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Progestin-induced atypical meningioma 1 Symptomatic progestin-associated atypical grade II meningioma. A first case report. Méningiome atypique de grade II symptomatique associé aux
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Résumé Contexte

L'administration prolongée de fortes doses d'agonistes progestatifs est reconnue pour favoriser le développement des méningiomes. La survenue d'un méningiome atypique chez un patient sous agonistes progestatifs n'a pas encore été décrite à ce jour.

Description du cas

Une patiente droitière de 53 ans a présenté une crise d'épilepsie partielle sans perte de conscience initiale. Son principal antécédent médical était une endométriose qui a été traitée successivement par de l'acétate de cyprotérone 25 mg / jour pendant 2 mois puis 50 mg / jour pendant 101 mois ainsi que de l'acétate de chlormadinone 5 mg / jour pendant 68 mois puis 10 mg / jour pendant 83 mois. L'IRM cérébrale a révélé de multiples lésions extra-axiales évoquant un méningiome de la région centrale gauche associé à une méningiomatose de l'étage antérieur de la base du crâne. Une exérèse neurochirurgicale du méningiome central gauche a été réalisée et le progestatif a été interrompu. L'analyse neuropathologique a permis de diagnostiquer un méningiome atypique de grade II. Une surveillance clinico-radiologique rapprochée a été proposée sans traitement oncologique adjuvant. À 25 mois, le suivi clinicoradiologique n'a révélé aucune récidive du méningiome central gauche ainsi qu'une régression significative des autres localisation tumorales, à l'exception de la lésion frontale droite.

Conclusion

Les neurochirurgiens doivent être conscients de l'agressivité potentielle du méningiome chez les patients sous progestatif, en particulier chez les patients traités par différents types de progestatifs sur une longue durée et sans interruption. Ceci suggère une surveillance rapprochée et systématique de ces patients afin d'adapter la prise en charge neurochirurgicale.
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Introduction

Meningioma is one of the most common primary intracranial tumors in adults, with higher incidence in women [START_REF] Ostrom | CBTRUS Statistical Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2011-2015[END_REF][START_REF] Baldi | Epidemiology of meningiomas[END_REF][START_REF] Zouaoui | Descriptive epidemiology of 13,038 newly diagnosed and histologically confirmed meningiomas in France: 2006-2010[END_REF]. According to the 2016 World Health Organization (WHO) classification, meningiomas are classified into three grades: grade I (benign), grade II (atypical), and grade III (anaplastic) [START_REF] Louis | WHO Classification of Tumours of the Central Nervous System[END_REF]. Atypical meningioma accounted for about 20% of cases in the recent literature [START_REF] Ostrom | CBTRUS Statistical Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2011-2015[END_REF][START_REF] Baldi | Epidemiology of meningiomas[END_REF][START_REF] Zouaoui | Descriptive epidemiology of 13,038 newly diagnosed and histologically confirmed meningiomas in France: 2006-2010[END_REF]. Compared to grade I meningioma, atypical meningioma is more aggressive and associated with poorer survival [START_REF] Chen | Histopathological features predictive of local control of atypical meningioma after surgery and adjuvant radiotherapy[END_REF]. Cyproterone acetate, a synthetic progesterone derivative with antiandrogenic and progesterone-like activity, is indicated for the treatment of advanced prostate cancer, reduction of sexual urges in paraphilia, major female hirsutism, and endometriosis [START_REF] Schmutz | Cyproterone acetate and meningioma: The latest findings[END_REF]. Chlormadinone acetate, another synthetic progesterone derivative, is indicated in menstrual disorder, during menopause, in the treatment of endometrial hypertrophy, and in endometriosis [START_REF] Druckmann | Profile of the progesterone derivative chlormadinone acetatepharmacodynamic properties and therapeutic applications[END_REF]. Long-term use of high-dose progestin is known to promote the development of meningioma [START_REF] Gil | Risk of meningioma among users of high doses of cyproterone acetate as compared with the general population: evidence from a population-based cohort study[END_REF][START_REF] Alderman | Probable Drug-Related Meningioma Detected During the Course of Medication Review Services[END_REF][START_REF] Bergoglio | Symptomatic meningioma induced by cross-sex hormone treatment in a male-to-female transsexual[END_REF][START_REF] Cea-Soriano | Hormonal therapies and meningioma: is there a link?[END_REF][START_REF] Mancini | Presentation of a meningioma in a transwoman after nine years of cyproterone acetate and estradiol intake: case report and literature review[END_REF]. In addition, recent case series reported significant tumor shrinkage after cyproterone acetate or chlormadinone acetate withdrawal, suggesting a link between administration of progestin and meningioma growth [START_REF] Bernat | Regression of Giant Olfactory Groove Meningioma and Complete Visual Acuity Recovery after Discontinuation of Cyproterone Acetate[END_REF][START_REF] Bernat | Growth stabilization and regression of meningiomas after discontinuation of cyproterone acetate: a case series of 12 patients[END_REF][START_REF] Botella | Intra cranial meningiomas and long term use of cyproterone acetate with a conventional dose in women. A report of two cases of tumor decrease after treatment withdrawal[END_REF][START_REF] Cebula | Regression of meningiomas after discontinuation of cyproterone acetate in a transsexual patient[END_REF][START_REF] Gonçalves | Abrupt regression of a meningioma after discontinuation of cyproterone treatment[END_REF][START_REF] Sys | Unilateral proptosis and blindness caused by meningioma in a patient treated with cyproterone acetate[END_REF][START_REF] Shimizu | Spontaneous regression of an asymptomatic meningioma associated with discontinuation of progesterone agonist administration[END_REF]. The current patient care protocol recommends an initial conservative approach with close clinical and imaging monitoring for patients under progestin medication harboring meningioma [START_REF] Bernat | Growth stabilization and regression of meningiomas after discontinuation of cyproterone acetate: a case series of 12 patients[END_REF]. To date, no studies reported grade II atypical meningioma in a patient under progestin.

