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Abstract

Meningiomas are the most common central nervous system tumour and are associated
with significant morbidity. Mounting evidence implicates the role of exogenous hormones
in meningioma development and growth. This has led to increasing pressure on
healthcare professionals to understand the risk profile of different hormonal compounds
with regards to meningioma incidence and growth. This is particularly relevant when
managing patients with pre-existing meningioma tumours or with one or more risk fac-
tors for meningioma formation. The aim of this review was to summarise existing evi-
dence from clinical studies (cohort and case—control) concerning the risk of meningioma
associated with different types of exogenous hormones and the associated meningioma
characteristics. The literature review identified over 30 cohort and case—control studies
published between 2003 and 2026. Studies demonstrated a mixed risk profile of broadly
defined hormonal replacement therapy and hormonal contraceptives; however, many of
these studies did not capture specific information about duration, dose or medication
type. Risk associated with synthetic progestin-containing compounds such as depot
medroxyprogesterone and desogestrel contraceptives was higher and related to duration
of use. Highly potent synthetic progestins including cyproterone acetate (CPA) carried
the strongest risk profile and showed a strong association with multiple meningiomas and
anterior/middle skull base location. In conclusion, there is strong evidence for a link be-
tween meningioma incidence and highly potent synthetic progestins such as CPA, but
further evidence is needed regarding menopausal hormone therapy and broadly defined
oral contraceptives, as well as the doses and durations that are associated with clinically
relevant risk. There is a space for translational research in this area to better understand
the molecular basis underlying the relationship between hormones and meningioma
growth.

Keywords: meningioma; menopausal hormonal replacement therapy; oral contraceptives;
cyproterone acetate

1. Introduction

Meningiomas are the most common type of benign brain tumour [1]. There are 15
subtypes, of which nine are classified as WHO grade 1, three as WHO grade 2 and one as
WHO grade 3 [2,3]. While the majority of meningiomas are grade I, morbidity arises due
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to mass effect resulting in compromise to functional neural structures (including cranial
nerves and eloquent cortex), raised intracranial pressure, and seizures. Morbidity can also
be associated with the complications of surgery (particularly when tumours are adjacent
to critical neurological and vascular structures) or radiotherapy. Established risk factors
for meningioma development include genetic syndromes (including NF2-associated
schwannomatosis) [4], radiation exposure [5], female sex [6] and obesity [7,8]. The role of
sex hormones in the development and growth of meningiomas is not fully understood,
but observations point towards a tumour-promoting effect. For example, meningiomas
can grow during pregnancy and regress after delivery [9] and are associated with other
conditions linked to levels of sex hormones such as breast cancer [10,11]. In addition, men-
ingiomas often express sex hormone receptors, including progesterone receptors, andro-
gen receptors and oestrogen receptors [12,13]. Progesterone receptor expression occurs in
60-90% of intracranial meningiomas and may be more common in skull base meningio-
mas [13,14].

Cumulative evidence has linked the potent progestin cyproterone acetate (CPA) to
meningioma growth, particularly in the region of the anterior and middle skull base,
which has led the UK Medicine and Healthcare Products Regulatory Agency (MHRA) to
issue guidance that CPA is contraindicated in patients with a current or previous menin-
gioma (with the exception of its use in palliative prostate cancer treatment). The guidance
also states that treatment should be immediately and permanently stopped if a patient
develops a meningioma while on CPA [15]. Similar guidance has been issued by the Eu-
ropean Medicine Association (EMA) [16], and as the risk of meningioma with CPA use is
cumulative and dose dependent, prescribers are encouraged to consider using the lowest
effective dose for the shortest duration of time. This has led to questions about the poten-
tial risk of meningioma formation/growth with the use of other hormonal-based therapies
including hormonal contraceptives and menopausal hormone replacement therapy, par-
ticularly regarding their cumulative effect, their interaction with other meningioma risk
factors, and whether they should be stopped if a meningioma is diagnosed. The aim of
this study is to evaluate areas of strong, emerging and weaker evidence concerning the
use of exogenous hormones and the risk of meningioma and to identify directions for
future research to better inform clinical guidance and decision making (Table 1).

Table 1. Hormonal therapies and their indications.

Hormone Content

Further Detail Indication Dose Pattern

Synthetic progestin derived

Used in contraceptives (including as the

Desogestrel “mini-pill”). Can also be used as part of
from testosterone.
HRT.
Formulation: variable.

