N

N

Meningioma in patients exposed to progestin drugs:
results from a real-life screening program
Thomas Samoyeau, Corentin Provost, Alexandre Roux, Laurence Legrand,
Edouard Dezamis, Genevieve Plu-Bureau, Johan Pallud, Catherine

Oppenheim, Joseph Benzakoun

» To cite this version:

Thomas Samoyeau, Corentin Provost, Alexandre Roux, Laurence Legrand, Edouard Dezamis, et al..
Meningioma in patients exposed to progestin drugs: results from a real-life screening program. Journal
of Neuro-Oncology, 2022, 160 (1), pp.127 - 136. 10.1007/s11060-022-04124-2 . inserm-03854767

HAL Id: inserm-03854767
https://inserm.hal.science/inserm-03854767

Submitted on 16 Nov 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inserm.hal.science/inserm-03854767
https://hal.archives-ouvertes.fr

Meningioma in patients exposed to progestin drugs: results from a real-life screening
program

Submitted to Journal of Neuro-Oncology, received: 4 August 2022 / accepted: 26 August 2022
https://doi.org/10.1007/s11060-022-04124-2

Thomas Samoyeau'>? ¢ Corentin Provost'?3  Alexandre Roux!?* ¢ Laurence Legrand!? ¢
Edouard Dezamis!?* « Geneviéve Plu-Bureau?>°  Johan Pallud!?>* « Catherine Oppenheim!->3"
Joseph Benzakoun'>*

1. Institut de Psychiatrie et Neurosciences de Paris (IPNP), INSERM U 1266, IMA-BRAIN,
Paris, France

2. Université de Paris, Paris, France

3. Service de Neuroradiologie, GHU Paris Psychiatrie et Neurosciences,; Hopital Sainte-Anne,
Paris, France

4. Service de Neurochirurgie, GHU Paris Psychiatrie et Neurosciences, Hopital Sainte-Anne,
Paris, France.

5. Unité de gynécologie endocrinienne, Hopital Cochin-Port-Royal, 123 boulevard Port-
Royal, Paris, France

6. Obstetrical Perinatal and Pediatric Epidemiology Research Team, EPOP¢, Centre for
Epidemiology and Statistics Sorbonne Paris Cité (CRESS), INSERM U1153, Paris, France.

* These authors contributed equally to the study

Corresponding author: Joseph Benzakoun, MD PhD, Imaging Department, Sainte-Anne
Hospital, 1 rue Cabanis, 75014 Paris, France.

Email: j.benzakoun@ghu-parisitr

Phone: +33-145658242

ORCID

- Thomas Samoyeau (MD): 0000-0002-7259-7876

- Corentin Provost (MD): 0000-0002-0200-4027

- Alexandre Roux (MD-PhD): 0000-0002-9597-673X

< Laurence Legrand (MD): 0000-0003-3951-7405

- ' @Genevieve Plu-Bureau (MD-PhD): 0000-0002-1020-8142

- Johan Pallud (MD-PhD): 0000-0002-1652-9844

- Catherine Oppenheim (MD-PhD): 0000-0003-3410-0862

- Joseph Benzakoun (MD-PhD): 0000-0002-0733-0104
Acknowledgment: M. Thomas Boulliung (Paris, France) kindly provided statistical advice for
this manuscript.

Keywords: Cyproterone acetate * Chlormadinone acetate « Nomegestrol acetate « Meningioma °
Mass screening



Abstract

Purpose: To report the results of systematic meningioma screening program implemented by
French authorities in patients exposed to progestin therapies (cyproterone (CPA), nomegestrol
(NA), and chlormadinone (CMA) acetate).

Methods: We conducted a prospective monocentric study on patients who, between September
2018 and April 2021, underwent standardized MRI (injection of gadolinium, then a'T2 axial
FLAIR and a 3D-T1 gradient-echo sequence) for meningioma screening.

