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INTRODUC TION

Meningiomas are the most frequently occurring intracranial tumours, 
accounting for 39% of primitive central nervous system tumours [1]. 
The main risk factors for meningioma are age, being female, exposure 
to ionizing radiation and neurofibromatosis type 2 (NF2) [2]. A number 

of observations have long suggested an association between endog-
enous sex hormones and meningioma based on epidemiological evi-
dence and histopathological studies: there is a higher incidence among 
women (ratio 2.5/1), particularly of childbearing age [1]; case reports 
have suggested that the size of meningiomas increases during preg-
nancy and decreases after delivery [3, 4]; and biological studies have 
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Abstract
Background and purpose: A dose- dependent association between the use of cyproterone 
acetate (CPA) and intracranial meningioma has been identified but data for other potent 
progestogens are scarce. The association was assessed between intracranial meningioma 
surgery and exposure to three potent progestogens: CPA (≥25 mg/day), nomegestrol ac-
etate (NOMAC) (3.75– 5 mg/day) and chlormadinone acetate (CMA) (2– 10 mg/day).
Methods: In this nationwide population- based case– control study, cases underwent surgery 
for intracranial meningioma in France from 2009 to 2018. They were matched to five control 
subjects for sex, year of birth and area of residence. Progestogen exposure was defined as 
progestogen use within the year before surgery for cases or the same date for their controls.
Results: In total, 25,216 cases were included (75% women, median age 58 years). Progestogen 
exposure was noted for 9.9% of cases (2497/25,216) and 1.9% (2382/126,080) of controls, 
with an odds ratio (OR) of 6.7 (95% confidence interval [CI] 6.3– 7.1). The OR was 1.2 (1.0– 
1.4) for short- term use (<1 year) and 9.5 (8.8– 10.2) for prolonged use. A strong association 
was identified for prolonged use of CPA (OR = 22.7, 95% CI 19.5– 26.4), NOMAC (OR = 6.5, 
95% CI 5.8– 7.2) and CMA (OR = 4.7, 95% CI 4.5– 5.3). Progestogen exposure increased the 
risk of meningioma for all histological grades and anatomical sites, particularly for the ante-
rior and middle skull base: OR = 35.7 (95% CI 26.5– 48.2) and 23.9 (95% CI 17.8– 32.2) for 
CPA. The estimated number of attributable cases was 2124 (95% CI 2028– 2220) (212/year).
Conclusion: A strong association between prolonged exposure to potent progestogens 
and surgery for meningioma was observed. The risk increased from CMA to NOMAC to 
CPA. Individuals should be informed of this risk.
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shown that progesterone receptor expression may be involved in the 
occurrence of certain types of meningioma [5– 8].

No association has been identified for oral contraceptive drugs, for 
which progestogen doses are low. Concerning hormonal replacement 
therapy (HRT) for menopausal women, a number of epidemiological 
studies appear to support a slightly increased risk of meningioma 
but evidence is limited [9, 10]. By contrast, a high risk of meningioma 
has been observed with the use of high doses of cyproterone ace-
tate (CPA), a potent progestogen with antiandrogen activity, among 
women, men and transwomen [11– 13]. Furthermore, the withdrawal 
of long- term CPA treatment induces tumour regression, which 
has also been observed after the withdrawal of two other potent 
progestogens— nomegestrol acetate (NOMAC) and chlormadinone ac-
etate (CMA) [14– 23]— suggesting that these two progestogens are also 
associated with the risk of meningioma. However, unlike CPA, no large 
epidemiological studies have yet been published on the risk of menin-
gioma associated with exposure to NOMAC or CMA. Thus, the aim 
was to assess, in real life, the association between intracranial menin-
gioma surgery and exposure to three potent progestogens for which 
regression in the volume of the meningioma after the discontinuation 
of treatment has been described: CPA, NOMAC and CMA.

