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Abstract

Background. Studies of hormonal contraceptives and the risk of meningioma has often relied on self-reported infor-
mation, primarily focusing on oral contraceptives. Recently, an association between progestins and meningioma
was suggested. We aimed to analyze the association between hormonal contraceptives and meningioma using data
from Swedish national registries.

Methods. We used the Swedish Cancer Register to identify women born 1955-1995, diagnosed with meningioma
at age >20 years, between 2007 and 2015 (N=1055). Twenty controls per case were randomly selected from the
Swedish population register, matched by birth year and county of residence. We retrieved information regarding
prescriptions of hormonal contraceptives from the National Prescribed Drug Register. Adjusted conditional logistic
regression models were used to evaluate the association between hormonal contraceptive use and meningioma
occurrence.

Results. Women prescribed hormonal contraceptives >1 year before the index date had an odds ratio (OR) of menin-
gioma of 1.76 (95% ClI, 1.53-2.03). For contraceptives containing medroxyprogesterone the OR was 5.49 (95% CI,
4.51-6.67), while the association was weaker for other progesterone contraceptives (OR=1.34, 95% ClI, 1.09-1.65). No
association was found for intrauterine devices, vaginal rings, and subdermal implants.

Conclusions. This large register-based case-control study show a strong association between injectable hormonal
contraceptives containing medroxyprogesterone and meningioma risk. The results add to the growing body of
evidence of an association between meningiomas and progestins in general and the strong, consistent associations
suggest a causal role of injectable medroxyprogesterone in meningioma growth. Our results correspond to 2 addi-
tional cases of meningioma per 10 000 women exposed to medroxyprogesterone per year.
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Importance of the study

An association between the use of hormonal contracep-
tives and the risk of meningioma has been suggested, but
available evidence is either based on crude exposure
information with few details about specific types of hor-
monal contraceptives, or few exposed women. We present
a large nationwide registry-based study, with detailed
information about prescriptions of different hormonal con-
traceptives, linked to the population-based cancer regis-
ter. Women who were prescribed medroxyprogesterone

Meningiomas account for 20%-42% of all intracranial
tumors, with an incidence ranging between 2 and 8 per
100 000."* Established risk factors for meningiomas are
increasing age, female sex, exposure to ionizing radiation,
high BMI, and some rare genetic syndromes, such as neu-
rofibromatosis type 1 and type 2, Turner’s syndrome, and
Werner’s syndrome.™*

The increased incidence of meningioma observed in
women has fueled hypotheses of a causal link between
female sex hormones and the development of
meningioma.’*® A biological mechanism has been sug-
gested to involve receptors for sex-hormones. Estrogen
and androgen receptor expression is low and inconsis-
tent, but progesterone receptor expression is found in
70%-90% of all meningiomas, inversely related to degree
of aggressiveness.®" In addition, progesterone receptor
expression is higher in meningiomas that developed
during hormonal treatment than controls: 89% vs 71%.°
Yet, epidemiological studies on the association between
exposure to female sex hormones and a diagnosis of
meningioma have been contradictory; some have reported
an increased risk of meningioma with the use of oral con-
traceptives,'”" while others found no association.®'¢'®
Surprisingly, pregnancy, with very high levels of endog-
enous sex hormones, even appeared to protect from
meningiomas.' Recently, however, 2 studies suggested
progestin treatment as a risk factor for meningiomas in
French and US populations,?>?" and the Pharmacovigi-
lance Risk Assessment Committee of the European Med-
icines Agency issued documents in November of 2024
stating, “Cases of meningioma (single and multiple) have
been reported in patients treated with medroxyprogester-
one acetate for a prolonged time."??

Use of contraceptives and progestins varies between
countries in terms of indications and preferred medica-
tions.” There is a need for data from comprehensive
population-based tumor registries along with objective
information of hormonal contraception for traceable epide-
miological observations on the association between hor-
monal contraception use and meningioma diagnoses.