Here, we report for the first time the case of a 53-year-old patient under progestin who presented with a symptomatic left central grade II atypical meningioma associated with anterior skull base meningiomatosis.

Case report

A 53-year-old right-handed woman presented with multiple focal onset seizures, without impaired consciousness, inducing transient language and right motor disorder for the previous Intraoperatively, the entire dural plane, corresponding to the point of insertion of the meningioma, was coagulated. The dura matter was incised in a healthy zone at the periphery of the meningioma. Then the mass, which adhered to the arachnoid and the pial planes, was dissected to achieve complete removal. The osteoma was resected by drilling the bone flap until macroscopically normal bone tissue was reached. Macroscopically complete resection encompassing the dural insertion (Simpson 1) was confirmed on postoperative MRI at day 1.

Postoperatively, right hemiparesis and dysarthria were observed, and dedicated rehabilitation began on postoperative day 1. The patient was discharged home on postoperative day 10, with dedicated ambulatory rehabilitation. Neuropathologic diagnosis was grade II atypical meningioma, given the mitotic cell count (4 mitotic figures per 1.6mm 2 ) according to the 2016 WHO classification. Immunohistochemical analysis showed positive staining for STTR2a. In the context of meningiomatosis, loss of SMARCE1 and INI1 protein expression was screened for, but not found. Proliferation index (MIB1 antibody) was moderately elevated at 8%. Hormone receptor status was positive for progesterone receptors but negative for estrogen receptors (Figure 2). The systematic postoperative central nervous system team meeting confirmed the need for close clinical and imaging follow-up without adjuvant oncological treatment. At 25 months after surgery, the patient had controlled seizures without antiepileptic drugs, slight dysarthria without other motor impairments, and fatigue. Imaging follow-up confirmed complete surgical resection, with no recurrence of the left central meningioma and significant regression of all other lesion, except for the right frontal lesion (Figure 3).