METHODS

Data source

In this nationwide population- based case– control study, data were 
extracted from the French National Health Data System (SNDS, for 
Système National des Données de Santé), which covers 99% of the 
population living in France— 67 million residents. The SNDS includes 
demographic data, outpatient drug dispensations and inpatient 
care information (hospitalization diagnostic codes according to the 
International Classification of Diseases, Tenth Revision [ICD- 10], and 
procedures performed during the hospital stay coded according to 
the French medical classification for clinical procedures [CCAM]). 
These data are all recorded prospectively at the individual level and 
anonymized. This database is a useful and reliable source for the as-
sessment of drug efficacy and safety [24, 25]. The study was per-
formed within the framework of the French data protection agency 
regulatory decision CNIL- 2016- 316.

Cases and controls

The eligible cases were all individuals living in France who under-
went surgery for intracranial meningioma between 1 January 2009 
and 31 December 2018 in France. Surgery for intracranial menin-
gioma was defined by the following combination recorded for the 
same hospital stay: a meningioma neoplasm (ICD- 10 codes D32, D42 
or C70) coded as the main diagnosis for hospitalization and a surgical 
procedure corresponding to intracranial surgery (Table S1). The first 
surgical intervention for intracranial meningioma during the study 

period was included and the absence of a hospital stay for intrac-
ranial meningioma surgery since June 2007 was verified. The index 
date was defined as the date of admission to hospital for a first men-
ingioma surgery. For simplicity, ‘intracranial meningioma surgery’ is 
referred to hereafter as ‘meningioma’ in the results.

Five control individuals were matched to each case for year of 
birth, sex at birth and area of residence (100 geographical adminis-
trative areas) as age and sex are two major confounders in the asso-
ciation between exposure to progestogens and meningioma. Control 
individuals were randomly selected with at least one reimbursement 
for out- of- hospital care during the study period, excluding cases. 
Controls were assigned the same index date as their corresponding 
case and were alive at this index date.

Exposure

For both cases and controls, exposure to a progestogen was defined 
as at least one delivery of one of the following drugs (coded according 
to the Anatomical Therapeutic Chemical Classification System [ATC]) 
during the year preceding the index date: CPA (G03HA01), NOMAC 
(G03DB04) and CMA (G03DB06). CPA is a synthetic progestogen 
with antiandrogenic activity indicated for inoperable prostate cancer 
or paraphilias for men (50– 100 mg/day) and for various hirsutism or 
hyperandrogenism spectrum disorders for women (50 mg/day). In ad-
dition, CPA is used off- label as feminizing hormone therapy for trans-
women. CPA can also be used at a dose of 25 mg/day, as the tablets 
are divisible. NOMAC (3.75– 5 mg/day) is a synthetic progestogen 
prescribed mostly for HRT and contraception. Finally, CMA (2– 10 mg/
day) is another progestogen indicated for the treatment of menstrual 
disorders, HRT, endometrial hyperplasia and endometriosis. NOMAC 
and CMA are not indicated for men in France.

Exposure to progestogens was defined with three indicators: 
‘current use’ was defined as exposure to progestogens with at least 
one delivery of the drug during the 365 days preceding the index 
date, regardless of whether the subject had been exposed earlier; 
‘short- term use’ as exposure to progestogens during the 365 days 
preceding the index date, without exposure during the period be-
tween 366 and 730 days before the index date; and ‘prolonged use’ 
as exposure to progestogens both during the 365 days preceding the 
index date and between 366 and 730 days before the index date, 
regardless of prior exposure.

Prolonged use was investigated by evaluating exposure to pro-
gestogens for the 2013– 2018 period, for which cases and controls 
had at least 6 years of history in the database. ‘Prolonged use’ was 
defined as explained above for cases and controls and five supple-
mental prolonged- use indicators were added: ‘prolonged use for 
2 years’ was defined as at least one delivery of a progestogen per 
year for 2 years (i.e., before the 365 days preceding the index date 
and between 366 and 730 days before the index date, but not be-
tween 731 days and 1096 days before the index date); ‘prolonged 
use for 3 years’, ‘4 years’, ‘5 years’ and ‘6 years or more’ were defined 
using the same logic.
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Covariates

The study population was described according to the following 
baseline socio- demographic characteristics: sex at birth, age and 
area of residence (six groups). Information about the meningiomas 
included the year of surgery, anatomical site (five main sites and 16 
detailed sites, described in Table S1), tumour grade according to the 
ICD- 10, and radiotherapy associated with surgery. All- cause mortal-
ity was estimated at 2 years after meningioma surgery for the entire 
population of cases and at 5 years for the subset of cases for whom 
sufficient follow- up data were available, that is, for those undergo-
ing meningioma surgery before 1 January 2016.