Results: Of the 210 included patients, 15 (7.1%) had at least one meningioma; seven (7/15, 47%)
had multiple meningiomas. Meningiomas were more frequent in older patients and after exposure
to CPA (13/103, 13%) compared to NA (1/22, 4%) or CMA (1/85, 1%; P=0.005). After CPA
exposure, meningiomas were associated with longer treatment duration (median=20 vs 7
years, P=0.001) and higher cumulative dose. (median=91 g vs. 62 g, P=0.014). Similarly, their
multiplicity was associated with higher dose of CPA (median=244 g vs 61 g, P=0.027). Most
meningiomas were <1 c¢cm® (44/58,:76%) and were convexity meningiomas (36/58, 62%). At
diagnosis, patients were non-symptomatic, and all were managed conservatively. Among 14
patients with meningioma who stopped progestin exposure, meningioma burden decreased in 11
(79%) cases with-no case of progression during MR follow-up.

Conclusion: Systematic MR screening in progestin-exposed patients uncovers small and multiple
meningiomas, which can be managed conservatively, decreasing in size after progestin
discontinuation. The high rate of meningiomas after CPA exposure reinforces the need for
systematic screening. For NA and CMA, further studies are needed to identify patients most likely

to benefit from screening.



Introduction

Meningiomas are the most common primary tumors of the central nervous system[1]. Risk factors
for meningioma include age, female sex, personal history of cranial radiation, family history of
meningiomas, and type II neurofibromatosis[2]. The relationship between meningiomas and sex
hormones is supported by female predominance, tumor enlargement during pregnancy.and
shrinkage after delivery, associations with breast cancer[3], and the expression<of progesterone-
receptors in two thirds of meningiomas[4].

Progestins are synthetic drugs with antiandrogenic and progesterone-like activity. They
include cyproterone acetate (CPA), chlormadinone acetate (CMA) and nomegestrol acetate (NA).
CPA is at the same time a strong antagonist for androgen and an agonist for progesterone receptor
(1000 times the potency of native progesterone)[5]. CMA then NA, with both weaker anti-
androgenic and progestin properties, were marketed later[5, 6]. Those are used in various
indications, mostly against major female hirsutism[5] (CPA), endometriosis, menopausal
disorder[7] (CMA, NA), and hyperandrogenic symptoms of polycystic ovary syndrome[8] (CPA).
Progestin use has long been suspected to promote meningioma formation and growth[9-24].
Tumor volume reduction after progestin withdrawal has also been reported for CMA[10], CPA[11,
19, 20, 25, 26],-and NA[27, 28], suggesting that progestin discontinuation and conservative
management could be the first-line strategy for progestin-related meningiomas[29]. Several
epidemiological studies highlighted a high risk of developing a meningioma needing an invasive
treatment. This risk was higher risk for CPA than CMA and NA, was dose-dependent, and a
decreased after progestin discontinuation[30, 31]. Recently, a meta-analysis confirmed the
association between CPA and meningioma and validated the imaging-requirement before

undergoing CPA-treatment[32]. These studies led to French recommendations of systematic MR



screening in patients exposed to progestin[33]: from September 2018 for CPA, and June 2020 for
CMA and NA[34].

This national systematic screening as well as the information given to clinicians and patients
resulted in a sudden increase of MRI examinations in asymptomatic patients. However, these
screened patients were not targeted in previous studies that investigated mainly symptomatic, often
surgically-treated meningiomas. Therefore, the percentage of asymptomatic meningiomas in the
screened population and their type of management, as well as the possibility to detect other brain
lesions (incidental or associated to progestin) is still uncertain. Hence, our aim s to report the yield
of the real-life screening of meningioma in such population, in particular their prevalence, MRI

characteristics and the care they received in our neurosurgical center.

