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ABSTRACT
OBJECTIVE
To assess the risk of meningioma associated with
use of high dose cyproterone acetate, a progestogen
indicated for clinical hyperandrogenism.
DESIGN
Observational cohort study.
SETTING
Data from SNDS, the French administrative healthcare
database, between 2007 and 2015.
PARTICIPANTS
253 777 girls and women aged 7-70 years living in
France who started cyproterone acetate between
2007 and 2014. Participants had at least one
reimbursement for high dose cyproterone acetate
and no history of meningioma or benign brain
tumour, or long term disease status. Participants
were considered to be exposed when they had
received a cumulative dose of at least 3 g during
the first six months (139 222 participants) and very
slightly exposed (control group) when they had
received a cumulative dose of less than 3 g (114 555
participants). 10 876 transgender participants (male
to female) were included in an additional analysis.
MAIN OUTCOME MEASURE
Surgery (resection or decompression) or radiotherapy
for one or more intracranial meningiomas.
RESULTS
Overall, 69 meningiomas in the exposed group
(during 289 544 person years of follow-up) and 20

WHAT IS ALREADY KNOWN ON THIS TOPIC
Cyproterone acetate is a synthetic progestogen with strong antiandrogen and
antigonadotrophin effects
Since 2007, several case series of intracranial meningiomas have described
patients who developed one or more meningiomas after using cyproterone
acetate at doses of 25-100 mg daily for 5-30 years
The presence of progesterone receptors on meningiomas supports the biological
plausibility of an association

WHAT THIS STUDY ADDS
This study confirms a strong and dose dependent association between use
of high dose cyproterone acetate (25 or 50 mg/day) in girls and women and
meningioma treated by surgery or radiotherapy
The risk of meningioma in the group who used cyproterone acetate for 10-30
years was four participants per 1000 person years
Meningiomas located in the anterior skull base and middle skull base appeared
to be specific to cyproterone acetate; the risk decreased after cyproterone
acetate was discontinued
the bmj | BMJ 2021;372:n37 | doi: 10.1136/bmj.n37

meningiomas in the control group (during 439 949
person years of follow-up) were treated by surgery or
radiotherapy. The incidence of meningioma in the two
groups was 23.8 and 4.5 per 100 000 person years,
respectively (crude relative risk 5.2, 95% confidence
interval 3.2 to 8.6; adjusted hazard ratio 6.6, 95%
confidence interval 4.0 to 11.1). The adjusted
hazard ratio for a cumulative dose of cyproterone
acetate of more than 60 g was 21.7 (10.8 to 43.5).
After discontinuation of cyproterone acetate for one
year, the risk of meningioma in the exposed group
was 1.8-fold higher (1.0 to 3.2) than in the control
group. In a complementary analysis, 463 women with
meningioma were observed among 123 997 already
using cyproterone acetate in 2006 (risk of 383 per
100 000 person years in the group with the highest
exposure in terms of cumulative dose). Meningiomas
located in the anterior skull base and middle skull
base, particularly the medial third of the middle skull
base, involving the spheno-orbital region, appeared
to be specific to cyproterone acetate. An additional
analysis of transgender participants showed a high
risk of meningioma (three per 14 460 person years;
20.7 per 100 000 person years).
CONCLUSIONS
A strong dose-effect relation was observed between
use of cyproterone acetate and risk of intracranial
meningiomas. A noticeable reduction in risk was
observed after discontinuation of treatment.

Introduction
Cyproterone acetate is a synthetic progestogen
with a potent antiandrogen action. The drug has
been approved in European countries by national
marketing authorisation procedures since the 1970s
and is available on prescription under various trade
names and dose strengths (1, 2, 10, 50, and 100
mg). The indications for cyproterone acetate also vary
considerably from one country to another. Cyproterone
acetate is indicated in men (50 or 100 mg) with
inoperable prostate cancer and paraphilias. In women,
the 50 mg dose is indicated for various disorders
of the hirsutism or hyperandrogenism spectrum in
19 European countries, including France, Spain,
Germany, Belgium, Poland, and the Netherlands. In
other European countries, 10 mg tablets are marketed
and indicated for signs of androgenisation and certain
forms of hirsutism (table 1 shows approved indications
in women in Europe; supplementary material S1
shows approved indications in men in Europe).
Cyproterone acetate is also used at a low dose of 2 mg
combined with 35 µg ethinylestradiol for the treatment
1
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Use of high dose cyproterone acetate and risk of intracranial
meningioma in women: cohort study
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Methods
This cohort study used data from the French
administrative health care database (SNDS, formerly
SNIIRAM, established in 2006). We compared the

incidence of treated meningioma (event of interest) in
girls and women (age 7-70 years) who used high dose
cyproterone acetate with the incidence in those who
prematurely discontinued cyproterone acetate and
were only very slightly exposed (control group).
The main study included a cohort of women who
started high dose cyproterone acetate between 2007
and 2014, with follow-up to the end of 2015. Under
optimal epidemiological conditions (new incident
users with known cumulative doses over time), we
tested the hypothesis of an association between
exposure and risk of meningioma, and evaluated a
possible dose-effect relation.
We also analysed a population of girls and women
who were already using cyproterone acetate in 2006,
and followed this cohort until the end of 2015. Based
on the hypothesis of a causal association, we used this
population to define the characteristics of cyproterone
acetate related meningiomas and the number of
meningiomas treated by surgery or radiotherapy that
were attributable to cyproterone acetate use. This
cohort comprised women who had continually used
cyproterone acetate for a long period (more than
eight years), although left censoring of data occurred
because only cumulative doses since 2006 are known
with certainty. We conducted a further analysis on
a population of transgender participants (male to
female) who started high dose cyproterone acetate
between 2007 and 2017, with follow-up until the end
of 2018.