Statistical analyses

Incidence rates of intracranial meningioma surgery per 100,000 
person- years for the entire French population were estimated by 
age group with the publicly available data of the National Institute of 
Statistics and Economic Studies.

Logistic regression models conditioned on matched pairs (to con-
trol for matching variables) were used to estimate odds ratios (ORs) 
and their 95% confidence intervals (CIs) for the association between 
meningioma and prior progestogen exposure. The risk of meningi-
oma associated with progestogen exposure was estimated consid-
ering exposure either to at least one of the three progestogens or 
to each progestogen separately, according to current, short- term 
and prolonged use. Analyses were further stratified by age group 
and sex, tumour grade and anatomical site. The association between 
NF2 (ICD- 10 code Q851) and meningioma was also estimated to 
determine whether this well- documented association [2] was also 
found in our study population.

The population- attributable fraction (PAF) of cases was calcu-
lated from the OR obtained for overall exposure, assuming ade-
quate control of all confounders [26, 27]. This attributable fraction 
was applied to the total number of cases during the study period to 

estimate the number of meningioma cases attributable to the three 
potent progestogens, assuming a causal association between expo-
sure to potent progestogens and meningioma. This estimation was 
also performed for men and women separately. Finally, the number 
of meningioma cases attributable to NF2 was estimated.

RESULTS

In total, 25,216 cases who underwent surgery for an intracra-
nial meningioma and 126,080 control individuals were included 
(Figure 1). Their characteristics (women 75%, median age 58 years 
[Q1– Q3 48– 67]) are presented in Table 1. The crude incidence of 
intracranial meningioma surgery was 4/100,000 person- years, with 
a maximal female- to- male ratio (4.6) attained at 45– 54 years of age 
(Figure 2). Most intracranial meningiomas were located in the con-
vexity area (37.9%) and the anterior skull base (20.9%). Ninety- one 
per cent of tumours were graded as benign (Table 1). Approximately 
7% of the patients died within 5 years of surgery, with higher mortal-
ity (25.5%) for those with malignant tumours.

Current use of at least one of the progestogens the year before 
the index date was found for 2497 cases (9.9%) and 2382 (1.9%) con-
trols (Table 2). Most current users of progestogens had prolonged 
use (91.8% [2291/2497] in the case group and 63.9% [1521/2382] 
in the control group). For subjects included in the 2013– 2018 period 
with prolonged progestogen use, 79.0% of the cases (1130/1430) 
and 43.4% of the controls (392/903) had been exposed each year 
for at least 6 years (Table S2). Cases and controls used similar drug 
dosages (Table S3): 50 mg for CPA (95%), 5 mg for NOMAC (86%) and 
10 mg for CMA (81%).

The estimated ORs of meningioma for the exposure of interest 
are presented in Table 2. NF2 was associated with an increased risk 
of meningioma: OR = 19.5 (95% CI 13.1– 29.1). Exposure to at least 
one of the progestogens for current use, short- term use or pro-
longed use was associated with an increased risk of meningioma: 
OR = 6.7 (6.3– 7.1), 1.2 (1.0– 1.4) and 9.5 (8.8– 10.2), respectively. 

F I G U R E  1  Flowchart
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The magnitude of the risk decreased from CPA to NOMAC to CMA: 
OR = 22.7 (19.5– 26.4), 6.5 (5.8– 7.2) and 4.7 (4.5– 5.3), respectively.

Current use of progestogens was associated with a risk of menin-
gioma for women, with an OR of 6.6 (6.3– 7.1) (Tables 3 and S4). The 
OR decreased from CPA to NOMAC to CMA: OR = 19.7 (17.0– 22.7), 
4.7 (4.3– 5.1) and 3.3 (3.0– 3.6), respectively. The OR among men, 
who were exposed only to CPA, was 8.0 (5.2– 12.3). The magnitude 
of the association increased with age for women but decreased for 
men. Exposure to a progestogen was associated with an increased 
risk of meningioma in women for benign, atypical and malignant tu-
mours: OR = 6.6 (6.2– 7.1), 7.0 (5.4– 9.1) and 6.6 (4.0– 10.8), respec-
tively. Exposure to a progestogen was also significantly associated 
with benign and atypical meningiomas in men.

