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1 EPIDEMIOLOGY
Edoardo Agosti, Francesco Belotti, Marco M. Fontanella

INCIDENCE AND PREVALENCE
Posterior cranial fossa meningiomas (PFMs) represent around 10% of all intracranial menin-
gioma cases.1-3 Their annual incidence is estimated to be 0.37 per 100,000 person-years, 
which underscores their relative rarity when compared to supratentorial meningiomas.4 

AGE DISTRIBUTION AND GENDER PREDILECTION
The age distribution of PFMs reveals a notable peak in the sixth and seventh decades of 
life, with the average age at diagnosis being 58 years.4 The incidence steadily rises with age, 
and females show a significant predilection for PFMs, comprising approximately 65% of the 
cases.2

TUMOR SUBTYPES AND LOCALIZATION
Posterior cranial fossa meningiomas encompass a range of subtypes, each originating from 
distinct anatomical locations. These subtypes include:

◆◆ cerebellar convexity meningiomas – prevalence approximately 20% among posterior 
fossa cases;

◆◆ posterior petrous bone meningiomas – prevalence ranging from 10% to 15%;
◆◆ tentorial meningiomas – prevalence between 15% and 20%;
◆◆ jugular foramen meningiomas – prevalence around 10%;
◆◆ foramen magnum meningiomas – prevalence approximately 5%;
◆◆ petroclival meningiomas – prevalence ranging from 10% to 15%.4-9

CLINICAL PRESENTATION
The clinical presentation of PFMs encompasses a spectrum of neurological symptoms, often 
contingent upon the specific anatomical location and affected structures. Common clinical 
manifestations include ataxia, headache, cranial nerve deficits, and signs of increased intra-
cranial pressure.10 Among the diverse subtypes of PFMs, cerebellar convexity meningiomas 
typically manifest with ataxia (62% of cases), while posterior petrous bone meningiomas 
often lead to cranial nerve deficits (80% of cases). Tentorial meningiomas frequently cause 
headaches (55% of cases), whereas jugular foramen meningiomas prominently induce cra-
nial nerve palsies (67% of cases). Foramen magnum meningiomas frequently present with 
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lower cranial nerve involvement (45% of cases), and petroclival meningiomas can result in 
cranial nerve deficits (75% of cases).4 These nuanced clinical presentations underscore the 
complex anatomical relationships in the posterior cranial fossa and the variability in symp-
toms based on tumor subtypes.2

TREATMENT STRATEGIES AND PROGNOSIS
Treatment strategies for PFMs involve a multidisciplinary approach with the primary goal 
of achieving optimal outcomes while preserving neurological function. Gross total resec-
tion (GTR) is typically pursued when feasible, with success rates varying based on tumor 
subtype.11, 12 Notably, GTR rates for cerebellar convexity meningiomas are reported to 
be approximately 80%, while posterior petrous bone meningiomas achieve GTR rates of 
around 65%. Tentorial meningiomas exhibit GTR rates of approximately 70%, and foramen 
magnum meningiomas achieve GTR rates of about 50%. Due to their complex anatomical 
location, petroclival meningiomas achieve GTR rates of approximately 60%.13 Adjuvant 
therapies, such as radiation, may be considered to manage residual or recurrent tumors. 
Individualized treatment plans, taking into account tumor characteristics and patient fac-
tors, play a pivotal role in optimizing therapeutic outcomes and overall quality of life. The 
5-year overall survival rates for PFMs range from 70% to 90%.10
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2 PATHOGENESIS OF POSTERIOR 
CRANIAL FOSSA MENINGIOMAS
Simona Serioli, Edoardo Agosti, Marco M. Fontanella, Maria Peris Celda