Methods

Study design and population

We conducted a prospective monecentric cohort study including consecutive progestin-exposed
patients referred between September 2018 and April 2021 for MRI screening for meningioma.
During this period, through a dedicated e-mail address, we implemented a fast-track MRI
procedure coupled with neurosurgeon expertise whenever a meningioma or other incidental lesion
was uncovered. Patients’ associations, ambulatory practitioners, and hospital departments were
informed of the procedure. All individual patients received an online form collecting clinical and
hormonal history, and written informed consent to participate in the study was obtained. Inclusion
criteria were: age >18 years, a history of progestin drug therapy (i.e. CPA, CMA, or NA), a brain
MRI scheduled as part of systematic screening, and written informed consent. Exclusion criteria

were: refusal to participate in the study, previous diagnosis of meningioma, contraindication of



gadolinium use and/or MRI, MRI referral before treatment initiation, exposure to low dose of CPA
(2 mg/day) associated with estrogens, not targeted by the systematic screening.

Clinical data

We collected the following data: type of progestin used, hormonal drug history, indication for
treatment, date of initiation and treatment duration, rate and dose of intake, and, where appropriate,
date of treatment discontinuation. The cumulative progestin dose was calculated by multiplying
the dose, the rate of medication, and the duration of exposure. In the case of multiple progestin
exposure, patients were grouped based on the most recent treatment. Incidence by person-year was
obtained by dividing the number of meningiomas by the product of the total exposure duration and
the number of patients exposed to progestin. We also collected other known risk factors of
meningioma (personal history of cranial irradiation; type II' neurofibromatosis, pregnancy, and
family history of meningioma). Although theoretically asymptomatic, patients were invited to
report on recent (<12 months) clinical‘complaints, such as headaches, nausea, epileptic seizures,

and visual impairment.

Screening MRI

Brain MRI was performed on a 1.5 Tesla (Explorer, General Electric Healthcare) or a 3 Tesla (MR
750, General Electric Healthcare) with a standardized protocol: injection of 0.2 mL/kg of
Dotarem® (gadoteric acid, Guerbet) 5 minutes before an axial T2 fluid-attenuated inversion
recovery (FLAIR) sequence and a 3D Tl-weighted gradient-echo sequence (= 6 min total
acquisition time) (see Supplementary Table 1). MR images were analyzed in consensus by two
radiologists (with respectively 5 years and 1 year of experience), who searched for meningiomas

and incidental findings.



Meningioma was defined as a well-circumscribed extra-axial and dural-based mass, with
strong and homogeneous enhancement after contrast injection[35], confirmed in consensus by both
readers. The following imaging characteristics were collected: number of meningiomas, location,
volume, venous sinus obstruction, enhancement, severe mass effect (i.e. leading to obstructive
hydrocephalus or brain herniation), brain edema, bone reaction, and extracranial extension.

Volumes were calculated on 3D T1-weighted enhanced sequence. Using a threshold-based
semi-automated segmentation in Vue PACS (Philips Healthcare), we obtained a Volume Of
Interest (VOI) surrounding the tumors and manually corrected it whenever necessary. Volume was
automatically computed by summing the individual volume of each voxel in the VOI. For each

patient, tumor burden was computed by summing the volume of each meningioma.

Patient management and MRI follow-up

Patients diagnosed with meningioma ot incidental findings were referred to a senior neurosurgeon
(14 years of experience). Whenever feasible, progestin was discontinued by the referring clinician.
In the case of conservative management, a follow-up MRI was scheduled every six months for one
year and yearly thereafter. Volumetric analysis was repeated on each follow-up MRI. A >15%

change in tumor volume or tumor burden was considered meaningful, as proposed by others[36].

Statistical analyses

Contingency tables were analyzed using Fisher’s exact test. Continuous variables (age, treatment
duration, and cumulative CPA dose were compared with Mann-Whitney U test. Data were
expressed as median and interquartile range (IQR). Meningioma characteristics were expressed
with mean + standard deviation (SD), for comparison with previous studies. Correlation between

tumor burden, cumulative dose and CPA exposure duration was evaluated using Spearman



correlation coefficient (Rho). The significance threshold used was P=0.05. Statistical analyses

were performed using Python 3.6.5.

