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Intracranial Meningiomas Decrease in Volume on
Magnetic Resonance Imaging After Discontinuing
Progestin

BACKGROUND: The behavior of meningiomas under influence of progestin therapy
remains unclear.

OBJECTIVE: To investigate the relationship between growth kinetics of intracranial menin-
giomas and usage of the progestin cyproterone acetate (PCA).

METHODS: This study prospectively followed 108 women with 262 intracranial menin-
giomas and documented PCA use. A per-meningioma analysis was conducted. Changes
in meningioma volumes over time, and meningioma growth velocities, were measured on
magnetic resonance imaging (MRI) after stopping PCA treatment.

RESULTS: Mean follow-up time was 30 (standard deviation [SD] 29) mo. Ten (4%) menin-
giomas were treated surgically at presentation. The other 252 meningiomas were followed
after stopping PCA treatment. Overall, followed meningiomas decreased their volumes by
33% on average (SD 28%). A total of 188 (72%) meningiomas decreased, 51 (19%) menin-
giomas remained stable, and 13 (5%) increased in volume of which 3 (1%) were surgically
treated because of radiological progression during follow-up after PCA withdrawal. In total,
239 of 262 (91%) meningiomas regressed or stabilized during follow-up. Subgroup analysis
in 7 women with 19 meningiomas with follow-up before and after PCA withdrawal demon-
strated that meningioma growth velocity changed statistically significantly (P = .02).
Meningiomas grew (average velocity of 0.25 mm?3/day) while patients were using PCA and
shrank (average velocity of —0.54 mm?3/day) after discontinuation of PCA.

CONCLUSION: Ninety-one percent of intracranial meningiomas in female patients with
long-term PCA use decrease or stabilize on MRI after stopping PCA treatment. Meningioma
growth kinetics change significantly from growth during PCA usage to shrinkage after PCA
withdrawal.
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of meningiomas and sex hormones is
subject of debate.!> A relationship
between progesterone and meningioma growth
seems probable considering the following
findings.
Meningiomas show a female predominance
as evidenced by a female-to-male ratio of 2:1.
Meningiomas exhibit an acceleration of tumor

T he biological relationship between growth
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growth during pregnancy’® and shrinkage after
childbirth.” Eighty percent of meningiomas
express progesterone receptors.® These receptors
are overexpressed in meningiomas compared to
normal meningeal tissue, and the expression of
progesterone receptors in meningiomas is higher
in women.

A relationship between meningioma growth
and exogenous progestins also seems probable.
Recently, a nationwide cohort study in France
demonstrated that women treated with the
progestin  cyproterone (PCA) or
Androcur®(Bayer Pharmaceuticals, Leverkusen,
Germany) exhibited a 7- to 20-fold higher risk
to develop a meningioma.” PCA is prescribed

acetate
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for hyperandrogenism, contraception, ovarian dysfunction, and
several other indications in European countries, including France
and the UK.!' Furthermore, several case reports showed
regression of meningiomas after stopping PCA.!>"1>

This study investigates meningioma growth kinetics in relation
to usage of PCA in a case series of adult women who used PCA
for a variety of indications but primarily hyperandrogenism. The
goal is to consolidate the hypothesis that meningiomas grow
during progestin use and stabilize, or even decrease in size, once
progestins are discontinued.

METHODS
Ethics Approval

This study was approved by the local ethics committee of Pole Neuro-
sciences of Lariboisi¢re Hospital, Paris, France. Written patient consent
for inclusion in this study was obtained and recorded.

Inclusion and Exclusion Criteria

From a prospectively collected database of patients referred to the
outpatient clinic because of intracranial meningiomas and PCA use, we
retrospectively selected a population of patients suitable for analysis in
this study.

The following inclusion criteria were formulated. Patients should have
the following:

1. Presence of at least 1 intracranial meningioma,

2. Documented PCA usage,

3. DPresence of at least 2 sequential brain magnetic resonance imaging
(MRI) with 3D T1 gadolinium-enhanced sequences,

4. Presence of atleast 1 brain MRI performed after stopping PCA usage.

The exclusion criterion was a history of co-usage of nomegestrol
acetate.

