.	 Colli BO, Machado HR, Carlotti CG, et al. Epidemiological features of 
meningiomas: a single Brazilian center’s experience with 993 cases. J 
Pediatr Neurosci. 2021; 16(1):35–43.

10.	 Nassiri F, Liu J, Patil V, et al. A clinically applicable integrative molecular 
classification of meningiomas. Nature. 2021; 597(7874):119–125.

11.	 Patel AJ, Wan Y-W, Al-Ouran R, et al. Molecular profiling predicts menin-
gioma recurrence and reveals loss of DREAM complex repression in ag-
gressive tumors. Proc Natl Acad Sci U S A. 2019; 116(43): 21715–21726.

12.	 Sahm F, Schrimpf D, Stichel D, et al. DNA methylation-based classifi-
cation and grading system for meningioma: a multicentre, retrospective 
analysis. Lancet Oncol. 2017; 18(5):682–694.

13.	 Battu  S, Kumar  A, Pathak  P, et  al. Clinicopathological and molec-
ular characteristics of pediatric meningiomas. Neuropathology. 2018; 
38(1):22–33.

14.	 Baumgartner JE, Sorenson JM. Meningioma in the pediatric population. 
J Neurooncol. 1996; 29(3):223–8.

15.	 Burkhardt  J-K, Neidert  MC, Grotzer  MA, Krayenbühl  N, Bozinov  O. 
Surgical resection of pediatric skull base meningiomas. Childs Nerv 
Syst. 2013; 29(1):83–87.

16.	 Dudley RWR, Torok MR, Randall S, et al. Pediatric versus adult menin-
gioma: comparison of epidemiology, treatments, and outcomes using the 
Surveillance, Epidemiology, and End Results database. J Neurooncol. 
2018; 137(3):621–629.

17.	 El Beltagy MA, Enayet AE, Atteya MME, et al. Management of pediatric 
CNS meningiomas: CCHE-57357 experience in 39 cases. Childs Nerv 
Syst. 2019; 35(8):1323–1331. 

18.	 Ferrante L, Acqui M, Artico M, et al. Cerebral meningiomas in children. 
Childs Nerv Syst. 1989; 5(2):83–86.

19.	 Fouda MA, Day EL, Zurakowski D, et al. Predictors of progression in radiation-
induced versus nonradiation-induced pediatric meningiomas: a large single-
institution surgical experience. J Neurosurg Pediatr. 2021; 11:1–7.

20.	 Greene  S, Nair  N, Ojemann  JG, Ellenbogen  RG, Avellino  AM. 
Meningiomas in children. Pediatr Neurosurg. 2008; 44(1):9–13.

21.	 Grossbach  AJ, Mahaney  KB, Menezes  AH. Pediatric meningiomas: 
65-year experience at a single institution. J Neurosurg Pediatr. 2017; 
20(1):42–50.

22.	 He W, Liu Z, Teng H, et al. Pediatric meningiomas: 10-year experience 
with 39 patients. J Neurooncol. 2020; 149(3):543–553.

23.	 Herz  DA, Shapiro  K, Shulman  K. Intracranial meningiomas of infancy, 
childhood and adolescence. Review of the literature and addition of 9 
case reports. Childs Brain. 1980; 7(1):43–56.

24.	 Hui M, Uppin MS, Saradhi MV, et al. Pediatric meningiomas an aggres-
sive subset: a clinicopathological and immunohistochemical study. J 
Postgrad Med. 2015; 61(1):32–5.

25.	 Huntoon K, Pluto CP, Ruess L, et al. Sporadic pediatric meningiomas: a 
neuroradiological and neuropathological study of 15 cases. J Neurosurg 
Pediatr. 2017 Aug; 20(2):141–148.



 i110 Tauziède-Espariat et al. Literature review and synthesis of pediatric meningiomas

26.	 Isikay I, Hanalioglu S, Narin F, Basar I, Bilginer B. Long-term outcomes 
of pediatric meningioma surgery: single center experience with 23 pa-
tients. Turk Neurosurg. 2020; 30(1):124–133.

27.	 Jaiswal  S, Vij  M, Mehrotra  A, et  al. A clinicopathological and 
neuroradiological study of pediatric meningioma from a single centre. J 
Clin Neurosci. 2011; 18(8):1084–9.

28.	 Lakhdar  F, Arkha  Y, El  Ouahabi  A, et  al. Intracranial meningioma 
in children: different from adult forms? A  series of 21 cases. 
Neurochirurgie. 2010; 56(4):309–14.

29.	 Leibel SA, Wara WM, Sheline GE, Townsend JJ, Boldrey EB. The treat-
ment of meningiomas in childhood. Cancer. 1976; 37(6):2709–12.

30.	 Li  Z, Li  H, Jiao  Y, et  al. A comparison of clinicopathological features 
and surgical outcomes between pediatric skull base and non-skull base 
meningiomas. Childs Nerv Syst. 2017; 33(4):595–600.

31.	 Maranhão-Filho P, Campos JCS, Lima MA. Intracranial meningiomas in 
children: ten-year experience. Pediatr Neurol. 2008; 39(6):415–7.

