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ABSTRACT 

 

Objective. Meningiomas have a female predilection which is even stronger for spinal than for intracranial 

meningiomas. The relationship between meningiomas and endogenous or exogenous sex hormones such as 

cyproterone acetate (CPA) is well-documented, yet their underlying mechanism remains unknown. Clarification 

of the expression profile of hormonal receptors by meningiomas would help us to better understand their 

hormonal susceptibility. 

Methods. We used tissue-microarray and immunohistochemistry to determine the receptor status of the three 

main sex hormones: androgen (AR), estrogen (ER) and progesterone (PR) in 30 intracranial meningiomas, 30 

spinal meningiomas and 30 meningiomas developed on CPA. 

Results. AR status was positive in 73% of meningiomas of the intracranial group, 87% of meningiomas of the 

CPA group and in all meningiomas of the spinal group. ER status was positive in only 7% of meningiomas of the 

intracranial group and in only 3% of meningiomas of the CPA group but in 30% of meningiomas of the spinal 

group. PR status was positive in 90% of meningiomas of the intracranial group, in 97% of meningiomas of the 

CPA group and in 87% of meningiomas of the spinal group. These specific hormonal receptor statuses based on 

immunoreactive score were reflected on staining intensities. Furthermore, AR and PR expression were correlated 

in each group. 

Conclusion. Our study shows that intracranial meningiomas, spinal meningiomas and meningiomas developed 

on CPA express very specific hormonal receptor patterns. This result invites the scientific community to review 

the potential role of AR in the unbalanced sex ratio of meningiomas.  
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INTRODUCTION 

 

Meningiomas may occur anywhere that arachnoid cells are found, which means between brain and skull, within 

ventricles, and along spinal cord.1 They are classified according to their localizations in 2 groups: intracranial 

and spinal. Intracranial meningiomas are the most frequent brain tumors in adults and spinal meningiomas 

account for 10% of all meningiomas and about 30% of intradural extramedullary tumors.2,3 From a 

histopathologic perspective, meningiomas are mostly WHO classification grade I and their most frequent 

architectural pattern is meningothelial, whatever their localization.4 Prevalence for intracranial meningiomas is 

higher in females with a sex ratio of 2:1 while spinal meningiomas have a stronger sex predilection with females 

accounting for 75-90% of cases.5,6 

It is now well-documented that meningiomas have endogenous and exogenous sex hormonal susceptibility. The 

higher incidence of meningiomas among women, their behavior during pregnancy, the reported epidemiological 

link between meningiomas and breast carcinomas, and increased meningioma risk associated with the use of 

progestins, such as cyproterone acetate (CPA, Androcur®), have led to the assumption that sex steroid hormones 

may influence the growth of meningiomas.7–10 Up until now hormonal therapy may have offered some benefits 

to selected patients with recurrent tumors, but they have failed to show efficacy in prospective trials.11 

To explain this hormonal influence, numerous reports have dealt with the presence or absence of hormonal 

receptors in the tumors. It is generally agreed that most meningiomas express progesterone receptor (PR) but are 

devoid of estrogen receptor (ER).12,13 The results of some studies have indicated that PR expression in 

meningiomas is related to the tumor’s grade and recurrence.14 The role of androgen receptors (AR) in 

meningiomas is unknown. A significant correlation of the AR with PR has been reported suggesting that AR 

rather than ER may regulate PR in meningiomas.15 Furthermore, despite contradictory studies on AR status, it 

seems that women express more AR mRNA than men.16,17 

While these results concern intracranial meningiomas developed in the general population, the specific 

expression profile of sex hormonal receptors by spinal meningiomas and by meningiomas developed on 

hormonal treatment has not been sufficiently explored. 

Here, we have assessed clinical cases of different kinds of meningiomas including intracranial, spinal and those 

developed on CPA by tissue-microarray (TMA) and immunohistochemistry (IHC) and we have highlighted 

typical histologic features. We compared androgen, estrogen and progesterone receptor status between each 

group to search for specific expression patterns. 
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MATERIALS AND METHODS 

 

This is an observational study, descriptive and comparative, conducted at the University Hospital Center of 

Poitiers (UHCP), in collaboration with the Adolphe de Rothschild Foundation Hospital (RFH) in Paris. The 

study was validated by the Committee of Biologic Resources of UHCP (identification number BB0033-00068). 