INTRODUCTION
Meningiomas are primarily benign, slow-growing extra-axial tumors that originate from arach-
noid cap cells in the meninges. Although familial or syndromic forms exist, such as neurofibro-
matosis type 2 (NF2), Gorlin Syndrome, von Hippel-Lindau Syndrome, and multiple endocrine 
neoplasia (MEN) type 1, in most cases, meningiomas occur sporadically.1, 2 Exogenous and 
endogenous risk factors have been identified as contributors to the development of meningio-
mas, even though the underlying pathogenetic mechanisms remain incompletely understood. 
In the following paragraphs, we will describe and analyze the pathogenetic role of various risk 
factors, including ionizing and non-ionizing radiations, occupational risks, lifestyle and socio-
economic conditions, traumatic brain injury, viral infections, immunologic factors, and female 
sex hormones. These factors are implicated not only in the pathogenesis of posterior fossa 
meningiomas but also in intracranial meningiomas in general.2

IONIZING RADIATION
According to the International Agency for Research on Cancer (IARC), X and Gamma-
radiation are recognized as carcinogenic agents with sufficient evidence in humans for causing 
CNS tumors.3 Ionizing radiation can lead to the breaking of chemical bonds, the formation of 
free radicals, and damage to DNA. This, in turn, can result in gene mutations, chromosomal 
rearrangements, or cellular necrosis, often involving the loss of bases or breaks in one or both 
DNA strands. Preston et al. noted a higher risk for benign tumors but did not find statistical sig-
nificance for meningiomas.4 Furthermore, Shintani et al. highlighted an association between 
the risk of developing meningioma and the distance from an atomic blast.5

Brain tumors have been reported in pediatric populations exposed to radiation for 
benign medical conditions, such as skin hemangiomas, tinea capitis (before the intro-
duction of Griseofulvin), hematological malignancies, and primary tumors.6, 7 The first 
radiation-induced meningioma was described by Mann et al. in 1953 in a child undergoing 
treatment for optic glioma.8 In a recent systematic review, Bowers et al. found that childhood 
tumor survivors who received cranial radiotherapy were 8.1 to 52.3 times more likely to 
develop CNS neoplasms, with 5-year survival rates ranging from 73% to 100% for meningi-
omas.7 Some studies have also observed an increased incidence of the risk of meningiomas 
due to dental X-Rays,6 although a recent meta-analysis found no association.9 In recent 
decades, there has been increased interest in cosmic ionizing radiation, and susceptibility 
to specific types of tumors and cognitive impairment has been identified in several studies 
involving flight personnel.10-12
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NON-IONIZING RADIATION
Since the late 1980s, with the widespread use of mobile phones in everyday life, a potential 
link between low-level exposure to radiofrequency and health problems, especially brain-
related issues, has been hypothesized. Radiofrequency electromagnetic fields (RF-EMF) 
are considered by the IARC as agents with limited evidence in humans (Group 2B), partic-
ularly for glioma and acoustic neuroma, but no clear association has been found between 
RF-EMF and other brain tumors studied.7, 13 Most available studies do not show an increased 
risk of developing meningiomas when considering factors such as duration of exposure, the 
side of the head used for phone placement, brain location, and the type of phone used.14 
In the INTERPHONE study, an international case-control study conducted in 13 countries, 
the authors did not report an increased risk of meningioma among mobile phone users.15 
A recent prospective study involving 776,156 UK women recorded a total of 3268 brain 
tumors, and no statistically significant associations were found for everyday use or at least 
10 years of phone use.16 A recent systematic review and meta-analysis found a lower risk in 
adults (OR=0.90, 95% CI: 0.83-0.99) for wireless phone use, especially in short-term use 
(OR=0.85, 95% CI: 0.77-0.94), while in medium/long-term users, no significant changes in 
the risk of meningioma were found (OR=0.93, 95% CI: 0.75-1.16).17