The aim of the current study is to evaluate the associ-
ation of treatment with hormonal contraceptives and the
risk of meningioma among young and middle-aged
women using data from nationwide Swedish healthcare
registers, including the National Prescribed Drug
Register.

injections had a 5-fold increased odds of meningioma. For
other progesterone contraceptives a weak association
with meningioma was observed. No association was found
for prescriptions of intrauterine devices, vaginal rings, and
subdermal implants. The robustness of the findings was
evaluated in sensitivity analyses, which all confirmed the
original results. The findings correspond to 2 additional
cases of meningioma per 10 000 women exposed to
medroxyprogesterone injections per year.

Methods

Study population

The study was designed as a register-based case-control
study nested within the Swedish population. Linkages
between the population register and health data registers
were made available through the unique personal identifi-
cation number assigned to all Swedish inhabitants.?* Eligible
for inclusion were women aged 20 years or older who were
born between 1955 and 1995, with no previous central ner-
vous system tumor reported to the Swedish National Cancer
Register at start of follow-up. Incident meningioma cases
were identified through the Cancer Register between
January 1, 2007 and December 31, 2015. The Swedish
National Cancer Register contains information on all malig-
nant tumors as well as certain benign tumors (including
benign brain tumors) diagnosed in Sweden since 1958.%
Meningioma cases were identified using the third revision
of the International Classification of Disease for Oncology
(ICD-0-3 C70, morphology code starting with 953). For each
meningioma case, twenty controls were randomly selected
among eligible women living in Sweden at the time of diag-
nosis of the case (incidence density sampling), individually
matched to the case by birth year and county of residence
at index date (date of meningioma diagnosis). As an addi-
tional eligibility criteria, cases and controls were included
in the study only if they had been living in Sweden at least
3 years before the index date.

Exposure

Hormonal contraceptives are used to prevent unwanted
pregnancies, in Sweden usually prescribed by midwifes, but
they can also be prescribed for other indications, such as
treatment of acne, heavy menstrual bleeding, dysmenor-
rhea, or premenstrual symptoms. All prescribed contracep-
tives are free of charge up to age 18 years, thereafter,
subsidized until age 25 years, and from 25 years of age,
women pay prescribed contraceptives in full.

We obtained information about prescriptions of hormonal
contraceptives from the National Prescribed Drug Register,
which contains nationwide information on all dispensed med-
ications since July 2005, including Anatomical Therapeutic
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Chemical (ATC) codes and mode of delivery.? The register
does not include information about indications for the pre-
scription. Hormonal contraceptives prescriptions were iden-
tified using the ATC codes G03A, G02BA03, and G02BB and
were further classified as progestin only contraception (ATC
codes GO3AC, G02BA03, and G02BB02), medroxyprogester-
one (ATC code GO3AC06), combined hormonal contraception
(estrogens and progestogens in combination, ATC codes
GO03AA, G03AB, and G02BB01), and combined hormonal con-
traception with levonorgestrel (ATC codes GO3AA07 and
GO03ABO03). In addition, we also identified women who
received prescriptions of intrauterine devices containing levo-
norgestrel (ATC code G02BA03), subdermal implants (based
on information on mode of delivery), and vaginal rings (ATC
code G02BB), also combined contraceptives.

In the main analysis, women were defined as exposed if
they had at least one prescription of a hormonal contracep-
tive at least 1 year before the index date. We evaluated the
association between prescriptions of any type of hormonal
contraceptives and meningioma occurrence, as well as spe-
cific types of hormonal contraceptives separately. In sensi-
tivity analyses we evaluated 2 longer induction periods: at
least one prescription 2 years before the index date, and at
least one prescription 3 years before the index date. In addi-
tion, we conducted 2 sensitivity analyses to reduce exposure
misclassification from dispensed prescriptions that were
never used by requiring 2 or more prescriptions at least 2
years before the index date in one analysis, and 2 or more
prescriptions at least 3 years before the index date in the
other.The reference group in all analyses were women who
did not have any prescription of hormonal contraceptives
in the National Prescribed Drug Register prior to index date.
In the sensitivity analyses in which the hormonal contracep-
tives had to be prescribed at least 2 (or 3 years) before the
index date, only meningioma cases who were diagnosed
from 2008 (or 2009) were included.