Meningioma Characteristics

A per-meningioma analysis was performed. For each meningioma
the following characteristics were gathered: laterality, general location,
precise location, dates of MRI, and volumes on MRI. Moreover, any
occurrence of radiotherapy/radiosurgery was also noted.

Surgery and Radiotherapy

Surgery, indication for surgery, tumor grade, hormone receptors, and
radiotherapy/radiosurgery were noted.

Definitions of Meningioma Location

Meningioma location was divided in 5 categories: anterior, middle and
posterior cranial fossa, convexity, and midline.

These 5 general locations were subdivided into several specific
locations. Anterior cranial fossa included orbital roof, optic nerve sheath,
olfactory groove, anterior clinoid, planum, and tuberculum sellae menin-
giomas. Middle cranial fossa included cavernous sinus, sphenoid wing,
spheno-orbital, and genuine middle fossa meningiomas. Posterior cranial
fossa consisted of cerebellopontine angle and tentorial meningiomas.
Convexity included frontal, parietal, and temporal convexity menin-
giomas. The midline category consisted of parasagittal and falx menin-
giomas.
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Meningioma Volume

For each meningioma, we calculated volumetric differences between
different timepoints during follow-up.

The “percentage volumetric difference post-PCA withdrawal,” or
APpos pca» is defined in formula 1:

deOS[ PCA = (d‘/pos[ PCA ~ chp date) X 100%7 (1)

where Viiop dace is the meningioma volume on the MRI performed closest
in time to the PCA withdrawal date, whereas @V},o pca is the “volumetric
difference post-PCA withdrawal” defined in formula 2:

dl/post PCA = I/stup dae = Vinal date, (2)

where Vinal duee is the meningioma volume on the MRI made at last
follow-up.

Moreover, the “percentage volumetric difference post-PCA
withdrawal” was used to define a categorical variable to convey in
a more intuitive manner how a meningioma responded volumetrically
to stopping PCA. This variable is referred to as “volumetric response.”
Volumetric response has 3 possible values, namely “decrease,” “stable,”
or “increase,” which are defined below.

Volumetric response:

e Decrease: deOS[ PCA<(_E}H[€|‘I“J[CI‘))
L] Stable: (Emerm[er) > dppos[ pca < (_E}n[erl'a[el'))
o Increase: dPpopca > (Binerrater)s

where Eiperracer i the mean percentage of interrater error plus 2 standard
deviations (SDs). Each meningioma was categorized accordingly.

Meningioma Velocity

Furthermore, meningioma velocities were calculated. The “menin-
gioma velocity post-PCA withdrawal,” or Mwje pca, was calculated as
defined in formula 3:

MUyospca = dViospca + d Thos pea, (3)

where dT,, pcy is defined as the time difference (in days) between the
date of the MRI performed closest in time to the PCA withdrawal date,
and the date of the MRI at last follow-up.

Measurement of Volumes

Volumetric measurements were performed with PACS viewer software
(Carestream version 12.1.6.0116; Carestream Health Inc, Rochester,
New York). Outlining was performed manually slice by slice by 2 board
certified neurosurgeons on the axial 3D T1 gadolinium-enhanced MRI
sequences. The meningioma volume used in all analyses was the average
of the volumes of both raters.