The anatomical sites for which the risk of meningioma associ-
ated with progestogens was the highest were the anterior and mid-
dle skull base: OR = 10.2 (8.9– 11.6) and 9.7 (8.6– 11.1), respectively, 
for all progestogens; OR = 35.7 (26.5– 48.2) and 23.9 (17.8– 32.2), 
respectively, for CPA; OR = 6.2 (5.2– 7.4) and 6.8 (5.7– 8.1), respec-
tively, for NOMAC; and OR = 3.5 (2.9– 4.4) and 4.7 (3.9– 5.7), respec-
tively, for CMA (Table 3). Following a more precise assessment of 
this association by anatomical site (Tables S5 and S6), the sites with 

TA B L E  1  Characteristics of the case and control groups

Characteristics

Cases
N = 25,216
n (%)

Controls
N = 126,080
n (%)

Sex at birth, female 18,892 (74.9) 94,460 (74.9)

Age, years, mean (SD) 57.5 (13.5) 57.5 (13.5)

Age group

0– 19 128 (0.5) 640 (0.5)

20– 34 1021 (4.1) 5105 (4.1)

35– 44 3132 (12.4) 15,660 (12.4)

45– 54 6132 (24.3) 30,660 (24.3)

55– 64 6552 (26.0) 32,760 (26.0)

65– 74 5570 (22.1) 27,850 (22.1)

75– 84 2421 (9.6) 12,105 (9.6)

≥85 260 (1.0) 1300 (1.0)

Area of residencea

Paris area (Ile- de- France) 4331 (17.2) 21,655 (17.2)

Northeast 4842 (19.2) 24,210 (19.2)

Northwest 5000 (19.8) 25,000 (19.8)

Southeast 5755 (22.8) 28,775 (22.8)

Southwest 4802 (19.0) 24,010 (19.0)

French overseas area 486 (1.9) 2430 (1.9)

Year of surgery

2009 2070 (8.2)

2010 2220 (8.8)

2011 2299 (9.1)

2012 2464 (9.8)

2013 2469 (9.8)

2014 2639 (10.5)

2015 2628 (10.4)

2016 2762 (10.9)

2017 2742 (10.9)

2018 2923 (11.6)

Anatomic location of the meningioma

Anterior skull base 5285 (20.9)

Middle skull base 4790 (19.0)

Posterior skull base 2770 (11.0)

Convexity 9554 (37.9)

Falx and tentorium 2608 (10.3)

Other locations 209 (0.8)

Tumour grade ICD- 10

Benign (D32) 23,010 (91.3)

Sex, female 17,429 (75.7)

Atypical (D42) 1587 (6.3)

Sex, female 1101 (69.4)

Malignant (C70) 619 (2.4)

Sex, female 362 (58.5)

Adjuvant radiation therapy

Characteristics

Cases
N = 25,216
n (%)

Controls
N = 126,080
n (%)

All grades 2274 (9.0)

Benign (D32) 1917 (8.3)

Atypical (D42) 145 (9.1)

Malignant (C70) 212 (34.2)

Death, according to tumour grade, within 2 years (N = 25,216)b

All grades 854 (3.4)

Benign (D32) 692 (3.0)

Atypical (D42) 70 (4.4)

Malignant (C70) 92 (14.8)

Within 5 years (N = 16,789)c

All grades 1152 (6.8)

Benign (D32) 971 (6.3)

Atypical (D42) 91 (8.5)

Malignant (C70) 90 (25.5)

Abbreviations: ICD- 10, International Classification of Diseases, Tenth 
Revision; Sex, female, individuals born female.
aNortheast: Grand Est, Bourgogne Franche- Comté, Hauts- de- 
France. Paris area (Ile- de- France): Paris city and Ile- de- France area. 
Northwest: Bretagne, Centre Val de Loire, Normandie, Pays de la Loire. 
Southeast: Auvergne- Rhône- Alpes, Provence- Alpes- Côte d'Azur, Corse. 
Southwest: Nouvelle- Aquitaine, Occitanie. French overseas area: 
Guadeloupe, Martinique, French Guiana, Reunion Island.
bDeath within 2 years: for the entire cohort, deaths from any cause 
were identified from the index date until 2 years after this date.
cDeath within 5 years: deaths from any cause were identified from 
the index date until 5 years later for all cases undergoing meningioma 
surgery before 1 January 2016.