Results

Population and prevalence of meningioma

Among 243 patients referred during the study period, 210 fulfilled the inclusion criteria (Fig. 1).
Clinical characteristics at baseline are summarized in Table 1. Most patients (n=114, 54%) were
referred by gynecologists. There were 209 women and one transgender male-to-female. The
median (IQR) age was 38 (30-46) years. No patient had a history of cranial radiation or type II
neurofibromatosis. Fifteen (7.1%) of the 210 patients had at least one meningioma, with multiple
meningiomas in seven (47%) patients. As shown in Table 1, patients with meningioma were
significantly older than those without but did not significantly differ in number of pregnancies,
family history of meningioma, indication for progestin therapy, or clinical complaints. None of the

meningiomas was considered symptomatic.

243 patients referred
to our center

33 patients excluded
16 received low-dose of CPA (2 mg of CPA)
9 had pre-existing diagnosis of brain meningioma
5 refused to participate in our study
2 were less than 18 years old
1 had missing clinical data

210 patients included

Fig. 1 Patient inclusion flow chart



No meningioma Meningioma Povalue
195 patients 15 patients

Female, n (%) 194 (99.5) 15 (100) 1

Age, median (IQR) 38 (29-46) 47 (45-52) 0.003

Last progestin drug intake, n (%)*

CPA (n=103) 90 (87) 13 (13)
CMA (n=85) 84 (99) 1(1) 0.005
NA (n=22) 21 (95) 1(5)

Family history of meningioma, n (%) 10 (5) 0 -

Previous pregnancy?®, n (%) 49 (25) 3(21) 1

Referring physician, n (%)

Gynecologist 102 (52) 12 (80) 0.057
General practitioner 25 (13) 1(7) 0.700
Endocrinologist 22 (11) 2/(13) 0.683
Dermatologist 3(1) 0 -
Psychiatrist 3(1) 0 -
Other 3(2) 0 -
Not available 37 (18) 0 -

Indication for progestin drug, n (%)

Contraception/anti-gonadotropin 88 .(45) 427) 0.188
therapy

Endometriosis 52 (27) 5(33) 0.557
Hirsutism 38 (19) 3(20) 1
Polycystic ovarian syndrome 37 (19) 4 (27) 0.500
Acne 36 (18) 4 (27) 0.493
Alopecia 9(5) 0 -
Trans-gender hormone therapy 1 (1) 0 -
Other (mastodynia, Severe

dysmenorrhea,  ovarian = cyst, 14 (7) 0 -
fibromas, menorrhagia)

Clinical symptoms, n (%) 69 (35) 6 (40) 0.782
Unusual headache 45 (23) 2 (13) 0.529
Morning nausea 22 (11) 3(20) 0.397
Neurological complaints

Visual complaints 31 (15) 2 (13) 1
Dizziness 6(3) 1(7) 0.409
Paresthesia 3(1) 0 -
Hearing loss 2(1) 0 -
Other (e.g. asthenia, drop in 7 (4) 1(7) i

libido, mild cognitive impairment)

Table 1: Characteristics of the population

IOR, interquartile range; CPA, cyproterone acetate; CMA, chlormadinone acetate; NA,
nomegestrol acetate. *For this line, percentages are calculated depending on the last progestin

drug intake. SFor this analysis, one transgender male-to-female was excluded.



Treatment associated with meningioma occurrence

As shown in Table 1, the occurrence of at least one meningioma was significantly more frequent
in the CPA group (13/103, 13%) than in the NA (1/22, 4%) and CMA (1/85, 1%) groups (P=0.014).
Detailed drug history is available in Supplementary Table 2. The incidence of meningioma was
13.2 per 100 000 person-years in the CPA group (not computed for NA and CMA groups due to a
single case of meningioma in each group).