Subgroup Selection

A specific subgroup was selected to answer the question if there is
a difference in growth velocity during usage and after withdrawal of
PCA in the same patients. The additional subgroup selection criteria
were:

e DPresence of at least 2 brain MRI acquired during PCA usage,
e Presence of at least 1 brain MRI after stopping PCA.
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TABLE 1. Baseline Characteristics of Study Population
Mean SD Range
Age (years) 50.1 8.8 31-72
BMI (index) 26.1 6.2 18-35
Annual PCA dose (mg) 12690 4272 4562.5-27 375
Years of PCA usage (years) 174 6.3 3-30
Initial KPS (points) 99.3 29 80-100
No. of meningiomas #) 24 22 1-13
Meningioma volume at presentation (mm?3) 5648 17691 9-134100
# %

Meningiomatosis 31 29
Indication for PCA Hyperandrogenism 22 20.2

Acne 18 16.5

Hair loss 17 15.6

Hirsutism 16 147

Contraception 13 1.9

PCOS 10 9.2

Endometriosis 3 2.8

Dysmenorrhea 3 2.8

Breast cysts 3 2.8

Menopause 3 2.8

Bilateral ovariectomy 1 0.9
Presenting symptoms Asymptomatic 68 63.0

Headache 19 17.6

Visual symptoms 13 12.0

Epilepsy 2 1.9

Sensory deficit 2 1.9

Cognitive symptoms 2 1.9

Cranial nerve deficit 1 0.9

BMI = body mass index. KPS = Karnofsky Performance Score. SD = standard deviation. PCA = cyproterone acetate. PCOS = polycystic ovarian syndrome.

Baseline characteristics of our study population.

Statistical Analysis

Linear regression analyses were performed with IBM SPSS Statistics
(version 25; Armonk, New York). Unadjusted r? and R? are reported. For
the subgroup analysis, a paired 2-tailed t-test was performed to compare
the “meningioma velocity during PCA treatment” with “meningioma
velocity post-PCA withdrawal.” A P-value of <.05 was considered to
indicate a significant difference.

RESULTS

Participants

Our database contained 132 patients. Within this database,
112 patients met the inclusion criteria. 20 patients were
not included because they did not have 2 sequential MRI
with T1-weighted gadolinium enhanced sequences at the
time of analysis. Four patients were excluded because of
nomegestrol acetate co-usage. Finally, the data of 108
women with a total of 262 meningiomas were analyzed.
The mean follow-up period was 30 £ 29 mo (median
18 mo).
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Baseline Characteristics

Results for baseline measures are given in Table 1. All patients
were female. The mean age of participants was 50 (SD 9) yr,
and they had a mean body mass index (BMI) of 26 (SD 6). The
women were treated with a daily dosage of PCA ranging between
25 and 75 mg, corresponding to a mean yearly PCA dosage of
12 690 (SD 4272) mg, with a mean period of usage of 18 (SD
6.4) yr. The most common indications for PCA prescription were
hyperandrogenism (20.2%) and related symptoms such as acne
(16.5%) or hair loss (15.6%). Approximately 11.9% of women
used PCA for contraception. However, the choice for PCA was
also partly based on additional signs of hyperandrogenism in this
patient category. Patients had on average 2.4 (SD 2.2) menin-
giomas, and 29% met criteria of meningiomatosis (defined as 3
or more meningioma). Most patients were asymptomatic (63%)
or had headaches (18%) as initial symptoms.

Meningioma Locations

Results for meningioma locations are given in Table 2. The
most common general location for meningiomas was convexity

www.neurosurgery-online.com
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TABLE 2. Location of Meningiomas

General location # % Precise location # %
Convexity 94 36 Frontal convexity 58 22
Anterior cranial fossa 86 33  Frontobasal 41 16
Middle cranial fossa 60 23 Sphenoid wing 36 14
Midline 14 5  Temporal convexity 21 8
Posterior cranialfossa 8 3 Olfactory groove 19 7
Parietal convexity 15 6
Tuberculum sellae 14 5
Cavernous sinus 10 4
Parasagittal 9 3
Anterior clinoid 8 3
Spheno-orbital 7 3
Middle fossa 7 3
Tentorium 6 2
Falx 5 2
Optic sheet 4 2
Cerebellopontine angle 2 1

This table depicts the frequency of meningiomas at different anatomic locations as
encountered in our study population.

(36%) and anterior cranial fossa (33%), and the most common
specific location was frontal convexity (22%).