As registration of a cancer diagnosis can be delayed in
the Swedish Cancer Register, especially for benign tumors,
a sensitivity analysis was conducted where the date of
meningioma diagnosis was defined using the earliest date
reported in either the Swedish Cancer Register or the
National Patient Register. The latter contains nationwide
information on inpatient care since 1987 and outpatient care
since 2001.% To assess potential confounding from condi-
tions that may influence the likelihood of being prescribed
hormones or a specific type of hormone, we conducted sen-
sitivity analyses excluding women born with congenital
malformations or women who had any previous cancer
diagnosis. We also performed age-stratified analyses
(<45 years/>45 years). In a subset of women, we further
adjusted for body mass index using information on height
and weight obtained from the National Medical Birth Reg-
ister (MBR), which contains information on antenatal,
obstetrical, and neonatal care for approximately 98% of
pregnancies resulting in a live birth.?The most recent record
in the MBR that predated the index date was used to obtain
information on height and weight during the first antenatal
visit: this information is available from 1982. This analysis
was restricted to women who had given birth 1982 or later.

We made a post hoc decision to further assess the robust-
ness of the findings by creating a separate case-control
study with the additional eligibility criteria that participants

should have no contraindications for hormonal contracep-
tives prescription before the index date and made a new
random selection of controls using incidence density sam-
pling.These contraindications were defined according to the
WHO Medical eligibility criteria for contraceptive use, fourth
edition (Table S1).?° In a post hoc analysis, diagnoses
reported to the National Patient Register were used to deter-
mine whether women who were prescribed hormonal con-
traceptives had a different medical history compared to
women who had no prescriptions, in order to evaluate
potential confounding by indication.

Statistical analysis

Conditional logistic regression models were used to esti-
mate the association between hormonal contraceptives and
the risk of meningioma. Analyses were adjusted for marital
status (married/not married), income (categorized in quar-
tiles based on the yearly income distribution in the whole
female Swedish population), educational level (compulsory
education or less, upper secondary education, postsecond-
ary education), parity (no children, 1 or 2 children, 3 children
or more), country of birth (born in Sweden/not born in Swe-
den), history of diseases of the circulatory system, family
history of breast cancer and family history of central nervous
system tumors. Information regarding marital status,
income, and education was obtained from the Longitudinal
Integration Database for Health Insurance and Labour Mar-
ket Studies (LISA),*® parity from the Multi-generation Regis-
ter,®" country of birth from the Total Population Register,*
history of diseases of the circulatory system from the
National Patient Register,?” and family history of breast can-
cer and central nervous system tumor was obtained using
the Multi-generation Register, to identify first-degree rela-
tives, and the Swedish National Cancer Register. We esti-
mated the excess number of meningioma cases due to
medroxyprogesterone exposure by calculating the attribut-
able fraction, according to Rothman et al,*® under the
assumption that the observed association is causal. From
the Prescribed Drug register we estimated the number of
women born 1955-1995 who had ever been prescribed
medroxyprogesterone in the study population during the
study period, in total 88 513 women. All statistical analyses
have been performed using SAS statistical software version
9.4 (SAS Institute, Inc, Cary, NC, USA). The study has been
approved by the Regional Ethical Review Board in Stock-
holm (2011/634-31/4, 2016/27-32, 2024-06399-02), that also
waived the requirement for participant consent.

Results

Between 2007 and 2015, 1055 women born between 1955 and
1995 had a diagnosis of a meningioma reported to the Swed-
ish Cancer Register after age 20. Descriptive characteristics of
the 1055 cases and 21 100 matched controls are reported in
Table 1.The large majority of the meningioma cases (82%) was
forty years or older at the time of diagnosis and no or small
differences were observed between cases and controls with
regards to parity, marital status, income, country of birth,
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Table 1. Descriptive characteristics of the included meningioma
cases and matched controls

Meningioma Matched

cases controls
(n=1055) [V EVAR)]

Age at index date

20-29 29 (3%) 580 (3%) 1.0
30-39 156 (15%) 3120 (15%)
40-49 478 (45%) 9560 (45%)
50-60 392 (37%) 7840 (37%)

Parity
No children 167 (16%) 3437 (16%) 925
One or two children 591 (56%) 11753 (56%)
Three children 297 (28%) 5910 (28%)

or more

Marital status
Not married 535 (51%) 10479 (50%) .507
Married 520 (49%) 10621 (50%)

