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ABSTRACT

OBJECTIVE
To assess the risk of intracranial meningioma 
associated with oral contraceptives containing 
desogestrel, levonorgestrel, or levonorgestrel 
combined with oestrogen.
DESIGN
Case-control study.
SETTING
French national health data system (Système National 
des Données de Santé).
PARTICIPANTS
8391 women living in France who required surgery for 
intracranial meningioma in 2020-23. Each patient was 
matched to 10 women without intracranial meningioma 
(controls) on year of birth and area of residence.
MAIN OUTCOME MEASURE
Risk of intracranial meningioma associated with 
oral contraceptives containing desogestrel 75µg, 
levonorgestrel 30µg, or levonorgestrel 50-150 µg 
combined with oestrogen, and duration of use: short 
term use was defined by one or more dispensations 
within the year before the index date only, and 
prolonged use was defined by continuous use of one 
year or more (up to seven or more years of continuous 
use). Conditional logistic regression was used to 
calculate odds ratios.
RESULTS
92 301 women, mean age 59.7 years (standard 
deviation 12.9 years), were included. Among 

8391women who had undergone surgery for 
intracranial meningioma, 287 (3.4%) used 
desogestrel 75µg (v 2769/83 910 (3.3%) controls), 
17 (0.2%) used levonorgestrel 30 µg (v 140 (0.2%)), 
and 157 (1.9%) used levonorgestrel combined with 
oestrogen (v 1933 (2.3%)). In analyses of desogestrel 
according to duration of use, the odds ratio for risk 
of intracranial meningioma for short term use was 
1.02 (95% confidence interval 0.77 to 1.34) and 
for prolonged use was 1.32 (1.14 to 1.53). Risk was 
driven by more than five continuous years of use: 
odds ratio 1.51 (1.17 to 1.94) for five to seven years 
and 2.09 (1.51 to 2.90) for ≥7 years. Excess risk was 
greater in women with meningiomas located in the 
middle or anterior part of the skull base (1.90 (1.47 
to 2.46) and 1.50 (1.17 to 1.93), respectively) and 
in those who had previously used a progestogen 
of known associated increased risk (3.30 (2.64 to 
4.11)). Results showed no excess risk of intracranial 
meningioma for levonorgestrel (alone or combined 
with oestrogen) regardless of duration of use. The 
estimated number needed to harm with desogestrel 
was 67 300 women for one intracranial meningioma 
requiring surgery. Risk was no longer observed one 
year after discontinuation of desogestrel.
CONCLUSIONS
The results showed a small increased risk of 
intracranial meningioma in women who had used 
desogestrel 75 µg for more than five continuous 
years, but no risk in users of levonorgestrel (alone or 
combined with oestrogen).

Introduction
In addition to female sex, ageing,1 intracranial 
irradiation, and, to a lesser extent, obesity and 
black race,2 3 prolonged use of several progestogens 
has been gradually recognised as a risk factor for 
intracranial meningiomas, including, in descending 
order of risk: cyproterone acetate ≥25 mg (odds ratio 
19.2),4-8 medroxyprogesterone acetate 150 mg/mL 
(5.6),8 9 nomegestrol acetate 3.75-5 mg (4.9),10 11 
chlormadinone acetate 5-10 mg (3.9),12 medrogestone 
5 mg (3.5),8 and promegestone 0.5 mg (2.4).8 Although 
most intracranial meningiomas are non-cancerous, 
they can cause various important neurological 
symptoms depending on location, often require surgery 
or radiation treatment, and can have a serious impact 
on quality of life. Intracranial meningiomas associated 
with high dose progestogens are preferentially located 
in the anterior and middle of the skull base and may 
decrease in volume after discontinuation of drug 
use, potentially avoiding surgery.13 14 Identifying the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
Intracranial meningiomas are typically non-cancerous tumours that might require 
surgery
The main risk factors for meningiomas are older age, female sex, and 
prolonged continuous use of six progestogens, including the progestogen only 
contraceptive medroxyprogesterone acetate
Previous studies on progestogen based oral contraceptives with or without 
oestrogen have not shown any risk of meningiomas

WHAT THIS STUDY ADDS
Use of the progestogen desogestrel at a dose of 75 µg for more than five 
continuous years is associated with a small increased risk of intracranial 
meningioma requiring surgery
Users of levonorgestrel alone or combined with oestrogen showed no risk of 
meningioma, regardless of treatment duration
While awaiting clinical studies, the preferred approach for intracranial 
meningiomas associated with desogestrel use would appear to be stopping the 
progestogen, surgical abstention, and neurological monitoring

xx xxxxxxxx

the bmj | BMJ 2025;389:e083981 | doi: 10.1136/bmj-2024-083981� 1

mailto:noemieroland@orange.fr
https://twitter.com/EPIPHARE
https://orcid.org/0000-0002-8079-4263
https://dx.doi.org/10.1136/bmj-2024-083981
https://dx.doi.org/10.1136/bmj-2024-083981
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj-2024-083981&domain=pdf&date_stamp=2025-06-02


RESEARCHRESEARCH

determinants of progestogen related meningiomas is 
therefore essential to prevent their development and 
avoid risky surgery.

Other possible progestogens related to risk need to be 
identified, especially if women use them continuously 
over long periods, such as in oral contraceptives. 
Indeed, the female to male ratio for meningioma 
exceeds 3:1 for ages 35-44 years, compared with 2:1 
for all ages combined.1 This finding suggests a role 
for endogenous and exogenous hormones for women 
aged 35-44 years, whether used for contraception 
or, for example, the treatment of endometriosis or 
premenopausal symptoms.

Desogestrel and levonorgestrel are synthetic 
progestogens used as oral contraceptives for 
women and derived from testosterone, unlike 
other progestogens already known to be associated 
with a risk of meningioma that are derived from 
17-hydroxyprogesterone and 19-norprogesterone. 
Desogestrel and levonorgestrel are widely used in 
Europe, either alone or combined with oestrogen. 
European studies report a national prevalence of use 
in women of 9% to more than 10%, depending on the 
country.15-17 These studies did not, however, report 
prevalence of use according to type of progestogen (ie, 
desogestrel or levonorgestrel). Sales data show that 
desogestrel accounts for 90% of progestogen only pills 
sold in France and the UK.18 Between 2018 and 2023, 
sales of desogestrel increased in France, Germany, 
Italy, and Spain (as much as 43% in France), whereas 
they remained stable in the UK. Conversely, sales of 
levonorgestrel combined with oestrogen in these five 
countries have been decreasing, although this drug 
combination is still widely used in these countries. In 
the US and Canada, desogestrel is not marketed as a 
progestogen only pill, but it is available as a combined 
oral contraceptive.19 Levonorgestrel is only marketed in 
the US for emergency contraception, and, as in the rest 
of the world, it is widely used as an oral contraceptive 
in combination with ethinylestradiol.20

To date, only one intramuscular contraceptive—
medroxyprogesterone acetate 150 mg/mL—has been 
shown to increase the risk of meningioma.8 9 Overall, 
observational studies and meta-analyses (2013 and 
2021) have not shown a particular risk of meningioma 
associated with use of oral contraceptives.21-24 Studies, 
however, lack information on oral contraceptive use by 
subtype of progestogen. In addition, risk has not been 
measured for continuous, current, and long term use 
of progestogens.

