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 Background and Incidence

Meningiomas account for approximately 1/3 of primary intra-
cranial tumours in adults [1], with an age-adjusted incidence
rate of approximately 7 per 100,000 person-years [1, 2].
While in Scandinavia the incidence seemingly increased be-
tween 1968 and 1997 from 2.6 to 4.5/100,000 in women and
from 1.4 to 1.9/100,000 in men [3], no such increase was ob-
served in Italy or the United Kingdom, where the disease rate
has remained stable for decades [4, 5]. Small meningiomas
are often asymptomatic and, thus, constitute frequent inciden-
tal autopsy findings (in 1.4 % of a Swedish autopsy-based
cohort) [6].

 Histological Subtypes and Prognostic

Considerations

Meningiomas exhibit a wide range of morphologic appear-
ances. According to the WHO classification, up to 15 his-
topathological variants are distinguished [7]. Of the various
histological subtypes meningothelial, fibrous, and transitional
meningiomas (all WHO grade I) constitute the most common
variants [7]. Whereas the majority of meningioma subtypes
(> 80 %) show a benign clinical behaviour (WHO grade I),
those variants which fall into the WHO grade-II and -III cat-
egories (atypical and anaplastic meningiomas) are associated
with a higher likelihood of tumour recurrence and a more ag-
gressive disease course. Five-year overall survival rates of 55
% have been reported for malignant meningioma [8]. In con-
trast, a recent study in the United States found 3-year overall
survival rates of > 85 % for non-malignant intracranial menin-
giomas [9].

 Age and Gender Distribution

The majority of meningiomas occur in middle-aged and eld-
erly individuals, the incidence rising with increasing age [1].
In contrast, meningiomas are extremely rare in children [10].
However, childhood examples tend to include more aggres-
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sive meningioma subtypes with 5-year overall survival rates
of 83.9 % [10]. Whereas benign meningiomas show a strong
predilection for women (ie, twice as common in females as
compared with males) [2], malignant meningiomas tend to
occur more frequently in males [2, 11].

 Tumour Site

Meningiomas usually occur in an intracranial, intraspinal, or
orbital location, the cerebral convexity being the most com-
mon site [11]. Still, rare meningiomas have been observed in
almost all organs [7]. Moreover, atypical and anaplastic vari-
ants have the potential to produce systemic metastases most
often to the lung [12–16]. In addition, tumour-to-tumour me-
tastasis (of a systemic cancer to meningioma) has been re-
ported [17, 18]. In fact, meningiomas are the most common
“recipients” among intracranial tumours. However, the exact
mechanisms of this rare phenomenon are not yet fully under-
stood [17, 18].

 Aetiology

Meningiomas are well-known to be induced by low-, moder-
ate-, and high-dose radiation, most commonly administered
for childhood malignancies, with median times to tumour oc-
currence of 35, 26, and 19–24 years, respectively [19].
Younger patients often exhibit a longer latency period [20]. In
fact, meningiomas are the most common form of radiation-
induced neoplasms reported [21]. Compared with their spo-
radic counterparts, radiation-induced meningiomas are often
aggressive or malignant, generally occur in younger age
groups, are likely to be multiple, and associated with higher
recurrence rates [22]. In contrast to ionizing radiation, the as-
sociation of meningioma risk with non-ionizing low-fre-
quency electromagnetic fields from mobile and cordless
phone use is less consistent. A recent meta-analysis of the
Hardell group and IARC Interphone studies did not yield an
increased hazard ratio for meningioma [23].