Discussion

Incidence and growth of meningiomas are influenced by sex hormones [START_REF] Adams | Hormonal dependency of cerebral meningiomas. Part 2: In vitro effect of steroids, bromocriptine, and epidermal growth factor on growth of meningiomas[END_REF]. This was confirmed in the recent literature, which found correlations with: 1) sex, with significant female predominance [START_REF] Ostrom | CBTRUS Statistical Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2011-2015[END_REF][START_REF] Baldi | Epidemiology of meningiomas[END_REF][START_REF] Zouaoui | Descriptive epidemiology of 13,038 newly diagnosed and histologically confirmed meningiomas in France: 2006-2010[END_REF]; 2) pregnancy, with spontaneous meningioma regression after delivery [START_REF] Claus | Exogenous hormone use, reproductive factors, and risk of intracranial meningioma in females[END_REF]; 3) breast cancer [START_REF] Custer | The association between breast carcinoma and meningioma in women[END_REF]; and 4) estrogen and progesterone receptors, strongly and frequently expressed in meningioma cells [START_REF] Magdelenat | Progestin and oestrogen receptors in meningiomas. Biochemical characterization, clinical and pathological correlations in 42 cases[END_REF]. Regarding the link between progestin administration and meningioma growth, two main parameters are identified: 1) dose [START_REF] Gil | Risk of meningioma among users of high doses of cyproterone acetate as compared with the general population: evidence from a population-based cohort study[END_REF], and 2) duration [START_REF] Bernat | Growth stabilization and regression of meningiomas after discontinuation of cyproterone acetate: a case series of 12 patients[END_REF]. Previous studies reported that progestin-associated meningiomas were more frequently localized in the anterior skull base and/or convexity, and tended to be multiple, as in meningiomatosis [START_REF] Bernat | Growth stabilization and regression of meningiomas after discontinuation of cyproterone acetate: a case series of 12 patients[END_REF][START_REF] Cebula | Regression of meningiomas after discontinuation of cyproterone acetate in a transsexual patient[END_REF][START_REF] Passeri | Spontaneous regression of meningiomas after interruption of nomegestrol acetate: a series of three patients[END_REF][START_REF] Peyre | Progestinassociated shift of meningioma mutational landscape[END_REF]. Interestingly, Peyre et al. reported higher frequency of PIK3CA and TRAF7 mutations and a lower rate of NF2 mutations in a cohort of 40 female patients surgically treated for a meningioma after long-term progestin therapy, which suggested a shift in mutational landscape induced by progestin [START_REF] Peyre | Progestinassociated shift of meningioma mutational landscape[END_REF].

Regression in meningioma volume is frequent after progestin withdrawal, as in the present case, which suggests a direct link between progestin administration and meningioma growth. This confirms the suitability of conservative management in such cases, with close clinical and imaging monitoring, and the necessity of documenting the history of progestin medication. Here, surgical resection was justified for this particular patient due to epileptic seizures and progressive focal neurological deficit related to a significant mass effect induced by one meningioma.

An association between atypical meningioma and long-term progestin administration has not previously been reported. Compared to grade I meningioma, atypical meningioma has unpredictable behavior and prognosis, and a higher rate of recurrence (26% vs. 37 to 66% at 10 years' follow-up, respectively) [START_REF] Van Alkemade | Impaired survival and long-term neurological problems in benign meningioma[END_REF][START_REF] Nanda | Outcome of resection of WHO Grade II meningioma and correlation of pathological and radiological predictive factors for recurrence[END_REF], and poorer survival (91.5% vs. 78.8% at 5 years, respectively) [START_REF] Van Alkemade | Impaired survival and long-term neurological problems in benign meningioma[END_REF][START_REF] Li | Treatment Protocol, Long-Term Follow-Up, and Predictors of Mortality in 302 Cases of Atypical Meningioma[END_REF]. A recent study reported the mutational landscapes of meningiomas [START_REF] Peyre | Molecular genetics of meningiomas: Building the roadmap towards personalized therapy[END_REF].

Interestingly, grade II atypical meningioma could be related to NF2 mutation, the most frequent mutation in meningioma, which could affect all WHO grades, or involve independent pathways such as TERT mutations, which could be more specific to grade II atypical meningioma (50%) [START_REF] Peyre | Molecular genetics of meningiomas: Building the roadmap towards personalized therapy[END_REF]. The current literature exclusively reports case series of grade I meningioma in patients under hormonal medication [START_REF] Bernat | Regression of Giant Olfactory Groove Meningioma and Complete Visual Acuity Recovery after Discontinuation of Cyproterone Acetate[END_REF][START_REF] Bernat | Growth stabilization and regression of meningiomas after discontinuation of cyproterone acetate: a case series of 12 patients[END_REF][START_REF] Botella | Intra cranial meningiomas and long term use of cyproterone acetate with a conventional dose in women. A report of two cases of tumor decrease after treatment withdrawal[END_REF][START_REF] Cebula | Regression of meningiomas after discontinuation of cyproterone acetate in a transsexual patient[END_REF][START_REF] Gonçalves | Abrupt regression of a meningioma after discontinuation of cyproterone treatment[END_REF][START_REF] Sys | Unilateral proptosis and blindness caused by meningioma in a patient treated with cyproterone acetate[END_REF][START_REF] Passeri | Spontaneous regression of meningiomas after interruption of nomegestrol acetate: a series of three patients[END_REF]. The present observation is of practical interest, since the hypothesis of atypical meningioma should be considered in patients harboring progestin-related meningioma, and particularly in those without meningioma regression after progestin withdrawal. Consequently, physicians should be aware of the possible aggressiveness of meningioma in patients treated by different types of progestin over long periods of time without interruption, which requires systematic and close clinical and imaging monitoring and possibly specific neurosurgical management.