In the CPA group, patients with at least one meningioma had a longer treatment duration
(median: 20 (8-24) years vs. 7 (3-12) years, P=0.001) and received a greater cumulative dose of
CPA (91 g (61-244) vs. 62 g (37-97), P=0.014) than patients without meningioma (Fig. 2). Among
the 13 patients with meningioma in the CPA group, the six patients with multiple meningiomas
received a greater cumulative dose of CPA than those with a single meningioma (244 g (192-286)
vs. 61 g (49-88), P=0.027). A greater cumulative dose and a longer treatment duration were

observed in the single patient with meningioma in each of the CMA and NA groups.
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Fig. 2 Relationship between treatment exposure and meningioma occurrence
Results are expressed as median (IQR). No statistical analysis was performed in the
Chlormadinone acetate and Nomegestrol acetate groups, a single case of meningioma having

occurred in each group

Imaging characteristics of meningioma at MR screening

Detailed and illustrative cases are provided in Fig. 3 and Supplementary Table 3. Among the 15
patients with meningioma, there was a mean of 3.9+5.0 tumors per patient, with a maximum of 17.
The mean tumor burden was 2.66+4.39 cm®. Among the 13 meningioma cases exposed to CPA,
tumor burden was not significantly correlated to cumulative dose (Rho=0.38, P=0.20) nor to CPA
exposure duration (Rho=0.49, P=0.09). At diagnosis, meningiomas were in most cases <l c¢m?
(44/58, 76%) and they had a mean volume of 0.68+0.83 cm? (range 0.01-3.66). Apart from one

meningioma located in the cerebellopontine angle, all were supratentorial: 36 (62%) on the
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convexity, 12 (21%) on the middle skull base, and 9 (16%) on the anterior skull base; 13 (22%)
were in contact with dural sinuses without venous obstruction. All meningiomas homogeneously
enhanced after contrast injection and none was responsible for brain edema or severe mass effect.
Fifteen (26%) were associated with skull hyperostosis. An extracranial extension through the skull

base (Fig. 2f) and a sheet-like appearance (“en plaque” meningioma) (Fig. 2g) were observed, each

in one case (2%).

Fig. 3 MR imaging of illustrative cases in patients exposed to progestin drugs
All images are 3D T1-weighted after contrast injection
(a, b) Multiple meningiomas in a 58-year-old woman (Case 6)
(c) Small focal dural thickening in a 23-year-old woman (Case 3)
(d) Left pontocerebellar meningioma in a 48-year-old woman, who had a with normal MRI (e) 4
vears before study inclusion (Case 10)
(f) Left cavernous sinus meningioma with extracranial extension following the left trigeminal nerve
in a 54-year-old woman (Case 8)

(g) “En plaque” meningioma in a 46-year-old woman (Case 11)

11



Patient management and MRI follow-up
All meningiomas were considered asymptomatic, even in the six patients with clinical complaints
(Table 1). Consequently, a conservative approach with MRI follow-up was proposed to the 15
patients with meningioma. Of these, seven had discontinued progestin at the time of MRI screening
and seven stopped a few days after screening; in these 14 patients, the median MR follow-up was
18 (10.5-25) months. Tumor burden decreased in 11 (79%) cases (Fig. 4). In the remaining case
(case 9, Table 2), a multidisciplinary team recommended continuing CPA; the 0.15 cm?®
meningioma slightly grew, but remained below the 15% predefined threshold over the 24 months
of follow-up. Overall, no case showed an increase in tumor burden or anew meningioma.

Similar results were observed on the per-meningioma analysis after cessation of progestin
(n=57): 40 (70%) regressed during follow-up, 17 (30%) remained stable, and none progressed. The

mean tumor reduction rate was 0.44+0.64 mm?/day, i.e. 0.16+0.23 cm?/year.
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Case 14 15% tumor burden variation

75% ase TSN Case 8

Tumor burden relative to baseline

50%
Case 11
259 Case 5
Case 4
0%
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Months from baseline