 

Patients and Specimens 

The tumor samples were obtained from patients who had undergone surgery between 2005 and 2019. None had 

received radiotherapy before surgery. The specimens consisted of Formalin Fixed, Paraffin Embedded (FFPE) 

tissue sections, with at least 60% of tumor cells. All meningioma samples were reviewed by a neuropathologist 

(S.M.) and classified according to the 2016 WHO classification.18 Tumor samples of meningiomas developed on 

high-dose cyproterone acetate (CPA group) were collected from 2 tumor banks (5 from the tumor bank of UHCP 

and 25 from RFH). We only included patients with regulatory indications for Androcur® which are severe 

hirsutism with a serious impact on the patient's psycho-emotional and social life in women and prostate cancer in 

men. Clinical information on these patients is available in Table 1. Our 30 spinal meningiomas (spinal group) 

were all collected from the UHCP tumor bank. None were developed on Androcur®. Our results were compared 

to a series of 30 intracranial adult meningiomas without informed history of Androcur® (intracranial or control 

group) collected from the UHCP tumor bank. The meningioma cohorts used in this study are representative of 

the general patient populations at our institutions. The selection of meningiomas was made regardless of grade, 

age and sex in order to study general intracranial, spinal and CPA groups. 

 

Tissue-microarray 

For each meningioma, a zone of interest was selected on the hematoxylin and eosin (H&E) stain section by a 

neuropathologist (S.M.). These zones were then transferred to the corresponding paraffin block. Core drilling 

was performed in the zone of interest and deposited in a virgin paraffin block (3 cores of 1 mm diameter per 

zone). A 3μm section of the TMA block was then carried out. 

 

Immunohistochemistry 

The IHC step was performed on VENTANA BenchMark automaton (ROCHE), according to the 

recommendations of the supplier. We used the UltraView Universal DAB Detection Kit (ref: 760-500, supplier: 

ROCHE) and specific rabbit antibodies for each receptor: Anti-AR, clone SP107, ref: 760-4605, supplier: 
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ROCHE, Anti-ER, clone SP1, ref: 790-4324, supplier: ROCHE and Anti-PR, clone 1E2, ref: 790-2223, supplier: 

ROCHE. These antibodies were localized by a cocktail of secondary antibodies labeled with enzymes. The 

complex was then revealed using hydrogen peroxide as a substrate and 3,3'-diaminobenzidine-tetrahydrochloride 

(DAB) as a chromogen, which produced a brown precipitate, easily identified by light microscope. 

The staining protocol consisted of several steps in which the reagents are incubated for a predetermined time at 

specific temperatures. After each incubation, the BenchMark analyzer rinsed the tissue sections to remove 

unbound material and deposited on the slide a liquid coverslip to minimize evaporation of aqueous reagents. The 

results were interpreted using a light microscope. For each antibody, a positive and a negative control were 

made. Results obtained with this product were interpreted by a qualified neuropathologist (S.M.) in relation to 

histological examination, relevant clinical data and appropriate controls.  

Receptor status was determined by a semiquantitative scoring scale with respect to staining intensity (graded 

according to the recommendations for immunohistochemistry of hormonal receptors on paraffin sections as: 0, 

absent; 1, weak; 2, moderate; and 3, strong)19 (Figure 1) and percentage of positive tumor cells (0, indicating the 

absence of positive nuclei; 1, the presence of a few positive tumor nuclei , 10% in the entire section; 2, an 

estimated 10–50% of positive nuclei; 3, 51–80% of positive tumor nuclei; and 4, > 80% of positive tumor 

nuclei). As recommended for breast cancer,20 and verified with meningioma tissue,21 an immunoreactive score 

(IRS) was calculated for each tumor by multiplying the staining intensity by the indicator for positive tumor 

cells, producing an IRS range from 0 to 12. Tumors with an IRS of 2 or more were considered receptor positive 

(+). 