Educational level

Compulsory or less 126 (12%) 2292 (11%) .028

Upper secondary 539 (51%) 10022 (48%)
education
Postsecondary 385 (36%) 8679 (41%)
education
Missing 5 (0%) 107 (1%)
Income (percentiles)
<25th 242 (23%) 4688 (22%) .408
25th-50th 255 (24%) 4895 (23%)
50th-75th 290 (27%) 5611 (27%)
75th-100th 268 (25%) 5891 (28%)
Missing - 15 (0%)
Born in Sweden 879 (83%) 17331 (82%) .328
History of diseases of 99 (9%) 1437 (7%) .001
the circula-
tory system
Family history of 71 (7%) 1494 (7%) .664
breast cancer
Family history of 22 (2%) 383 (2%) .523

central nervous
system tumors

history of circulatory diseases, and family history of breast
cancer and central nervous system tumors: however, controls
were slightly more likely to have completed postsecondary
education (41% vs. 36%). Table S2 shows the distribution of
prescribed hormonal contraceptives among the controls
according to descriptive characteristics.

Forty-three percent of the meningioma cases were pre-
scribed hormonal contraceptives at least 1 year before the
date of diagnosis, compared to 32% of the controls (Table 2).
An increased odds ratio (OR) of meningioma was found
among women who were prescribed any hormonal contra-
ceptive prescriptions at least 1 year before the index date
(OR=1.76, 95% Cl, 1.563-2.03). A slightly stronger association
was observed for progestin only contraceptives (OR=1.92,
95% Cl, 1.66-2.21), while a 5-fold increased odds of meningi-
oma was found among women who were prescribed hor-
monal contraceptives containing medroxyprogesterone

(OR=5.49, 95% Cl, 4.51-6.67). For progestin only contracep-
tives that did not contain medroxyprogesterone, only a weak
association was observed (OR=1.19, 95% Cl, 0.99-1.41). A
modest increased OR of meningioma was observed for con-
traceptives containing estrogens and progestogens or estro-
gens and levonorgestrel in combination, while subdermal
implants, intrauterine devices, and vaginal rings were not
associated with meningioma occurrence (Table 2). Similar
findings were found in age-stratified analyses (Table 2) and
in analyses that were further adjusted for body mass index
(Table S3).

Results from sensitivity analyses in which different expo-
sure definitions were used agree with the main findings
(Table 3): when the exposure definition required at least 2
prescriptions of medroxyprogesterone the OR was 5.86, 95%
Cl, 4.75-7.22 for prescriptions at least 2 years before the
index date and OR=5.93, 95% Cl, 4.76-7.39 for prescriptions
at least 3 years before the index date. Excluding women
with any previous cancer diagnosis, born with congenital
malformations, or defining date of meningioma diagnosis
as the earliest date reported in the Swedish Cancer Register
or the National Patient Register, had a limited effect on the
results (Table 4).

In post hoc analyses, we examined whether women who
had prescriptions of hormonal contraceptives had a different
medical history than others. Women who were prescribed
medroxyprogesterone contraceptives were more likely to
have certain comorbidities, such as endocrine and metabolic
diseases, mental, behavioral and neurodevelopmental dis-
orders, diseases of the nervous, digestive and musculoskel-
etal system, and congenital malformations and chromosomal
abnormalities (Table S4). Analyses based on a new
case-control study restricted to women who had no contra-
indications for hormonal contraceptives prescription before
the index date were eligible for inclusion as cases or controls,
provided results very similar to the main findings (Table S5).

The attributable fraction for medroxyprogesterone expo-
sure was estimated at 81.8%, =~ 152 cases among the exposed
over the 9-year study period. This corresponds to approxi-
mately 2 excess cases of meningioma per 10 000 exposed
women per year.

Discussion

In this large nationwide register-based case-control study
we observed a higher odds of meningioma in young and
middle-aged women who were prescribed hormonal con-
traceptives. This association was almost entirely explained
by medroxyprogesterone contraceptives. An over 5-fold
increased odds of meningioma was observed in women
taking medroxyprogesterone contraceptives, while for
women using other hormonal contraceptives, the odds of
meningioma did not differ statistically from unexposed
unless receiving combination therapies that included
medroxyprogesterone.