Coronal

Enhanced 3D T1 in Case 15
Sagittal

Fig. 4 Tumor burden Kinetic after screening

Time course of tumor burden relative to baseline volume at screening. Case 12 exposed to CMA
and Case 13% to NA. All other cases were exposed to CPA. Case 9* kept on using CPA and
meningioma increased slightly during follow-up. Among the 14 patients who stopped progestin
drug therapy, 11 presented at least a 15% decrease in tumor burden in their last MRI follow-up
(light gray area). Bottom panel: Illustrative example of a decreasing meningioma at 7, 13 and 25

months after CPA discontinuation (Case 15)
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Incidental findings

Ten patients (4.7%) had incidentalomas that required dedicated care: 4 intracranial aneurisms (one
treated by surgical clipping), 2 pituitary non-secreting microadenomas (both exposed to CPA,
conservative management), a probable diffuse low-grade glioma (exposed to CMA, currently under
MRI follow-up), 2 cavernomas (one exposed to CPA, the other to CMA, conservative
management), and a single case of idiopathic intracranial hypertension (exposed to CMA,

conservative management).

Discussion

In this prospective monocentric study, initiated after the French recommendations of systematic
MRI screening for meningiomas in patients exposed to progestin therapy, 15 patients out of 210
(7.1%) had at least one meningioma. We observed that: 1) meningiomas were more frequent in
patients whose last progestin exposure was to CPA (13%) than in those exposed to NA (5%), or
CMA (1%); 2) In the CPA' group, the occurrence of meningiomas was associated with both
treatment duration and c¢umulative dose, the latter being higher in multiple meningiomas; 3)
meningiomas were typically small and multiple, preferentially located on the convexity, and none
of them were symptomatic; 4) after progestin withdrawal, the meningioma tumor burden decreased
in 79% of patients and remained stable in the others.

This is the first study evaluating the yield of systematic MRI screening for meningioma in
patients exposed to progestin, as per French national recommendations. The incidence rate of
meningiomas in our study (13% under CPA treatment) was much higher than that in the general
population, as incidental meningiomas were found in only 2.3% subjects at autopsy[37] and 1% in

two other large cohorts[38, 39]. The rate we report does not reflect all meningiomas associated
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with CPA, since most symptomatic meningiomas were likely diagnosed before the launching of
systematic MR screening. Our study complements the previous large nationwide cohort study
focusing on high dose CPA-associated meningiomas referred for neurosurgical resection or
radiation[30]. Despite the small size of CMA and NA groups (with a single case of meningioma in
each), the prevalence among CMA (1%) and NA (5%) users is consistent with a lower risk of
meningioma under these drugs than in CPA users, as reported in the large epidemiological cohort
focusing on surgically-treated meningioma[31].

The main strength of this study lies in its "real-life" approach. Indeed, numerous
retrospective cohorts and one meta-analysis already established the link between progestins and
meningioma[30-32]. However, the yield of MR screening proposed by the French authorities was
unknown, especially regarding the expected detection rate, and imaging characteristics of
uncovered meningioma in a pauci/asymptomatic population. Another distinctive point is the
prospective inclusion of patients, that‘ensures no missing MR at screening. Overall, progestin-
associated meningiomas uncovered by systematic MR screening were all asymptomatic, small, and
none of them had mass effect or edema. A salient finding of the systematic screening is the high
rate (47%) of multiple meningiomas in this study as compared to a 1-10% rate in general population
[40, 41]. This confirms the results of previous studies that also found a multiple meningioma rate
as high as 48%][29, 42, 43] in progestin-induced meningioma. The association between multiple
meningiomas and the cumulative dose of CPA is consistent with recent findings in surgical
meningiomas, based on the French nationwide health record database[44]. Taken together, this
reinforces the hypothesis of a critical role of progestin intake in inducing tumoral initiation of
multiple specific meningeal cells in several locations[43]. It also strengthens the view that previous
exposure to progestin should be thoroughly searched for when faced with multiple

meningiomas[24, 43], even if small and asymptomatic. As opposed to the large nationwide cohort
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and previous series of neurosurgically treated CPA-associated meningiomas[30, 44], the most
common location in our series was the convexity and not the skull base. This difference may be
explained by the fact that meningiomas of the convexity remain silent until they become sizeable
whereas skull base meningiomas are more likely to be symptomatic due to the vicinity of cranial
nerves.