 

Statistical Analysis 

The analyses were conducted using SAS 9.4 software. Associations between variables were assessed with 

Fisher’s exact test. Correlations between expression of AR and PR in our series were estimated by Spearman's 

rank correlation coefficient. A p-value less than 0.05 was considered significant. 
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RESULTS 

 

Intracranial group 

Our intracranial, control, group comprised 23 female patients and 7 male patients, with mean age of 60 years. All 

meningiomas were supratentorial and 8 (27%) were localized in the skull base. This group presented 22 (73%) 

grade I and 8 (27%) grade II (classified grade II based on cellular atypia N=8). In this group there were 11 (37%) 

meningothelial meningiomas, 9 (30%) transitional meningiomas, 2 (7%) fibroblastic meningiomas and none 

were of the microcystic, psammomatous, metaplastic or chordoid subtypes (Figure 2 and Table 2). 

CPA group 

Our CPA group consisted of 29 female patients and only one male patient. Mean age was 50 years. The sex ratio 

was very unbalanced with a strong prevalence of females since in a majority of cases they are the patients in 

whom Androcur® is indicated. All women in the CPA group had received 25mg/day Andocur® for management 

of hirsutism. The one male patient of our group had used Andocur® at a dose of 100mg/day for treatment of 

prostate cancer. Of the 30 patients who had been exposed to Andocur®, 26 (86.7%) had prolonged exposure >10 

years and 21 (70%) had clinical and/or radiographic improvement upon discontinuation of the treatment (Table 

1) but remained symptomatic. All meningiomas were inside the skull with 26 (86.7%) in the skull base and only 

4 (13.3%) in the convexities. A positive relation was found between skull base localization of meningiomas and 

use of Androcur® (p<0.0001) (Figure 2 and Table 2). Twenty-seven (90%) meningiomas of the CPA group were 

grade I, and 3 (10%) were grade II (classified grade II based on focal invasion of the cerebral parenchyma n=2, 

and grade II due to the presence of a major chordoid component n=1). Our CPA group included 17 (57%) 

meningothelial meningiomas, 6 (20%) transitional meningiomas, 3 (10%) microcystic, 1 (3%) metaplastic and 1 

(3%) chordoid. Fifteen (50%) meningiomas developed on Androcur® treatment had microcystic components. A 

positive association was observed between microcystic histology and Androcur® use (p=0.026) (Figure 2 and 

Table 2). 

Spinal group 

Our spinal group included 27 female patients and 3 male patients, with mean age of 73 years. Four (13%) were 

localized in the cervical spine, 25 (83%) in the thoracic spine and only one (3%) was in the lumbar spine. All 

meningiomas of the spinal group were grade I. A positive relation was found between spine localization and 

low-grade (p<0.0046) (Table 2). In this group, 13 (43%) meningiomas were meningothelial, 6 (20%) were 

transitional and 11 (37%) were psammomatous (Figure 2 and Table 2). Regarding major and minor components, 
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27 (90%) spinal meningiomas had psammomatous components. A positive association was shown between 

psammomatous histology and spinal localization (p<0.0001) (Figure 2 and Table 2). 

Intracranial meningiomas, spinal meningiomas and meningiomas developed on CPA express very specific 

hormonal receptor patterns. 

Hormonal status 

AR status was positive in 22 (73%) meningiomas of the intracranial group, in 26 (87%) meningiomas of the 

CPA group and in all meningiomas (100%) of the spinal group (Figure 2 and Table 2). ER status was positive in 

only 2 (7%) meningiomas of the intracranial group and in only 1 (3%) meningiomas of the CPA group, but it 

was positive in 9 (30%) meningiomas of the spinal group (Figure 2 and Table 2). PR status was positive in 27 

(90%) meningiomas of the intracranial group, in 29 (97%) meningiomas of the CPA group and in 26 (87%) 

meningiomas of the spinal group (Figure 2 and Table 2). 

Staining intensity 

AR immunoreactivity was significantly stronger in spinal meningiomas (1=7 (23%), 2=12 (40%), 3=11 (37%), 

mean staining intensity=2.1) than in intracranial meningiomas (1=10 (33%), 2=7 (23%), 3=5 (17%), mean 

staining intensity=1.3; p=0.005) and than in meningiomas developed on CPA (1=12 (40%), 2=10 (33%), 3=4 

(13%), mean staining intensity=1.5; p=0.029) (Figure 2, Figure 3 and Table 2). There was no significant 

difference in PR staining intensity between intracranial meningiomas and meningiomas developed on CPA. ER 

staining intensity was significantly higher in spinal meningiomas (1=9 (30%), 2=0, 3=0) than in intracranial 

meningiomas (1=2 (7%), 2=0, 3=0; p=0.042) and than in meningiomas developed on CPA (1=1 (3%), 2=0, 3=0; 

p=0.0012) (Figure 2, Figure 3 and Table 2). There was no significant difference in ER staining intensity between 

intracranial meningiomas and meningiomas developed on CPA. When we compared staining intensity, it 

appeared that meningiomas developed on CPA expressed significantly stronger the PR (1=2 (7%), 2=2 (7%), 