Synthetic progestin. More re- Used to treat secondary amenorrhoea, endo-  Includes depot injection (3
Medroxyprogester- . . . . .
one acetate (MPA) sistant to metabolism and metrial hyperplasia, abnormal uterine monthly) (AMPA). May be ad-

therefore has improved phar- bleeding. Also used for pregnancy preven- vantageous for women who may

(Depo-Provera) o . . .
macokinetic properties. tion. not adhere to daily oral contra-
ceptives.

Levonorgestrel

Synthetic progestin. Similar to
progesterone.

Can be used as emergency contraception
(“morning after pill”) and hormone therapy.
Can be used as a hormonal contraceptive re-

leased from an intrauterine device, e.g.,
mirena coil

Combined oestro-
gens and progestins

HRT option if patient has not had hysterec-
tomy.

Oestrogen only (e.g.,
17-beta-oestradiol)

Can be used as tablets, patches,
gel or spray for HRT. Associated
with risk of thrombosis. Patches

Used for HRT. Must be combined with a
progestin if the patient still has a uterus.
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can be changed every few days.
Tablets/gels taken daily.

Synthetic progestin with strong
anti-androgen properties. Can

Cyproterone acetate
(CPA)

be combined with ethinyl-oes- Indications include severe acne, hirsutism,
tradiol for certain indications gender affirming therapy, palliative treat-
and can be given as high dose ment for prostate cancer.

(50-100 mg) and low dose (2

mg).

Nomegestrol acetate
(NOMAC)

Synthetic progestin with mild-
to-moderate anti-androgen Used in HRT and oral contraceptives.

properties.

Chlormadinone ace- Synthetic progestin with mod-
tate (CMA) erate anti-androgen properties.

Used in HRT and oral contraceptives.

2. Methods

A literature search was carried out in PubMed (MEDLINE), Scopus and EMBASE
databases, using the following search terms: cyproterone acetate, nomegestrol acetate,
chlormadinone acetate, medroxyprogesterone acetate, depot medroxyprogesterone ace-
tate, desogestrel, levonorgestrel, oral contraceptives, hormone replacement therapy, men-
opausal hormone therapy, progestins and meningioma. Inclusion criteria were (1) obser-
vational studies (cohort and case—control) published between 1 January 2000 and 3 March
2026; (2) stated study objectives concerning meningioma and interaction with HRT/MHT,
oral contraceptives or cyproterone acetate or another high-dose progestin; (3) English lan-
guage; and (4) human only. Papers which did not meet the inclusion criteria were not
studied further.

In papers which met the inclusion criteria, information was extracted relating to the
following variables: study design; numbers of patients included; type of hormonal con-
traceptive/menopausal hormone therapy including dose and route of administration; as-
sociation with meningioma; and additional information about meningioma subtype,
grade, genetics, multiplicity and hormone receptor status if available. Full data extraction
is available in the Supplementary Materials (Supplementary File S1). Quality assessment
for all papers was carried out using the Newcastle-Ottawa Scale, and results of this assess-
ment along with a full list of finally included studies are available in the Supplementary
Materials (Supplementary File 52). Newcastle-Ottawa Scale assessment was performed
manually for each individual paper with a sample of papers cross-checked by a second
reviewer. Where there were disagreements, these were discussed and scores were modi-
fied accordingly.

3. Results

A total of 714 papers were identified across the databases. Abstracts were screened
for suitability and compliance with the study objectives and inclusion criteria, leading to
the exclusion of 616 records and removal of 58 duplicates. Duplicate removal was carried
out manually. The 40 remaining papers were assessed in detail, and 7 further papers were
excluded, leading to a total of 33 papers being included within the study (see Figure 1 for
PRISMA style flow diagram [17] and Supplementary File 2 for a list of the final included
studies).

Nine studies contained data regarding highly potent progestins such as (CPA),
nomegestrol acetate (NOMAC) and chlormadinone acetate (CMA) [18-26]; 8 studies con-
tained data concerning other progestin-related formulations [27-34]; 12 studies contained
information risk with hormonal replacement therapy [35-46]; and 13 papers contained
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Identification

Screening

data about meningioma risk with broadly defined oral contraceptive use [27,36,39-42,44—
50].

