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Abstract

Purpose: Meningiomas are more common in females and 70–80% express the progesterone 

receptor, raising the possibility that high-dose exogenous estrogen/progesterone exposure, such as 

occurs during fertility treatments, may increase the risk of developing a meningioma. The goal of 

this study was to report the incidence of prior fertility treatment in a consecutive series of female 

meningioma patients.

Methods: A retrospective review (2015–2018) was performed of female patients with 

meningioma, and those with prior fertility treatment were compared to those without fertility 

treatment using standard statistical methods.

Results: Of 206 female patients with meningioma, 26 (12.6%) had a history of fertility 

treatments. Patients underwent various forms of assisted reproductive technology including: in 

vitro fertilization (50.0%), clomiphene with or without intrauterine insemination (34.6%), and 

unspecified (19.2%). Median follow up was 1.8 years. Tumors were WHO grade I (78.6%) or 

grade II (21.4%). Patients who underwent fertility treatments presented at significantly younger 

mean age compared to those who had not (51.8 vs 57.3 yrs, p = 0.0135, 2-tailed T-test), and on 

multivariate analysis were more likely to have multiple meningiomas (OR: 4.97, 95% CI: 1.4–

18.1, p = 0.0154) and convexity/falx meningiomas (OR: 4.45, 95% CI: 1.7–11.5, p = 0.0021).

Conclusions: Patients in this cohort with a history of fertility treatment were more likely to 

present at a younger age and have multiple and convexity/falx meningiomas, emphasizing the 

importance of taking estrogen/progesterone exposure history when evaluating patients with 
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meningioma. Future clinical studies at other centers in larger populations and laboratory 

investigations are needed to determine the role of fertility treatment in meningioma development.
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Introduction:

Meningiomas are the most common primary brain tumor and are more common in 

women[1],[2]. Given the female predominance, it has been hypothesized that sexually 

dimorphic hormones play a role in the etiology and growth of meningiomas[3]. Several 

studies have looked at progesterone receptor (PR) and estrogen receptor (ER) in the setting 

of meningioma[4, 5]. While most meningiomas lack ER expression, PR is expressed in 

approximately 70–80% of meningioma[6, 7]. PR receptor expression is more frequently 

found in benign (WHO grade I) meningiomas[8]. Meningiomas can enlarge and become 

symptomatic during pregnancy, only to subsequently decrease in size post-partum[7, 9]. 

These observations raised the question of whether the use of high dose exogenous 

progesterone or estrogen agonists used during fertility treatments is associated with an 

increased risk of meningioma. One large case control study found no association between 

fertility treatment and meningioma[10]. There have been three cases of meningioma 

diagnosed in women with a history of fertility treatment described in the literature[11–13]. 

Recently, Wengel et al identified eight transgender patients who developed meningioma 

during hormone therapy. One of the patients experienced regression of multiple 

meningiomas upon discontinuation of the hormonal agent[14]. Together, these cases raise 

the possibility that high dose exogenous estrogen and/or progesterone could place patients at 

increased risk for meningioma, but there is no clear consensus on the relationship given the 

paucity of data. Additionally, anti-progestins (mifepristone) have demonstrated promising 

results as a therapy for meningioma in vitro, but have had equivocal results when used in 
vivo, and were stopped due to toxicity[15],[16, 17].

In the United States, the mean age of first-time mothers is increasing. According to the 

Center for Disease Control and Prevention (CDC), the mean age at first birth in the United 

States was 24.9 years in 2000, but has increased to 26.3 years old in 2014[18]. Recent 

surveys have shown that more women are choosing to delay having children to focus on 

their career and education[19]. In parallel, the use of assistive reproductive techniques 

(ART) has doubled over the last decade[20], giving women the reproductive flexibility to 

start families later in life.

Modern fertility treatment can encompass a variety of methods; however, most treatments 

involve a form of pharmacologic ovarian stimulation which alters the body’s hormonal 

environment by promoting development of multiple follicles. The majority of treatments 

involve either ovulation induction agents, with or without intrauterine insemination (IUI), or 

in vitro fertilization (IVF). Ovulation induction agents are selective estrogen receptor 

modulators (SERM) that increase the number of follicles that may mature and be released 

during ovulation and increase the levels of estradiol produced by these follicles, most 
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commonly, clomiphene citrate. During the first boost using clomiphene, the estradiol level 

peaks approximately 1.5 times higher than a typical menstrual cycle[21]. IVF involves a 

higher level of ovarian stimulation with direct injections of follicle stimulating hormone 

(FSH) to stimulate supraphysiologic follicle development. An injection of human chorionic 

gonadotropin (hCG) is then given to trigger egg release prior to transvaginal retrieval. 