Our findings support the results from a population-based
case-control study of meningioma patients identified from
the French National health data system when undergoing
meningioma surgery.?’ Although few cases were exposed
to medroxyprogesterone, the OR for meningioma was
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Table 2. Association between hormonal contraceptives, prescribed at least 1 year before the index date, and the occurrence of meningioma

Age at index date < 45

N cases/
N controls

Adjusted
OR (95% Cl)

Any hormonal
contraceptive

N cases/
N controls

Age at index date > 45

N cases/
N controls

Adjusted
OR (95% Cl)

Adjusted
OR (95% Cl)

Unexposed® 573/13741 Ref 149/3718 ref 424/10023 ref

Exposed 456/6851 1.76 (1.53-2.03)  224/3734 1.57 (1.25-1.97)  232/3117 1.89 (1.58-2.25)
Progestin only
contraceptive

Unexposed® 573/13741 Ref 149/3718 ref 424/10023 ref

Exposed 402/5503 1.92 (1.66-2.21)  182/2735 1.73 (1.36-2.20)  220/2768 2.02 (1.69-2.41)
Medroxyprogesterone

Unexposed® 573/13741 ref 149/3718 ref 424/10023 ref

Exposed 186/853 5.49 (4.51-6.67) 72/336 5.55 (3.92-7.85) 114/517 5.44 (4.28-6.90)
Progestins excluding
medroxyprogesterone

Unexposed® 573/13741 ref 149/3718 ref 424/10023 ref

Exposed 216/4637 1.19 (0.99-1.41)  110/2388 1.19 (0.90-1.56)  106/2249 1.17 (0.93-1.47)
Estrogens and
progestogens

Unexposed® 573/13741 Ref 149/3718 ref 424/10023 ref

Exposed 120/2345 1.22 (0.96-1.56)  93/1727 1.31 (0.96-1.79) 27/618 1.06 (0.70-1.61)
Estrogens and
levonorgestrel

Unexposed® 573/13741 Ref 149/3718 ref 424/10023 ref

Exposed 60/1170 1.27 (0.93-1.75)  49/837 151 (1.03-2.22) 11/333 0.84 (0.45-1.59)
Subdermal implants

Unexposed® 573/13741 Ref © - ¢ -

Exposed 10/247 1.04 (0.52-2.07)
Intrauterine devices and
vaginal rings

Unexposed"® 573/13741 Ref 149/3718 ref 424/10023 ref

Exposed 105/2527 1.01 (0.80-1.27)  47/1222 0.86 (0.60-1.25)  58/1305 1.11 (0.82-1.50)

aAdjusted for marital status, educational level, income, parity, history of diseases of the circulatory system, and family history of breast cancer and

central nervous system tumors.

®The reference group in all analyses were women who did not have any prescription of hormonal contraceptives prior to index date.

°Less than 5 observations in one subgroup.

almost identical with our findings, albeit with a wide con-
fidence interval: 5.55; 95% Cl, 2.3-13.6. Griffins analyzed
a US Insurance Claims database with 556 cerebral menin-
gioma patients exposed to oral medroxyprogesterone and
207 to medroxyprogesterone injection for > 1 year. No
association was observed for oral exposure, while for
injections an exposure-response relationship was sug-
gested with ORs in the interval of 1.7-3.4 depending on
duration of exposure.?’ The consistency of the findings
and high ORs observed in population-based studies are
compelling. Moreover, the recurrence rate after meningi-
oma surgery is higher in women taking progestin only
contraceptives, compared to combined contraceptives,*
lending further support to our findings.

Our observations agree with 2 previous retrospective,
interview-based Nordic studies. A non-overlapping Swedish
study found an almost 3-fold increased risk of meningioma
associated with long-acting hormonal contraceptives

including implants, injections, or intrauterine devices,®
while a study conducted in Finland found a modest associ-
ation for “other” hormonal contraceptives (ie, not oral) and
progesterone receptor-positive meningiomas.** The effects
of medroxyprogesterone injections may have been diluted
in both studies, since data on injections were aggregated
with data on implants and intrauterine devices, for which
we found no associations in our study.