We assessed the real life risk of intracranial 
meningioma associated with use of oral contraceptives 
containing desogestrel or levonorgestrel (alone or 
combined). Our secondary objectives were to describe 
the characteristics of those women who required 
surgery for intracranial meningioma (age, severity of 
meningioma, and anatomical location of meningioma) 
and to estimate the number needed to harm (NNH) for 
one intracranial meningioma requiring surgery.

Methods
Study design and data source
We performed a case-control study using data 
from the French national health data system SNDS 
(Système National des Données de Santé). The SNDS 
database contains information on all health related 
reimbursements for more than 99% of people residing 
in France and is linked to the central national French 
hospital discharge database.25 26 Hospitals and health
care institutions record detailed information on each 
patient’s care, including diagnoses, treatments, 
surgeries, and procedures. These data are captured 
through specific coding systems, such as the ICD-10 
(international classification of diseases, 10th revision) 
for diagnoses and the CCAM (common classification 
for medical acts) for surgical and medical procedures. 
The entered data are standardised and then sent to 
the French hospital discharge database. SNDS is a 
powerful tool for pharmacoepidemiology and is used 
in numerous studies on drug utilisation and risk.6 8 27-30

Given the analysis of multiple drug use in our 
study and the left censored characteristics of the data 
(desogestrel reimbursement starting in 2014), in line 
with our previous studies, we opted for a case-control 
rather than a cohort study design. This design ensured 
the inclusion of long term users of the progestogens of 
interest.

Definition of cases and selection of controls
We considered women of all ages to be eligible for 
participation in this study if they resided in France and 
had undergone surgery for intracranial meningioma 
between 1 January 2020 and 31 December 2023. 
For each case, we considered the start date of the 
corresponding hospital admission as the index date. 
The year 2020 was chosen as the start date to ensure 
that at least five years of data were collected for 
desogestrel, as this drug has been reimbursed only 
since 2014.

We excluded women with a pregnancy that began in 
the three years before the index date (ie, pregnancies 
that resulted in childbirth or medical termination after 
22 weeks’ gestation). Pregnancy is a unique condition 
that influences exposure to progestogens with high 
endogenous exposure (ie, the placental production 
of progesterone) and rare exogenous exposure (no 
contraceptive intake and rare other use of hormonal 
treatment during this period), the likelihood of a 
meningioma increasing in size, and the likelihood 
of hospital admission for surgery for intracranial 
meningioma (potentially with a lower surgical rate 
depending on symptoms, maternal and fetal health, 
and characteristics of the tumour).31 32 To avoid 
recurrent meningiomas, we also excluded women with 
a history of hospital admission for meningioma during 
2018-19.

Surgery for intracranial meningioma was defined by 
a meningeal tumour with ICD-10 codes D32, D42, or 
C70 as the main diagnosis of the hospital admission 
for surgery (see supplementary file, supplement 1) 
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during the same hospital stay. This identification 
algorithm has already been used successfully in our 
previous studies.8-12

We matched each woman requiring surgery for 
intracranial meningioma (cases) with 10 women 
without intracranial meningioma (controls) for year 
of birth and French geographical area (département) 
of residence (n=101). Matching was based on the risk 
set sampling approach—that is, controls could become 
cases in the future.33 To ensure the traceability of 
controls and cases in SNDS, we selected only women 
with at least one healthcare related reimbursement in 
the calendar year before the index date and in the two 
to three calendar years preceding the index date. The 
same condition applied to cases.

Definition of drug use
Use of oral desogestrel or levonorgestrel was defined 
according to the Anatomical, Therapeutic, and 
Chemical (ATC) classification maintained by the World 
Health Organization (WHO) (see supplementary file, 
supplement 2). The drugs of interest were desogestrel 
75 µg (ATC G03AC09), levonorgestrel 30 µg (ATC 
G03AC03), and levonorgestrel (50 µg, 100 µg, and 
150 µg) combined with oestrogen (ATC G03AA07, 
G03AB03).

We excluded desogestrel based combined oral 
contraceptives as they were only reimbursed in France 
from 2009 to 2013, and the data collection period 
was therefore less than five years. Emergency pills 
containing levonorgestrel were also excluded because 
they are used on an occasional basis.

Oral progestogen use was defined as at least one 
dispensation of the progestogen of interest in the 
365 days before the index date. Short term use was 
defined as use within the past year before the index 
date, without dispensing in the second year before the 
index date. Prolonged use was defined as recent use 
(dispensed at least once within the first year before 
the index date) and continuous use in the previous 
years, classified by durations of 1-2 years, 2-3 years, 
3-4 years, 4-5 years, ≥5 years, 5-6 years, 6-7 years, 5-7 
years, and ≥7 years.

We defined drug use as use of the progestogen of 
interest or of any progestogens associated with a 
known increased risk of meningioma (cyproterone 
acetate ≥25 mg, nomegestrol acetate 3.75-5 
mg, medroxyprogesterone acetate 150 mg/mL, 
chlormadinone acetate 5-10 mg, medrogestone 5 mg, 
and promegestone 0.5 mg) (see supplementary file, 
supplement 3) during the six years preceding the index 
date.

Previous or simultaneous use of medrogestone, 
promegestone, nomegestrol acetate, cyproterone 
acetate, chlormadinone acetate, or medroxyproges
terone acetate in the six years before was assessed 
in supplementary analysis. In case of use of a 
progestogen of interest in the year before the index 
date and one of the six progestogens associated 
with increased risk of meningioma (in the six years 
before or simultaneously), we searched for the date 

of brain magnetic resonance imaging (MRI) to get an 
overview of the chronology of the treatment and of the 
potential date of meningioma diagnosis. Apart from 
medroxyprogesterone acetate, we did not consider 
other types of contraceptives used before desogestrel 
or levonorgestrel.

An analysis of copper intrauterine devices was 
included as negative controls. These devices did not 
show an excess risk of meningioma in our previous 
study.8 We defined use of a copper intrauterine device 
as reimbursement or an insertion procedure for the 
device, or no removal procedure in the five years of 
recommended use.

Definition of covariates
Personal and medical characteristics of the 
participants included age, département of residence, 
neurofibromatosis type 2 (a risk factor for meningioma, 
ICD-10 code Q850), endometriosis (ICD-10 codes N800 
to N809 without N807), obesity, number of previous 
pregnancies, and, for cases only, year of surgery, single 
location or multiple locations of meningioma surgery, 
anatomical site of meningioma (anterior, middle, or 
posterior base of skull, convexity, falx and tentorium, 
other, see supplementary file, supplement 1), and 
severity of meningioma (graded according to the 
WHO classification as benign, malignant, or atypical, 
see supplementary file, supplement 4). In addition, 
we assessed all cause mortality at two years after the 
index date in cases and controls (for cases and controls 
included in the study sub period 2020-21, to receive 
the necessary follow-up).