OCCUPATIONAL RISKS AND SOCIOECONOMIC 
CONDITIONS

The percentage of cancers associated with occupational exposures has been estimated to 
range from 2% to 8%.18 Regarding meningiomas, studies have investigated the effects of 
exposures to metals, their dust, fumes, pesticides, and insecticides and their potential car-
cinogenic effects, although results have been conflicting.10, 19 Lead, defined as a probable 
human carcinogen by the IARC, has been associated with the onset of CNS tumors, as 
supported by several studies.20 In a French prospective cohort study involving 181,842 par-
ticipants, an increased risk of developing meningiomas was found in sugar beet growers 
(HR=2.54; 95% CI: 1.31-4.90), sunflower farmers (HR=3.56; 95% CI: 1.44-8.82), and pes-
ticide applicators for potatoes (HR=3.09; 95% CI: 1.06-9.03).21 The associations between 
meningiomas and metal exposure were also examined in a case-control study across seven 
countries by Sadetzi et al., which found a positive association with iron exposure, especially 
among women (OR=1.70, 95% CI: 1.0-2.89).22, 23

Analyzing socioeconomic conditions, highly educated women with a university educa-
tion were found to be more likely to develop meningioma compared to those with pri-
mary education.3 Moreover, a cohort study involving the Swedish population observed an 
increased risk among unmarried or cohabiting men.24

LIFESTYLE
Large European cohort studies conducted in Sweden, Norway, Austria, and the UK have 
documented a positive association between increased blood pressure and meningioma 

02HHHntanHHHaH02.indd   4 4/3/2024   6:43:33 HH



	 Pathogenesis of posterior cranial fossa meningiomas	 5

(HR=1.29, 95% CI: 1.04-1.58; OR=1.34; 95% CI: 1.20-1.49).25, 26 The relationship between 
anthropometric factors, such as BMI and body fat percentage, and brain tumors has been 
studied by several researchers. Adipose tissue is considered a neuro-immuno-endocrine 
organ that secretes hormones and other metabolically active substances. An excess of adi-
pose tissue results in an increase in aromatase, which converts androgens into estrogens. 
Several studies have demonstrated a significant risk of developing meningiomas with an 
increase in BMI (P≤0.01; P=0.028; P≤0.0001) and body fat percentage (P=0.042).27 A recent 
meta-analysis revealed a growing Risk Ratio of 1.18 (95% CI: 1.07-1.31) and 1.48 (95% CI: 
1.30-1.69) in overweight and obese individuals, respectively. Additionally, each increment 
of 5 kg/m2 was associated with a risk ratio of 1.19 (95% CI:, 1.14-1.25) for meningiomas.28 
However, no statistically significant association was found between meningioma and tri-
glycerides, high-density lipoprotein, and fasting blood glucose.26 Although tobacco smoke 
is a well-known carcinogen (belonging to IARC group 1) and is associated with lung cancer 
and an increased risk of oral cavity, esophagus, colon, bladder, kidney, and breast cancers, 
there is currently no established association between smoking and meningiomas.29

TRAUMATIC BRAIN INJURY
The association between traumatic brain injury (TBI) and the development of meningio-
mas has long been a subject of interest. First hypothesized by Harvey Cushing, the available 
data in the literature provide contradictory results.19 Several case-control studies have doc-
umented a statistically significant high risk, with the mean time to diagnosis ranging from 
10 to 19 years or more than 20 years after the head injury. A large cohort study conducted 
in Denmark on 228,055 patients reported a higher tendency for meningioma (OR=1.2; 
95% CI: 0.9-1.7) without a significant statistical association.30, 31 Nygren et al. studied the 
risk of meningiomas after TBI in 311,006 Swedes and did not find an overall increased risk 
(OR=1.1; 95% CI: 0.8-1.4).30, 31 This result was later confirmed in the study by Kuan et al., 
which involved 75,292 patients (OR=1.27; 95% CI: 0.62-2.57).32