Epidemiological studies on the progestins nomegestrol
acetate®” and cyproterone acetate***° also showed an asso-
ciation with the risk of meningiomas. Moreover, cyproterone
acetate related meningiomas formed a distinct subgroup of
hormone dependent tumors.* Discontinuation of cypro-
terone acetate and nomegestrol acetate is recommended as
a first step in management of patients with meningiomas;
discontinuation is associated with stabilization or tumor
shrinkage.*“? Taken together, observations of an association
between meningiomas and different progestins are uniform.
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Table 3. Sensitivity analyses to evaluate the association between hormonal contraceptives and meningioma occurrence using different exposure

. W)
definitions %
At least 1 prescription 2 At least 1 prescription 3 At least 2 prescriptions 2 At least 2 prescriptions 3 §

years before the years before the years before the index date years before the index date iy

index date index date é"

N cases/ Adjusted N cases/ Adjusted N cases/ Adjusted N cases/ Adjusted g

Ncontrols OR (95% CI) N control OR (95% CI) N controls OR (95% ClI) N controls OR (95% ClI) g“

Any hormonal §
contraceptive &
Unexposed"® 533/12537 ref 480/11354 Ref 533/12537 ref 480/11354  ref §
Exposed 401/6142  1.68 (1.45-1.95) 360/5400 1.74 (1.49-2.04) 319/4119 2.05 (1.75-2.40)  276/3320 2.14 (1.81-2.53) o
Progestins only _g
Unexposed®  533/12537 ref 480/11354 Ref 533/12537 ref 480/11354  ref s
Exposed 350/4838 1.86 (1.60-2.16) 311/4156  1.94 (1.65-2.28) 262/2805 2.40 (2.03-2.83) 228/2373 2.49 (2.09-2.97) g
Medroxypro- g
gesterone g
Unexposed®  533/12537 ref 480/11354 Ref 533/12537 ref 480/11354  ref 3
Exposed 167/784 5.40 (4.40-6.63) 151/703 5.48 (4.42-6.80) 163/711 5.86 (4.75-7.22) 147/636 5.93 (4.76-7.39) %
Progestins g
excluding Qg),_
medroxypro- %
gesterone g
Unexposed®  533/12537 ref 480/11354 Ref 533/12537 Ref 480/11354  ref N
Exposed 181/4037  1.12(0.92-1.35) 157/3432 1.15(0.94-1.41)  95/2059 1.15 (0.91-1.47)  78/1707 1.15 (0.88-1.49) %
Estrogens and %
progestogens N
Unexposed® 533/12537 ref 480/11354 Ref 533/12537 ref 480/11354  ref g
Exposed 104/2137  1.11 (0.86-1.44)  94/1908 1.13(0.86-1.48) 77/1678 1.06 (0.79-1.41)  70/1467 1.10 (0.81-1.49) g
Estrogens and S
levonorgestrel g
Unexposed®  533/12537 ref 480/11354  ref 533/12537 ref 480/113564  Ref 3
Exposed 50/1054 1.13 (0.80-1.59) 45/944 1.13(0.79-1.62)  34/771 1.06 (0.71-1.58)  29/676 1.04 (0.67-1.59) 8
Progestins i—é
excluding 8
medroxypro- o
gesterone g
Unexposed®  533/12537 ref 480/11354 Ref 533/12537 Ref 480/11354  ref ‘_Dh
Exposed 181/4037  1.12 (0.92-1.35) 157/3432 1.15(0.94-1.41) 95/2059 1.15 (0.91-1.47)  78/1707 1.15 (0.88-1.49) S
Subdermal §
implants 8
Unexposed®  533/12537 ref 480/11354 ref © - ¢ - é
Exposed 921 1.05 (0.51-2.16)  9/181 1.20 (0.58-2.49) ]
Intrauterine ?)
devices and o
vaginal rings 8
Unexposed®  533/12537 Ref 480/11354 Ref 533/12537 Ref ¢ - &
Exposed 91/2150 1.02 (0.79-1.30)  78/1754 1.07 (0.82-1.40)  10/315 0.72 (0.37-1.38) cgn'_
aAdjusted for marital status, educational level, income, parity, history of diseases of the circulatory system, and family history of breast cancer and &
central nervous system tumors. §
®The reference group in all analyses were women who did not have any prescription of hormonal contraceptives prior to index date. °
°Less than 5 observations in one subgroup. .
=