Statistical analysis
Logistic regression models conditioned on matched 
pairs were used to estimate odds ratios and the 
corresponding 95% confidence intervals (CIs) for the 
association between desogestrel or levonorgestrel 
(alone or combined with oestrogen) and intracranial 
meningioma with adjustment for the six progestogens 
associated with increased risk (main analysis). Obesity 
and endometriosis were fully adjusted for in analyses 
(see supplementary analysis). 

We also estimated the risk of intracranial meningioma 
associated with use of desogestrel, levonorgestrel, and 
levonorgestrel combined with oestrogen according 
to duration of use, stratified by age (<45 years; ≥45 
years). To validate our results, the risk associated 
with a history of neurofibromatosis type 2, a known 
risk factor for meningioma, was assessed as positive 
controls for the progestogens of interest.

The population attributable fraction (PAF) was 
approximated from the odds ratio obtained for each 
progestogen. The formula used was: PAF=pc(1−1/OR), 
where pc is the prevalence of use of the progestogen 
concerned among the cases.34 We also estimated 
the NNH in all women who used the progestogen of 
interest, and in subgroups of women who used the 
progestogen for five or more continuous years (see 
supplementary file, supplement 5).
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Finally, we performed sensitivity analyses stratified 
by age (four age groups: <35 years, 35-44 years, 45-
54 years, and ≥55 years), single location or multiple 
locations of meningioma, intracranial location, 
and severity of meningioma whenever a positive 
association was found between use of the progestogen 
of interest and surgery for intracranial meningioma.

Data were analysed using SAS software version 
9.4 (SAS Institute). A P value <0.05 was considered 
statistically significant (two tailed tests).

Patient and public involvement
In July and September 2024, a scientific committee 
of patient organisations (including patients 
who had undergone surgery for meningioma), 
healthcare professionals (neurosurgeon, neurologist, 
endocrinologist, gynaecologist, general practitioner, 
epidemiologist, and public health), ethicist, and 
sociologist analysed and discussed the methods, 
results, and clinical implications of the study. The 
study was also presented at an official scientific 
committee that included patient members organised 
by the French Safety Medicines Agency in December 
2024, in the presence of three patient associations that 
were consulted to provide input on the communication 
of the study results and any future medical 
recommendations. These associations represented 
patients with meningioma after use of progestogens, 
patients with a diagnosis of endometriosis, and 
patients and users of the French healthcare system.

Results
After exclusions, a total of 92 301 women were 
included in the study from 2020 to 2023. Overall, 
8391 women had intracranial meningioma and 
underwent surgery (cases), and 83 910 women had no 
intracranial meningioma (controls). Figure 1 shows 
the flow of participants through the study.

Description of cases and controls
The mean age of the women was 59.7 years (standard 
deviation 12.9 years) (table 1). Three quarters were 
older than 45 years. The distribution of social and 
pregnancy related variables was similar between 
cases and controls. Overall, 2.7% of cases (223/8391) 
and 1.5% of controls (1288/83 910) had a hospital 
diagnosis of endometriosis. Obesity was found in 
7.0% of cases (587/8391) and 4.6% of controls 
(3898/83 910).

The annual number of surgeries for intracranial 
meningioma in the women was lowest in 2020 
(n=1843), the first year of the covid-19 pandemic, and 
then stabilised for the following three years at around 
2200 each year. Meningiomas requiring surgery were 
most frequently located at the skull base (4414/8391 
(52.6%): anterior (22.3%), middle (18.3%), and 
posterior (12.5%), and convexity (3132/8391 
(37.3%)). Most of the meningiomas were histologically 
non-cancerous (referred to as benign in ICD-10, 
7538/8391, 89.8%), 7.7% (649/8391) were atypical, 
and 2.4% (204/8391) were malignant. Mortality was 
estimated at 3.4% two years after the index date in 
cases (138/4024 with a two year follow-up): 111/3572 
(3.1%) for non-cancerous, 14/336 (4.2%) for atypical, 
and 13/116 (11.2%) for malignant meningiomas.

Use of progestogens among cases
Of the 8391 women admitted to hospital for 
intracranial meningioma surgery between 2020 
and 2023, 287 (3.4%) used desogestrel 75 µg, 17 
(0.2%) used levonorgestrel 30 µg, and 157 (1.9%) 
used levonorgestrel combined with oestrogen (table 
2). Overall, 40.0% of women dispensed desogestrel 
(115/287), 47.1% dispensed levonorgestrel (8/17), 
and 58.6% dispensed levonorgestrel combined with 
oestrogen (92/157) used the drug for more than five 
years (see supplementary file, supplement 6).

Women with hospital stay for intracranial meningioma surgery between 1 Jan 2020
and 31 Dec 2023 in France, with no other stay for same reason in 2018-19

Index date = date of admission to hospital

Excluded
No reimbursement in previous calendar year of index date
  and/or no reimbursement in years 3 to 2 before index date
Pregnancy beginning in three years preceding index date
  (with a pregnancy outcome >22 weeks’ gestation)

106

148

First hospital stay for intracranial
meningioma surgery

Traceable in databases and
without pregnancy >22 weeks’

gestation beginning in three
years preceding index date

Ratio 1:10

8391

• For year of birth and area of residence at index date
• Traceable in databases and without pregnancy
     >22 weeks’ gestation beginning in three years
     preceding index date
• According to risk set sampling method 