TA B L E  1  (Continued)
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the highest ORs were the optochiasmatic area (OR = 12.6, 95% CI 
10.0– 15.8) and the medial third of the middle skull base involving 
the spheno- orbital angle (OR = 12.0, 95% CI 10.2– 14.1). The risk as-
sociated with CPA was particularly high for the optochiasmatic area 
(OR = 49.1, 95% CI 28.9– 83.5).

The PAF of surgically treated meningiomas for current use of at 
least one of the three potent progestogens studied in France be-
tween 2009 and 2018 was 8.4% (8.0%– 8.8%). The corresponding 

number of attributable meningiomas was 2124 (2008– 2220) (212 
per year, on average), assuming the hypothesis of a causal associ-
ation between exposure to potent progestogens and meningioma. 
The PAF of meningiomas was 11.0% (10.5%– 11.5%) for women and 
0.8% (0.5%– 1.0%) for men, with a corresponding number of attribut-
able cases of 2072 (1978– 2165) and 48 (33– 63). The PAF of menin-
giomas for NF2 was 0.4% (0.3%– 0.5%) and the estimated number of 
attributable meningiomas was 111 (90– 132).

F I G U R E  2  Incidence of surgically 
treated meningioma according to age 
group and sex at birth

Exposure
Cases 
N = 25,216

Controls 
N = 126,080 OR (95% CI)

Neurofibromatosis type II 117 (0.5) 30 (0.02) 19.5 
(13.1– 29.1)

Exposure to at least one of the progestogens

Current use 2497 (9.9) 2382 (1.9) 6.7 (6.3– 7.1)

Short- term use <1 year 206 (0.8) 861 (0.7) 1.2 (1.0– 1.4)

Prolonged use ≥1 year 2291 (9.1) 1521 (1.2) 9.5 (8.8– 10.2)

Cyproterone acetate

Current use 961 (3.8) 290 (0.2) 18.3 
(16.0– 21.1)

Short- term use <1 year 30 (0.1) 63 (0.05) 2.4 (1.5– 3.7)

Prolonged use ≥1 year 931 (3.7) 227 (0.2) 22.7 
(19.5– 26.4)

Nomegestrol acetate

Current use 969 (3.8) 1149 (0.9) 4.7 (4.3– 5.1)

Short- term use <1 year 105 (0.4) 421 (0.3) 1.3 (1.0– 1.6)

Prolonged use ≥1 year 864 (3.4) 728 (0.6) 6.5 (5.8– 7.2)

Chlormadinone acetate

Current use 683 (2.7) 1096 (0.9) 3.3 (3.0– 3.6)

Short- term use <1 year 80 (0.3) 416 (0.3) 0.9 (0.8– 1.2)

Prolonged use ≥1 year 603 (2.4) 680 (0.5) 4.7 (4.5– 5.3)

Note: Current use: exposed at least once within 365 days before the index date, regardless of 
former exposure. Short- term use: exposed within 365 days before the index date, excluding the 
period between 365 and 730 days before the index date. Prolonged use: exposed both within 
365 days and between 365 and 730 days before the index date.
Abbreviations: CI, confidence interval; OR, odds ratio, controlling for matching factors (sex at birth, 
year of birth and area of residence).

TA B L E  2  Numbers and proportions of 
cases and controls exposed and estimated 
ORs, controlling for matching variables, 
with confidence intervals
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DISCUSSION

This study revealed a strong association between intracranial 
meningioma requiring surgery and prolonged exposure to potent 
progestogens, with an increasing gradient from CMA to NOMAC 
to CPA. This increased risk concerned all grades and anatomical 
sites but was highest for the anterior and middle skull base for 
each progestogen. The estimated number of cases attributable 
to potent progestogens was higher than 2000 in France between 
2009 and 2018, that is, approximately 20 times that of cases at-
tributable to NF2.

