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Abstract

Purpose Meningiomas are the most common intracranial tumors, accounting for 20-30% of central nervous system tumors.
Recently, the European Medicines Agency issued an alert on cyproterone acetate (CPA) based on the results of a study that
found an increased risk of meningioma 7 to 20 times higher when a patient is on CPA.

The primary objective of this study was to determine the prevalence of CPA exposure in patients who had one or more intrac-
ranial meningiomas treated surgically or with radiation therapy. The secondary objectives were to establish a description of
the patients who had intracranial meningioma in Nantes and to establish whether there was a difference in the intrinsic and
tumoral characteristics of patients exposed to CPA compared with patients who had no hormonal exposure and patients who
had been exposed to other hormones.

Methods Monocentric, retrospective study including all patients treated by surgery or radiotherapy for intracranial men-
ingioma from 2014 to 2017 excluding those with a history of exposure to ionizing radiation or neurofibromatosis type 2.
Results 388 patients were included, 277 were treated by surgery and 111 by radiotherapy. 3.9% of the patients had a history
or current use of CPA, 16.2% were taking other hormonal treatment. Compared with the group without hormonal exposure,
the CPA-exposed group had significantly an earlier onset of meningiomas at 48.9 vs. 61.9 years (p=0.0005) and had more
multiple meningiomas, 26.7% vs. 6.1% (p=0.0115).

Conclusions In our study, patients with a history or current use of CPA had significantly more meningiomas and were sig-
nificantly younger at the onset.

Keywords Meningioma - Cyproterone acetate - Progestative - Hirsutism - Polycystic ovary syndrome

Introduction

Meningiomas are intracranial, extra-parenchymal tumors
developed from non-neuroepithelial cells: arachnoid
cells [1]. They are the most common intracranial tumors
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(20-30%) [2-4].

Most meningiomas are benign, developing slowly with
a long asymptomatic period. They may be revealed inci-
dentally by brain imaging or neurological symptoms such
as a seizure, focal sensory-motor deficit or headache [5].

Currently, two risk factors for meningioma have been
identified: exposure to ionizing radiation, whether thera-
peutic [6] or accidental [7], and certain genetic predispo-
sition syndromes such as neurofibromatosis type 2 (NF2)

[8].
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The prevalence of meningiomas varies from 50.4 to
70/100,000 and the incidence in women is two to three
times higher than in men [9]. Given this female predomi-
nance and the discovery of the expression of progester-
one receptors by meningiomas as early as 1993 [10], the
influence of exposure to hormonal treatments, particularly
cyproterone acetate (CPA), has been investigated.

CPA is an anti-androgenic drug derived from hydroxy-
progesterone with a relative progestational activity of 1200
[11]. This drug is not approved in the United States by the
Food and Drug Administration (FDA) but is widely pre-
scribed in other countries. In France, its marketing author-
ization (MA) limits its indication to severe idiopathic hir-
sutism and polycystic ovary syndrome (PCOS) at a dose of
50 mg/day, as well as for palliative treatment of prostatic
adenocarcinoma or in the psychiatric population for sexu-
ally inappropriate behavior at a dose of 100 to 300 mg/day.
However, it is frequently prescribed outside the MA for
contraceptive purposes or as a treatment for acne.

Early studies provided conflicting conclusions regard-
ing oral contraceptive exposure on the risk of meningi-
omas [12-14]. In 2007, Gazzeri et al. reported the case of
a 28-year-old transgender (male-to-female) patient treated
with CPA for 5 years who developed a giant grade 1 menin-
gothelial meningioma of the olfactory-groove [15], an
observation later confirmed in a series of 12 patients [16].
Finally, a 2011 retrospective cohort showed an increased risk
of meningiomas in patients exposed to high-dose CPA [17].

Recently, the European Medicines Agency (EMA)
issued an alert on CPA based on the results of a cohort
study from 2006 to 2015 that reported an increased risk of
meningioma by 7 times after a 6-month exposure to CPA
and by 20 times if the cumulative dose exceeded 60 g.