3=25 (83%), mean staining intensity=2.7) than spontaneous intracranial meningiomas (1=9 (30%), 2=6 (20%), 

3=13 (43%), mean staining intensity=2; p=0.010) and than spinal meningiomas (1=5 (17%), 2=14 (47%), 3=10 

(33%), mean staining intensity=2.1; p=0.0002) (Figure 2, Figure 3 and Table 2). There was no significant 

difference in PR staining intensity between intracranial meningiomas and spinal meningiomas. 

 

Expression profile of hormonal receptor status depends on some clinical and histopathological features. 

Considering our whole series of meningiomas, 71 (90%) female patients were AR+, 12 (15%) were ER+ and 77 

(97%) were PR+ while only 11 (64%), 0 and 9 (82%) male patients were AR+, ER+ and PR+ respectively. There 
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was no significant association between gender and ER or PR status but there was a significant association 

between being a woman and being AR+ (p=0.037) (Table 3). 

There was no association between any hormonal receptor status and histological types, but there was a 

significant association between having a psammomatous component and being AR+ (p=0.015). Indeed, on 27 

meningiomas with a psammomatous component, all (100%) were AR+, whereas on 63 meningiomas without 

psammomatous component only 51 (81%) were AR+ (Table 3). There was also a significant association between 

having a psammomatous component and being ER+ (p=0.0007). Indeed, on 27 meningiomas with 

psammomatous component, 9 (33%) were ER+, whereas on 63 meningiomas without psammomatous 

component only 3 (5%) were ER+ (Table 3). PR status did not reach significance considering this 

histopathological feature (Table 3). Location at the skull base and WHO grades were not significantly associated 

with hormonal receptor status (Table 3). 

Finally, regarding the distribution of PR staining intensity values according to AR staining intensity values, we 

found significant correlations in our different series: whole series (p=0.0006), CPA group (p=0.0016), control 

group (p=0.031) and spinal group (p=0.016). 
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DISCUSSION 

 

Our results suggest that meningioma cells express different patterns of sex hormonal receptors according to 

tumor localization: inside the skull or along the spine. Furthermore, meningiomas arising on CPA have not the 

same hormonal receptor status as spontaneous, intracranial or spinal meningiomas. Indeed, in our study, spinal 

meningiomas are more often AR+ and ER+ than intracranial meningiomas, whether or not they have been 

exposed to CPA. And meningiomas developed on CPA are more often PR+ than other meningiomas, regardless 

of the site of the tumor. These specific hormonal receptor statuses based on IRS are reflected on staining 

intensities. 

 

Progesterone Receptor 

Our three groups of meningiomas are widely PR+ (> 90% in each group). These results confirmed the ubiquity 

of PR in meningiomas.12 Unfortunately, and despite a trend, the lack of samples in our series did not allow us to 

draw conclusions about an association between low-grade meningioma and PR+ (p=0.0072), as has been 

suggested in several studies.13,16,22,23 While almost all published studies have detected high levels of PR in 

meningiomas, it remains unclear whether their function is activating or inhibiting. PR has two different isoforms: 

type A and B. PR-A has a repressive action on steroid receptors and in particular on isoform B.24 PR-B has a 

better affinity with progesterone and a dominant action which is activating.24,25 As progesterone, or its agonists, 

interacts with these 2 isoforms, we decided to use Anti-PR, which targets PR-A and PR-B indifferently, in order 

to define the whole PR status of meningiomas without preconceptions on the intracellular molecular chain 

reactions induced by these 2 kinds of receptor. But a subsequent study using specific antibodies for each isoform 

would be of great interest to further clarify the PR status of meningiomas.  