VIRUS INFECTION AND IMMUNOLOGY
In recent decades, there has been a growing interest in studying the link between tumors and 
infections. Infections can increase an individual’s risk of cancer in various ways, although 
the underlying mechanisms remain unclear. Oncoviruses, also known as oncogenic viruses, 
can induce neoplastic mutations, acquire cellular oncogenes, or encode proteins with trans-
forming capacity. In other conditions, viruses can induce a state of chronic inflammation 
or suppress the immune system.33 The association between brain tumors and allergies or 
chronic diseases is still debated, with inconsistent results. A meta-analysis by Wang et al. 
found no significant relationship for asthma and hay fever but reported an inverse associa-
tion between eczema and meningioma (OR=0.75; 95% CI: 0.65-0.87, P<0.05). An interna-
tional case-control study performed in France, Australia, Canada, Israel, and New Zealand 
(INTERPHONE study) documented a significant inverse association between any type of 
allergic diseases and the risk of meningiomas (OR=0.77, 95% CI: 0.63-0.93).34
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FEMALE SEX HORMONES
Since meningiomas are more common in women, a potential association between female 
hormones and meningiomas has been explored.3 The expression of progesterone and estro-
gen receptors is well-established in meningiomas, with the progesterone receptor expressed 
in a range of 39% to 95%, while the estrogen receptor is found in lower levels, typically 
below 10% or undetectable.35-37 Pregnancy is a phase of the female reproductive cycle that 
may be a risk factor for meningiomas, which more frequently occur during the third tri-
mester.38 A European case-control study demonstrated that pregnancy and the number of 
pregnancies did not represent a risk for women overall, although a positive association 
was observed with the number of live births in women under 50 years of age.39 Regarding 
breastfeeding, Claus et al. showed that if performed for at least 6 months, it reduced the risk 
of meningioma (OR=0.78, 95% CI: 0.63-0.96), while other authors found no association.37 
Several studies have analyzed the association between meningiomas and progestin drugs, 
such as cyproterone acetate (CPA), nomegestrol, and chlormadinone acetate.40 Moreover, 
cases of meningiomas have been described in transgender individuals, where the intake 
of such medication occurs in high doses and over an extended period.40 Meningiomas 
associated with CPA are usually multiple (26.7% vs. 6.1%; P=0.0115) and situated in the 
middle (39%) and anterior skull base (21.9%), with a particular fondness for the sphe-
no-orbital region.41 An increased risk of meningiomas was found in premenopausal women 
who took oral contraceptives (OR=1.8, 95% CI: 1.1-2.9), but no associations were found 
with hormone replacement therapy during the postmenopausal period (OR=1.1, 95% CI: 
0.74-1.67).41 From a molecular perspective, CPA-related meningiomas are usually low-grade 
meningiomas with a low percentage of Ki67 expression and are characterized by mutations 
in AKT1 or PIK3CA in 33.3% of cases.42

REFERENCES
1.	 Glenn CA, Tullos HJ, Sughrue ME. Natural history of intracranial meningiomas. Handb Clin Neurol. 

2020;169:205–27. 
2.	 Greenberg MS. Handbook of Neurosurgery. Ninth Edition. New York, NY: Thieme; 2020.
3.	 International Agency for Research on Cancer. List of classifications by cancer sites with sufficient or limited 

evidence in humans, IARC Monographs Volumes 1–134a; 2023 [Internet]. Available from: https://mono-
graphs.iarc.who.int/wp-content/uploads/2019/07/Classifications_by_cancer_site.pdf [cited 2023, Nov 20].

4.	 Preston DL, Ron E, Tokuoka S, et al. Solid cancer incidence in atomic bomb survivors: 1958-1998. Radiat 
Res 2007;168:1–64. 

5.	 Shintani T, Hayakawa N, Hoshi M, et al. High incidence of meningioma among Hiroshima atomic bomb 
survivors. J Radiat Res 1999;40:49–57. 