Given this context and the knowledge that CPA prescrip-
tion in France is particularly frequent (89,000 women had at
least one prescription in 2017), we investigated the potential
relationships between CPA exposure and meningiomas.

Methods
Objectives

This was a monocentric, epidemiological, retrospective
study conducted at the Nantes University Hospital (CHU
Nantes) and the ICO-René Gauducheau Cancer Center. Data
were collected from medical records.

The main objective of this study was to determine the
prevalence of CPA exposure in patients with one or more
intracranial meningiomas treated surgically or by radiother-
apy. The secondary objectives were to establish a description
of patients with intracranial meningiomas and to determine
whether there was a difference in patient characteristics and
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tumor characteristics of patients exposed to CPA compared
with patients who had no hormonal exposure and patients
who had been exposed to other hormones.

Patients

Patients eligible for inclusion were all those treated surgi-
cally for intracranial meningioma with anatomopathologi-
cal confirmation at the Nantes University Hospital and all
patients treated by conformal radiotherapy for meningioma
at the ICO-René Gauducheau Cancer Center between Janu-
ary 1, 2014 and December 31, 2017.

Exclusion criteria were extracranial meningiomas and
previously known risk factors for meningiomas: mutation
in the NF2 gene and prior exposure (either accidental or
therapeutic) to ionizing radiation.

Data collected

The local ethics committee (GNEDS: Groupe Nantais
d’Ethique dans le Domaine de la Santé) approved the collec-
tion and use of this data (approval on November 12, 2018).

From medical reports of anesthesia, neurosurgery and/
or radiotherapy consultations, we collected the following
data: age at diagnosis, sex (male, female, transgender), body
mass index (BMI), circumstance of tumor discovery: inci-
dental or symptomatic, number of meningiomas, evolution
after the first treatment, type of radiotherapy (fractionated
or radiosurgery), cumulative dose and number of sessions.
For women, we also recorded: history of polycystic ovarian
syndrome (PCOS), breast cancer, number of pregnancies,
current or past use of CPA, tamoxifen, oral contraception,
clomiphene or hormone replacement therapy for meno-
pause. For men, we noted: history of breast cancer, prostate
cancer, current or past use of CPA or androgen hormone
replacement.

From the radiology reports, we collected the location of
the tumor (supra or infratentorial) and the size. If the size
was not described, we measured the lesion in its longest
axis on preoperative or pre-radiotherapy CT scan or nuclear
magnetic resonance imaging (MRI).

We evaluated the Simpson score from the neurosurgery
report [18].

We collected tumor characteristics from the anatomo-
pathological reports: WHO grade and the presence of hor-
mone receptors (testosterone, progesterone, estradiol).

Statistical analysis
Numerical data were assembled and then analyzed with

Microsoft Excel 2019 v.16.26. Statistical analyses were per-
formed with GraphPad Prism 7 v7.0a software.
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Gender, history of hormonal treatment, SPOK, breast
cancer, incidental or symptomatic finding, WHO grade,
Simpson’s score, presence of hormone receptors, type of
conformational radiotherapy, tumor multiplicity and evo-
lution were categorical variables. Age on diagnosis, BMI,
number of pregnancies, tumor size, number of tumors,
cumulative dose of conformal radiotherapy and number of
sessions were continuous variables.

Results are presented as a mean with standard deviation
or median for continuous variables and as a percentage for
categorical variables.

The Mann-Whitney or Kruskal-Wallis tests were per-
formed to compare the continuous variables. We performed
the exact Fisher or Chi-square test for categorical data.

The significance threshold was set at 0.05.

Results
Patients included

From a review of 469 records, we included 388 patients: 277
treated surgically and 111 treated with radiation therapy. 81
were not included because: 13 patients had previous radia-
tion therapy, 1 patient had NF2, 25 patients had spinal men-
ingiomas, 17 patients had no meningioma, 15 were dupli-
cates and we did not include 10 patients due to lack of data.