Data source
SNDS covers the entire population of France—67
million residents. Each person is identified by a
unique, anonymous number. Since 2006, SNDS has
recorded information on all outpatient care (including
drugs, imaging, and laboratory tests) and inpatient
care (including diagnoses and procedures performed,
coded according to the common classification of
medical procedures—CCAM). The health expenditure
for patients with long term diseases, such as cancer
and diabetes, is fully reimbursed, and their diagnosis
is recorded according to ICD-10 (international
classification of diseases, 10th revision) codes. SNDS
has been extensively used in France to conduct real
life studies, especially on the use, safety, and efficacy

Table 1 | List of approved indications in girls and women and marketing of high dose cyproterone acetate (10 mg and 50 mg) by country in Europe
Country
Cyproterone acetate 10 mg tablets
Austria, Belgium, Cyprus, Germany, Greece, Luxembourg,
Portugal

Netherlands

Approved indications in girls and women

Moderately severe signs of androgenisation, eg, moderately severe hirsutism, androgenetic alopecia, and acne and
seborrhoea. In moderately severe forms of acne and seborrhoea, supplementary cyproterone acetate tablets are
indicated when clinical features are refractory to other treatments and no satisfactory results have been achieved
with low dose cyproterone acetate and estradiol (2 mg/0.035 mg) combination alone
Idiopathic hirsutism when other treatments have failed. Treatment of severe forms of acne when low dose
cyproterone acetate has not provided improvement

Cyproterone acetate 50 mg tablets
Austria, Belgium, Bulgaria, Croatia, Czech Republic,
Severe signs of androgenisation, eg, highly severe hirsutism, severe androgenetic alopecia, often attended by
Estonia, Finland, Germany, Latvia, Lithuania, Luxembourg, severe forms of acne or seborrhoea
Netherlands, Romania, Slovakia, Slovenia, Spain, Poland
France
Severe non-neoplastic hirsutism (idiopathic, polycystic ovary syndrome), with a major impact on emotions and
social life
Sweden
Pronounced hirsutism in women of childbearing age

2
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of acne related to androgen sensitivity or hirsutism in
women of reproductive age, and at a dose of 1 mg in
combination with estradiol valerate 2 mg as hormone
replacement therapy.
Since 2007, several case series of both men and
women have reported meningioma associated with
prolonged use (5-30 years) of high dose cyproterone
acetate (25-100 mg daily).1-11 The labelling of
cyproterone acetate (10, 50, and 100 mg) was modified
in 2009,12 and since 2011 and 2013 the labelling
of both the brand name drug and generic drugs,
respectively, indicate that meningiomas have been
reported in people with prolonged use of cyproterone
acetate.13 A history or presence of meningioma
now also constitutes a contraindication to use of
cyproterone acetate.12 13
Two low powered epidemiological studies on the
link between cyproterone acetate and meningioma
have been published. One of the studies reported two
men and two women with meningioma, corresponding
to a relative risk of 11.4 (95% confidence interval 4.3
to 30.8).14 The other study found an excess risk in men
(four men with meningioma) with an odds ratio of 3.3
(1.0 to 10.6), but concluded that low dose cyproterone
acetate was not associated with an increased risk of
meningioma in women.15
We evaluated the real life impact of prolonged use of
high dose cyproterone acetate on risk of meningioma
in girls and women. Our secondary objectives were
to evaluate the dose-effect relation, define the course
of the risk of meningioma after discontinuation of
cyproterone acetate, identify specific features of
cyproterone acetate related meningiomas, measure
the effective discontinuation rate for cyproterone
acetate after treatment for meningioma, and estimate
the number of meningiomas treated by surgery
or radiotherapy that were attributable to use of
cyproterone acetate in France. In an additional
analysis, we evaluated the real life impact of prolonged
use of high dose cyproterone acetate on risk of
meningioma in transgender participants.
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Study populations
The main study included a cohort of girls and women
who started cyproterone acetate and fulfilled the
following criteria: they were covered by the national
health insurance general scheme, including local
mutualist sections (civil servants, local government
officials, public hospital officials), 87% of the
population living in France, were aged between 7 and
70 years at the time of starting cyproterone acetate,
and were dispensed cyproterone acetate between
2007 and 2014, in the absence of any dispensing of
cyproterone acetate in 2006. Participants who fulfilled
the first two criteria but were dispensed cyproterone
acetate in 2006 were included in a complementary
cohort (cohort exposed in 2006).
Exclusion criteria
The following girls and women were excluded from the
cohorts studied:
Girls and women with a long term disease
•
(including lupus, cancer, and all other chronic
diseases with 100% national health insurance
coverage) and long term disease status starting
one month before cyproterone acetate was
started, at the latest. This exclusion was justified
because continuous treatment with 50 mg
cyproterone acetate daily can be proposed as a
method of contraception in women with systemic
lupus erythematosus or other chronic diseases
(such as rheumatoid arthritis). In general, we
excluded women with a serious illness (eg,
cancer, neurological disease) that was likely to
affect the risk of meningioma and especially
the treatment of meningioma. We did not use
this exclusion criterion for the analysis on
transgender participants (male to female) because
they are managed for sex reassignment surgery
and psychiatric care, and sometimes have long
term disease status (ICD-10 code F64.0) for this
purpose.
•
Women with a history of benign neoplasm of
meninges, benign neoplasm of brain and other
parts of the central nervous system, or neoplasm
of uncertain or unknown behaviour of meninges
(ICD-10 codes D32, D33, D42 as principal
diagnosis, related diagnosis, or associated
diagnosis during a hospital stay or as long term
disease) between 1 January 2006 and the date of
start of follow-up.
the bmj | BMJ 2021;372:n37 | doi: 10.1136/bmj.n37

Definition of exposure and follow-up
Participants in the main study cohort were considered to
be exposed when they had received a first prescription
for cyproterone acetate between 1 January 2007 and 31
December 2014, and the cumulative dose was greater
than or equal to 3 g (at least three standard packs of
20, 50 mg tablets) within the first six months of this
first prescription. The study start date corresponded to
the date of the first prescription for cyproterone acetate
(index date). Follow-up began six months after the first
prescription for cyproterone acetate. We compared
this group of exposed participants with a control
group who received a first prescription for cyproterone
acetate between 1 January 2007 and 31 December
2014, and who rapidly discontinued treatment after
having received a cumulative dose of less than 3 g (one
or two standard packs) dispensed within the first six
months after this first prescription.
Main outcome
The main outcome was neurosurgical resection,
decompression, or radiotherapy for one or more
intracranial meningiomas. The event of interest was
identified by the combination of a first admission
to hospital for meningioma coded as the principal
diagnosis or related diagnosis according to ICD-10 as
D32 benign neoplasm of meninges, with at least one
surgical procedure for tumour resection or a list of
codes likely to be used in meningioma surgery, or a
stereotactic radiosurgery procedure, or a fractionated
radiotherapy procedure (supplementary material S2).
Follow-up
All participants were followed until 31 December 2015
(end of study date) or until the first of the following
events, whichever occurred first: event of interest; lost to
follow-up, defined by a period of more than 24 months
with no national health insurance reimbursement; for
the control group, date of resumption of cyproterone
acetate; for the exposed group, censorship after one year
without a prescription for cyproterone acetate; or death.
We performed a sensitivity analysis in which
participants could change treatment group, therefore
corresponding to time dependent use of cyproterone
acetate. Participants in the control group for whom a
new prescription of cyproterone acetate was identified
after the start of follow-up were switched to the
exposed group. Participants in the exposed group who
discontinued treatment for one year were switched to
the discontinuation group.
Two other sensitivity analyses were conducted:
analysis of the 2007-14 exposed or control group main
cohort who were matched for age at initiation and
duration of follow-up, and a nested case-control study
on the 2007-14 main cohort.
Covariables and confounding factors
The following characteristics of women and their care
pathways were also considered:
•
Sociodemographic characteristics: age, complementary universal health insurance (CMUc: social
3
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of drugs.16-18 Many pharmacoepidemiological studies
have been based on the use of this database.19-26
SNDS also contains sociodemographic data, and when
applicable, the date of death. A limitation of the data
source is that it does not provide any information
about non-reimbursed drugs—over the counter drugs
and drugs providing insufficient medical benefit,
such as third generation drugs and the most recent
combined oral contraceptives (since 2013), or low
dose cyproterone acetate and oestrogen (2 mg/0.035
mg) combination pills.
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•
•