Matched with control women

254

8645

83 910

Fig 1 | Flow of participants through study
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Table 1 | Characteristics of women with intracranial meningioma requiring surgery (cases) and women without 
intracranial meningioma (controls)
Characteristics Cases (n=8391)  Controls (n=83 910)
Mean (SD) age (years) 59.7 (12.9)  59.7 (12.9)
Median (IQR) age (years) 60.0 (50.0-70.0)  60.0 (50.0-70.0)
Age group (years):  
  ≤19 18 (0.2)  180 (0.2)
  20-34 173 (2.1)  1730 (2.1)
  35-44 860 (10.2)  8600 (10.2)
  45-54 2014 (24.0)  20 140 (24.0)
  ≥55 5326 (63.5) 53 260 (63.5)
Geographical area*:  
  Ile-de-france 1532 (18.3) 15 320 (18.3)
  North east 1604 (19.1) 16 040 (19.1)
  North west 1662 (19.8) 16 620 (19.8)
  South east 2192 (26.1) 21 920 (26.1)
  South west 1187 (14.1) 11 870 (14.1)
  Overseas areas 214 (2.6) 2140 (2.6)
C2S 802 (9.6) 8353 (9.9)
Social deprivation index:  
  1 (least deprived) 1722 (20.5) 17 298 (20.6)
  2 1697 (20.2) 16 193 (19.3)
  3 1629 (19.4) 16 120 (19.2)
  4 1582 (18.9) 15 993 (19.1)
  5 (most deprived) 1430 (17.0) 15 085 (18.0)
  Missing 331 (3.9) 3221 (3.8)
Endometriosis 223 (2.7) 1288 (1.5)
Obesity 587 (7.0) 3898 (4.6)
No of pregnancies ≤22 gestational weeks:
  1 367 (4.4) 4234 (5.0)
  2 80 (1.0) 869 (1.0)
  3 22 (0.3) 239 (0.3)
  4 7 (0.1) 65 (0.1)
  ≥5 5 (0.0) 53 (0.1)
No of pregnancies >22 gestational weeks:
  1 786 (9.4) 8040 (9.6)
  2 473 (5.6) 4778 (5.7)
  3 92 (1.1) 1193 (1.4)
  4 19 (0.2) 214 (0.3)
  ≥5 5 (0.0) 43 (0.0)
Year of meningioma surgery:
  2020 1843 (22.0) NA
  2021 2181 (26.0) NA
  2022 2186 (26.1) NA
  2023 2181 (26.0) NA
Location of meningioma in skull†:
  Anterior base 1867 (22.3) NA
  Middle base 1535 (18.3) NA
  Posterior base 1052 (12.5) NA
  Convexity 3132 (37.3) NA
  Falx and tentorium 732 (8.7) NA
  Other 73 (0.9) NA
Multiple locations‡ 363 (4.3) NA
Tumour severity:
  Non-cancerous 7538 (89.8) NA
  Atypical 649 (7.7) NA
  Malignant 204 (2.4) NA
Mortality 2 years after index date§:
  All grade 138/4024 (3.4) 634 (0.8)
  Non-cancerous 111/3572 (3.1) NA
  Atypical 14/336 (4.2) NA
  Malignant 13/116 (11.2) NA
C2S=Complémentaire Santé Solidaire (health insurance for those with low incomes); IQR=interquartile range; NA=not applicable; SD=standard deviation.
*North east: Grand Est, Bourgogne Franche-Comté, and Hauts-de-France; Ile-de-France: Paris city and Ile-de-France area; north west: Bretagne, Centre Val 
de Loire, Normandie, and Pays de la Loire; south east: Auvergne-Rhône-Alpes, Provence-Alpes-Côte d’Azur, and Corse; south west: Nouvelle-Aquitaine 
and Occitanie; French overseas areas: Guadeloupe, Martinique, French Guiana, Reunion Island.
†For multiple locations during the same hospital stay, only the main location is presented. The main location was decided: if an anterior/medial or posterior 
resection was associated with a decompression procedure or under the tent of the cerebellum/falsa, the location of the resection took precedence. If different 
base skull locations were recorded (anterior, middle, or posterior resection), frequency of the single locations took precedence (ie, anterior first followed by 
middle and then posterior—for example, if anterior and middle, anterior was assigned). If a procedure concerned the convexity, this location took precedence 
over all others (whether or not the dural venous sinus was involved gives an indirect indication of complete or incomplete resection, respectively).
‡Tumours could occur at multiple sites during a hospital stay.
§Restricted inclusion period: 2020-21.
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Use of high risk progestogens before desogestrel or 
levonorgestrel
In the women who underwent surgery for intracranial 
meningioma, 1037/8391 (12.3%) had used at least 
one of the six progestogens associated with increased 
risk of meningioma in the previous six years. Among 
these 1037 women, 114 had used desogestrel the 

year before the index date (and 421 controls), six 
had used levonorgestrel (17 controls), and 14 had 
used levonorgestrel combined with oestrogen (119 
controls). We studied the 114 women who used 
desogestrel and had previously or simultaneously in 
the past six years used one of the six progestogens 
associated with increased risk of meningioma. Based 

Table 2 | Association between duration of use of progestogen based oral contraceptives and risk of intracranial 
meningioma requiring surgery (cases). Controls were women without intracranial meningioma
Duration of use Cases (n=8391) Controls (n=83 910) Odds ratio* (95% CI)
Desogestrel 75 µg
Current 287 (3.4) 2769 (3.3) 1.25 (1.10 to 1.42)
Short term (<1 year) 57 (0.7) 665 (0.8) 1.02 (0.77 to 1.34)
Prolonged use:
  ≥1 year 230 (2.7) 2104 (2.5) 1.32 (1.14 to 1.53)
  Previous continuous use (years):
      1-2 24 (0.3) 424 (0.5) 0.67 (0.44 to 1.01)
      2-3 31 (0.4) 307 (0.4) 1.23 (0.85 to 1.78)
      3-4 30 (0.3) 264 (0.3) 1.36 (0.93 to 1.99)
      4-5 30 (0.3) 287 (0.3) 1.28 (0.88 to 1.88)
    ≥5 115 (1.4) 822 (1.0) 1.70 (1.39 to 2.08)
      5-6 33 (0.4) 330 (0.4) 1.22 (0.85 to 1.76)
      6-7 38 (0.4) 242 (0.3) 1.93 (1.36 to 2.73)
    5-7 71 (0.8) 572 (0.7) 1.51 (1.17 to 1.94)
    ≥7 44 (0.5) 250 (0.3) 2.09 (1.51 to 2.90)
Levonorgestrel 30 µg    
Current 17 (0.2) 140 (0.2) 1.44 (0.87 to 2.40)
Short term <1 year 5 (0.1) 35 (0.0) NA
Prolonged use:
  ≥1 year 12 (0.1) 105 (0.1) 1.37 (0.75 to 2.50)
  Previous continuous use (years):
      1-2 0 (0.0) 14 (0.0) NA
      2-3 3 (0.0) 10 (0.0) NA
      3-4 0 (0) 9 (0.0) NA
      4-5 1 (0.0) 2 (0.0) NA
    ≥5 8 (0.1) 70 (0.1) 1.40 (0.67 to 2.91)
      5-6 1 (0.0) 9 (0.0) NA
      6-7 1 (0.0) 5 (0.0) NA
    5-7 2 (0.0) 14 (0.0) NA
    ≥7 6 (0.1) 56 (0.1) 1.29 (0.55 to 3.01)
Levonorgestrel+oestrogen    
Current 157 (1.9) 1933 (2.3) 0.92 (0.77 to 1.09)
Short term <1 year 14 (0.2) 332 (0.4) 0.47 (0.27 to 0.81)
Prolonged use:
  ≥1 year 143 (1.7) 1601 (1.9) 1.01 (0.85 to 1.22)
  Previous continuous use (years):
      1-2 15 (0.2) 202 (0.2) 0.82 (0.48 to 1.40)
      2-3 14 (0.2) 135 (0.2) 1.16 (0.67 to 2.03)
      3-4 14 (0.2) 147 (0.2) 1.11 (0.63 to 1.93)
      4-5 8 (0.1) 91 (0.1) 1.04 (0.50 to 2.15)
    ≥5 92 (1.1) 1026 (1.2) 1.04 (0.83 to 1.29)
      5-6 7 (0.1) 97 (0.1) 0.81 (0.37 to 1.76)
      6-7 7 (0.1) 110 (0.1) 0.73 (0.34 to 1.58)
    5-7 14 (0.2) 207 (0.2) 0.76 (0.44 to 1.32)
    ≥7 78 (0.9) 819 (1.0) 1.11 (0.87 to 1.40)
Positive control
Neurofibromatosis type 2 30 (0.4) 16 (0.0) 18.75 (10.22 to 34.39)
Negative control†
Copper intrauterine devices 279 (3.3) 2870 (3.4) 1.15 (1.00 to 1.31)
CI=confidence interval; NA=not applicable.
Current use: at least one dispensing of the progestogen of interest in the year before the index date and no use of chlormadinone acetate, nomegestrol 
acetate, cyproterone acetate, medrogestone, promegestone, or medroxyprogesterone acetate in the six years before the index date. Short term use: 
recent use, with no dispensing in the second year before the index date (use in the year before the index date and no use in the second year before the 
index date). Prolonged use: recent use, with at least one dispensing in the second year before the index date (use in the year before the index date and in 
the second year before the index date).
*Data for small numbers of cases (<6) are not shown.
†Use five years before, with no withdrawal coded in SNDS (French national health data system).
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on MRI records, we found that 105 out of the 114 
women had used desogestrel before the MRI (ie, date 
of probable diagnosis of meningioma). Supplementary 
file, supplement 7 describes the remaining 105 
women who underwent surgery for intracranial 
meningioma and had used desogestrel and one of 
the six progestogens associated with increased risk of 
meningioma. Nearly 45% (47/105) of these women 
had used nomegestrol acetate before desogestrel, and 
42% (44/105) had used chlormadinone acetate.