The main characteristics are detailed in Table 1. There
were 292 women (75.3%) and 96 men (24.7%). Mean
age on diagnosis was 60.7+13.1 years. Mean BMI was
26.3 +5.6 kg/m>. The average number of pregnancies per
woman was 2.41 + 1.7. Diagnosis was symptomatic in 88.4%
of the cases and the location was supratentorial in 86.6%
of the cases. Mean tumor size was 3.85 cm =+ 1.66 cm in its
longest axis. There were 6.8% of the patients with 2 or more
meningiomas.

Among the patients treated surgically, the WHO grade
was | for 81.8% and it was higher in 18.2% of the patients
(Grades II and III). There were 89.5% of the patients with a
Simpson score < 3, it was >3 in 10.5% of the cases (Simpson
3, 4, 5). For 73 patients, progesterone receptor expression
was determined and was reported positive in 89% of the
cases.

Among the patients treated by radiotherapy, 94 were
treated by fractionated radiotherapy (average cumulative
dose 53.2+4.5 Gy) and 17 by radiosurgery. There were 27%
of the patients operated before radiotherapy.

Of the 388 patients, 79.9% (310 patients) had no his-
tory of hormonal treatment. There were 78 patients (21.1%)
with a history of hormonal exposure. Among them, the
prevalence of current or past exposure to CPA was 3.9% (15
patients) and 16.2% (63 patients) were exposed to other hor-
monal treatment. Other hormonal treatment included: oral

Table 1 Characteristics of patients included in the study, values
expressed as means with standard deviations or as an absolute value
with percentage of the population

Characteristics Value Number

Age on diagnosis (y; mean and range) 60.7 (17-96) 388

Sex ratio (F/M) 292/96 -
Symptomatic discovery 343 (88.4%) -
Number of pregnancies 242
0 34 (14.0%) -
1to3 165 (68.2%) -
>3 43 (17.8%) -
Multiple pregnancies 4 (1.8%) -
BMI (kg/m?) 26.3+5.6 382
<185 11 (2.9%) -
18.5-25 147 (38.5%) -
>25 224 (58.6%) -
Location (supra/infra) 336/52 -
Multiple meningiomas (2 or more) 25 (6.4%) 388
Longest diameter of tumor (cm) 44+5 303
<lcm 6 (1.9%) -
1to3 cm 82 (27.1%) -
3to6cm 167 (55.1%) -
6to 9 cm 43 (14.2%) -
>9cm 5(1.7%) -
Simpson score 276
1 99 (35.9%) -
2 148 (53.6%) -
3 13 (4.7%) -

4 16 (5.8%) -
WHO grade 275
I 225 (81.8%) -
11 48 (17.5%) -
111 2 (0.7%) -

Progesterone receptor expression 65 (85.5%) 73

contraception for 30 patients (7.7%), hormone replacement
therapy for menopause for 21 patients (5.4%), tamoxifen
for 6 patients (1.5%), clomiphene for 4 patients (1%), and
androgen replacement therapy for 2 patients (0.5%). Of these
patients, 7 patients (1,8%) were exposed to nomegestrol
acetate (NOMAC) and 2 patients (0,2%) to chlormadinone
acetate (CMA). Therefore, 24 patients (6,2%) were exposed
to synthetic progestogen (SP=CPA + NOMAC + CMA).
The main characteristics of these patients are detailed in
Supplementary Table 1.

Patients exposed to CPA
The main characteristics of the 15 patients exposed to CPA

are detailed in Table 2. 13 patients were managed in emer-
gency for neurological symptoms, 14 were surgically treated

@ Springer
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(1 by radiosurgery), 26.7% of the patients had multiple men-
ingiomas, 1 patient had 7 meningiomas (Fig. 1), and another
had 4 meningiomas. The evolution after treatment was avail-
able for the 14 operated patients: 8 patients (57.1%) were
cured, 1 patient (7.1%) had a decrease in tumor volume and
5 patients (37.7%) were stabilized after the procedure. After
neurosurgical management or radiation therapy, all patient
under CPA had discontinued it.

The indication for CPA treatment was PCOS for 4
patients, contraceptive for 1 patient, alopecia for 1 patient,
palliative treatment for prostate cancer for 1 patient and
sexual conduct disorders for 1 patient. For the 7 other
patients, the indication wasnot clearly identified. We were
able to determine a cumulative dose of CPA for 6 patients:
325.5+11.7 g over a period of 17.8 + 6.4 years.