Statistical analyses
We used Cox proportional hazards models to compare
the incidence of events between the various groups:
exposed and control group for the main analysis; and
exposed, control group, and discontinuation group
for the sensitivity analysis. We adjusted for baseline
characteristics (age, expressed as a continuous
variable, CMUc, initial prescriber’s specialty,
indication, coprescription of oestrogens) by only
maintaining those variables statistically significantly
associated with the development of meningioma and
related to the dose of cyproterone acetate. Cumulative
dose and age were considered to be time dependent
variables in the analysis.
4

We used conditional logistic regression for
meningioma according to use of cyproterone acetate,
with matching for age at initiation and duration of
follow-up, and for the nested case-control study on
the main cohort. Results are presented according to
the anatomical location of the meningioma and the
initial CCAM classification, categorised into six groups
(anterior skull base; middle skull base; posterior
skull base; convexity, not involving the dural venous
sinuses; convexity, involving the dural venous sinuses;
falx cerebri and tentorium). Supplementary material
S2 also presents a second more precise classification
into 16 groups. Data were analysed with SAS Enterprise
Guide version 4.3 software.

Regulatory and ethical aspects
SNDS is a strictly anonymous database, comprising all
reimbursement data derived from mandatory health
insurance, particularly data derived from processing
of electronic or paper healthcare reimbursement forms
and data derived from healthcare institutions through
the national hospital discharge database (Programme
de Médicalisation des Systèmes d’Information—
PMSI). This study was conducted in the context of the
specific CNIL framework agreement: CNIL decision
DE-2011-078 (5 September 2011) authorising the
French National Health Insurance (Caisse nationale
de l’assurance maladie—CNAM) to process personal
health data in retrospective cohort studies designed
to describe possible statistical associations between
the use of a drug product and the development of a
disease or death. CNAM or ANSM (French National
Agency for Medicines and Health Products Safety)
staff, personally authorised to access SNDS, extracted
and analysed the data.
Patient and public involvement
No patients were involved in setting the research
question or the outcome measures, nor were they
involved in developing plans for recruitment, design,
or implementation of the study. No patients were asked
to advise on interpretation or writing up of results.
Results
After we excluded girls and women in line with the
protocol (fig 1), including 12 612 people with long
term diseases (supplementary material S5), the main
study cohort comprised 253 777 participants: 139 222
(54.9%) in the exposed group and 114 555 (45.1%) in
the control group.
Table 2 shows the characteristics of the participants
at cohort entry. Mean age was 29.4 years and more
than 40% of the cohort were younger than 25 years.
The initial prescriber was a gynaecologist for more
than half of the participants (56.7%). About 30%
had undergone laboratory investigations compatible
with hirsutism and less than 40% had undergone
pelvic ultrasonography, which is essential for the
investigation of hirsutism. The presumed context of
prescription for cyproterone acetate was therefore
difficult to define: according to the algorithms used in
doi: 10.1136/bmj.n37 | BMJ 2021;372:n37 | the bmj
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•

welfare marker of deprivation, corresponding to
free health insurance; it is attributed under certain
conditions of residence and resources when the
annual income in 2015 was less than €8645
(£7740; $10 500) for a single person and €12 967
for a couple. These income levels are below the
poverty threshold), and region of residence.
The first prescriber’s specialty (identified in
the database): gynaecologist, dermatologist,
endocrinologist, general practitioner, or other.
Coprescription of oestrogens.
Presumed context of prescription:
○○ Reimbursed laser hair removal procedure,
treatment for hirsutism, admission to hospital
with a diagnosis of hirsutism, laboratory assay
corresponding to the diagnosis of hirsutism
(follicle stimulating hormone, luteinising
hormone, testosterone, docosahexaenoic
acid), pelvic ultrasonography.
○○ History of specific treatment for acne (drugs
with ATC (anatomical therapeutic chemical)
codes D10AB, D10AD01, D10AD02,
D10AD03, D10AE01, D10AF02, D10AF52,
D10AX, D10AX30, D10BA01, D10BX).
○○ Gynaecologist, dermatologist, or endocrino
logist consultations.
○○ The context of prescription of cyproterone
acetate was evaluated as a function of health
care use. Supplementary material S3 presents
the algorithms used. Schematically, possible
prescription for hirsutism was adopted on the
basis of admission to hospital or long term
disease for hirsutism, or laser hair removal
reimbursed by national health insurance
(indicated for hirsutism), or concomitant or
previous drug treatment for hirsutism (such as
finasteride or spironolactone; supplementary
material S4), or a laboratory investigation
(follicle stimulating hormone, luteinising
hormone, testosterone, docosahexaenoic
acid), and abdominopelvic ultrasonography
and follow-up compatible with hirsutism.
○○ Possible prescription for acne was adopted
or considered, in the absence of hirsutism,
on the basis of a drug treatment for acne
(such as isotretinoin, topical erythromycin).
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142 972
Excluded
131 485 Girls and women to whom
cyproterone acetate was
dispensed in 2006
11 487 Incomplete data before
cyproterone acetate initiation
due to le censorship*
268 191
Initiation of cyproterone acetate between 1 January 2006 and
31 December 2014 with no dispensing of cyproterone acetate in 2006

461
1248
12 612
71
22
Cohort study

14 414
Excluded
Younger than 7 years
Older than 70 years
Serious chronic disease
History of meningioma
Death between index date and
start of follow-up