Meningioma risk associated with the use of progesterone agonists, such as CPA, has been described by several 

authors but so far, none have analyzed the hormonal receptor status of these tumors in a comparative study.26,27 

CPA is a synthetic steroid derived from 17-hydroxyprogesterone with antiandrogenic properties. As a progestin, 

it interacts with PR. From this standpoint, it is very interesting to see that in our study meningiomas developed 

on CPA are the most RP+ with 97% positivity and have the strongest RP immunoreactivity with a mean staining 

intensity evaluated at 2.7. This specific RP status seems to constitute a favorable environment to onco-

pharmacologic interaction between meningioma and Androcur®, which is fully logical. Furthermore, the results 

of our CPA group point toward preferential skull base localization for meningiomas arising on Androcur® use. 
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This point must be correlated with the mutational status of skull base meningiomas, in particular mutations of the 

PI3K pathway, as several studies have shown.9,10,28,29 It has also been observed that skull base meningiomas had 

significantly higher PR expression than non-skull base meningiomas.30 We can assume that meningiomas 

developed on CPA are more frequent in the skull base because of tumor cells on this site expressing higher PR+ 

and are more often PI3K-mutated. PR status could be the starter of the onco-pharmacological interaction with 

CPA and molecular status could be the driver of this interaction. In sum, our study reinforces the idea of a link 

between PR expression and the development of meningiomas and gives new insight into interaction between 

meningiomas and progesterone agonists. 

 

Estrogen receptor 

In our study, as in the literature,5 ER immunostaining was found only in scattered occasional cell nuclei in 

intracranial meningiomas, whether or not they had been exposed to CPA. But surprisingly, ER status was 

significantly different in spinal meningiomas. Indeed, despite poor staining intensity, which did not exceed 1+, 

meningiomas along the spinal cord are more often ER+ than other meningiomas (30% of spinal meningioma 

were ER+ while > 90% of other meningiomas were ER-). As PR, ER also has 2 isoforms: alpha and beta, with 

44% of meningiomas expressing ER-alpha mRNA and 68% expressing ER-beta mRNA.31 Once again, we 

decided to use Anti-ER, which targets the 2 ER isoforms indifferently, in order to define the whole ER status of 

meningiomas. In breast cancer, ER-beta+ seems to be involved in resistance to tamoxifen but no similar data 

exist for meningioma response.32 This lack of information about ER isoforms and the common ER- status of 

intracranial meningiomas may explain why anti-estrogen drugs such as tamoxifen as a treatment option for 

meningioma have led to inconclusive results.33 In view of these elements, our results invite the scientific 

community to continue the study of the expression of the different ER isoforms by meningiomas, especially 

spinal meningiomas. Moreover, our study gives new insight into anti-estrogen drugs used as a treatment option 

for ER+ meningiomas. 

 

Androgen receptor 

AR expression was fairly common in our series (from 73% to 100% according to the group). This result on AR 

status is in agreement with several studies on this subject.5,17 Furthermore, we found that more women than men 

express AR (respectively 90% and 64%). This difference according to gender has been described in the 

literature, especially by studying AR mRNA expression.16 Even more interesting is that we found a significant 
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correlation between AR and PR expression in each group. Although this correlation has previously been 

described,17,34 for the first time we showed it on different meningioma populations including spinal meningiomas 

and meningiomas developed on CPA. While nuclear localization of AR suggests its functional relevance, its role 

in meningiomagenesis remains unknown. Because AR and PR expressions seem correlated, some researchers 

have suggested that AR may regulate PR in meningiomas,15 although it seems more likely that AR and PR 

regulate each other. It has also been shown that AR in meningiomas has the capacity to bind androgens with high 

affinity.35 Considering its prognostic value, it is well-documented that AR may play dual roles in the promotion 

of cell growth and apoptosis in other hormone-dependent tumors.36,37 In meningiomas, some authors have 

suggested that AR may indirectly represent tumor growth potential.38 Another study found a greater mortality of 

spinal meningiomas among males.39 In our study, positive relations were found between on the one hand spine 

localization and on the other hand low-grade and spine localization and AR+, we would tend to conclude that 

AR+ is a favorable prognosis factor. Considering AR and PR correlated expression, this agrees with authors who 

have suggested a more favorable prognosis for PR+ meningiomas.22,40 Unfortunately, in vitro studies have 

produced mixed results and did not allow us to draw a conclusion on the role of androgen in the development of 

meningiomas.41 For some authors the expression profile of hormonal receptors could not explain the sex ratio of 

meningiomas,39 but given the highly unbalanced sex ratio of spinal meningiomas reported in the literature,42 and 

the very specific hormonal receptor patterns expressed by spinal meningiomas in our study (including high AR 

positivity), we can assume that AR plays an underestimated role in sex predilection. There are currently no 

clinical trials investigating anti-androgen therapies but in light of our findings, it could be interesting to continue 

in vitro investigations on androgen effects in the development of meningiomas. 