Using the Newcastle-Ottawa Scale for bias assessment, the median score for cohort
studies was 7/9 (range 5-9) and the median score for case—control studies was also 7/9
(range 5-9).

Identification of studies via databases

Records identified from
Databases: PubMed
(MEDLINE) n= 155, Scopus n
=156, EMBASE n =403

A4

Records screened
(n=714)

A4

Reports sought for retrieval

(n =40)

Duplicates removed
Records excluded

> (n=616) (n=58)

I ?]eg%r)ts not retrieved

I

Reports assessed for eligibility

(n =40)

—»| Reports excluded:
Unsuitable study design (n = 4)

Y

Outside date range (n=1)
Different publication using same
dataset (n =2)

Studies included in review

(n = 33)

Figure 1. PRISMA style flow chart to demonstrate process of study selection.

3.1. High-Potency Progestins

The strongest evidence identified in this review was that which explored the associ-
ation between meningioma and the use of potent synthetic progestins CPA, NOMAC and
CMA. These three compounds were considered to be in the high-risk group of compounds
following a classification used in Devalckeener et al. (2022) [51].

Nine studies were identified which specifically explored the association between
meningioma formation and the use of potent synthetic progestins CPA [20-26], NOMAC
[18,25] and CMA [19,25]. These studies consistently found risk of meningioma to be in-
creased with the use of potent progestins. Risks were highest for CPA, then NOMAC, then
CMA; for example, Hoisnard et al. [25] reported odds ratios of meningioma with current
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use of CPA of 18.3 (95% CI 16.0-21.1), with current use of NOMAC of 4.7 (95% CI 4.3-5.1),
and with current use of CMA of 3.3 (95% CI 3.0-3.6).

There also appeared to be a clear dose dependency in the relationship between pro-
gestin use and meningioma formation [18,20,21,24,25]. For example, according to Mikkel-
sen et al. in their nationwide prospective register-based cohort study [20], adjusted hazard
ratios for CPA users exposed to 0.1-10 g CPA compared to non-users were 7.0 (95% CI
3.1-15.6), whereas for individuals exposed to >10 g the adjusted hazard ratios were 19.2
(95% CI 10.3-35.8). Some cases of CPA-associated meningiomas were shown to regress
after CPA withdrawal [24].

Data also demonstrated a strong link between CPA and an anterior and middle skull
base location of the tumour [21,23,25], with a similar pattern likely for NOMAC use [18,25]
and CMA [25]. There was also a strong link between CPA and multiple meningiomas [22].
High PR expression was described in CPA-associated meningiomas in one study [22], and
no single genetic mutation was consistently associated with CPA or progestin-related
meningiomas.

3.2. Depot Medroxyprogesterone Acetate and Other Contraceptive Progestins

Our review identified emerging evidence that other contraceptive-related progestins
may also contribute to meningioma risk. Our search identified eight studies published
between 2000 and 2026 exploring the association between progestin-based formulations
and meningioma.

The strongest evidence for this is in recent studies looking at dMPA. dMPA was
demonstrated in all studies, which specifically examined its role, to increase the risk of
meningioma [29-32] and to do so with greater probability with prolonged exposure
[29,31]. For example, Xiao et al., 2025 [29] showed a higher probability of meningioma
diagnosis in dMPA users compared to controls (RR 2.43 (95% CI 1.77-3.33)), with RR in-
creasing to 3.90 (95% CI 1.95-7.81) with >6 years exposure. Nevertheless, the number
needed to harm using dMPA was 1152 patients, and with oral MPA was 3020 patients [29],
which the authors felt could be considered to represent a low clinical risk overall. Reyn-
olds et al. also evaluated oral and dMPA separately and found that while oral MPA was
not associated with increased meningioma risk, long-term exposure to dMPA injections
(more than one year) resulted in an increased association with meningioma (OR 1.81, 95%
CI 1.14-2.89) [31]. A Swedish register-based case—control study [30] showed that the odds
ratio of meningioma for women prescribed hormonal contraceptives for equal to or more
than 1 year before the index date was 1.76 (95% CI 1.53-2.03) and that for women pre-
scribed contraceptives containing MPA the OR was 5.49 (95% Cl 4.51-6.67). Frey et al.
(2025) [32] described a significantly increased association between meningioma and MPA
use compared to ethinylestradiol-levonorgestrel use; the RR for MPA use compared with
EE-LNG was 3.55 (95% ICI: 1.85-6.55).