253 777
Population included: 2007-2014

139 222
Exposed group
Cumulative dose of cyproterone
acetate ≥3 g aer 6 months

114 555
Control group
Cumulative dose of cyproterone
acetate <3 g aer 6 months

Fig 1 | Flowchart of main cohort (2007-14). *Possible causes: recent immigration, return to France after several years
abroad, complete absence of any healthcare utilisation, and poor knowledge of care pathway

this study, 31.6% of prescriptions could correspond
to the treatment of acne without hirsutism and 13.1%
of prescriptions were compatible with management
of hirsutism. More than 55% of prescriptions
were not associated with any markers for acne
treatment, or treatment or investigation of hirsutism.
Overall, on inclusion, the exposed population was
similar to the control group population. In both
groups, treatment was predominantly initiated by
gynaecologists (55.9% v 57.8%). Prescriptions for
possible hirsutism were slightly more common in the
exposed group—laboratory screening for possible
hirsutism was performed in 36.0% and 23.2% of
participants, respectively; and follow-up compatible
with hirsutism was identified in 15.8% compared
with 9.8% of participants, respectively (table 2). Drug
coprescriptions during the 30 days after initiation of
cyproterone acetate were similar in the two groups
(supplementary material S6), with the exception of
oestrogens (55.6% v 33.5%). The mean duration of
follow-up was 2.1 years for exposed participants and
3.8 years for control group participants.
Age at the start of treatment was strongly
associated with risk of meningioma, with a hazard
ratio compared with the reference group (age 25-34
the bmj | BMJ 2021;372:n37 | doi: 10.1136/bmj.n37

years) of 0.2 (95% confidence interval 0.0 to 1.2) for
participants younger than 25 years, 10.4 (4.8 to 22.5)
for participants aged 45-54 years, and 42.3 (15.9 to
112.7) for those aged 65 years and older. In view of the
major impact of age on risk of meningioma, the other
patient characteristics were all tested after adjustment
for age. CMUc, the context of prescription, and the
prescriber’s specialty were not associated with risk of
meningioma. In contrast, coprescription of oestrogens
was significantly associated with risk of meningioma,
with a hazard ratio of 1.6 (1.1 to 2.4; supplementary
material S7).

Risk of meningioma associated with cyproterone
acetate
Sixty nine meningiomas in the exposed group and
20 in the control group were treated by surgery or
radiotherapy. The incidence of meningioma in the two
groups was 23.8 per 100 000 person years and 4.5 per
100 000 person years, respectively; that is, a crude
relative risk of 5.2 (95% confidence interval 3.2 to 8.6)
and an adjusted hazard ratio of 6.6 (95% confidence
interval 4.0 to 11.1; table 3). Analysis according to
the cumulative dose of cyproterone acetate showed a
dose-effect relation, with a higher risk associated with
5
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411 163
Girls and women to whom cyproterone acetate was dispensed
at least once between 1 January 2006 and 31 December 2014
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Table 2 | Characteristics, follow-up, and reasons for exclusion for exposed and control groups in main cohort (2007-14).
Values are numbers (percentages) unless stated otherwise
Total (n=253 777)

Exposed
(n=139 222, 55%)

Control group
(n=114 555, 45%)

P value

29.4 (10.9)
27 (21-37)
101 655 (40.1)
76 056 (30.0)
49 732 (19.6)
20 349 (8.0)
5985 (2.4)

29.1 (10.9)
27 (20-36)
58 430 (42.0)
40 367 (29.0)
26 681 (19.2)
10 587 (7.6)
3157 (2.3)

29.9 (10.9)
28 (21-37)
43 225 (37.7)
35 689 (31.2)
23 051 (20.1)
9762 (8.5)
2828 (2.5)

<0.001
—
—
—
—
—
<0.001

39 481 (15.9)
36 403 (14.3)
33 427 (13.2)
33 752 (13.3)
30 120 (11.9)
26 539 (10.5)
31 327 (12.3)
22 728 (9.0)

21 361 (15.3)
19 543 (14.0)
18 273 (13.1)
18 383 (13.2)
16 390 (11.8)
14 313 (10.3)
17 905 (12.9)
13 054 (9.4)

18 120 (15.8)
16 860 (14.7)
15 154 (13.2)
15 369 (13.4)
13 730 (12.0)
12 226 (10.7)
13 422 (11.7)
9674 (8.4)

—
—
—
—
—
—
—
<0.001

18 499 (7.3)
235 278 (92.7)

9093 (6.5)
130 129 (93.5)

9406 (8.2)
105 149 (91.8)

—
<0.001

144 018 (56.7)
29 289 (11.5)
25 557 (10.1)
46 412 (18.3)
8499 (3.3)
2 (0.0)

77 816 (55.9)
12 944 (9.3)
18 171 (13.1)
25 440 (18.3)
4850 (3.5)
1 (0.0)

66 202 (57.8)
16 345 (14.3)
7,386 (6.4)
20 972 (18.3)
3649 (3.2)
1 (0.0)

—
—
—
—
—
<0.001

3911 (1.5)
2194 (0.9)
76 729 (30.3)
98 206 (38.8)
94 379 (37.2)

3017 (2.2)
1641 (1.2)
50 104 (36.0)
56 278 (40.4)
50 449 (36.2)

894 (0.8)
553 (0.5)
26 625 (23.2)
41 928 (36.6)
43 930 (38.4)

<0.001
<0.001
<0.001
<0.001
<0.001

115 700 (45.6)
138 077 (54.4)

77 387 (55.6)
61 835 (44.4)

38 313 (33.5)
76 242 (66.6)

—
<0.001

2.9 (2.3)
2.0 (1.0-4.4)
128 428 (50.6)
73 064 (28.8)
52 285 (20.6)
729 493

2.1 (1.6)
1.4 (1.0-2.5)
92 024 (66.1)
36 820 (26.4)
10 378 (7.5)
289 544

3.8 (2.6)
3.7 (1.5-6.1)
36 404 (31.8)
36 244 (31.6)
41 907 (36.6)
439 949

<0.001
<.001
—
—
<0.001
—

117 788 (46.4)
242 (0.095)
89 (0.0)
—
—
—

32 143 (23.1)
77 (0.055)
69 (0.0)
106 933 (76.8)
—
—

85 645 (74.8)
165 (0.144)
20 (0.0)
—
3429 (3.0)
25 296 (22.1)

<0.001
<0.001
<0.001
—
—
—

DHA=docosahexaenoic acid; FSH=follicle stimulating hormone; LH=luteinising hormone.
*CMUc: social welfare marker of deprivation, corresponding to free health insurance.
†Healthcare use one year before to one year after index date.