The predominance of women among meningioma patients
suggests an aetiological role for sex hormones. However, so
far, little evidence has been found for reproductive and men-
strual factors such as age at menarche, age at menopause, or
parity [24]. Still, at first operation, 88 % of meningiomas ex-
hibit progesterone, 40 % oestrogen, and 39 % androgen
receptors [25]. However, the higher incidence of meningi-
omas in women cannot be explained by differences of sex
hormone expression [25].
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 Genetic Susceptibility

Meningiomas usually occur in a sporadic setting. However, if
they occur at multiple sites, they are mostly (> 90 %) associ-
ated with familial tumour syndromes [7]. They are common in
neurofibromatosis type 2 (NF2) families with 50–75 % of af-
fected individuals developing a meningioma during their life-
time [26]. Outside the setting of NF2, a number of families
have been reported to be at increased risk. Meanwhile, several
additional genes have been implicated in those multiple me-
ningiomas, such as mutation of the SMARCB1 gene [27, 28]
or loss-of-function mutations in SUFU [29]. Most recently, an
association of loss-of-function mutations in the SMARCE1
gene with multiple spinal meningiomas of clear-celled pheno-
type has been described [30].

 Summary and Conclusion

Meningiomas account for approximately 1/3 of all intracranial
tumours, their incidence rising with increasing age. The ma-
jority of tumours are of benign behaviour, whereas atypical
and anaplastic variants are associated with a higher likelihood
of disease recurrence. Benign meningiomas are twice as com-
mon in females as compared with males, although the aetio-
logical role of sex hormones is not yet fully understood. Ion-
izing radiation constitutes an established risk factor. The vast
majority of meningiomas occur sporadically, whereas multi-
ple meningiomas are most often associated with familial tu-
mour syndromes such as NF2.

 Conflict of Interest

None.

References:

1. Dolecek TA, Propp JM, Stroup NE, et al.
CBTRUS statistical report: primary brain and
central nervous system tumors diagnosed in
the United States in 2005–2009. Neuro
Oncol 2012; 14 (Suppl 5): v1–v49.

2. Wöhrer A, Waldhör T, Heinzl H, et al. The
Austrian Brain Tumour Registry: a coopera-
tive way to establish a population-based

brain tumour registry. J Neurooncol 2009;
95: 401–11.

3. Klaeboe L, Lonn S, Scheie D, et al. Inci-
dence of intracranial meningiomas in Den-
mark, Finland, Norway and Sweden, 1968–
1997. Int J Cancer 2005; 117: 996–1001.

4. Cordera S, Bottacchi E, D’Alessandro G,
et al. Epidemiology of primary intracranial
tumours in NW Italy, a population based

study: stable incidence in the last two de-
cades. J Neurol 2002; 249: 281–4.

5. Cea-Soriano L, Wallander MA, Garcia
Rodriguez LA. Epidemiology of meningioma
in the United Kingdom. Neuroepidemiology
2012; 39: 27–34.

6. Rausing A, Ybo W, Stenflo J. Intracranial
meningioma – a population study of ten
years. Acta Neurol Scand 1970; 46: 102–10.

7. Louis DN, Ohgaki H, Wiestler D, et al.
WHO classification of tumours of the central
nervous system. IARC Press, Lyon, 2007.

8. McCarthy BJ, Davis FG, Freels S, et al.
Factors associated with survival in patients
with meningioma. J Neurosurg 1998; 88:
831–9.

9. Cahill KS, Claus EB. Treatment and sur-
vival of patients with nonmalignant intracra-
nial meningioma: results from the Surveil-
lance, Epidemiology, and End Results Pro-
gram of the National Cancer Institute. Clini-
cal article. J Neurosurg 2011; 115: 259–67.

10. Thuijs NB, Uitdehaag BM, Van Ouwer-
kerk WJ, et al. Pediatric meningiomas in
The Netherlands 1974–2010: a descriptive
epidemiological case study. Childs Nerv
Syst 2012; 28: 1009–15.

11. Wang DJ, Xie Q, Gong Y, et al. Histo-
pathological classification and location of
consecutively operated meningiomas at a
single institution in China from 2001 to
2010. Chin Med J (Engl) 2013; 126: 488–93.