In terms of other progestin-based hormonal contraceptives, Roland et al. [33] found
that intracranial meningioma was linked with the use of desogestrel 75 pg for more than
five continuous years but that there was no association between meningioma and levo-
norgestrel intrauterine system use (alone or combined with oestrogen). According to their
numbers needed to perform harm evaluation, 67,287 women would need to use desoges-
trel 75 ug to result in one attributable meningioma requiring surgery (compared to a num-
ber needed to harm of 518 women concerning CPA use). This study also described an
association between desogestrel use and meningiomas occurring in multiple locations, as
well as between desogestrel use and an anterior or middle skull base location [33].

3.3. Menopausal Hormone Therapy
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Twelve studies were identified which looked at the association between menopausal
hormone replacement therapy and meningioma. Nine were case—control studies and three
were cohort studies.

Three studies reported no association between HRT and meningioma diagnosis
[36,40,45]. Two of these studies included only surgically treated meningiomas [36,40]. In
a relatively small case—control study of incidental meningioma, Dresser et al. (2020) [37]
concluded that meningiomas were smaller at diagnosis and follow-up in patients taking
oestrogen-based HRT compared with the no-HRT group, with a lower absolute growth
rate and clinico-radiological progression free survival [37] implying a protective effect of
oestrogen-based HRT.

Eight studies reported modest associations between HRT and meningioma, particu-
larly when HRT was used for longer durations. Ever-use of HRT was associated with a
higher risk of meningioma than non-use of HRT in a case—control study based in Denmark
[38]. This study recruited 924 cases and 6122 controls. The strongest association was for
longer duration of HRT use (>10 years) and in combined oestrogen-progesterone formu-
lations [38]. Jhawar et al. 2003 [41] found a higher risk of incident meningioma in pre-
menopausal women taking HRT (RR 2.48, 95% CI 1.29-4.77) and post-menopausal current
users of HRT (RR 1.86, 95% CI 1.07-3.24) relative to post-menopausal women who never
used HRT but did not specify the formulation or hormone content [41]. Benson et al. [39]
described an association between oestrogen but not progesterone-based HRT and menin-
gioma incidence and a stronger association for use >5 years than <5 years. An association
between meningioma diagnosis and HRT use was also described by Shu et al. (2019) [43]
in an Asian population. In this case—control study, meningioma cases in women over 50
years of age were identified across three hospitals and matched with control patients who
presented over the same time period to the study hospitals for a medical condition. Con-
trols were selected using propensity matching in a 2:1 ratio. A total of 31.5% of cases and
27.9% of controls were ever-users of HRT, resulting in a higher risk of meningioma with
HRT (OR 1.2; 95% CI 1.0-1.4). The strongest association was identified on a sensitivity
analysis for long-term users of combination therapy (OR 1.5; 95% CI 1.2—4.4). Muskens et
al. 2019 [42] identified an association between meningioma incidence and sole oestrogen
HRT use per 5 years of use specifically in women with surgical menopause, RR 1.07 (1.01-
1.15).

Two studies investigated the link between HRT use and PR/ER receptor status in
meningioma and found no association [36,40]. There was no data on tumour molecular
genetics and their impact on the relationship between meningiomas and HRT.

3.4. Broadly Defined Oral Contraceptives

Thirteen studies explored the association between meningioma and broadly defined
hormonal contraceptives: 5 cohort studies and 8 case—control studies.

Seven studies found no positive association between oral contraceptives and menin-
giomas [36,39,41,45,47-49]. The majority of these studies did not specifically include in-
formation about the dose, formulation or duration of use of the oral contraceptive in their
analysis, precluding detailed sub-analyses stratified according to those factors
[36,39,41,48,49]. On the other hand, six studies did describe a positive association between
oral contraceptive use and meningioma [27,40,42,44,46,50], but these studies were not nec-
essarily methodologically stronger. For the studies which did identify associations be-
tween meningioma formation and oral contraceptive usage, the link was modest at best.
Two studies reported an association between current use and meningioma development
(rather than ever use) [44,46]

In terms of hormone receptor expression, one study found no association between
PR status and oral contraceptive use [40], while another study described a strong associa-
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tion between oral contraceptive use and low PR expression within the tumour [36]. There
was no data on tumour molecular genetics and their impact on the relationship between
meningiomas and hormonal contraceptives.