a higher cumulative dose. The hazard ratio was not
significantly different from 1 for exposure to less than
12 g of cyproterone acetate, and it rapidly increased for
higher cumulative doses: 11.3 (5.8 to 22.2) for 36-60
g and 21.7 (10.8 to 43.5) for 60 g or higher (table 3).
The risk of meningioma after discontinuation of
cyproterone acetate for one year was found to be
1.8-fold higher (95% confidence interval 1.0 to 3.2)
than the risk related to the control group. The risk
was observed to be 4.2-fold higher (2.2 to 8.0) when
6

the cumulative dose of cyproterone acetate before
discontinuation was 12 g or higher (supplementary
material S8).
In the sensitivity analysis of the main cohort, when
matched for age and duration of follow-up, the crude
odds ratio was 8.3 (95% confidence interval 3.9 to
17.2) and the adjusted odds ratio was 8.0 (3.6 to 17.5;
supplementary material S9 and S10). Finally, a nested
case-control analysis that used conditional logistic
regression showed a crude odds ratio of 4.7 (2.9 to 7.8)
doi: 10.1136/bmj.n37 | BMJ 2021;372:n37 | the bmj
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Characteristics, follow-up, and reasons for
exclusion
Start of treatment
Mean (SD) age (years)
Median (interquartile range) age (years):
7-24
25-34
35-44
45-54
≥55
Year of start of treatment
2007
2008
2009
2010
2011
2012
2013
2014
CMUc beneficiary*
Yes
No
Specialty of initial prescriber
Gynaecologist
Dermatologist
Endocrinologist
General practitioner
Other
Missing
Associated procedures or care†
Hospital treatment with diagnosis of hirsutism
Reimbursement for laser hair removal
Laboratory tests (FSH, LH, testosterone, DHA)
Pelvic ultrasonography
Anti-acne drugs
Coprescription of oestrogens
Yes
No
Duration of follow-up (years)
Mean (SD)
Median (interquartile range):
<2
≥2 to <5
≥5
Person years
Reason for exclusion from cohort
31 December 2015
Death
Event of interest
Discontinuation of drug for exposed group
Lost to follow-up
New prescription for control group
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Meningioma in participants who used cyproterone
acetate
Of the 516 cyproterone acetate users (69 from the main
cohort and 447 from the complementary cohort of girls
and women who were already using cyproterone acetate
in 2006) admitted to hospital and treated aggressively
for meningioma, 96.0% underwent a neurosurgical
procedure and 4.0% were treated by radiotherapy (table
4). Participants younger than 35 years accounted for
only 6.6% of all those with meningioma, whereas most
participants were older than 45 years (60.5%). The
mean length of the initial hospital stay was 10 days.
The locations of meningiomas that required surgery in
these exposed participants were noticeably different
from those observed in control group participants
(table 4). The two most common anatomical locations
of meningioma among cyproterone acetate users were
anterior skull base (n=190) and middle skull base
(n=130; table 4). The absolute and relative risks of
meningioma differed considerably according to the
anatomical locations of meningiomas (supplementary
material S15). In particular, meningiomas of the

anterior skull base with a 47-fold increased risk (95%
confidence interval 14.9 to 149.1) occurred in those
with prolonged use of cyproterone acetate.
In 29.5% of patients, antiepileptic drug treatment
was continued for one to two years after discharge from
hospital. All cause 30 day and one year mortality after
the initial hospital stay were 1.2% (6/516) and 1.6%
(8/516), respectively.
In the 516 participants with treated meningioma
among cyproterone acetate users, 152 (29.5%)
resumed cyproterone acetate during the first year
after neurosurgery or radiotherapy. Resumption of
cyproterone acetate after neurosurgery or radiotherapy
decreased significantly over time (47% (10/21)
resumption rate in 2007 v 15% (9/60) in 2014 and
19% (11/58) in 2015). The cyproterone acetate
resumption rate was therefore 37% (97/263) during
the period before modification of the labelling (200711) compared with 22% (56/253) after modification of
the labelling for the brand name drug (2012-15).
The estimated number of people with meningioma
attributable to cyproterone acetate was more than
500 in France for the period 2007-15 (62 per year;
supplementary material S16). This estimate is based
on a conservative calculation that does not take into
account those with a diagnosis more than one year after
discontinuation of cyproterone acetate, those with a
diagnosis after an initial classification of very slightly
exposed (control group) and subsequent resumption
of cyproterone acetate, and meningiomas managed by
medical follow-up without surgery or radiotherapy.

Discussion
This study shows a strong, dose dependent association
between use of cyproterone acetate and risk of
meningioma requiring invasive treatment. The risk
of meningioma appeared to be greatest in girls and
women already treated by cyproterone acetate in 2006,
with a cumulative dose of more than 60 g between 2007
and 2015, with four participants with meningioma per
1000 person years. The risk of meningioma decreased
noticeably after treatment was stopped for one year.
Meningiomas occurring in association with use of
cyproterone acetate were located in particular sites,
with an almost 47-fold excess risk of anterior skull
base meningioma. Most of the participants with
meningioma had taken cyproterone acetate for off
label indications, and around 30% had even continued

Table 3 | Incidence, relative risk, and adjusted hazard ratio of meningioma according to exposure to cyproterone acetate
(main cohort, 2007-14; n=253 777)
439 949
289 544

No of
meningiomas
20
69

Incidence per
100 000 person years
4.5
23.8

Relative risk
(95% CI)
Reference
5.2 (3.2 to 8.6)

Adjusted hazard ratio
(95% CI)*
Reference
6.6 (4.0 to 11.1)

53 744
79 202
115 594
29 390
11 615

2
6
30
16
15

3.7
7.6
26.0
54.4
129.1

0.8 (0.2 to 3.5)
1.7 (0.7 to 4.1)
5.7 (3.2 to 10.1)
12.0 (6.2 to 23.1)
28.4 (14.5 to 55.5)

1.1 (0.3 to 4.9)
2.2 (0.9 to 5.6)
6.4 (3.6 to 11.5)
11.3 (5.8 to 22.2)
21.7 (10.8 to 43.5)

Drug use

Person years

Control group (<3 g)
Exposed (≥3 g)
Cumulative dose (g):
≥3 to <6
≥6 to <12
≥12 to <36
≥36 to <60
≥60

*Adjustment for age as time dependent variable and oestrogens as binary variable on inclusion.
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and an adjusted odds ratio of 5.8 (3.4 to 9.9) with a
dose-effect relation (supplementary material S11).
In the cohort of participants already using
cyproterone acetate in 2006 (n=123 997), the mean
age was 32.1 years (supplementary material S12 and
S13). These participants with long term exposure
were also taking oestrogens more often (55.5%
(46 701/84 113) v 31.9% (12 709/39 884)). The
incidence of meningioma in the exposed population
was 141 per 100 000 person years (447 participants),
an excess risk of more than 20-fold (adjusted hazard
ratio 21.2, 95% confidence interval 12.8 to 35.1). A
strong dose-effect relation was also observed, with
adjusted hazard ratio ranging from 5.0 (2.0 to 12.5) to
31.1 (18.4 to 52.0). Beyond a cumulative dose of 60 g
after 2006, the incidence was 383 per 100 000 person
years (supplementary material S14).
In the analysis of the cohort of transgender
participants, the incidence of meningioma in the
exposed population was 20.7 per 100 000 person years
(three participants) versus 0 in the control group of
transgender women (P=0.08). The three people with
meningioma in the exposed group who required surgery
were those taking very high daily doses of 100-150 mg
for relatively short exposure periods of 3-4.5 years.