6.	 Baldi I, Engelhardt J, Bonnet C, et al. Epidemiology of meningiomas. Neurochirurgie 2018;64:5–14. 
7.	 Bowers DC, Nathan PC, Constine L, et al. Subsequent neoplasms of the CNS among survivors of childhood 

cancer: a systematic review. Lancet Oncol 2013;14:e321–8. 
8.	 Benjamin C, Shah JK, Kondziolka D. Radiation-induced meningiomas. Handb Clin Neurol 2020;169:273–84. 
9.	 Mupparapu M, Baddam VRR, Lingamaneni KP, et al. Dental X-Ray exposure is not associated with risk of 

meningioma: a 2019 meta-analysis. Quintessence Int 2019;50:822–9. 
10.	 Parihar VK, Allen BD, Caressi C, et al. Cosmic radiation exposure and persistent cognitive dysfunction. Sci 

Rep 2016;6:34774. 

02HHHntanHHHaH02.indd   6 4/3/2024   6:43:33 HH



	 Pathogenesis of posterior cranial fossa meningiomas	 7

11.	 Scheibler C, Toprani SM, Mordukhovich I, et al. Cancer risks from cosmic radiation exposure in flight: A 
review. Front Public Health 2022;10:947068. 

12.	 Haldorsen T, Reitan JB, Tveten U. Cancer incidence among Norwegian airline cabin attendants. Int J 
Epidemiol 2001;30:825–30. 

13.	 Vila J, Turner MC, Gracia-Lavedan E, et al.; INTEROCC Study Group. Occupational exposure to high-
frequency electromagnetic fields and brain tumor risk in the INTEROCC study: An individualized assess-
ment approach. Environ Int 2018;119:353–65. 

14.	 Lönn S, Ahlbom A, Hall P, et al.; Swedish Interphone Study Group. Long-term mobile phone use and brain 
tumor risk. Am J Epidemiol 2005;161:526–35. 

15.	 INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of the 
INTERPHONE international case-control study. Int J Epidemiol 2010;39:675–94. 

16.	 Schüz J, Pirie K, Reeves GK, et al.; Million Women Study Collaborators. Cellular Telephone Use and the Risk 
of Brain Tumors: Update of the UK Million Women Study. J Natl Cancer Inst 2022;114:704–11. 

17.	 Chen F, Wang P, Lan J, et al. Wireless phone use and adult meningioma risk: a systematic review and Meta-
analysis. Br J Neurosurg 2021;35:444–50. 

18.	 Purdue MP, Hutchings SJ, Rushton L, et al. The proportion of cancer attributable to occupational expo-
sures. Ann Epidemiol 2015;25:188–92. 

19.	 Samkange-Zeeb F, Schlehofer B, Schüz J, et al. Occupation and risk of glioma, meningioma and acoustic 
neuroma: results from a German case-control study (interphone study group, Germany). Cancer Epidemiol 
2010;34:55–61. 

20.	 Fallahi P, Foddis R, Cristaudo A, et al. High risk of brain tumors in farmers: a mini-review of the literature, 
and report of the results of a case control study. Clin Ter 2017;168:e290–e292. 

21.	 Piel C, Pouchieu C, Tual S, et al.; AGRICAN group. Central nervous system tumors and agricultural expo-
sures in the prospective cohort AGRICAN. Int J Cancer 2017;141:1771–82. 

22.	 Sadetzki S, Chetrit A, Turner MC, et al. Occupational exposure to metals and risk of meningioma: a multi-
national case-control study. J Neurooncol 2016;130:505–15.

23.	 McElvenny DM, van Tongeren M, Turner MC, et al. The INTEROCC case-control study: risk of meningi-
oma and occupational exposure to selected combustion products, dusts and other chemical agents. Occup 
Environ Med 2018;75:12–22.

24.	 Khanolkar AR, Ljung R, Talbäck M, et al. Socioeconomic position and the risk of brain tumour: a Swedish 
national population-based cohort study. J Epidemiol Community Health 2016;70:1222–8. 