32.	 Rochat P, Johannesen HH, Gjerris F. Long-term follow up of children with 
meningiomas in Denmark: 1935 to 1984. J Neurosurg. 2004; 100(2 Suppl 
Pediatrics):179–82.

33.	 Salami  AA, Okunlola  AI, Ajani  MA, Adekanmbi  AA, Balogun  JA. 
Pediatric meningiomas in Southwestern Nigeria: a single-institutional 
experience. World Neurosurg. 2019; 125:e94–e97.

34.	 Santos  MV, Furlanetti  L, Valera  ET, et  al. Pediatric meningiomas: a 
single-center experience with 15 consecutive cases and review of the 
literature. Childs Nerv Syst. 2012; 28(11):1887–96.

35.	 Sievers P, Chiang J, Schrimpf D, et al. YAP1-fusions in pediatric NF2-
wildtype meningioma. Acta Neuropathol. 2020; 139(1):215–218.

36.	 Thuijs  NB, Uitdehaag  BMJ, Van  Ouwerkerk  WJR, et  al. Pediatric 
meningiomas in The Netherlands 1974-2010: a descriptive epidemiolog-
ical case study. Childs Nerv Syst. 2012; 28(7):1009–15.

37.	 Turgut M, Ozcan OE, Bertan V. Meningiomas in childhood and adoles-
cence: a report of 13 cases and review of the literature. Br J Neurosurg. 
1997; 11(6):501–7.

38.	 Smith MJ, Wallace AJ, Bennett C, et al. Germline SMARCE1 mutations 
predispose to both spinal and cranial clear cell meningiomas. J Pathol. 
2014; 234(4):436–40.

39.	 Ravanpay AC, Barkley A, White-Dzuro GA, et al. Giant pediatric rhabdoid 
meningioma associated with a germline BAP1 pathogenic variation: a 
rare clinical case. World Neurosurg. 2018;  119:402–415.

40.	 Guerrini-Rousseau L, Dufour C, Varlet P, et al. Germline SUFU mutation 
carriers and medulloblastoma: clinical characteristics, cancer risk, and 
prognosis. Neuro Oncol. 2018; 20(8):1122–1132.

41.	 Shoakazemi A, Hewitt A, Smith MJ, et al. The importance of genetic 
counseling and screening for people with pathogenic SMARCE1 vari-
ants: a family study. Am J Med Genet A. 2021; 185(2):561–565.

42.	 Traunecker H, Mallucci C, Grundy R, Pizer B, Saran F; Children’s Cancer 
and Leukaemia GroupChildren’s Cancer and Leukaemia Group. Children’s 
Cancer and Leukaemia Group (CCLG): guidelines for the management of 
intracranial meningioma in children and young people. Br J Neurosurg. 
2008; 22(1):13–25; discussion 24-5.

43.	 Perilongo G, Sutton LN, Goldwein JW, et al. Childhood meningiomas. 
Experience in the modern imaging era. Pediatr Neurosurg. 1992; 
18(1):16–23.

44.	 Tauziede-Espariat A, Parfait B, Besnard A, et al. Loss of SMARCE1 ex-
pression is a specific diagnostic marker of clear cell meningioma: a com-
prehensive immunophenotypical and molecular analysis. Brain Pathol. 
2018; 28(4):466–474.

45.	 Sloan  EA, Chiang  J, Villanueva-Meyer  JE, et  al. Intracranial mes-
enchymal tumor with FET-CREB fusion - a unifying diagnosis for 
the spectrum of intracranial myxoid mesenchymal tumors and 
angiomatoid fibrous histiocytoma-like neoplasms. Brain Pathol. 2021; 
32:e12918.

46.	 Tauziède-Espariat A, Sievers P, Larousserie F, et al. An integrative his-
topathological and epigenetic characterization of primary intracranial 
mesenchymal tumors, FET:CREB-fused broadening the spectrum of 
tumor entities in comparison with their soft tissue counterparts. Brain 
Pathol. 2021; 32:e13010.

47.	 Sloan  EA, Gupta  R, Koelsche  C, et  al. Intracranial mesenchymal tu-
mors with FET-CREB fusion are composed of at least two epigenetic 
subgroups distinct from meningioma and extracranial sarcomas. Brain 
Pathol. 2022; 32:e13037.

48.	 Appay R, Macagno N, Padovani L, et al. HGNET-BCOR tumors of the cer-
ebellum: clinicopathologic and molecular characterization of 3 cases. 
Am J Surg Pathol. 2017; 41(9):1254–1260.

49.	 Smith MJ, Higgs JE, Bowers NL, et al. Cranial meningiomas in 411 neu-
rofibromatosis type 2 (NF2) patients with proven gene mutations: clear 
positional effect of mutations, but absence of female severity effect on 
age at onset. J Med Genet. 2011; 48(4):261–265.

50.	 Perry  A, Giannini  C, Raghavan  R, et  al. Aggressive phenotypic and 
genotypic features in pediatric and NF2-associated meningiomas: a 
clinicopathologic study of 53 cases. J Neuropathol Exp Neurol. 2001; 
60(10):994–1003.