RESEARCH

Table 4 | Global description of meningioma in main cohort (2007-14) and additional analysis of girls and women already
using cyproterone acetate in 2006. Values are numbers (percentages) unless stated otherwise
Exposed (n=516)

Control group (n=36)

P value

495 (95.9)
21 (4.1)

32 (88.9)
4 (11.1)

—
0.07

48.1 (9.5)
47.1 (42.1-53.6)
1 (0.2)
33 (6.4)
170 (32.9)
204 (39.5)
78 (15.1)
30 (5.8)

50.5 (13.1)
50.4 (40.2-58.6)
0 (0.0)
4 (11.1)
9 (25.0)
11 (30.6)
6 (16.7)
6 (16.7)

0.30
—
—
—
—
—
—
0.11

0 (0.0)
2 (0.4)
14 (2.7)
149 (28.9)
141 (27.3)
210 (40.7)

36 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

—
—
—
—
—
<0.001

190 (36.8)
130 (25.2)
20 (3.9)
107 (20.7)
19 (3.7)
29 (5.6)
21 (4.1)

7 (19.4)
9 (25.0)
3 (8.3)
4 (11.1)
2 (5.6)
7 (19.4)
4 (11.1)

—
—
—
—
—
—
0.003

120 (23.3)
70 (13.6)
47 (9.1)
81 (15.7)
2 (0.4)
6 (1.2)
6 (1.2)
4 (0.8)
2 (0.4)
2 (0.4)
0 (0.0)
107 (20.7)
19 (3.7)
19 (3.7)
4 (0.8)
6 (1.2)
21 (4.1)

3 (8.3)
4 (11.1)
3 (8.3)
4 (11.1)
2 (5.6)
2 (5.6)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.8)
4 (11.1)
2 (5.6)
5 (13.9)
0 (0.0)
2 (5.6)
4 (11.1)

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
NC
—

52 (10.1)
477 (96.3)

8 (22.2)
31 (86.1)

0.05
0.19

10.3 (8.1)
8 (7-12)
128 (24.8)
193 (37.4)
195 (37.8)

9.1 (6.6)
7 (6-10)
11 (30.6)
15 (41.7)
10 (27.8)

0.36
—
—
—
0.45

6 (1.2)
8 (1.6)

0 (0.0)
0 (0.0)

1
1

297 (57.6)
152 (29.5)

26 (72.2)
13 (36.1)

0.11
0.45

9 (1.7)
9 (1.7)

0 (0.0)
0 (0.0)

1
1

11 (2.1)
10 (1.9)

2 (5.6)
0 (0.0)

0.21
1

NC=not calculable.
*Anatomical locations according to common classification of medical procedures (supplementary material 2).
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Variables
Initial treatment
Neurosurgery
Radiotherapy
Age at diagnosis (years)
Mean (SD)
Median (interquartile range):
7-24
25-34
35-44
45-54
55-64
≥65
Cumulative dose (g)
<3
≥3 to <6
≥6 to <12
≥12 to <36
≥36 to <60
≥60
Anatomical location of meningioma (six groups)*
Group 1: anterior skull base
Group 2: middle skull base
Group 3: posterior skull base
Group 4: convexity, not involving dural venous sinuses
Group 5: convexity, involving dural venous sinuses
Group 6: falx and tentorium
Missing (no surgery)
Anatomical location of meningioma (16 groups)*
Anterior skull base
Optic chiasma or hypothalamic region
Middle skull base
Medial third of middle skull base: spheno-orbital region
Sella turcica
Cerebellopontine angle or internal auditory meatus
Cerebelli convexity, invading a dural venous sinus
Clivus
Jugular foramen
Foramen magnum
Petroclival region
Brain convexity, not involving dural venous sinuses
Brain convexity, invading a dural venous sinus
Falx cerebri
Tentorium cerebelli
Tentorial incisure
Missing (no surgery)
Magnetic resonance imaging
6 to 18 months before event
1 year after event
Duration of hospital stay for initial treatment (days)
Mean (SD)
Median (interquartile range):
<7 days
7-9 days
≥10 days
Death
0-30 days
0 days to 1 year
Antiepileptic drug treatment
Date of discharge to 1 year
1-2 years after discharge from hospital
Admission to hospital for seizures
Date of discharge to 1 year
1-2 years after initial discharge from hospital
Neurosurgery reoperation
Date of discharge to 1 year
1-2 years after initial operation
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Comparison with published data
Risk and causality
Two epidemiological studies have assessed the link
between cyproterone acetate use and meningioma.
The first study, by Gil and colleagues,14 included a
retrospective Spanish cohort and identified two men
and two women with meningioma in the group using
high dose cyproterone acetate. The absolute risk was
60 per 100 000 person years and the relative risk
(regardless of sex) was 11.4 (95% confidence interval
4.3 to 30.8), corresponding to an intermediate risk
between those observed in our cohort and women
already exposed in 2006. Because of its low power,
this study did not allow any subgroup analysis,
description and adjustment for other risk factors, or a
study of the dose-effect relation. However, the findings
confirmed, as early as 2011, an already reported
indication and provided an important contribution to
the identification of a probable causal relation. The
second study, by Cea-Soriano and colleagues,15 was a
case-control study of a cohort in the United Kingdom.
This study was more generally designed to examine the
link between hormonal treatment and meningioma.
An excess risk associated with cyproterone acetate was
found in men (four men with meningioma), with an
odds ratio of 3.3 (95% confidence interval 1.0 to 10.6).
However, no association was observed for women,
probably because women received a relatively low
daily dose of 2 mg cyproterone acetate in combination
with an oestrogen.
These two studies14 15 and our own study are
complementary and provide a coherent set of
epidemiological evidence. They show a documented
risk for high dose cyproterone acetate in men, women,
and transgender people, and the absence of any
observed risk for low dose cyproterone acetate use in
women.
The two main identified risk factors for meningioma,
apart from age and female sex, are genetic
predispositions, especially attributed to hereditary
mutations of the neurofibromatosis type 2 gene,27-31
and environmental or medical exposure to high dose
ionising radiation32-42; however, these risk factors
account for only 1-2% of all meningiomas. Arguments
in support of an association between sex hormones
and meningiomas include the increased incidence of
meningioma after puberty in women compared with
men (2:1), with the highest ratio (3.15:1) observed
in women of childbearing age; observations that
meningiomas increase in size during the luteal phase
of the menstrual cycle and during pregnancy, or regress
after delivery; the presence of oestrogen, progesterone,
and androgen receptors in certain meningiomas43-50;
and a moderately increased association between
breast cancer and meningiomas.51 52
Numerous studies have also investigated whether
the use of exogenous sex hormones, such as oral
the bmj | BMJ 2021;372:n37 | doi: 10.1136/bmj.n37