25.	 Edlinger M, Strohmaier S, Jonsson H, et al. Blood pressure and other metabolic syndrome factors and risk of 
brain tumour in the large population-based Me-Can cohort study. J Hypertens 2012;30:290–6.

26.	 Seliger C, Meier CR, Becker C, et al. Metabolic syndrome in relation to risk of meningioma. Oncotarget 
2017;8:2284–92. 

27.	 Takahashi H, Cornish AJ, Sud A, et al. Mendelian randomization provides support for obesity as a risk factor 
for meningioma. Sci Rep 2019;9:309. 

28.	 Zhang D, Chen J, Wang J, et al. Body mass index and risk of brain tumors: a systematic review and dose-
response meta-analysis. Eur J Clin Nutr 2016;70:757–65. 

29.	 Flint-Richter P, Mandelzweig L, Oberman B, et al. Possible interaction between ionizing radiation, smoking, 
and gender in the causation of meningioma. Neuro Oncol 2011;13:345–52. 

30.	 Nygren C, Adami J, Ye W, et al. Primary brain tumors following traumatic brain injury--a population-based 
cohort study in Sweden. Cancer Causes Control 2001;12:733–7. 

31.	 Inskip PD, Mellemkjaer L, Gridley G, et al. Incidence of intracranial tumors following hospitalization for 
head injuries (Denmark). Cancer Causes Control 1998;9:109–16. 

32.	 Kuan AS, Chen YT, Teng CJ, et al. Risk of meningioma in patients with head injury: a nationwide popula-
tion-based study. J Chin Med Assoc 2014;77:457–62. 

33.	 Hoption Cann SA, van Netten JP, van Netten C. Acute infections as a means of cancer prevention: opposing 
effects to chronic infections? Cancer Detect Prev 2006;30:83–93. 

34.	 Wang M, Chen C, Qu J, et al. Inverse association between eczema and meningioma: a meta-analysis. Cancer 
Causes Control 2011;22:1355–63. 

02HHHntanHHHaH02.indd   7 4/3/2024   6:43:33 HH



8	 Posterior fossa meningiomas – 70 years later

35.	 Brandis A, Mirzai S, Tatagiba M, et al. Immunohistochemical detection of female sex hormone receptors in 
meningiomas: correlation with clinical and histological features. Neurosurgery 1993;33:212–7; discussion 
217–8. 

36.	 Hsu DW, Efird JT, Hedley-Whyte ET. Progesterone and estrogen receptors in meningiomas: prognostic con-
siderations. J Neurosurg 1997;86:113–20. 

37.	 Claus EB, Park PJ, Carroll R, et al. Specific genes expressed in association with progesterone receptors in 
meningioma. Cancer Res 2008;68:314–22. 

38.	 Giraldi L, Lauridsen EK, Maier AD, et al. Pathologic Characteristics of Pregnancy-Related Meningiomas. 
Cancers 2021;13:3879. 

39.	 Hallan DR, Bhanja D, Sciscent BY, et al. Pregnancy and Childbirth in Women With Meningioma. Cureus 
2022;14:e27528. 

40.	 Senofonte G, Pallotti F, Lombardo F. Ciproterone acetato e meningiomi: lo stato dell’arte. L’Endocrinologo 
2020;21:171–5. 

41.	 Samarut E, Lugat A, Amelot A, et al. Meningiomas and cyproterone acetate: a retrospective, monocen-
tric cohort of 388 patients treated by surgery or radiotherapy for intracranial meningioma. J Neurooncol 
2021;152:115–23. 

42.	 Savidou I, Deutsch M, Soultati AS, et al. Hepatotoxicity induced by cyproterone acetate: a report of three 
cases. World J Gastroenterol 2006;12:7551–5.

02HHHntanHHHaH02.indd   8 4/3/2024   6:43:33 HH