 

Histological features 

Despite a low number of cases by groups, our results were coherent with available data in the literature for each 

meningioma population. Moreover, the strength of our study lies in its CPA sample size: with 30 meningiomas 

developed on CPA intake, it constitutes the largest group described in the literature. As previously described,4,10 

we found meningothelioma to be the predominant histological subtype of intracranial and spinal meningiomas. 

On spinal meningiomas, some studies have concluded that psammmatous is the main subtype.43 This point is 

very interesting and not totally in contradiction with our findings; it is well-known that meningiomas are 

histologically heterogeneous tumors in which we classically distinguish one major component and some minor 

components. In our spinal group, psammomatous was the second most frequent subtype (37%) after 
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meningothelial (43%). But looking at it more closely, 90% of spinal meningiomas had psammomatous 

components (11 had major components and 16 had minor psammomatous components) while none of the 

intracranial meningiomas had this component, whether or not they had been exposed to CPA. The significant 

association that we found between presence of psammoma bodies and spinal localization is congruent with the 

literature mentioned above. As for the meningiomas developed on CPA, half of them showed microcystic 

components: 3 had major components and 12 had minor microcystic components of variable importance. Given 

that microcystic meningiomas commonly represent only 1.6% of meningiomas,44 our findings imply an 

association between microcystic components and exposure to Androcur®. Minor components have not been 

thoroughly described but these significant associations lead to the assumption that they might be an indirect 

marker of underlying mechanisms of meningiomagenesis. 

 

Limitations 

The sex ratio between our three cohorts was quite unbalanced with a strong prevalence of females and a 

subsequent study with sex-matched control would be of great interest to ascertain our results.  

Our study was designed to clarify the expression profile of hormonal receptors by meningiomas bringing new 

insights on spinal meningiomas and meningiomas developed on CPA. We did not study the prognostic value of 

sex hormonal receptors or their correlation with cellular proliferation or apoptosis biomarkers. These points 

could be interesting to study in subsequent works in order to better understand the roles of hormone receptors in 

meningiomagenesis. 

 

In conclusion, the discovery of divergences in hormonal receptor status between intracranial meningiomas, 

spinal meningiomas and meningiomas developed on CPA facilitates the understanding of the underlying 

chemical mechanisms involved in the hormonal sensitivity of these tumors. We hypothesize that PR is the starter 

of the interaction between meningioma and CPA and that AR plays an underestimated role in the unbalanced sex 

ratio of meningiomas. The refinement of our knowledge on hormonal susceptibility of meningiomas could have 

a direct impact on the diagnosis and management of these tumors. 
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FIGURE LEGENDS 

 

Figure 1. Illustrations of tissue-microarray staining intensities (from 0 to 3+) in meningiomas. X20 

 

Figure 2. Histopathology and hormonal receptor status of the 3 clinical groups: intracranial meningiomas (left 

part), meningiomas developed on cyproterone acetate (CPA) (middle part) and spinal meningiomas (right part). 

Data are shown for all patient samples for which tissue-microarray and immunohistochemistry were performed. 

Panel A: patient demographic data. Panel B: clinical classification. Panel C: histopathological findings. Panel D: 

hormonal receptor status. 

 

Figure 3. Hormonal receptor patterns for each clinical group. The left column shows diagrams summarizing the 

expression profile of hormonal receptors for intracranial meningiomas (A), meningiomas developed on 

cyproterone acetate (CPA) (B) and spinal meningiomas (C). The receptor status was determined by a 

semiquantitative scoring scale with respect to staining intensity (graded as: 0, absent; 1, weak; 2, moderate; and 

3, strong). The right column shows hematoxylin and eosin stain sections of most frequent components in each 

group of meningiomas: (A) meningothelial, characterized by sheets, whorls or syncytia of neoplastic cells which 

have round or oval centrally located nuclei and dispersed chromatin, smooth nuclear profiles and small indistinct 

nucleoli. (B) microcystic, with extracellular spaces, scattered throughout the meningioma substrate and (C) 

psammomatous, rich in psammoma bodies, in calcospherites and whose the stroma may contain an amyloid 

substance. x20 

 

Table 1. Radio-clinical evolution of meningiomas in patients exposed to high dose cyproterone acetate (CPA) 

after CPA discontinuation. 