12. Weber C, Pautex S, Zulian GB, et al. Pri-
mary pulmonary malignant meningioma with
lymph node and liver metastasis in a cente-
nary woman, an autopsy case. Virchows
Arch 2013; 462: 481–5.

13. Figueroa BE, Quint DJ, McKeever PE, et
al. Extracranial metastatic meningioma. Br J
Radiol 1999; 72: 513–6.

14. Kaminski JM, Movsas B, King E, et al.
Metastatic meningioma to the lung with
multiple pleural metastases. Am J Clin
Oncol 2001; 24: 579–82.

15. Kros JM, Cella F, Bakker SL, et al. Papil-
lary meningioma with pleural metastasis:
case report and literature review. Acta Neu-
rol Scand 2000; 102: 200–2.

16. Nakayama Y, Horio H, Horiguchi S, et al.
Pulmonary and pleural metastases from be-
nign meningeal meningioma: A Case Report.
Ann Thorac Cardiovasc Surg 2013 [Epub
ahead of print].

17. Kim KH, Hong EK, Lee SH, et al. Non
small cell carcinoma metastasis to meningi-
oma. J Korean Neurosurg Soc 2013; 53: 43–
5.

18. Zhou Q, Chang H, Gao Y, et al. Tumor-to-
tumor metastasis from pituitary carcinoma

to radiation-induced meningioma. Neuropa-
thology 2013; 33: 209–12.

19. Umansky F, Shoshan Y, Rosenthal G, et
al. Radiation-induced meningioma. Neuro-
surg Focus 2008; 24: E7.

20. Chowdhary A, Spence AM, Sales L, et
al. Radiation associated tumors following
therapeutic cranial radiation. Surg Neurol
Int 2012; 3: 48.

21. Godlewski B, Drummond KJ, Kaye AH.
Radiation-induced meningiomas after high-
dose cranial irradiation. J Clin Neurosci
2012; 19: 1627–35.

22. Elbabaa SK, Gokden M, Crawford JR, et
al. Radiation-associated meningiomas in
children: clinical, pathological, and cytoge-
netic characteristics with a critical review of
the literature. J Neurosurg Pediatr 2012; 10:
281–90.

23. Hardell L, Carlberg M, Hansson Mild K.
Use of mobile phones and cordless phones
is associated with increased risk for glioma
and acoustic neuroma. Pathophysiology
2013; 20: 85–110.

24. Claus EB, Calvocoressi L, Bondy ML, et
al. Exogenous hormone use, reproductive
factors, and risk of intracranial meningioma
in females. J Neurosurg 2013; 118: 649–56.

25. Korhonen K, Salminen T, Raitanen J, et
al. Female predominance in meningiomas
can not be explained by differences in pro-
gesterone, estrogen, or androgen receptor
expression. J Neurooncol 2006; 80: 1–7.

26. Smith MJ, Higgs JE, Bowers NL, et al.
Cranial meningiomas in 411 neurofibromato-
sis type 2 (NF2) patients with proven gene
mutations: clear positional effect of muta-
tions, but absence of female severity effect
on age at onset. J Med Genet 2011; 48:
261–5.

27. van den Munckhof P, Christiaans I,
Kenter SB, et al. Germline SMARCB1 muta-
tion predisposes to multiple meningiomas
and schwannomas with preferential location
of cranial meningiomas at the falx cerebri.
Neurogenetics 2012; 13: 1–7.

28. Christiaans I, Kenter SB, Brink HC, et al.
Germline SMARCB1 mutation and somatic
NF2 mutations in familial multiple meningi-
omas. J Med Genet 2011; 48: 93–7.

29. Aavikko M, Li SP, Saarinen S, et al. Loss
of SUFU function in familial multiple menin-
gioma. Am J Hum Genet 2012; 91: 520–6.

30. Smith MJ, O’Sullivan J, Bhaskar SS, et
al. Loss-of-function mutations in SMARCE1
cause an inherited disorder of multiple
spinal meningiomas. Nat Genet 2013; 45:
295–8.