Risk of intracranial meningioma
Current use of desogestrel 75 µg was associated with 
an excess risk of intracranial meningioma (odds ratio 
1.25 (95% CI 1.10 to 1.42)). Analyses for short term 
and prolonged use of desogestrel showed a risk of 
meningioma of 1.02 (0.77 to 1.34) and 1.32 (1.14 to 
1.53), respectively. The risk was significant after five 
years of use, with a subsequent increase according 
to duration of desogestrel use: 1.70 (1.39 to 2.08) 
for more than five years, 1.51 (1.17 to 1.94) for five 
to seven years, and 2.09 (1.51 to 2.90) for seven 
years or more (table 2). Conversely, current use of 
levonorgestrel, alone or combined with oestrogen, was 
not significantly associated with an increased risk of 
intracranial meningioma (1.44 (0.87 to 2.40) and 0.92 
(0.77 to 1.09), respectively). The results did not show 
an increased risk of meningioma regardless of duration 
of use, alone or combined with oestrogen.

Full adjustment for obesity and endometriosis did not 
change the risk observed for desogestrel (1.25 (1.10 to 
1.42)) and levonorgestrel. Obesity and endometriosis 
were associated with increased risk of meningioma: 
1.50 (1.37 to 1.64) and 1.35 (1.16 to 1.57), respectively 
(see supplementary file, supplement 8).

Finally, the risk of intracranial meningioma was 
increased in women with neurofibromatosis type 2, 
used as positive controls (30/8391 (0.36%) cases 
v 16/83 910 (0.02%), odds ratio 18.75 (10.22 to 
34.39)), and no increased risk in women using copper 
intrauterine devices (279/8391 (3.3%) v 2870/83 910 
(3.4%), odds ratio 1.15 (1.00 to 1.31)), used as 
negative controls.

Additional analyses
For past use of progestogens, the excess risk of 
meningioma associated with use of desogestrel 75 µg 
in the second year before the index date but not the 
first year before the index date (ie, discontinuation for 
more than a year) disappeared (0.83 (0.63 to 1.09)) 
(see supplementary file, supplement 9).

For current users of desogestrel younger than 45 
years, the risk of intracranial meningioma was not 
significant (0.99 (0.80 to 1.23)) regardless of duration 
of use, but we found similar risk in women younger 
and older than 45 years according to duration of use 
(continuous use ≥5 years: <45 years 1.70 (1.18 to 2.45) 
v ≥45 years 1.70 (1.34 to 2.16); continuous use ≥7 
years <45 years 2.10 (1.12 to 3.93) v ≥45 years 2.09 
(1.43 to 3.06)) (see supplementary file, supplement 
10). For levonorgestrel 30 µg, stratified analyses 
lacked statistical power. Lastly, risk of intracranial 
meningioma was observed when stratifying women 
older than 45 years by use of levonorgestrel combined 
with oestrogen: 1.37 (1.06 to 1.76) for current use, 
1.49 (1.11 to 2.01) for continuous use ≥5 years, and 
1.62 (1.19 to 2.20) for continuous use ≥7 years.

The risk of intracranial meningioma associated with 
desogestrel use (regardless of duration) increased 
more in women who had previously used at least 
one of the six progestogens known to be associated 
with increased risk of meningioma, regardless of use 
for one to six years before the index date (n=105, 
odds ratio 3.30 (2.64 to 4.11)) or for two to six years 
before the index date (n=64, 2.47 (1.88 to 3.25)) (see 
supplementary file, supplement 9).

In sensitivity analysis, desogestrel use was associated 
with an increased risk of multiple meningioma 
locations (odds ratio 1.89 (1.13 to 3.16)) (table 3). 
The risk of intracranial meningioma associated with 
desogestrel use was also greater in women with a 
meningioma located in the anterior of the skull base 
(1.50 (1.17 to 1.93)) or middle (1.90 (1.47 to 2.46) 
(medial third with involvement of the spheno-orbital 
angle 2.44 (1.79 to 3.33)) and in women aged 45 to 
54 years (1.42 (1.20 to 1.69)) (see supplementary file, 
supplement 11).

Table 3 | Additional analyses for association between use of progestogen based oral contraceptives and number of locations for intracranial 
meningioma in women requiring surgery (cases) and women without intracranial meningioma (controls)

Duration of use
One location

 
≥2 locations

Cases (n=8028) Controls (n=80 280) Odds ratio (95% CI) Cases (n=363) Controls (n=3630) Odds ratio (95% CI)*
Desogestrel 75 µg        
Current 267 (3.32) 2628 (3.27) 1.22 (1.06 to 1.39)  20 (5.50) 141 (3.88) 1.89 (1.13 to 3.16)
Short term <1 year 55 (0.68) 636 (0.79) 1.02 (0.77 to 1.35)  2 (0.55) 29 (0.79) NA
Prolonged ≥1 year 212 (2.64) 1992 (2.48) 1.28 (1.10 to 1.49)  18 (4.95) 112 (3.08) 2.14 (1.24 to 3.67)
Levonorgestrel 30 µg        
Current 17 (0.21) 133 (0.16) 1.51 (0.91 to 2.51)  0 (0.0) 7 (0.19) NA
Short term <1 year 14 (0.17) 127 (0.15) 1.30 (0.75 to 2.27)  0 (0.0) 7 (0.19) NA
Prolonged ≥1 year 3 (0.03) 6 (0.0) NA  0 (0.0) 0 (0.0) NA
Levonorgestrel+oestrogen        
Current 146 (1.81) 1841 (2.29) 0.89 (0.75 to 1.07)  11 (3.03) 92 (2.53) 1.58 (0.79 to 3.13)
Short term <1 year 12 (0.14) 317 (0.39) 0.42 (0.23 to 0.76)  2 (0.55) 15 (0.41) NA
Prolonged ≥1 year 134 (1.66) 1524 (1.89) 0.99 (0.82 to 1.19)  9 (2.47) 77 (2.12) 1.57 (0.74 to 3.33)
CI=confidence interval; NA=not applicable.
*Data for small numbers of cases (<6) are not shown.
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Finally, according to our analyses, 0.7% of 
meningioma cases were attributable to desogestrel 
use. Specifically, out of 287 surgeries for intracranial 
meningioma between 2020 and 2023, 59 were 
attributable to prolonged use of desogestrel. We 
estimated that 67 287 women who used desogestrel 
75 µg would be necessary to observe one attributable 
case of intracranial meningioma requiring surgery (for 
any duration of use, versus 518 women for cyproterone 
acetate for instance) (fig 2). For use of more than five 
years, we estimated that 17 331 users would be needed 
to observe one woman with meningioma requiring 
surgery (versus 40 for cyproterone acetate) (fig 3). 
Using incidences of meningioma (see supplementary 
file, supplement 12), we also estimated absolute risks 
of meningioma associated with desogestrel use (see 
supplementary file, supplement 13).