3

A class-effect and mechanistic biological effects are likely. immunity.There is a known association between progestins ~
Neoplasia is related to several hallmarks, including sus-  and breast cancer which is probably associated with their >

tained proliferation and evasion of destruction of neoplastic ~ proliferative effect on breast tissue.*®

cells.®® Progestins can exert such biological effects and can To further address mechanistic implications, patterns of
stimulate cell proliferation via mechanisms that require the = exposure and meningioma were analyzed. Our data revealed
PR, ERK1/2 and JNK pathways.* In addition, progestins are  a strong association with exposure only to medroxyprogester-
immunosuppressive® and could attenuate anti-tumoral one injection. Other preparations were not associated with



Tettamanti et al.. Hormonal contraceptives and meningioma

Table 4. Sensitivity analyses using the earliest date of meningioma diagnosis reported in the National Patient Register and the Swedish National
Cancer Register and after removing women born with congenital malformations and women with any previous cancer diagnosis

Date of diagnosis as the earliest
date reported in either the
National Patient Register or the

Excluding women who had a
previous cancer diagnosis

Excluding women born with
congenital malformations

Swedish Cancer Register

N cases/
N controls

N cases/
N controls

N cases/
N controls

Adjusted
OR (95% Cl)

Adjusted
OR (95% Cl)

Adjusted
OR (95% Cl)

Any hormonal contraceptive

Unexposed" 564/13487 Ref 504/12533 ref 535/13162 ref

Exposed 452/6828 1.73 (1.51-2.00) 414/6349 1.77 (1.53-2.05) 421/6532 1.79 (1.55-2.07)
Progestins only

Unexposed® 564/13487 Ref 504/12533 Ref 535/13162 ref

Exposed 399/5502 1.88 (1.62-2.18) 365/5107 1.92 (1.65-2.23) 371/5246 1.93 (1.66-2.24)
Medroxyprogesterone

Unexposed" 564/13487 Ref 504/12533 ref 535/13162 ref

Exposed 185/811 5.39 (4.43-6.57) 170/784 5.63 (4.57-6.93)  173/796 5.60

(4.57-6.87)

Estrogens and progestogens

Unexposed® 564/13487 Ref 504/12533 ref 535/13162 ref

Exposed 118/2398 1.10 (0.87-1.40) 108/2175 1.21 (0.94-1.56) 110/2234 1.29 (1.00-1.67)
Estrogens and
levonorgestrel

Unexposed® 564/13487 ref 504/12533 ref 535/13162 ref

Exposed 59/1251 1.05 (0.77-1.44) 53/1075 1.29 (0.92-1.82) 53/1117 1.29 (0.92-1.81)
Progestogens without
Medroxyprogesterone

Unexposed" 564/13487 Ref 504/12533 ref 535/13162 ref

Exposed 214/4686 1.11 (0.93-1.32) 195/4311 1.18 (0.98-1.42) 198/4438 1.18 (0.98-1.41)
Subdermal implants

Unexposed"® 564/13487 ref 504/12533 ref 535/13162 ref

Exposed 10/222 1.22 (0.59-2.50) 9/232 1.04 (0.50-2.14)  9/233 0.97

(0.47-2.02)

Intrauterine devices and
vaginal rings

Unexposed" 564/13487 ref 504/12533 ref 535/13162 ref

Exposed 103/2602 0.95 (0.75-1.20) 93/2350 0.97 (0.76-1.24) 100/2426 1.01 (0.79-1.28)

2Adjusted for marital status, educational level, income, parity, history of disease of the circulatory system, and family history of breast cancer and
central nervous system tumors.
"The reference group in all analyses were women who did not have any prescription of hormonal contraceptives prior to index date.

meningioma occurrence. In our study, medroxyprogesterone
was delivered as an injection in a depot-preparation to be
repeated every 3 months. In agreement with our findings, there
was no association between oral medroxyprogesterone and
meningiomas in the US.? Importantly, injection treatment com-
prised long-term systemic exposure at high constant levels and
without any cyclic variation (hormone free break of 7 days every
month) which may have been important for the biological effect.