452 mm

8,11 mm

Fig. 1 MRI of a patient withpast use of CPA revealing 7 meningiomas

@ Springer

Patients with hormonal exposure

Detailed characteristics of patients with other hormonal
exposure excluding CPA are available in Table 2. There
were 59 treated by surgery and 9 by fractional radiotherapy
with a mean cumulative dose of 52.9 +4.1 Gy. We were
able to determine tumor evolution during the follow-up for
57 patients: 41 patients (71.9%) were cured, stabilization
was obtained for 10 patients (17.5%), reduction of tumor
volume for 3 patients (5.3%) and finally 3 patients (5.3%)
had tumor regrowth.

Detailed characteristics of patients with other hormo-
nal exposure excluding SP are available in Supplementary
Table 1.

Patients without regained hormonal exposure

Their characteristics are also detailed in Table 2. There
were 210 patients treated surgically, 100 by radiotherapy,
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including 16 by radiosurgery. For the 84 patients treated
by fractional radiotherapy, the mean cumulative dose was
53.3+4.6 Gy. We were able to determine tumor evolution
during the follow-up for 273 patients: 180 patients (65.9%)
were cured, stabilization was obtained for 61 patients
(22.3%), a reduction in tumor volume for 17 patients (6.2%)
and finally 15 patients (5.5%) had tumor regrowth.

Comparison of patient characteristics (Table 2)

Compared with the unexposed group, patients who were
exposed to CPA had meningiomas at a significantly younger
age (p=0.0005) but also had more multiple meningiomas
(p=0.0115). Other characteristics were not significantly
different.

When comparing the CPA-exposed group with the group
of patients who had been exposed to other hormones CPA,
the results were similar regarding the multiplicity of men-
ingiomas (p=0.0111), age at onset of the tumor (p=0.015)
and sex ratio (p=0.0463).

We compared patients who were exposed to CPA with
all other patients. We found similar results with a signifi-
cant difference in terms of multiplicity of meningiomas
(p=0.0113) as well as younger age at onset (p=0.0008).

When comparing the SP-exposed group to the unexposed
group (Supplementary Table 1), the group of patients who
had been exposed to other hormones excluding SP and with
all other patients, the results were similar to the CPA com-
parison excepted for the sex ratio when comparing the SP-
exposed group to the other hormones group (p=0.1164).

Discussion

This study is the first to establish the prevalence of hormone
therapy, in particular CPA, in a comprehensive, monocentric
cohort of patients treated for one or more meningiomas. This
prevalence was 3.9% for CPA and 16.2% for other hormonal
treatment.

Since numerous publications have reported cases of
meningiomas in patients treated with CPA since 2007 [15,
19-23], our practitioners therefore systematically questioned
patients about their current or past use of one or more hor-
monal treatments.

Our results are consistent with the literature, finding
26.7% of multiple meningiomas on CPA versus 5.6% in
patients not exposed to CPA. We observed that a majority
of meningiomas occurring under CPA were located at the
anterior level of the base of the skull (75%), in accordance
with the literature [24, 25]. The embryology of meninges
differs between convexity (neural crests) and the base of
the skull (mesoderm) [26]. Thus, we could consider an
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increased susceptibility of the meninges of the base of
the skull to progestative. Moreover, a specific mutational
landscape would dominate in this location of basal men-
ingiomas: 49% of mutations in the NF2 gene, 24% in the
AKT1/TRAF7, KLF4/TRAF7, SMO, PIK3CA, or POLR4
genes, and 47% without any mutation [24, 26]. In 35% of the
cases, two particular mutations acting synergistically with
the SMO mutation in anterior stage meningiomas appear to
increase meningeal sensitivity to progesterone analogues:
PIK3CA and TRAF7 (mutually exclusive). The common
denominator of the latter two may be the altered activity
of prostaglandin-D2-synthase (PGDS), which is specific to
meningiomatous progenitors [27].