Our results showing a strong association between long exposure 
to CPA and the risk of operated meningioma (OR = 22.7, 95% CI 
19.5– 26.4) are in accordance with those of other studies. A strong 
dose– response relationship between CPA and intracranial meningi-
oma has already been reported for women in France (hazard ratio 

21.7, 95% CI 10.8– 43.5, for cumulative doses >60 g) [13], for men in 
Denmark (hazard ratio 18.5, 95% CI 9.2– 37.1, for cumulative doses 
>10 g) [28] and for transwomen in the Netherlands (standardized 
incidence ratio 11.9, 95% CI 5.5– 22.7) [12]. On the other hand, no 
published epidemiological studies to date have shown an association 
between exposure to CMA or NOMAC and meningioma. Case re-
ports of meningiomas have been published for NOMAC [18, 19] and 
CMA [16] or included in larger series that included CPA [20, 29]. Long 
exposure of several years, locations at the skull base (frequently 
with ophthalmological symptoms) and non- systematic regression 
upon the discontinuation of treatment in the absence of surgery 
have been reported. In a recent review, Hage et al. [10] showed that 
current evidence for the association between HRT and meningioma 
is conflicting but appears to favour an increased risk. Two unpub-
lished cohort studies on CMA and NOMAC are being discussed 
at the European Medicine Agency [30]. In our study, a significant 

TA B L E  3  Association between surgically treated meningioma and exposure to progestogens according to age, sex at birth, tumour grade 
and site; estimated OR and 95% CI

Exposure
Any of the three 
progestogens Cyproterone acetate Nomegestrol acetate

Chlormadinone 
acetate

Sex, female

Overall 6.6 (6.3– 7.1) 19.7 (17.0– 22.7) 4.7 (4.3– 5.1) 3.3 (3.0– 3.6)

0– 19 5.0 (0.3– 79.9) 5.0 (0.3– 79.9)

20– 34 5.4 (4.0– 7.2) 12.6 (8.0– 19.8) 3.1 (1.8– 5.5) 2.0 (1.1– 3.5)

35– 44 6.0 (5.2– 6.8) 21.9 (16.4– 29.2) 3.5 (2.9– 4.3) 2.6 (2.1– 3.3)

45– 54 6.3 (5.8– 6.9) 18.7 (15.0– 23.4) 4.6 (4.1– 5.2) 3.6 (3.2– 4.0)

55– 64 8.9 (7.5– 10.6) 21.8 (14.8– 32.0) 7.1 (5.5– 9.0) 4.1 (3.0– 5.7)

≥65 years old 10.6 (7.7– 14.6) 27.9 (15.1– 51.6) 7.7 (4.8– 12.3) 1.8 (0.7– 4.5)

Sex, male

Overall 8.0 (5.2– 12.3) 8.0 (5.2– 12.3)

<65 years old 12.5 (5.5– 28.4) 12.5 (5.5– 28.4) – 

≥65 years old 6.6 (4.0– 11.0) 6.6 (4.0– 11.0)

Tumour grade ICD- 10

Benign (D32) 6.7 (6.2– 7.1) 18.4 (15.9– 21.2) 4.7 (4.3– 5.1) 3.3 (3.0– 3.6)

Sex, female 6.6 (6.2– 7.1) 19.5 (16.7– 22.7) 4.7 (4.3– 5.1) 3.3 (3.0– 3.6)

Sex, male 9.1 (5.7– 14.6) 9.1 (5.7– 14.6)

Atypical (D42) 7.1 (5.5– 9.2) 21.6 (12.1– 38.6) 4.6 (3.2– 6.7) 3.3 (2.2– 4.9)

Sex, female 7.0 (5.4– 9.1) 21.7 (11.9– 39.7) 4.6 (3.2– 6.7) 3.3 (2.2– 4.9)

Sex, male 20.0 (2.2– 178.9) 20.0 (2.2– 178.9)

Malignant (C70) 6.1 (3.8– 9.8) 14.3 (6.0– 33.8) 4.9 (2.2– 10.8) 2.8 (1.3– 5.9)

Sex, female 6.6 (4.0– 10.8) 23.7 (8.1– 69.8) 4.9 (2.2– 10.8) 2.8 (1.3– 5.9)