Surgery and Radiotherapy

Ten (3.81%) meningiomas in 9 patients had surgery within
3 mo after presentation, and within 3 mo of stopping PCA,
because of progressive symptoms. Three (1.2%) meningiomas
had surgery because of radiological progression despite cessation
of PCA. Twelve were meningothelial WHO grade I meningiomas,
and 1 was a transitional type WHO I meningioma. All had an
expression of progesterone receptors. Ki-67 labeling index ranged
between 1% and 4%.

Three (1.15%) meningiomas were irradiated in 2 patients. The
first patient had a cavernous sinus meningioma, first irradiated
with photon during PCA treatment and later operated on shortly
after presentation. The other patient had 2 meningiomas (optic
sheath and temporal convexity) that received proton irradiation
5 yr after withdrawal of PCA because of a progressive visual loss.

Interrater Correspondence

The 2 raters had a mean relative interrater difference between
volume measurements of 2.1% (SD 3.4). Accordingly, the value
for Einerraer (see Methods section) to determine volumetric
response was calculated at 9%.

Meningioma Volumes and Velocity

Volume analysis was conducted for 252 meningiomas. Ten
meningiomas (3.8%), operated on at presentation, were excluded.
There was an overall decrease in volume of —1628 (SD 6924)
mm?, or —33.2 (SD 34.4)%, and a “shrinkage” or negative
growth velocity of —5.8 (SD 28.3) mm?*/day, which amounts to
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—2.1 cm?®/yr, after stopping PCA treatment. Figure shows results
of the volume analysis.

In terms of volumetric response (see Methods section for
definition), 188 (71.76%) meningiomas decreased, 51 (19.46%)
meningiomas remained stable, and 13 (4.96%) increased after
withdrawal of PCA.

Linear regression modeling (Table 3) was performed to predict
meningioma growth velocity after stopping PCA treatment from
the following parameters: meningiomatosis, amount of menin-
giomas, years of usage, cumulative dose, BMI, age, general
location, precise location, and meningioma start volume.

Univariate modeling was used to select variables for a multi-
variate model. The following variables were found to significantly
add (P < .05) to the prediction of meningioma growth velocity
during univariate modeling: amount of meningiomas (> =0.17,
P = .04), presence of meningiomatosis (r* = 0.03, P = .01),
precise location (r = 0.02, P = .02), and meningioma start
volume (> = 0.2, P = .00).

During multivariate modeling, a significant regression
equation was found F(4, 254) = 17.65, P = .000, with an
R? of 0.22. Only meningioma start volume (t = —7.39, P =.00)
remained as a statistically significantly (P < .05) predictor. See
Table 3 for additional details regarding the regression models.

Subgroup Results

Furthermore, 7 patients with a total of 19 meningiomas were
included in the subgroup analysis to answer the question if there
is a difference in growth velocity during usage and after PCA
cessation.

The mean age of the subgroup was 49 (SD 7) yr. The mean
BMI was 26 (SD 6). The subgroup was treated with a daily dosage
of PCA of 25 or 50 mg, corresponding to a mean yearly PCA
dosage of 9033 (SD 248) mg, with a mean usage period of 18
(SD 4) yr. Patients had on average of 2.7 (SD 2.0) meningiomas,
and 38% had meningiomatosis. Approximately 83% were asymp-
tomatic or had headaches (17%) as presenting symptoms.

During PCA use, the overall meningioma growth was 0.25 (SD
0.45) mm?/day, whereas after treatment withdrawal, there was
an overall meningioma shrinkage of —0.54 (SD 1.26) mm?/day.
This growth velocity change was statistically significant (P = .02
in 2-tailed paired sample t-test).

DISCUSSION

The presented results suggest that usage of exogenous progestin
influences growth kinetics of intracranial meningioma in adult
women. Regression modeling demonstrated that meningioma
start volume significantly predicted meningioma growth velocity
after discontinuation of PCA. This seems logical because a larger
meningioma volume entails relatively larger growth or shrinkage.
During multivariate analysis, this effect overwhelmed the effect of
the amount of meningiomas, presence of meningiomatosis, and
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FIGURE. This figure shows the change in volume over time of 252 meningiomas in our series. Time = 0 is the day patients discontinued usage of cyproterone acetate.

precise meningioma location, which were significant in univariate
modeling.