Conclusion

We report, for the first time, a case of progestin-associated atypical grade II meningioma of the left central region, in the context of anterior skull base meningiomatosis, which required surgical resection and regressed after progestin withdrawal. Recent case series alert physicians of the risk of benign meningioma growth in patients under progestin medication, but also of the possibility of shrinkage after progestin withdrawal. We highlight the possibility of progestin-associated grade II atypical meningioma that may impact management and follow-up. The role of progestin in the development of meningioma needs to be further elucidated. on the basal and anterior parts of the falx (0.49cm 3 ), 1 on the anterior and basal parts of the right frontal bone (0.86cm 3 ), 1 on the left olfactory groove (0.35cm 3 ), and 1 on the right anterior clinoid process (4.6cm 3 ). There was no significant vasogenic edema, but the left central meningioma induced a mass effect with slight midline shift. 
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  weeks. Medical history included cesarean section 29 years previously, eclampsia 22 years previously, and endometriosis surgery 14 years previously. Hormonal treatment for endometriosis comprised: cyproterone acetate 25mg/day for 2 months then 50mg/day for 101 months, and chlormadinone acetate 5mg/day for 68 months then 10mg/day for 83 months. Three subcutaneous injections of triptorelin 11.25mg were administered between 2004 and 2009. Physical examination showed right hemiparesis involving the face (standardized Medical Research Council [MRC] score: 3/5) and upper limb (MRC score: 4/5), language disorder with dysarthria, and no headache. Ophthalmologic examination showed normal visual acuity but mild bilateral optic disc pallor of the temporal sides. Brain MRI found multiple intradural and extracerebral masses suggestive of left central meningioma associated with anterior skull base meningiomatosis. The largest lesion was in front of the left central region, measuring 4.1x5.7x5.2cm (70.1cm 3 ), and was associated with an osteoma, inducing a focal mass effect and mild midline deviation. The other lesions were smaller: 1 on the basal and anterior parts of the falx cerebri, 1 on the anterior and basal parts of the right frontal bone, 1 on the left olfactory groove and 1 on the right anterior clinoid process (Figure 1). Surgical resection of the left central lesion and definitive withdrawal of progestin were decided on in the preoperative neurosurgical meeting, in the light of: 1) clinically relevant disability induced by the permanent focal neurological deficit; 2) chronic intracranial hypertension ascertained by the bilateral optic disc pallor on ophthalmologic examination; and 3) the volume and mass effect of the symptomatic left central meningioma. Surgical resection was performed 3 weeks after progestin withdrawal, of which the referring general practitioner and referring gynecologist were informed. The patient underwent standard left fronto-parietal craniotomy Progestin-induced atypical meningioma 9 tailored on MRI-based intraoperative neuronavigation, under general anesthesia.

Figure 1 .

 1 Figure 1. Preoperative MRI Preoperative magnetic resonance imaging findings. The T1-weighted contrast-enhanced sequence demonstrated four intradural and extracerebral enhanced masses, suggestive of meningiomatosis. The largest lesion was in front of the left central region, measuring 4.1x5.7x5.2cm (70.1cm 3 ), and associated with an osteoma. The other lesions were smaller, 1

Figure 2 .

 2 Figure 2. Neuropathological examination (A) Hematoxylin-phloxine-saffron staining showed well-differentiated meningothelial proliferation with moderate cell density, spindle cells with frequent windings, and nuclear pseudo-inclusions. There were four mitoses for 1.6mm 2 without necrosis (black circles). There were characteristic cells with thin elongated processes encompassing microcysts and creating a cobweb-like background consistent with a microcystic atypical grade II meningioma according to the World Health Organization 2016 Classification of Tumors of the Central Nervous System. (B) Ki-67 immunohistochemistry (1:200, MIB-1, Dako, Glostrup, Denmark) shows elevated proliferation index of 8%. (C, D) Meningothelial cells were positive for STTR2a (1:200, UMB1, Abcam, Cambridge, United Kingdom) and progesterone receptors antibodies (1:25, PgR 636, Dako, Glostrup, Denmark) but negative for estrogen receptors (data not shown) (1:100, SP1, Clinisciences, Nanterre, France).

Figure 3 .•

 3 Figure 3. Imaging follow-up
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