51.	 Fountain  DM, Smith  MJ, O’Leary  C, et  al. The spatial phenotype 
of genotypically distinct meningiomas demonstrate potential im-
plications of the embryology of the meninges. Oncogene. 2021; 
40(5):875–884.

52.	 Boetto J, Peyre M, Kalamarides M. Meningiomas from a developmental 
perspective: exploring the crossroads between meningeal embryology 
and tumorigenesis. Acta Neurochir (Wien). 2021; 163(1):57–66.

53.	 Schieffer KM, Agarwal V, LaHaye S, et al. YAP1-FAM118B fusion de-
fines a rare subset of childhood and young adulthood meningiomas. Am 
J Surg Pathol. 2021; 45(3):329–340.

54.	 Vaubel RA, Chen SG, Raleigh DR, et al. Meningiomas with rhabdoid 
features lacking other histologic features of malignancy: a study of 44 
cases and review of the literature. J Neuropathol Exp Neurol. 2016; 
75(1):44–52.

55.	 Williams  EA, Santagata  S, Wakimoto  H, et  al. Distinct genomic sub-
classes of high-grade/progressive meningiomas: NF2-associated, NF2-
exclusive, and NF2-agnostic. Acta Neuropathol Commun. 2020; 8(1):171.

56.	 Shankar GM, Abedalthagafi M, Vaubel RA, et al. Germline and somatic 
BAP1 mutations in high-grade rhabdoid meningiomas. Neuro Oncol. 
2017; 19(4):535–545.

57.	 Chau C, van Doorn R, van Poppelen NM, et al. Families with BAP1-tumor 
predisposition syndrome in the Netherlands: path to identification and a pro-
posal for genetic screening guidelines. Cancers (Basel). 2019; 11(8):1114.

58.	 Smith  MJ. Germline and somatic mutations in meningiomas. Cancer 
Genet. 2015; 208(4):107–14.

59.	 Smith MJ, Ahn S, Lee J-I, et al. SMARCE1 mutation screening in classi-
fication of clear cell meningiomas. Histopathology. 2017; 70:814–820.

60.	 Smith MJ, O’Sullivan J, Bhaskar SS, et al. Loss-of-function mutations in 
SMARCE1 cause an inherited disorder of multiple spinal meningiomas. 
Cancer Genet. 2015; 208(4):107–14.

61.	 Dono  A, Pothiawala  AZ, Lewis  CT, et  al. Molecular alterations in 
meningioangiomatosis causing epilepsy. J Neuropathol Exp Neurol. 
2021; 80(11):1043–1051.

62.	 Roux  A, Zanello  M, Mancusi  RL, et  al. Meningioangiomatosis: multi-
modal analysis and insights from a systematic review. Neurology. 2021; 
96(6):274–286.

63.	 Perry  A, Stafford  SL, Scheithauer  BW, Suman  VJ, Lohse  CM. 
Meningioma grading: an analysis of histologic parameters. Am J Surg 
Pathol. 1997; 21(12):1455–65.

64.	 Stafford  SL, Perry  A, Leavitt  JA, et  al. Anterior visual pathway 
meningiomas primarily resected between 1978 and 1988: the Mayo 
Clinic Rochester experience. J Neuroophthalmol. 1998; 18(3):206–10.



i111Tauziède-Espariat et al. Literature review and synthesis of pediatric meningiomas 
N

eu
ro-O

n
colog

y 
A

d
van

ces

65.	 Gauchotte G, Peyre M, Pouget C, et al. Prognostic value of histopath-
ological features and loss of H3K27me3 immunolabeling in anaplastic 
meningioma: a multicenter retrospective study. J Neuropathol Exp 
Neurol. 2020; 79(7):754–762.

66.	 Katz LM, Hielscher T, Liechty B, et al. Loss of histone H3K27me3 iden-
tifies a subset of meningiomas with increased risk of recurrence. Acta 
Neuropathol. 2018; 135(6):955–963.

67.	 Korshunov A, Shishkina L, Golanov A. Immunohistochemical analysis of 
p16INK4a, p14ARF, p18INK4c, p21CIP1, p27KIP1 and p73 expression in 
271 meningiomas correlation with tumor grade and clinical outcome. Int 
J Cancer. 2003; 104(6):728–34.

68.	 Sievers P, Hielscher T, Schrimpf D, et al. CDKN2A/B homozygous deletion 
is associated with early recurrence in meningiomas. Acta Neuropathol. 
2020; 140(3):409–413.

69.	 Weber RG, Boström J, Wolter M, et al. Analysis of genomic alterations 
in benign, atypical, and anaplastic meningiomas: toward a genetic 
model of meningioma progression. Proc Natl Acad Sci U S A. 1997; 
94(26):14719–24.

70.	 Maas  SLN, Stichel  D, Hielscher  T, et  al. Integrated molecular-
morphologic meningioma classification: a multicenter retrospective 
analysis, retrospectively and prospectively validated. J Clin Oncol. 2021; 
39(34):3839–3852.