The preferential location and different meningeal hor-
mone sensitivity therefore raise the hypothesis of the exist-
ence of two types of meningiomas regardless of their size:

— Neo-meningiomas under CPA more readily at the base
of the skull.

— Pre-existing meningiomas growing under CPA treatment
at the convexity.

Regression or stabilization of meningiomas after CPA
discontinuation has been reported by several teams [16, 17,
19, 28]. In the present study, a female patient with 4 men-
ingiomas under CPA on diagnosis stopped treatment after
surgery for the largest, symptomatic meningioma leading
to a stabilization of the 3 others. This phenomenon is one
more argument in favor of the relationship between CPA
and meningiomas. Kalamarides et al. observed a decrease
in spontaneous vascularization observed on MRI after dis-
continuation of CPA. An analogy between CPA, luteal phase
and pregnancy through hemodynamic changes could there-
fore explain that the cessation of CPA may influence the
regression in size of meningiomas. These changes oppose
the hypothesis of accelerated cell growth in other hormone-
dependent tumors in which progesterone has a mitogenic
role (breast cancer) [29].

Owing to the inclusion of only treated meningiomas,
symptomatic meningiomas are overrepresented (88.4%)
versus the usual 70% of diagnosed meningiomas [30]. No
studies have demonstrated a mitogenic effect of CPA on
arachnoid cells. Our results also show no difference in size
(p=0.6718). As a result, the hypothesis that we favor is an
increase in volume growth Kinetics leading to symptomatol-
ogy by angiogenic effect rather than by mitogenicity.

In addition to CPA, we studied hormonal exposures such
as menopausal hormone replacement therapy, tamoxifen,
clomiphene, oral contraceptive and androgen substitution.
We found no difference in either the size or number of men-
ingiomas compared with other patients. Studies concerning
other hormonal treatment are contradictory with neutral,
promoting or even protective effect concerning menopausal
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hormone replacement therapy [12—14, 31-34], oral contra-
ceptives or medically-assisted reproduction treatment [35].
Establishing a link between hormone treatment (excluding
CPA) and the risk of meningiomas therefore remains dif-
ficult. Recently, a case series of meningiomas in patients
treated with another hormonal therapy has come to our
attention: Passeri et al. found three cases of meningiomas
in patients treated with NOMAC with tumor reduction fol-
lowing discontinuation of treatment [25]. NOMAC shares
several biological effects with CPA as an anti-androgenic
and progestative agonist. In addition, authors are currently
interested in another progesterone analogue, CMA and its
potential association with meningiomas [36, 37].

These observations reinforce the idea that meningiomas
and their growth are not only related to a specific effect of
CPA but to a specific effect mediated by the progesterone
receptor. There is therefore a need for larger studies on the
specific link between progesterone analogues and meningi-
omas. In our study, 7 patients were exposed to NOMAC, 6
were treated surgically, 1 were treated with radiotherapy, and
only 1 had multiple meningiomas (3 meningiomas), and 2
patients were exposed to CMA, 1 was treated surgically and
1 by radiotherapy. None had multiple meningioma.

The main limitation of our study is its retrospective
design. We were unable to collect data on untreated men-
ingiomas under active surveillance owing to the lack of a
follow-up registry. Nevertheless, as a University Hospital,
we were comprehensive about the population pool of our
region and exposure to hormone therapy was systematically
collected in the records because practitioners were well
aware of this debate.

In conclusion, the iatrogeny potentially engendered by
CPA is a major public health issue. Recommendations for
good practice have been issued concerning the use of CPA.
We are convinced that this broad information will strongly
decrease the prescription of CPA in the coming years and
thus the prevalence of meningiomas under CPA. Apart from
its MA, the prescription of CPA is prohibited.

Consideration of the impact of CPA should also be
nuanced depending on the doses received by the patient
since the threshold for a significant increase in the risk of
developing a meningioma has been set at 60 g in cumulative
dose or 6 months at a high dose [38].

Research on this subject will have to be proportional since
the number of meningiomas diagnosed in the context of CPA
will tend to decrease significantly. Our present data suggest
that research on this subject should more broadly concern
all synthetic progestogen, especially NOMAC and CMA.
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