Sex, male 1.7 (0.2– 16.0) 1.7 (0.2– 16.0)

Anatomic location

Anterior skull base 10.2 (8.9– 11.6) 35.7 (26.5– 48.2) 6.2 (5.2– 7.4) 3.5 (2.9– 4.4)

Middle skull base 9.7 (8.6– 11.1) 23.9 (17.8– 32.2) 6.8 (5.7– 8.1) 4.7 (3.9– 5.7)

Posterior skull base 2.9 (2.4– 3.6) 6.4 (3.9– 10.4) 2.6 (1.9– 3.5) 2.1 (1.5– 2.9)

Convexity 5.1 (4.6– 5.7) 12.4 (9.9– 15.5) 3.5 (3.0– 4.2) 2.9 (2.4– 3.4)

Falx and tentorium 3.5 (2.8– 4.5) 10.4 (6.2– 17.4) 2.8 (1.9– 3.9) 2.0 (1.3– 3.0)

Abbreviations: CI, confidence interval; ICD- 10, International Classification of Diseases, Tenth Revision; OR, odds ratio, controlling for matching 
factors (sex at birth, year of birth and area of residence); Sex, female, individuals born female.
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association between prolonged use of CMA and NOMAC was found, 
although the ORs were lower than that for CPA. Such diverse re-
sults for the association between meningioma and progestogens 
probably reflect the use of different types of progestogen and doses 
and different durations of exposure, with prolonged use and high 
dose appearing to contribute to the association with meningioma. 
In particular, the use of these three progestogens (CPA, CMA and 
NOMAC) in France has been higher in terms of frequency and dose 
than in other western European countries. CPA, CMA and NOMAC 
are not currently marketed in the United States. Such an association 
between potent progestogens and meningiomas could therefore not 
be demonstrated in the past in the United States.

The risk of operated meningioma was found to be highest in the 
anterior and middle skull base for patients exposed to progestogens. 
This result is consistent with those of previous observational studies 
and with known biological mechanisms. In a study of 300 patients 
who underwent surgery for meningioma, a higher rate of proges-
terone receptor expression >50% was observed for meningiomas of 
the medial skull base than for other sites [7]. Moreover, progestin- 
associated meningiomas showed significantly higher levels of pro-
gesterone receptor expression and were more frequently located 
at the skull base than other meningiomas [8]. Another specific fea-
ture of progestin- related meningiomas are mutations affecting the 
PIK3CA/AKT1 pathway, which have been more frequently observed 
in CPA- related meningiomas than in a control population [8, 21]. 
Such a preferential mutational landscape of CPA- induced menin-
giomas appears to have been confirmed by an observational study 
showing the coexistence of regressing meningiomas harbouring a 
PIK3CA mutation and growing meningiomas harbouring NF2 muta-
tions within the same patient after drug cessation for four women 
exposed to CPA [21]. An independent clonal origin, associated with 
a predisposition of certain meningeal cells (principally located in the 
anterior and middle skull base) to develop meningiomas, could ex-
plain the pathogenesis of these progestin- related meningiomas [21]. 
A French epidemiological study also reported that the risk of me-
ningioma of the anterior skull base was 47 times higher for patients 
exposed to CPA [13]. Interestingly, a strong association with me-
dial skull base meningiomas involving the spheno- orbital angle was 
highlighted (OR = 12.0, 95% CI 10.2– 14.1). Only one previous study 
has focused on this specific site and found that a high proportion of 
women with such tumours had been exposed to high doses of CPA, 
NOMAC or CMA for at least 2 years [29]. Furthermore, our results 
showed that the increased risk concerns operated meningiomas of 
all grades. Although case reports and case series of grade 2 menin-
giomas associated with CPA, NOMAC or CMA have been published, 
no epidemiological evidence of an increased risk has been available 
until now [23].

Strengths of this study

The major strength of the study is the register- based design and the 
size of the population (more than 25,000 surgeries for meningioma 

over 10 years and 125,000 controls). The use of prospective records 
of dispensed drugs in the SNDS made it possible to prevent recall 
bias, a major limitation of case– control studies. Moreover, the accu-
racy of the data on progestogen exposure and operated meningioma 
location according to the surgical procedure can be emphasized. 
Population- attributable fractions were also calculated, which help 
to support the assessment of the disease burden of a causal factor 
in a population.