 

Table 2. Clinical information and histopathological data on patients in the intracranial group (I), in the 

cyproterone acetate (CPA) group (C) and in the spinal group (S). 

 

Table 3. Distribution of clinical and histopathological characteristics of meningiomas according to their receptor 

status: androgen receptor (AR), estrogen receptor (ER) and progesterone receptor (PR). 









 

Table 1. 

 
 Radio-clinical evolution after CPA discontinuation 

 Decline Stable Improvement 

High dose CPA exposure >10 years 0 8 18 

High dose CPA exposure <10 years 0 1 3 

  



 

Table 2. 

 

    CPA Intracranial 
P(C/I) 

Spinal 
P(S/I) P(C/S) 

Analysis variable Category N % N % N % 

Female   29 97% 23 77% 0.052 27 90% 0.299 0.612 

Topography 

Skull base 26 87% 8 27% <0.0001 0 0% 

Convexity 4 13% 22 73% 0 0% 

Cervical 4 13% 

Thoracic 25 83% 

  Lumbar           1 3%     

Grade 2   3 10% 8 27% 0.181 0 0% 0.0046 0.237 

Histology 0.026 <0.0001 0.0005 

Meningothelial 17 57% 11 37% 13 43% 

Fibroblastic 0 0% 2 7% 0 0% 

Transitional 6 20% 9 30% 6 20% 

Microcystic 3 10% 0 0% 0 0% 

Psammomatous 0 0% 0 0% 11 37% 

Metaplasic 1 3% 0 0% 0 0% 

Chordoid 1 3% 0 0% 0 0% 

Atypical 2 7% 8 27% 0 0% 

  Total 30 100% 30 100%   30 100%     

Microcystic component   15 50% 1 3% <0.0001 0 0% 1 <0.0001 

Psammomatous component   0 0% 0 0% 1 27 90% <0.0001 <0.0001 

AR 0.550 0.005 0.029 

0 4 13% 8 27% 0 0% 

1+ 12 40% 10 33% 7 23% 

2+ 10 33% 7 23% 12 40% 

  3+ 4 13% 5 17%   11 37%     

ER 1 0.042 0.0012 

0 29 97% 28 93% 21 70% 

1+ 1 3% 2 7% 9 30% 

2+ 0 0% 0 0% 0 0% 

  3+ 0 0% 0 0%   0 0%     

PR 0.010 0.145 0.0002 

0 1 3% 2 7% 1 3% 

1+ 2 7% 9 30% 5 17% 

2+ 2 7% 6 20% 14 47% 

  3+ 25 83% 13 43%   10 33%     

 

  



 

Table 3. 

 
      AR+ 

P 
ER+ 

P 
PR+ 

P 
Analysis variable Category N N % N % N % 

Gender 0,037 0,348 0,072 

Female 79 71 90% 12 15% 77 97% 

  Male 11 7 64%   0 0%   9 82%   

Topography 0,524 0,124 0,293 

Skull base 34 31 91% 2 6% 34 100% 

  Other 56 47 84%   10 18%   52 93%   

Grade 0,161 0,348 0,072 

1 79 70 89% 12 15% 77 97% 

  2 11 8 73%   0 0%   9 82%   

Histology 0,163 0,301 0,107 

Meningothelial 41 37 90% 4 10% 40 98% 

Fibroblastic 2 2 100% 0 0% 2 100% 

Transitional 21 17 81% 4 19% 20 95% 

Microcystic 3 2 67% 0 0% 3 100% 

Psammomatous 11 11 100% 4 36% 11 100% 

Metaplasic 1 1 100% 0 0% 1 100% 

Chordoid 1 0 0% 0 0% 0 0% 

  Atypical 10 8 80%   0 0%   9 90%   

Microcystic component 0,999 0,115 0,999 

Absent 74 64 86% 12 16% 70 95% 

  Present 16 14 88%   0 0%   16 100%   

Psammomatous component 0,015 0,0007 0,312 

Absent 63 51 81% 3 5% 59 94% 

  Present 27 27 100%   9 33%   27 100%   

 