4. Discussion

Despite being the most common central nervous system tumour, an understanding
of the role of various factors on meningioma initiation and growth is still limited. As a
result, it is a challenge for clinicians to understand how to apply the risks described in the
literature regarding hormonal therapies to clinical decisions about individual patients. We
sought to undertake this literature review to better describe the evidence concerning dif-
ferent forms of exogenous hormonal therapies and their impact on meningioma incidence
and growth.

4.1. Potent Synthetic Progestins Demonstrate the Strongest and Most Consistent Evidence
Linking Meningioma with Exogenous Hormones

We identified a number of studies that describe a clear risk of meningiomas with
high-dose progestins. The highest risk described was with CPA [20-22,25], carrying an
increased risk of meningioma of up to 19-fold compared with controls, followed by
NOMAC [18,25] and CMA [25]. Risk was dose-dependent, and reversibility after with-
drawal of the progestin was demonstrated. CPA increased the risk of multiple meningio-
mas [22,23] and anterior/middle skull base location of tumours [18,21,23,25]. However, in
the papers we selected for this study, there was no strong link described between tumour
grade and the use of high-dose progestins [22,23].

4.2. Emerging Evidence on the Role of Depot Medroxyprogesterone and Other Contraceptive
Progestins

There is growing evidence that AMPA and other progestins may have an association
with meningioma formation [27-29]. Much of this evidence is detailed in newer studies
which have accurate drug dosage information. Longer duration of desogestrel also ap-
pears to carry an increased risk of meningioma [34]. In terms of clinical risk, the numbers
needed to harm are 1152 for dMPA and 3020 for oral MPA, indicating that the absolute
risks of these compounds for an individual patient are relatively low and that considera-
tion of alternatives is of particular importance in patients with pre-existing risk factors for
meningioma such as previous meningioma, history of radiation and diagnosis of neurofi-
bromatosis type 2-related schwannomatosis. Roland et al. calculated that 67,287 women
would need to be treated with desogestrel 75 ug to cause one meningioma requiring sur-
gical treatment, compared to 518 women for CPA [34]. Again, this translates into a low
risk for a patient with no prior risk factors for meningioma.

4.3. Evidence for Menopausal Hormonal Replacement and Broadly Defined Oral Contraceptive
Use and Meningioma

Menopausal hormonal replacement and hormonal contraceptives involve a range of
different exogenous hormone types and delivery routes. These include synthetic proges-
tins and oestrogens. Compared with the high-dose progestin literature, the evidence base
around menopausal hormonal replacement and broadly defined oral contraceptives is
weak and not consistent enough to draw reliable conclusions from. For both MHT and
oral contraceptives, some studies included in this review reported no association or neg-
ative association with meningioma, while others did find a small increased risk of menin-
gioma. This inconsistency may be due to the fact that many of the original studies did not
capture adequate data on dose, duration of use, drug preparation [36,40,41,44-46], or ef-
fectively control for confounding factors. As a result, further work needs to be done to
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identify low-risk or “safe” contraceptive options which could be preferentially offered to
women with existing risk factors for meningioma formation. For example, Xiao et al. [29]
did not find an increased risk of meningioma with combined oral contraceptives (COCs),
intrauterine devices (IUDs), progestin-only pills (POP), or subdermal implantable contra-
ceptives (SDI) compared with controls, suggesting that these might be possible alterna-
tives to consider for women who cannot be prescribed dMPA [29].

4.4. Strengths and Limitations of Existing Evidence

There are multiple confounding factors that are problematic in the study of the link
between exogenous hormonal treatments and meningioma development. These include
issues such as surveillance bias, age, pregnancy, and the presence of other risk factors for
meningioma development such as radiation exposure and genetic predisposition. These
areas of possible bias and confounding were not uniformly addressed across all studies,
particularly the larger, more historic cohort studies which form a significant proportion
of the evidence base for broadly defined oral contraceptives. This is an important area of
weakness which should be taken into account in the design of future studies.

We also acknowledge the heterogeneity of the datasets compared. For example, some
studies specifically select surgically treated meningiomas whereas others include radio-
logically diagnosed meningiomas, the clinical significance of which is, without doubt, dif-
ferent. Furthermore, without having had an MRI to confirm absence of meningioma, pa-
tients in control groups may have incidental meningiomas which were undetected and
could act as a confounding factor. In many studies, existence of meningioma in the control
population was not formally excluded, which is reflected in a lower Newcastle-Ottawa
score allocated to the study.