contraceptives or hormone replacement therapy, is
associated with an increased risk of meningioma.
At present no evidence exists of an excess risk of
meningioma in women who use oral contraceptives.
No association has been established between past
or present use of oral contraceptives and the risk
of meningioma.45 47 53 More consistent associations
have been shown with hormone replacement therapy,
although the increased risk seems to remain limited.
The meta-analysis by Benson and colleagues54 reported
an increased risk of meningioma with hormone
replacement therapy, with a relative risk of 1.35 (95%
confidence interval 1.21 to 1.49). The main published
studies have reported excess risks of meningioma
ranging between 1.2 and 2.2. These studies appear to
show that the use of progestogen is an independent
risk factor for the development and growth of
meningiomas. However, the magnitude of the risk
observed with hormone replacement therapy is much
lower than that observed with high dose cyproterone
acetate in our study. Wiemels and colleagues27 called
for larger scale studies on the use of exogenous
hormones in women with meningioma, with particular
attention paid to stratification according to hormone
composition (oestrogen or progesterone), duration and
age of use, and subgroups of meningiomas defined by
tumour receptor expression.
Additionally, the presence of progesterone receptors
in arachnoid tissue, from which meningiomas arise, has
been known for four decades.55-59 Several authors have
reported a heterogeneous distribution of progesterone
receptors according to the site of meningiomas. A
rostrocaudal gradient of progesterone receptors, with
a higher density of receptors in the skull base, has
often been reported, and was confirmed by several
publications.60 61 Our finding of a predominance of
anterior skull base meningiomas related to use of
cyproterone acetate, a progestogen, is consistent with
these biological findings.
Peyre and colleagues62 recently compared 40
patients who had surgery for meningioma after
prolonged treatment with progestogens with 530
women with meningiomas arising in the absence of
hormone therapy. Progestogen related meningiomas
were more commonly multiple meningiomas situated
in the skull base (a predominant location also observed
in our study). These authors showed a higher incidence
of PIK3CA (mutations also found in endometrial
carcinoma, breast cancer, and cervical carcinoma) and
TRAF7 (tumour necrosis factor receptor associated
factor 7) mutations, and a lower incidence of NF2
(neurofibromatosis type 2) mutations in progestogen
related meningiomas compared with non-progestogen
related meningiomas, suggesting a hormone induced
mutational shift.62
Biologically, an association between use of high
dose cyproterone acetate and the development of
meningioma is highly plausible. This explanation in
favour of a causal relation provides further support to
the other four explanations provided by our study: the
strength of the association, the dose-effect relation,
9
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or resumed cyproterone acetate after treatment of the
meningioma, which has been formally contraindicated
since 2011.
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Use of high dose cyproterone acetate in women

Our study reports extensive off label use of cyproterone
acetate, similar to the study by Bernat and colleagues,7
which included 12 women, only one of whom was
treated for hirsutism, with one or more meningiomas
after treatment with high dose cyproterone acetate.
The other reported indications for cyproterone
acetate7 63 64 were acne, hyperandrogenism,
contraception, dysmenorrhoea, polycystic ovary
syndrome, alopecia, and menopause. Most of the
clinical cases reported in the international scientific
literature were concentrated in four countries (France,
Spain, Italy, and Belgium), reflecting different
indications and uses compared with those observed
in Asian and Anglo-Saxon countries, where the use
of high dose cyproterone acetate for dermatological
and gynaecological indications such as contraception
is not approved. High dose cyproterone acetate is not
currently marketed in the United States, where other
antiandrogens are used.
France accounts for about 60% of all sales of 50 mg
cyproterone acetate 65 (used by women and men) among
European countries with similar populations (Germany,
Spain, UK, and Italy). In some European countries
(Belgium, Cyprus, Germany, Greece, Luxembourg,
the Netherlands, and Portugal) cyproterone acetate
is marketed at a lower dose strength of 10 mg, with
or without the 50 mg dose (table 1), which has
probably limited the risk of cyproterone acetate related
meningioma in these countries. Cyproterone acetate,
marketed under various trade names, is extensively
used in Latin American countries, especially Argentina
and Brazil.

Clinical management of cyproterone acetate related
meningiomas

A large proportion of meningiomas involve the skull
base, which is of considerable importance because
skull base meningioma surgery is one of the most
challenging forms of surgery and is associated
with a much higher risk than surgery for convexity
meningiomas. Several case series of cyproterone
acetate related meningiomas have reported regression
or stabilisation of meningiomas after discontinuation
of cyproterone acetate, suggesting that surgery could
be avoided in these patients.2-4 6-8 11 66 The results of
our study showed a noticeable reduction in risk of
invasive treatment for meningioma after one year of
discontinuation of cyproterone acetate. These findings
are consistent with the results of previous studies
comprising follow-up using magnetic resonance
imaging. Discontinuation of cyproterone acetate in
the presence of meningioma should be considered a
valid treatment option before surgery, provided close
clinical and magnetic resonance imaging surveillance
10

is ensured, with comparative measurement of tumour
volumes.7 8 11 66
Despite the benign histology of meningiomas,
surgical complications are not uncommon: anti
epileptic drug treatment was continued for more than
one year after surgery in more than 30% of patients in
our study. Van der Vossen and colleagues67 showed
that 40% of patients who had surgery for meningioma
experienced cognitive or emotional disorders for an
average of 2.5 years after surgery.