In biology, estrogens and progestins display a complex
interplay. The biological implications of unopposed
medroxyprogesterone versus simultaneous treatment with
estrogens for meningioma are unknown. Progestins are also
associated with a risk of breast cancer but seem to act in
synergy with estrogens.*’ In contrast, high progesterone
levels during pregnancy are conjunct with estrogens and do
not associate with meningioma risk.™

Strengths and Limitations

A major limitation of earlier studies on hormonal contracep-
tives and meningioma occurrence is that the large majority
relied on self-reported information,5'18364851 ywhich may intro-
duce recall bias. Case-control studies that rely on questionnaire
data are also prone to selection bias: such biases could lead to
an over- or underestimation of the association. Another limita-
tion of previous studies was that they often investigated only
oral contraceptives, while other types of hormonal contracep-
tives were rarely evaluated separately.5'>'836484951 I[mportantly,
2 recent studies utilized registries and objective data of dis-
pensed medication”?', however, the number of exposed
patients was very low in the French population-based study,?
while the American study relied on an insurance-based registry
without comprehensive population coverage.?’

920z dunp Q| UO Jasn Salpn)s apioouas) pue }snesojoH Jo) swwelboid ejesddn aul Aq 910//28/25G/2/8z/2191e/ABojoouo-0inau/woo dno-olwapeoe//:sdiy wouy papeojumoq



Tettamanti et al.. Hormonal contraceptives and meningioma

The current study is a register-based case-control study
nested within the Swedish population based on compre-
hensive, high-quality population-based registers. Informa-
tion regarding prescriptions of hormonal contraceptives
was obtained from the Swedish National Prescribed Drug
Register. Thus, this study is not affected by selection bias
and recall bias. We evaluate the association between spe-
cific hormonal contraceptives and meningioma risk, based
on their composition and mode of delivery. AlImost iden-
tical results were observed when performing sensitivity
analyses with different exposure definitions, in
age-stratified analyses, and after excluding women with
congenital malformations, any previous cancer diagnosis,
or contraindications for hormonal contraceptives. Another
strength is the adjustment for a comprehensive set of
potential confounders. In addition, our results were based
on a higher number of exposed cases than the previous
population-based study,?' giving more statistically precise
effect estimates.

The main limitation of the current study is that informa-
tion regarding hormonal contraceptives was available only
from July 2005.Therefore, women who had no prescriptions
of hormonal contraceptives after July 2005 but had been
prescribed hormonal contraceptives before July 2005 are
incorrectly classified as unexposed: however, this
non-differential exposure misclassification would lead to a
dilution of the association and therefore cannot explain the
increased odds of meningioma associated with the use of
medroxyprogesterone contraceptives. Another limitation is
that we could not evaluate whether long-term use of hor-
monal contraceptives was associated with a further
increased risk of meningioma. However, of the 186 women
with meningioma who received medroxyprogesterone, only
18 had 3 or fewer prescriptions at least 1 year before the
date of meningioma diagnoses and half of the women
received at least 15 injections of medroxyprogesterone,
meaning that they have received these injections for at least
45 months. In a post hoc analysis we found that women who
were prescribed contraceptives containing medroxyproges-
terone had a different medical history compared to women
who were not taking any hormonal contraceptives. The dif-
ferential comorbidities comprised diseases of the digestive
and musculoskeletal systems and did not include conditions
associated with meningioma risk. It is thus unlikely that con-
founding by indication could explain the strong association
that we observed between medroxyprogesterone contra-
ceptives and meningioma occurrence.

Conclusion

In this large register-based case-control study we found a
strong association between prescription of medroxyproges-
terone contraceptives and meningioma occurrence: only
weak associations were observed for other hormonal con-
traceptives. However, the absolute risk of developing a
meningioma remains low: the 5-fold increased odds
observed in our study correspond to 2 additional cases of

meningioma per 10 000 women exposed to medroxypro-
gesterone every year. Our findings agree with recent obser-
vations of a progestin association with meningiomas and
in particularly strengthen the earlier observations regarding
medroxyprogesterone injections and meningioma risk.
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Supplementary material is available online at
Neuro-Oncology (https://academic.oup.com/neuro-
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