Comparison to Previous Studies

The natural history of “incidental” meningiomas without
documented exposure to progestins has been studied exten-
sively.!®2! About 70% to 75% of these meningiomas exhibit
growth over time, and 25% to 30% do not grow signifi-
cantly.!®1Y Different patterns of growth (eg, linear, exponential,
or sigmoidal) have been identified.'”?! Meningioma shrinkage
has been described but is a rare phenomenon.'®

In comparison, the results presented in this series of PCA-
associated meningiomas are strikingly different from previous
reports about “incidental” meningiomas. For example, Oya
et al ?? reported that in a study of 244 patients with 277 menin-
giomas, 44% of meningiomas progressed over a follow-up time
of 3 to 4 yr, and regression of meningiomas did not occur.
Conversely, after discontinuation of PCA treatment, the menin-
giomas in this series progressed in 5% and regressed in 71%. Of
the 13 meningiomas (5%) that progressed, 2 were single menin-
giomas. These 2 cases could represent incidental meningiomas
without sensitivity to exogenous progestin. The other 11 showed
growth, whereas other meningiomas in the same patient remained
stable or regressed.

Furthermore, Nakamura et a published 2 reports demon-
strating that meningiomas have positive growth velocities ranging

120,23
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between 0.796 and 1.51 cm?®/yr. Contrarily, the meningiomas
in our population had a mean negative velocity (shrinkage) of
—2.1 cm®/yr after cessation of PCA. We presume these differ-
ences in meningioma growth kinetics are due to progestin effects.

Moreover, we believe that the high incidence of 29% menin-
giomartosis as seen in our population is related to PCA. A similar
trend was also shown in a recent publication from Peyre et al.?*
It suggests that progestin induces the initiation of tumors from
multiple meningeal cells.

Biological Mechanism

The underlying mechanism how PCA influences the behavior
of meningiomas remains unknown. Progesterone has been
shown to have a direct positive effect on the proliferation of
meningioma cells,?>>2° but can also lead to increased angio-
genesis”’ with related alterations in hemodynamics.® It might
be that the PIK3CA/AKT1 pathways determine the PCA-driven
mechanism, as it was recently shown that 33% of PCA-induced
meningioma exhibit mutations in these signaling pathways, vs
only 11% in incidental meningioma.”®

Limitations

A limitation of this study is an interrater error of 2% in
the meningioma volume measurements because it might be that
subtle changes were missed because of averaging between 2
raters with differing measurements. Moreover, the accuracy of the
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TABLE 3. Linear Regression Models

95% Cl for B

Predictor Models USCB SE SCbeta tvalue Sig. Low. Upp. R? Adj. R?
Meningiomatosis Univariate 9.99 3.61 0.17 2.77 0.01* 2.88 17.09 0.03 0.03
Multivariate 5.09 451 0.09 113 0.26 —3.79 13.97 0.22 0.21
No. of meningiomas Univariate 1M 0.53 0.13 2.08 0.04* 0.06 215 0.02 0.01
Multivariate 0.01 0.66 0.00 0.01 0.99 —-129 131 0.22 0.21
Years of PCA usage Univariate —0.09 0.30 —0.02 —0.30 0.77 —0.67 0.49 0.00 —0.00
Multivariate - - - - - - - - -
Cumulative PCA dose Univariate —0.00 0.00 —0.04 —0.57 0.57 0.00 0.00 0.00 —0.00
Multivariate - - - - - - - - -
Body mass index Univariate 0.25 0.15 0.19 1.68 0.1 —0.05 —0.42 0.04 0.02
Multivariate - - - - - - - - -
General location Univariate —0.36 1.61 —0.01 —0.22 0.83 —3.53 2.82 0.00 —0.00
Multivariate - — - - - - - - -
Precise location Univariate —0.98 0.40 —0.15 —244 0.02* —1.77 —0.19 0.02 0.02
Multivariate —073 0.37 —-0.n —1.99 0.05 —145 —0.00 0.22 0.21
Age Univariate —0.02 0.23 —0.00 —0.07 0.95 —0.46 0.43 0.00 —0.00
Multivariate - - - - - - - - -
Start volume Univariate —0.00 0.00 —0.45 —7.92 0.00* —0.00 —0.00 0.20 0.20
Multivariate —0.00 0.00 —0.42 —7.39 0.00* —0.00 —0.00 0.22 0.21