Discussion
In this national case-control study on use of 
progestogen based oral contraceptives and risk of 
intracranial meningioma, we found an increased risk 
associated with use of desogestrel 75 µg for more 
than five continuous years. An increased risk was not 
observed for shorter durations or when desogestrel had 
been discontinued for more than one year, but it was if 
other progestogens of known associated increased risk 
of meningioma had been used in the six years before 
desogestrel. The risk resulted in more attributable 
cases in women older than 45 years. Notably, the 

risk of intracranial meningioma was observed to be 
increased with use of one of the progestogens of known 
associated increased risk of meningioma before the 
index date and before desogestrel use, even if the high 
risk progestogen was discontinued for more than one 
year before the index date.

Meningiomas associated with desogestrel use were 
histologically non-cancerous in most of the women and 
seem preferentially to occur in multiple locations or in 
the anterior or middle skull base. These characteristics 
are in favour of a causal association.

The magnitude of meningioma risk associated with 
desogestrel use is, however, much lower than that found 
for prolonged use of medrogestone, promegestone, 
cyproterone acetate, chlormadinone acetate, 
nomegestrol acetate, and medroxyprogesterone 
acetate. We estimated that 67 000 women would need 
to use desogestrel 75 µg for one woman to require 
surgery for intracranial meningioma, and 17 000 
women if current use was for more than five years. The 
results concerning levonorgestrel, alone or combined 
with oestrogen, and regardless of duration of use are 
reassuring.

Benefit-risk balance with desogestrel
Unlike previous studies, this study found a risk of 
meningioma associated with use of a progestogen 
belonging to the gonanes group, derived from 
testosterone, and not from the 17-hydroxyprogesterone 
and 19-norprogesterone groups.6 8 35 The risk 
associated with desogestrel use was, however, much 
lower than that associated with the progestogens 
of known increased risk of meningioma in previous 
studies.8 Systematic magnetic resonance imaging 
during prolonged use of cyproterone acetate or 
nomegestrol acetate is justified but does not seem 
cost effective for an oral contraceptive pill such as 
desogestrel that is widely used and associated with 
low risk. It would seem more appropriate to consider 
the use of desogestrel in older women (ie, >45 years) 
and particularly in those past menopause (ageing 
being a predominant risk factor for meningioma) and 
those who have already used a progestogen of known 
increased risk of meningioma for a long duration.

Oral contraceptives containing only progestogen 
have been promoted for their extra contraceptive 
benefits and mainly for their reduced cardiovascular 
risk compared with combined oral contraceptives.36 
For these reasons, some countries recently decided 
to sell desogestrel based oral contraceptives over the 
counter.37-39 The risk of intracranial meningioma 
must be weighed against the cardiovascular risk 
associated with use of combined oral contraceptives, 
especially in younger women who are at lower risk of 
meningioma. In young women, systematic screening 
for meningioma using imaging as performed in France 
for other progestogens associated with increased risk40 
is not medically justified and would increase the cost 
of this contraception considerably. Duration of use, 
inequalities in access to contraceptive care, and use 
of the progestogen in specific indications such as 

Fig 2 | Numbers needed to harm for one intracranial meningioma requiring surgery, by 
progestogen use. An interactive version of this graphic is available at https://public.
flourish.studio/visualisation/23176824/
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endometriosis are also important factors to consider 
when prescribing progestogens. Prescribers have the 
difficult task of establishing a favourable benefit-risk 
balance on both a collective and individual scale.

Hormone induced meningiomas
The characteristics of the meningiomas in this study 
were similar to those we found in previous studies of 
progestogens and risk of meningioma (ie, mostly non-
cancerous, a dose-response association, a preferential 
location in the skull base, and a higher risk of 
meningiomatis).6 8 10-12 41 This finding leads us to believe 
that even a weak association between desogestrel and 
risk of meningioma is plausible and may correspond 
to the subcategory of hormone induced meningiomas. 
The reduction in risk on discontinuation of desogestrel 
is further in its favour.

The International Consortium on Meningiomas2 
describes radiation induced meningiomas (1-2% of all 
meningiomas) as the only meningeal tumour distinct 
from sporadic meningiomas.42 Radiation induced 
meningiomas have their own biological and molecular 
characteristics,2 with high relative growth rates,43 
justifying a chapter in the consortium’s document and 
numerous studies over the past 20 years.2 Although 

progestogen related meningiomas are not mentioned, 
we believe that they are probably distinct from 
sporadic meningiomas. In 2007, the first report of a 
link between cyproterone acetate and meningiomas 
already suggested that those meningiomas might 
correspond to a specific histopathological group.41 
Our previous work and that of international teams 
have gradually drawn up a profile of meningiomas 
associated with prolonged use of progestogens.

Firstly, there is a potent cumulative dose-response 
association between current use of certain progestogens 
and intracranial meningioma, although the risk is not 
proportional to duration of use (no risk for <1 year of 
use; intermediate risk for 1-5 years; greatly increased 
risk >5 years),6 8 10 11 with a regression of meningioma 
risk to baseline after one year without use (except for 
cyproterone acetate when the previous cumulated 
dose was particularly high6).

Secondly, studies by other teams with clinical and 
radiological data have also observed a stabilisation 
or reduction in meningioma size when progestogen 
treatment is stopped13 44-48; a preferred location in the 
anterior or middle of the skull base6 8 10 11 41 48 such 
as meningiomas occurring during pregnancy47 or 
those expressing progesterone receptors49 (with high 
Simpson scores—difficult incomplete resections and 
frequent recurrences); the majority of non-cancerous 
tumours (WHO grade 1); and an increased likelihood 
of meningiomatosis.13 41 50 51

Lastly, as with sporadic and radiation induced 
meningiomas, hormone induced meningiomas 
may have a specific histology. In histological and 
molecular in vitro studies these meningiomas showed 
a higher expression of progesterone receptors and a 
lower expression of oestrogen receptors, a low rate 
of NF2 mutations51 (a strong marker of sporadic 
meningiomas52), a high rate of PIK3CA mutation 
(involved in cancer of the breast, endometrium, and 
colon53), and a lower rate of TRAF7 mutation.54

By analogy with previous progestogens of known 
associated increased risk, the findings of our study 
suggest that desogestrel should be discontinued if 
an intracranial meningioma is identified13 14 44-56 
and patients monitored clinically and radiologically 
rather than undergoing immediate surgery. 
Recommendations published in 2024 based on 
collaboration between neurosurgery, endocrinology, 
and gynaecology societies also favour such a strategy.3