Our short- term (<1 year) versus long- term (>1 year) approach 
highlighted the absence of or very reduced risk with short- term use 
for each of the three potent progestogens. The risk of meningioma is 
mostly driven by very long- term use (>5 years), which has not been 
assessed in previous studies.

Limitations of this study

First, patients who underwent surgery for intracranial meningioma 
were included, whereas exclusive radiotherapy is also indicated. 
However, surgery is the first option for the management of men-
ingioma of any grade [31]. In a French study, only 4% of patients 
who developed meningioma after exposure to CPA were treated by 
radiotherapy [13].

Patients who underwent surgery, regardless of the grade of the 
tumour, were included. Tumour grading did not precisely follow the 
latest World Health Organization grade classification [32] due to 
the data source, but the ICD- 10 codes were reliable as they were 
recorded by surgeons. As expected, rates of mortality and radio-
therapy associated with surgery increased with tumour grade in our 
study.

Anatomical sites were classified according to the information 
available using the French medical classification for clinical proce-
dures. Various classifications have been used in previous studies, as 
no consensual surgical anatomical classification is currently avail-
able. Our classification made it possible to consider a large number 
of sites (16 groups). In addition to diagnostic codes, clinical proce-
dures are recorded by surgeons and may thus be considered reliable.

In terms of exposure, the indication for progestogen treatment 
was not available. However, the three progestins have, in part, dif-
ferent indications and were all associated with an increased risk 
of meningioma. All age groups were affected by the increased risk 
and there was no differential risk for CPA for men, women or tran-
swomen. The indication is thus not likely to be a confounder in the 
assessment of the risk of meningioma associated with progesto-
gens. Concerning the duration of exposure, current use was consid-
ered, even though meningioma is generally a slow- growing tumour. 
Despite this limitation, a significant association is shown, in partic-
ular for prolonged use (>1 year). It is hypothesized that prolonged 
use reflects a longer duration of exposure to progestogens, with 
repeated drug prescription, delivery and intake. The description of 
prolonged exposure for the 2013– 2018 period tends to confirm this 
hypothesis: 80% of prolonged use corresponded to exposure each 
year for at least the 6 years preceding the index date. The effect 
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of discontinuing progestogen treatment was not assessed. Several 
studies concluded that the withdrawal of CPA, NOMAC or CMA re-
sulted in a decreased risk of meningioma or in tumour regression 
[13– 19]. Ionizing radiation was not considered, as this risk factor ap-
plies to only a few cases [33, 34] and is unlikely to confound expo-
sure to progestogens.

Finally, the possibility that the indication for surgery for exposed 
patients has changed over time cannot be formally excluded. The 
labelling of CPA was modified in 2011 and 2013 to provide informa-
tion about reported meningioma cases associated with use of the 
drug. Nevertheless, these updates had little impact on clinical care 
[13] and it was assumed that the choice of neurosurgical manage-
ment was based on current European guidelines for most cases and 
that asymptomatic patients were managed by observation. The la-
belling of CMA and NOMAC was changed in 2018, that is, during the 
last year of the study period.

Clinical implications and future research

In France, meningioma screening by magnetic resonance imaging 
for patients receiving a progestogen for long- term treatment has al-
ready been implemented for CPA and will soon be recommended for 
CMA and NOMAC [35, 36]. Individuals who have used potent pro-
gestogens for many years could benefit from such screening. Future 
research could explore the association between very long- term ex-
posure to the low- dose progestogens contained in oral contracep-
tives and the risk of meningioma.

CONCLUSION

In this nationwide case– control study, a strong and significant asso-
ciation was observed between exposure to three progestogens and 
surgically treated meningioma. The risk was high for patients with 
prolonged use and for operated meningiomas of the anterior and 
middle skull base. The surgical removal of such tumours is among 
the most challenging forms of intracranial surgery and is associated 
with a much higher risk. Our data should encourage the informing of 
individuals using potent progestogens for prolonged periods about 
such a risk and the assessment of the individual benefit- to- risk ratio.
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