Strengths of this study
The large cohort (1 300 000 person years exposed)
studied provides new information about the dose-effect
relation, the anatomical locations of meningiomas
requiring surgery, the effect of discontinuation of
treatment, and the attributable number of cases. This
study was based on SNDS, a national database and was
conducted on a large unselected population, in whom
use of cyproterone acetate was measured prospectively
over time by pharmacists dispensing drugs, recorded
by bar code for the purposes of financial monitoring,
and independent of the event of interest. There was
no recall bias, unlike older studies that were generally
based on retrospective drug use data derived from
meningioma registries.
Another strength of this study is that we used an
event of interest linking a diagnosis (meningioma)
with interventional management (neurosurgery, in
96% of cases, or radiotherapy). This definition of the
event ensures a high specificity and consequently
minimises the effect of misclassification error on risk
estimation. This is particularly important because
a small asymptomatic meningioma (not causing
neurological deficits) might be discovered incidentally
on imaging, which could induce differential errors
when imaging is performed more often in closely
monitored people using cyproterone acetate. The
requirement of an associated therapeutic procedure68
restricts the study to tumours with present or imminent
neurological consequences, less subject to a discovery
bias, and also confirmed by histological examination,
making the event highly specific when defined in this
way. Such a definition of cases, used in the context of a
pharmacoepidemiological approach, also avoided the
limitations of a pharmacovigilance approach based on
heterogeneous spontaneous reporting by healthcare
professionals. Only a pharmacoepidemiological
approach can provide estimates of absolute risk,
relative risk, and attributable number of cases of an
adverse event.69
Limitations of this study
Like all real life observational studies, this study has
several limitations. The indications for high dose
cyproterone acetate were poorly defined, although
this does not affect the level of risk because no
association was observed in our study between the
context of prescription (hirsutism, acne) and the risk of
meningioma. However, the poorly defined indications
constitute a serious limitation in terms of determination
doi: 10.1136/bmj.n37 | BMJ 2021;372:n37 | the bmj
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the reduction in risk after stopping treatment, and
the specificity of certain tumour locations, especially
the anterior skull base. The use of cyproterone acetate
determines a new form of meningiomatosis, which
corresponds to hormone sensitive meningiomas.
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that a reverse causality bias, always possible if the
prescription of cyproterone acetate was linked to an
as yet undiagnosed meningioma, can be excluded in
this study because the risk of meningioma increased
with the duration of cyproterone acetate use and
cumulative doses, and not during the initial phase of
drug use. Nevertheless, the endpoint used in this study
(neurosurgical resection or radiotherapy) corresponds
to a pragmatic and clinically significant event.
Meningioma incidence rates in girls and women with
low use of cyproterone acetate in our study were similar
to those reported in the reference epidemiological
publications27 (supplementary material S17).
The risk of meningioma associated with other
potent, high dose progestogens, such as nomegestrol
acetate72 73 and chlormadinone acetate, should also
be evaluated by using similar methods.74 Currently, no
evidence exists to suggest a similar magnitude of risk
to that associated with cyproterone acetate.

Clinical implications of this study
People who use high dose cyproterone acetate for
at least three to five years should be informed about
the increased risk of intracranial meningioma. The
indication of cyproterone acetate should be clearly
defined and the lowest possible daily dose used. In
the context of prolonged use of high dose cyproterone
acetate, magnetic resonance imaging screening for
meningioma should be considered. In patients with a
documented meningioma, cyproterone acetate should
be discontinued because the meningioma might
regress in response to treatment discontinuation and
invasive treatment could be avoided.
Conclusion
More than 400 000 girls and women in France used
high dose cyproterone acetate between 2006 and
2015, predominantly for off label indications. A
strong and dose dependent association between use
of cyproterone acetate and meningioma treated by
surgery or radiotherapy was observed in these people.
Based on available follow-up, the risk of meningioma
decreased noticeably after treatment was stopped.
In light of these results, prescription of cyproterone
acetate, especially for off label indications, should be
considered carefully, with more detailed assessment
of the risk-benefit balance for approved indications.
Additionally, more thorough screening and monitoring
of meningioma by brain magnetic resonance imaging
should be performed when prescription of cyproterone
acetate seems to be necessary.
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of the benefit-risk balance of the drug, which is essential
in view of the extensive off label use of cyproterone
acetate in France. The Meningioma and Cyproterone
Acetate Temporary Specialised Scientific Committee,
formed by the French Medicines Agency, formulated
its conclusions at a meeting on 1 October 2018, when
it considered that the use of cyproterone acetate for
off label indications such as acne, seborrhoea, and
moderate hirsutism should be formally banned.70 In
light of this report, in February 2020 the European
Medicines Agency recommended that drugs containing
10 mg or more of cyproterone acetate should only be
used for hirsutism, androgenic alopecia, and acne and
seborrhoea once other treatment options have failed,
including treatment with lower doses.71
Another limitation of this study was the failure to
take into account the combined oral contraceptive pill
containing 2 mg of cyproterone acetate, which is not
reimbursed and therefore not present in SNDS. However,
the 50 mg/day dosage studied here is 25-fold higher
than 2 mg, therefore this low dose would have only had
a marginal impact on the cumulative dose calculation of
cyproterone acetate. Additionally, as is often the case in
pharmacoepidemiology, even with regular dispensing
of a drug such as cyproterone acetate by a pharmacist
with a prescription from a doctor, reimbursement of
this drug by national health insurance cannot be strictly
equated with drug use. Patients might not always take
the drugs dispensed by pharmacists.
According to several published case series, most
meningiomas occur after use of cyproterone acetate for
10-30 years. However, at the time of this study, SNDS
comprised only 10 years of follow-up. Therefore, we
created a cohort of participants who started cyproterone
acetate between 2007 and 2014 for the main analysis,
and considered girls and women already taking
cyproterone acetate in 2006, who started treatment at
an unknown date, only in the complementary analyses.
This approach makes presentation of the results of the
study slightly more complicated, but enhances the
validity of the conclusions.
Several limitations also concern the clinical and
histological characteristics of meningioma. SNDS does
not contain data on the results of magnetic resonance
imaging or histology, or whether meningiomas are
single or multiple, except for operations that involve
distinct anatomical regions.
Finally, the identification of the meningiomas
are not specified in detail, but the neurosurgical
management, most probably according to current
European guidelines,68 reflects the symptomatic nature
of the tumour related to its volume or location. Fewer
than 10% of treated patients had undergone magnetic
resonance imaging between six and 18 months before
surgery. The results (number and size of meningiomas)
are not available, but reimbursement of the procedure
can be identified in the database. Therefore, this
study probably underestimates the overall incidence
of intracranial meningiomas because most of these
tumours, small or asymptomatic tumours, are simply
followed by magnetic resonance imaging. We consider
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