After progestin withdrawal, the tumor burden decreased over time in 79% of patients while
it remained stable in the others. Overall, this evolution of tumors is strikingly different from the
natural history of incidental meningiomas without exposure to progestin, which exhibit growth
over time in more than 60% of cases[36, 45] and do not decrease. The absolute growth velocity we
report here per meningioma is, however, 10 times lower than that previously found among
progestin users (mean, 0.44 vs 5.8 mm?/day in [42]). This apparent discrepancy may be explained
by the much smaller size of meningioma in ourseries.

Another strength of this study is that all patients underwent a 6-minute standardized
protocol at screening and during MR follow-up. Gadolinium administration in the preparation room
optimizes patient workflow and inereases the sensitivity of the T2-FLAIR sequence for the
detection of extra-axial leésions. Due to concerns about gadolinium deposition in the brain[46], the
use of non-contrast MRI is often preferred. Although it could be appropriate for the follow-up of
untreated meningioma[47], further studies are needed to assess whether a non-enhanced MR is
sufficient for the detection of small-sized meningiomas.

All systematic screening exposes patients to the risk of unexpected incidental lesions. Their
rate and type were within the range of other cohorts[39]. Among them, none was presumably linked
to progestin. Although pituitary adenomas have been reported in transgender male-to-female
exposed to CPA[22], in these cases CPA was coupled with estrogens, known to promote pituitary

adenoma.
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Our study has several limitations. First, it is a monocenter study with a limited sample size.
However, patients were referred from multiple sources. The screened population is therefore likely
representative of a wide range of progestin-exposed patients. Second, we chose to group patients
according to the last progestin received. This practical approach was intended to limit the recall
bias inherent in studies focused on hormonal treatments. This led to an underestimation of
hormonal exposure in three patients with meningioma, as detailed in Table 2. Third, some patients
referred by their practitioner, were not strictly targeted by the systematic MR sereening, given that
they had recently ceased treatment. Indeed, the pharmacovigilance alert undoubtedly raised the
level of anxiety and of non-focal diffuse neurological complaints in patients exposed to progestin.
This real-life experience might have lowered the rate of uncovered meningiomas. Fourth, patients
were more frequently exposed to CPA than to CMA and NA, since the French health care
recommendations for systematic screening initially focused on CPA, before being extended to NA
and CMA[33, 34]. Fifth, all dural-based lesions on MRI with typical imaging features were
considered as meningioma, without histopathological confirmation. However, in a previous study,
all surgically removed dural-based lesions corresponded to meningiomas on histopathological
analysis[29]. Sixth, thetime course of meningiomas after treatment withdrawal should be
interpreted with caution given that the initial kinetic was truncated in patients who ceased treatment
before screening, and we cannot exclude that these meningiomas had already partially shrunk.
Moreover, the follow-up duration was relatively short and some meningiomas will likely keep
decreasing in size. At last, our observational study did not evaluate blood progestin activity nor the
presence of estrogen and progesterone receptors on uncovered meningiomas. Indeed, previous
pathological study reported that meningioma expressed progesterone receptors in more than two-

thirds of the cases, supporting a causality between progestin intake and meningioma growth[4].
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The relationship between blood progestin activity and expression of hormonal receptors in
progestin-induced meningiomas may be of interest for future studies.

In conclusion, the high rate of meningioma reinforces the need for systematic MR
screening, especially for patients exposed to CPA. From our real-life experience, meningiomas
detected by the systematic screening program are mostly small, multiple, asymptomatic and
susceptible to decrease after progestin cessation. The lower rate of meningiomas. in patients
exposed to NA and CMA calls for further studies to determine how to target patients most likely

to benefit from the screening.
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