USC B: unstandardized regression coefficient; SC Beta: standardized coefficient; R%: squared multiple correlation coefficient; SE: standard errors of the regression coefficients; Sig:
2-sided observed significance levels (p) for the t statistics. Cl: confidence interval; PCA, progestin cyproterone acetate.

*Significant P values.

The predictors (independent variables) meningiomatosis, amount of meningiomas, years of PCA usage, cumulative PCA dose, body mass index, general location, precise location,
age, and meningioma start volume were used to predict meningioma growth velocity after discontinuation of PCA (dependent variable).

volumetric response categorization is similarly limited because of
the interrater error, which causes subtle growth or subtle shrinkage
within this error margin to be underreported. Because this study
was designed as a case series, we compared our results to previous
data from the literature about meningioma growth instead of
an internal control group. Follow-up time was 3 yr on average,
which means it is unclear whether the reported effects on menin-
gioma volumes are sustainable over time. It is worth noting that
secondary progression of a meningioma that initially regressed
was not observed in this series.

Implications

According to our results, current or previous use of progestin
therapy (in particular PCA) should be systematically sought in
the history of a patient with meningiomas. In the event of
prolonged exposure to PCA for multiple years and in the absence
of symptoms requiring urgent surgery, discontinuation should be
the first option to consider. Given the frequent spontaneous stabi-
lization and regression of meningiomas after discontinuation of
treatment, surgery or radiotherapy only seems indicated in the
event of progression despite discontinuation of PCA.

In this study, it was medically possible to cease PCA treatment
in all included patients. However, the consequences of cessation
are important to consider, eg, the resulting recurrence of hyper-
androgenic symptoms or dysmenorrhea. Caution should also be

NEURO

exercised regarding therapeutic alternatives based on progestins,
such as chlormadinone acetate or nomegestrol acetate, because
some of these treatments might also promote growth of menin-
giomas.14’24’29’30

Further Research

More data are needed on the dose effect of PCA on menin-
gioma kinetics in order to evaluate whether PCA could be pursued
in a very low dosage in case of severe symptoms and/or psycho-
logical burden.

CONCLUSION

The behavior of intracranial meningiomas in adult female
patients with documented long-term PCA use was investi-
gated. The majority of these meningiomas decrease in volume
(71%) or stabilize (19%) after withdrawal of PCA treatment.
Meningioma growth kinetics change significantly from growth
under PCA treatment to shrinkage after PCA withdrawal.
Therefore, PCA seems to influence meningioma growth kinetics
in this population. In the absence of symptoms requiring urgent
surgery, PCA discontinuation could be considered as the primary
treatment option for these patients.
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COMMENT

his is an important paper. Although the use of cyproterone acetate

(PCA) is limited in North America, it is used in many countries
around the world. The authors identified 108 women with 262 menin-
giomas who at the time of diagnosis were being treated with PCA.
Following the cessation of PCA the study participants were monitored
with serial MRIs. An astounding 72% of tumors decreased and a
further 19% remained stable in size, thus completely altering the natural
history of these meningiomas. I concur entirely with the authors’ recom-
mendation that in the absence of symptoms requiring urgent surgery,
PCA discontinuation should be the primary treatment option for these
patients. Although not specifically addressed by the authors it would
seem intuitive that this recommendation be extended to all women with
a history of prolonged exposure to any exogenous progestins.
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