Many questions about the pathogenesis of hormone 
induced meningiomas remain unanswered, and 
further clinical, molecular, and radiological studies are 
needed to better describe this unique tumour and its 
management. No international recommendations exist 
for the follow-up of women with progestogen related 
meningiomas according to drug type and duration 
of use.46 Unlike sporadic meningiomas, hormonal 
induced meningiomas seem to have higher growth 
rates,57 but we lacked data on growth measurements 
and on comparisons between surgical rates according 
to type of meningioma.58 It seems that the growth rates 
of meningiomas differ according to their location.14 59 

Fig 3 | Numbers needed to harm for one intracranial meningioma requiring 
surgery after five years of progestogen use. Numbers needed to harm could not be 
calculated for medroxyprogesterone acetate, medrogestone, and promegestone. 
An interactive version of this graphic is available at https://public.flourish.studio/
visualisation/23177257/
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Finally, the sequelae and long term clinical conditions 
(eg, neurological disorders, epilepsy, or depression) 
after surgery for hormone induced meningiomas are 
poorly documented, although being located typically 
in the skull base—a characteristic of hormone induced 
meningiomas—is associated with a low health related 
quality of life.2 60 Even surveillance imaging after 
cessation of progestogen treatment may be related to 
substantial anxiety and a negative impact on quality 
of life.60

Importance of age
The average age of desogestrel users in our study 
period increased from 34.3 years in 2020 to 34.9 
years in 2023 (SNDS data). Age is a key determinant 
in meningioma risk.1 We found a greater excess risk 
of meningioma associated with use of desogestrel 
in women aged ≥45 years (odds ratio 1.42 (95% CI 
1.20 to 1.69)). However, analyses stratified on age 
suggested an excess risk in women younger than 45 
years, with a dose-effect association. Although the 
odds ratios were similar between the groups of women 
younger than 45 years and older than 45 years (see 
supplementary file, supplement 10), the absolute risk 
of meningioma was not the same between age groups: 
from 3.1 per 100 000 in women aged 20-44 years to 
11.0 per 100 000 in women aged 45-54 years (see 
supplementary file, supplement 121). The number 
of women with meningiomas resulting from these 
risks was much lower in those younger than 45 years 
than older (see supplementary file, supplement 14). 
This must be considered in public health prevention 
measures for progestogen based oral contraceptives 
mostly used by young women.

Furthermore, the causality criteria for meningiomas 
related to levonorgestrel combined with oestrogen 
were not met. The dose-effect association was not 
as clear cut, and we did not find the same excess 
risks for locations characteristic of hormone induced 
meningiomas, nor increased risks for meningiomas 
in multiple locations. If there was a risk from use of 
levonorgestrel combined with oestrogen, it would 
be extremely low, especially in young women. Given 
this finding, it would seem pointless to change usual 
contraceptive use in young women but rather to focus 
on oral contraceptives in women older than 45 years to 
reduce their risk of intracranial meningioma.

Strengths and limitations of this study
This study compared the risk of meningioma 
between desogestrel and levonorgestrel based oral 
contraceptives. It was conducted on a national scale 
in all women resident in France, regardless of age. 
By using real life data, we avoided selection bias by 
including all women with a first meningioma operated 
on in the 2020-23 inclusion period, and by considering 
all dispensations for the progestogens of interest. The 
use of SNDS, with virtually comprehensive data on drug 
reimbursements since 2006, helped to avoid recall 
bias. History of use of medrogestone, promegestone, 
nomegestrol acetate, cyproterone acetate, chlormadi

none acetate, or medroxyprogesterone acetate in 
the six years before was accounted for in a separate 
modality for previous or simultaneous use of at least 
one of the six progestogens. In this way, confounding 
bias was minimised.

We used three approaches that have shown validity 
and reliability. Firstly, to improve the reliability of risk 
estimates and since pregnancy influences both drug 
use and risk, we excluded women who were pregnant 
in the three years before the index date.3 31 32 Secondly, 
we used a case-control design, with time accounted 
for in both the drawing of controls from the general 
population, which is dynamic (risk set sampling), and 
the analysis, enabling odds ratios to be interpreted 
as incidence rate ratios.6 8 Lastly, we included 
both positive and negative controls to support the 
associations. In addition, the level of obesity related 
to risk of meningioma (odds ratio 1.50) was similar to 
that generally reported.61-64

In this study, as in previous studies of other 
progestogens, only hospital admission for meningioma 
surgery was used as the event of interest. Meningiomas 
may also be treated exclusively with radiotherapy 
(rarely) or simply monitored.65 Using hospital 
admission with meningioma surgery ensured the 
specificity of the event studied and thus limited 
classification bias, despite potentially leading to an 
underestimation of the total number of meningiomas 
associated with progestogen use.

Several factors were in favour of causality of 
desogestrel: a dose-response association, preferential 
localisation in the anterior and middle of the skull base 
that are specific to hormone induced meningiomas, 
and an excess risk of multiple meningiomas. 
Levonorgestrel, however, showed no clear dose-effect 
association and no excess risk for localisation in the 
skull base.

As with any observational study, this study has 
limitations. Firstly, SNDS does not provide information 
on the use of non-reimbursed drugs, including 
third generation pills containing desogestrel (2% of 
combined oral contraceptive users in France, sales 
data)66 and one brand of desogestrel (Cerazette; 
Organon, France), 1% of progestogen only pill users). 
This incomplete detection of drug use might bias the 
associations towards the null. We nonetheless had 
access to practically all contraception used in France, 
as 86% of combined oral contraceptives (second 
generation—all levonorgestrel based combined 
oral contraceptives), 93% of progestogen only pills 
(desogestrel without Cerazette and levonorgestrel), all 
contraceptive implants, and intrauterine devices are 
reimbursed and hence available in SNDS.

The risk of intracranial meningioma we have 
highlighted concerns pills containing a lower dose 
of desogestrel than that contained in combined pills 
(75 µg alone versus 150 µg when associated with 
ethinylestradiol). However, the cumulative dose 
associated with risk of meningioma also depends on 
duration of use: it is possible that the risk in users 
of desogestrel based combined pills appears after a 
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shorter duration of use (even if use is discontinuous). 
Moreover, desogestrel is a pro-drug rapidly metabolised 
into 3-keto-desogestrel (or etonogestrel), an active 
substance of a widely used contraceptive implant 
(Nexplanon; Organon, France). Caution is therefore 
needed when extrapolating possible risks to these 
contraceptives. Furthermore, as regards hormonal 
treatments for menopause, we adjusted for treatments 
that had already shown an association with risk of 
meningioma in our previous study (medrogestone, 
promegestone, nomegestrol acetate, chlormadinone 
acetate) in the six years before. Nevertheless, 
we did not have access to some non-reimbursed 
continuous oestrogen-progestogen treatments that 
could be associated with meningioma, as shown by a 
nationwide Danish study.67 It seems unlikely, however, 
that desogestrel taken after age 50 years is concomitant 
with post-menopausal treatment.