4.5. Clinical Studies Investigating the Link Between Exogenous Hormones and Meningioma Do
Not Currently Include Strong Mechanistic Arms: Mechanistic Work Can Elucidate Relevant
Molecular Pathways, Complementing Clinical Studies

The molecular classification of meningioma is an area of active research interest. The
2021 WHO classification added molecular features to the previously histologically based
classification of meningiomas, with TERT promoter mutation and CDKN2A/B homozy-
gous deletion signifying grade 3 tumours [2]. Analysis of genome-wide methylation pat-
terns has resulted in an alternative way of classifying meningiomas, which may be effec-
tive at predicting recurrence and appears to cluster tumours with common mutational
subtypes [52].

Key mutations implicated in meningioma biology include the NF2 tumour suppres-
sor gene, SMO, TRAF7, PIK3CA, KLF4 and SMARCE]1 [53,54], and these at the very least
should be explored in future studies. NF2 mutation is the most common mutation in men-
ingiomas, occurring in 40-60% of cases [55]. The NF2 gene on chromosome 22 encodes the
cytoskeletal protein Merlin. The loss of Merlin either through NF2 mutation and/or chro-
mosome 22 loss can drive meningioma growth via multiple mechanisms, including de-
regulation of the hippo signalling pathway with constitutive activation of YAP/TAZ and
expression of growth promoting genes, also via loss of inhibition of phosphoinosidide 3-
kinase (PI3K)/AKT signalling which results in activation of mammalian target of rapamy-
cin complex 1 and 2 (mTORC1 and 2) and subsequent activation of target genes [56]. NF2
mutation is associated with more aggressive meningiomas. The PI3K/AKT/mTOR path-
way can exhibit mutations independently of NF2 mutations in meningioma [57,58].
PIK3Ca is the gene that encodes PI3K; therefore, mutations can result in hyperactivation
of the PI3K pathway. PIK3Ca mutations have been identified in meningiomas which tend
to arise in the skull base [58]. Furthermore, KLF4, SMARCE1, SMO and TRAF7 are other
commonly mutated genes in non-NF2 meningiomas [58]. TRAF7 is an E3 ubiquitin ligase
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which has been shown to occur in up to 25% of meningiomas and frequently co-occurs
with KLF4 mutations [55]. SMO mutations were identified in 5% of a series of 300 menin-
giomas analysed using genomic approaches. SMO activating mutations in meningioma
lead to activation of Hedgehog signalling, an oncogenic pathway described in multiple
tumour types including medulloblastoma. SMO mutant meningiomas may be more
closely associated with a skull base (medial/anterior) location, while NF2-associated men-
ingiomas are more likely to be hemispheric, cerebellar or spinal [55].

Although some studies in our review included information about anatomic location
and progesterone receptor status, none of the clinical studies we reviewed included inte-
grated genomic analysis of the tumours from hormone exposed and non-exposed groups.
Neither did they include key molecular profiling information such as Ki67 index, histo-
logical grade, methylation class or mutational status. Few studies described tumour loca-
tion or hormone receptor status. Comprehensively linking these molecular and anatomic
features with the drug exposure information is likely to be an important next step in this
research field in order to delineate the molecular basis for the link between exogenous sex
hormones and meningioma formation and potentially facilitate more effective risk strati-
fication in patient groups.

Early basic science studies and translational studies have begun to explore the role
of specific mutations and their link with CPA or progesterone receptor (PR) expression.
For example, Supartoto et al. measured expression of PR and NF2 mRNA in serum sam-
ples from patients with orbito-cranial meningiomas and control participants and found
lower serum PR and NF2 expression in patients with longer progesterone exposure, hy-
pothesising that these could be linked by a common pathway to meningioma formation
[59].

PI3KCa is an emerging candidate to link progesterone receptor signalling and men-
ingioma [53]. PIK3Ca mutations have been correlated with hormone receptor expression
in breast cancer, and progresterone is known to activate PI3K/AKT signalling in normal
biological processes [60]. Portet et al. (2019) [61] identified PIK3Ca or AKT1 mutations in
33.3% of a series of 30 meningiomas associated with CPA therapy. Peyre et al. demon-
strated a reworking of the mutational landscape in progestin-associated meningioma tu-
mours and found a prominence of PIK3Ca-mutant skull base meningiomas amongst this
group of tumours [62].