Secondly, SNDS does not provide information on 
clinics and indications for which desogestrel and 
levonorgestrel have been prescribed. Even though 
most women who use these products will do so for 
contraception, desogestrel is also recommended, for 
example, for the treatment of endometriosis. This 
makes it impossible to assess the benefit:risk ratio 
of prescriptions, which could be favourable in the 
absence of an effective alternative, if the progestogens 
are used at the minimum effective dose and for the 
shortest duration. Moreover, without access to clinical 
data we do not know whether conservative treatment 
for intracranial meningioma had been considered 
before surgery.

Thirdly, we were unable to account for all confounding 
factors. The two main risk factors identified for 
meningiomas, apart from age and female sex, are 
genetic predisposition, notably attributed to inherited 
mutations of the neurofibromatosis type 2 gene, and 
medical or environmental exposure to high doses of 
ionising radiation. Of all the possible medical reasons 
for exposure to intracranial radiation, radiotherapy 
for brain cancer (particularly during childhood) is 
probably the most important. However, these two risk 
factors account for only 1-2% of all meningiomas.2 Our 
data did not provide information on previous exposure 
to intracerebral radiation, and we were therefore 
unable to take this factor into account in our study, but 
we considered it highly unlikely that irradiation would 
be responsible for an important miscalculation of the 
impact of progestogens. Finally, although intracerebral 
irradiation in childhood is an important risk factor 
for the development of meningiomas in adulthood, 
having undergone cerebral radiotherapy or having a 
malignant brain tumour in childhood (around 250 
girls each year in France) remains rare in the general 
population.68-70 Moreover, specific and updated 
studies on meningiomas occurring after cancer in a 
patient’s lifetime would be advantageous. We were 
unable to determine risk according to ethnicity as 
SNDS does not record information on race. Some 
American studies have shown a higher incidence of 
meningioma in black people, although according 

to the International Consortium on Meningiomas, 
“these racial and ethnic differences remain unknown 
and the limitations of reporting based on population-
based epidemiological data need to be considered, 
particularly for comparisons between different 
countries and/or continents.”2

Fourthly, it is possible that errors occurred in the 
measurement of drug use. Women may have been 
prescribed contraceptives but not actually taken 
them. However, the long duration of use, the multiple 
dispensations for each woman we observed, and the 
existence of a small co-payment make this hypothesis 
unlikely and would support the null hypothesis. 
Fifthly, we did not perform multiple tests, as this work 
is based on a strong a priori hypothesis derived from 
our previous work. However, some associations could 
be due to chance. Finally, our study lacked power in 
the analyses on users of levonorgestrel alone owing 
to a lower number of women. We could hypothesise 
that oestrogens may reduce the risk of meningioma 
in association with progestogens, given our results for 
levonorgestrel combined with. Ideally, we should also 
have studied desogestrel combined with an oestrogen, 
but information was not available in SNDS (and this 
drug combination is little used in France). Countries 
that have access to these data should provide answers, 
especially as desogestrel is available in higher doses in 
combination pills. However, in our previous studies, 
exogenous oestrogens did not seem to play a role in 
the risk of meningioma, this risk being associated with 
progestogens alone.6 8 10 11

Clinical implications and perspectives
The association between sex hormones of endogenous 
or exogenous origin and neurological pathophysiology 
in women is a particularly important subject and one 
receiving increasing attention.67 71-75 In this context, 
contraception is a treatment in its own way, with 
specific prescription characteristics not found in other 
treatments. Firstly, it is not used to treat disease, and 
women in good or poor health can use contraception 
for at least 30 years—that is, for long periods, with 
possible changes between the hormonal molecular 
constituents of the contraceptive, and discontinuation 
of use or a continuity with hormone treatments for 
perimenopause. Furthermore, contraceptive pills 
are increasingly prescribed for long periods without 
restrictions or dispensed over the counter in many 
countries, making it difficult to provide information 
and identify risks associated with prolonged use.39

Yet, the fact that cumulative doses and treatment 
durations are so important in our current and previous 
work on risk of meningioma suggests that health 
professionals need to change the paradigm of one 
treatment, one risk. Clinicians must consider the 
whole trajectory of factors for women who have used 
different hormone treatments over the years, including 
number of pregnancies, infertility treatment, and 
familial risk. In addition, the dose equivalence of 
each progestogen should be established to determine 
a general cumulative dose as close as possible to that 
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for each progestogen actually received.76 To assess 
the overall risk of meningioma, the use of different 
progestogens must also be taken into account over the 
course of a woman’s lifetime, as hormonal related risks 
evolve with age rather than as isolated independent 
treatments.

The risk of meningioma associated with prolonged use 
of desogestrel remains low compared with that of other 
progestogens. If a meningioma is discovered in women 
using desogestrel, immediate discontinuation of the 
progestogen and clinical and radiological monitoring 
with neurosurgical advice should be recommended. 
A more general review of the use of desogestrel as a 
progestogen only contraception beyond age 45 years 
with possible off-label use of desogestrel would also 
be in order. As fertility declines with age, prescribing 
desogestrel for menopause related symptoms should 
be avoided. Above all, it is advisable to prevent women 
older than 40 years who are using desogestrel from 
switching to combined oral contraception, which 
would present a thromboembolic risk at this age. 
Furthermore, discontinuing contraception in general 
should also be avoided, to lower the risk of unwanted 
pregnancies. In addition, it would not be desirable 
to switch between progestogens for which the risk of 
meningioma is higher than that of desogestrel 75 μg or 
as yet unknown (dienogest, drospirenone). The lifelong 
risk of intracranial meningioma should be assessed 
when using progestogens continuously, accounting 
for discontinuation periods and switches between 
different progestogens that have been associated 
with meningioma risk, whether for premenopausal 
treatment (eg, contraception, endometriosis) or 
postmenopausal treatment (hormone replacement 
therapy).

Other countries using more desogestrel based 
combined oral contraceptives (and that have access to 
data on use of these contraceptives) should consider 
assessing the risk of meningioma associated with use, 
as a function of cumulative dose, as was done in the US 
for medroxyprogesterone acetate after our 2023 case-
control study.8 9 The European Medicines Agency could 
play a leading role in encouraging member countries 
to carry out this type of study in Europe. In addition, 
the use of desogestrel 75 µg in women older than 45 
years should be avoided and replaced by an alternative 
contraceptive option or levonorgestrel treatment.

Conclusions
Our results show an absence of meningioma risk in 
levonorgestrel users (alone or in combined form). 
Monitoring for meningioma should focus on women 
who have used desogestrel 75 µg for more than five 
continuous years, in whom we found a small risk of 
meningioma. As with the other progestogens, risk 
increased with duration of use and after use of a 
progestogen of known associated increased risk. The 
risk in desogestrel users was low (number needed to 
harm was 67 300 women using the oral contraceptive 
for one intracranial meningioma requiring surgery) 

compared with that observed for the six progestogens 
known to be associated with increased risk of 
meningioma (eg, 518 women using high dose 
cyproterone acetate for one woman requiring surgery 
for intracranial meningioma).

The many countries where other combined or 
progestogen only oral contraceptives are used should 
consider assessing the potential risk of meningioma 
associated with progestogens, depending on 
cumulative dose. Future research is also needed on risk 
of meningioma in women with long term continuous 
use of different progestogens of known associated 
increased risk of meningioma.
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