In order to further explore the link between PIK3Ca mutations and the progestin axis,
Comes et al. [63] tested the effects of CPA treatment in wild-type mice, Pik3ca- or NF2-
mutant background mice. However, they found that although expression of mutant
Pik3ca in the meninges (mouse model) or cell culture of primary arachnoid and dura ma-
ter cells led to meningioma formation or significant increased cellular proliferation respec-
tively, CPA treatment did not have a significant additional tumorigenic effect. They con-
cluded that CPA (in murine models and cell culture) does not appear to have a tumour-
initiating effect, hypothesising that CPA effects observed clinically may be more closely
related to a modification of cellular architecture. This may link to the possible promotional
effect of progestin treatment on the tumour microenvironment, particularly vascularity
and haemodynamic properties [64] akin to the hypothesis that meningioma growth dur-
ing pregnancy is primarily or partly a haemodynamic phenomenon. Little is known about
the interaction between hormone receptor status and the tumour microenvironment in
meningiomas, nor how CPA and other exogenous/endogenous hormones affect this axis;
an area for future study.

Cystic meningiomas are a rare subtype of meningioma, occurring in 3.5% of menin-
giomas described in a recent series [65]. There is a tendency for cystic meningiomas to be
a higher grade than non-cystic meningiomas [65,66]. The observational studies reviewed
in this article did not specifically assess the association between exogenous sex hormones
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and cystic meningiomas; however, a histopathological series looking at characterisation
of 30 CPA-associated meningiomas found that half of the cohort had microcystic compo-
nents, which is higher than would be expected in a standard series [61]. Further evaluation
of the link between sex hormones and the development of cystic meningiomas would be
of interest in future work.

4.6. Clinical Implications

Key clinical implications include avoidance of CPA and other highly potent proges-
tins in patients with diagnosed meningioma; consideration of alternatives to dMPA in
patients diagnosed with meningioma; avoidance of long-term progestin treatment where
reasonable alternatives exist; initiation of surveillance MRI for patients on CPA and other
highly potent progestins; and introducing individualised counselling where possible
when starting treatment with exogenous sex hormones to clearly establish clinical history
and presence of risk factors for meningioma to enable optimal choice of drug and formu-
lation (Table 2).

Table 2. Proposed clinical considerations emerging from the review regarding different classes of

exogenous hormones in the clinical setting.

Type of Exogenous Estimated Risk of Meningi- Clinical Recommendation Ev1de-nce
Hormonal Therapy oma Profile
Avoid in known diagnosis of meningioma
CPA Significant Screening by MRI in patients on long-term CPA Strong
treatment
Low f’;lbs.(ﬂute r%sk bu.t Y Individualised counselling and risk stratification
be significant in patients . . . . . C :
dMPA . . . . Consider alternatives in patients with existing men- Emerging
with other meningioma risk . )
ingioma risk factors
factors
Low absolute risk but de-  Individualised counselling and risk stratification
Desogestrel tectable over long duration Consider whether long-term use is essential, particu- Emerging
of use larly in higher risk groups
Risk uncl t this time;
MHT 8 1.mc ear at tus Hme; No specific guidance possible at this point Weak
likely to be low
ly defi 1 Ri 1 his time;
Broadly de n.ed o isk nneear attis fime; No specific guidance possible at this point Weak
contraceptives likely to be low

5. Conclusions and Future Directions

In conclusion, the involvement of sex hormones in meningioma pathophysiology is
an important area for future research, both to better understand the biological basis of the
interaction but also to create clear guidelines for use of exogenous hormones in patients
with other risk factors for meningioma or with an existing diagnosis of meningioma. This
is likely to include further focused studies in specific patient groups with clearly defined
doses and durations of exogenous hormones and with accompanying radiological and
tissue diagnostic studies which incorporate relevant histological and genetic data, includ-
ing Ki67, tumour grade, presence of key driver mutations and methylation status. Trans-
lational research also has the potential to shed light on other aspects of meningioma biol-
ogy, for example, exploring factors underlying the predilection for the anterior skull base
location amongst high-dose progestin-associated meningiomas and better understanding
the role of sex hormone expression in meningioma formation and proliferation.
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