During IVF treatment, peak estradiol levels are approximately 9 times higher than normal 

menstrual cycles[22], and estradiol can upregulate progesterone receptor expression[23]. As 

part of treatment, women may receive supplemental progesterone for luteal phase support if 

embryos are implanted fresh (within the current cycle). However, due to the pulsatile 

secretion of progesterone from the corpus luteum, there is a wide range of progesterone 

levels within normal physiology, and progesterone supplementation likely sustains high-

normal levels of this range[24, 25]. In contrast to fertility treatments, estradiol levels in 

women taking combined oral contraceptive pills are lower than levels seen during normal 

menstruation, usually between 73.5–294.1 pmol/L[26, 27]. Reigstad et al conducted a 

registry-based cohort study aiming to assess the cancer risk in women treated with fertility 

drugs. While they did not report on meningioma, they did find an all-site cancer risk of 1.14 

(95% CI 1.03–1.26) and 1.10 (95% CI 0.98–1.23) following clomiphene citrate and assisted 

reproductive techniques, respectively[28].

Given the possibility of a relationship between fertility treatment and meningioma incidence, 

we began asking patients who were newly diagnosed with meningioma if they had 

undergone prior fertility treatment over a three-year time period in the senior author’s 

practice. Here, we present our series of meningioma patients who had undergone fertility 

treatments and compare them to women who had meningiomas but had not undergone 

fertility treatment during the same time period.

Methods:

Study design, setting, size, and participants

This is a retrospective chart review conducted at an academic medical center. All patients 

with a diagnosis of meningioma who present to our clinic are screened for known risk 

factors that contribute to meningioma development, including personal or family history of 

neurofibromatosis type 2, prior radiation therapy, and breast or thyroid cancer history. We 

began asking patients if they had undergone fertility treatments prior to meningioma 

diagnosis in 2015 and have continued to the present time. Data was collected from the 

consecutive series of female patients treated at our institution with the diagnosis of 

meningioma from 2015–2018. Inclusion criteria were: 1) the presence of a meningioma; 2) 

if fertility treatment prior to meningioma diagnosis had been taken; and 3) available clinical 

follow-up and documentation. No participants were excluded.

Variables

The following variables were collected. Demographic and tumor variables included patient 

age, gender, tumor size, and tumor grade, as defined by the WHO grading system at the time 

of resection. Presenting symptoms including: headache, vision, seizure, cognitive problems, 

facial weakness, vertigo/dizziness, and other. Surgical variables included approach and 

Shahin et al. Page 3

J Neurooncol. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



radiographic extent of resection defined as gross total, near total (> 95% resection), and 

subtotal (< 95%). Post-operative variables included any new post-operative deficit, 

complications, tumor recurrence, and any adjuvant radiotherapy.

Immunohistochemical assessment of estrogen receptor and progesterone receptor 
expression

Immunohistochemistry was performed on whole formalin-fixed, paraffin-embedded tissue 

sections from 11 cases of meningioma resected from women with history of oral 

contraceptive use. Three patients did not have slides available for the additional staining. 

Immunohistochemistry for progesterone receptor (PR) was performed using a rabbit 

monoclonal anti-PR antibody (clone 1E2, Ventana, cat # 790–2223) following CC1 antigen 

retrieval in a Ventana Benchmark Ultra automated stainer. Immunohistochemistry for 

estrogen receptor alpha (ERα) was performed using a rabbit monoclonal anti-ERα antibody 

(clone SP1, Ventana, cat # 790–4324) following CC1 antigen retrieval in a Ventana 

Benchmark Ultra automated stainer. Diaminobenzidine was used as the chromogen, 

followed by hematoxylin counterstain. Staining was scored as either negative (complete 

absence of labeling in tumor nuclei) or positive (with estimation of the percentage of tumor 

nuclei showing labeling) by an attending neuropathologist (D.A.S.).

Statistical analysis

All statistical analyses were performed in JMP (JMP®, Version 13.0. SAS Institute Inc., 

Cary, NC). Demographic data was assembled and analyzed in the standard fashion. For 

nominal data, Fisher exact tests were performed. For continuous data, two-tailed unpaired t 

test analysis was performed. Univariate and multi-variate logistic regression was performed 

and used to calculate odds ratios. The IRB at the author’s institution approved this study 

(IRB# 13–12587).

Results:

Demographics

From 2015–2018 we treated 180 female patients with meningioma who did not have NF2 or 

a history of breast cancer. We identified 26 patients who had undergone fertility treatment 

prior to meningioma diagnosis. Their demographics are presented in Table 1. Median follow 

up was 1.8 yrs. The median time from the start of fertility treatment to meningioma 

diagnosis was 18.0 (2.0–31.7 years) and from the end of fertility treatment to meningioma 

diagnosis was 13.4 (0.8–26.0). For patients with a history of fertility treatment, most 

discovered their meningioma as an incidental finding on workup for other reasons 57.7% 

(n=15). The most common presenting symptom was headache (26.9%, n=7). Other 

presenting complaints included visual disturbance (7.7%, n=2), cognitive problems (7.7%, 

n=2), seizures (3.8%, n=1), and vertigo/dizziness (3.8%, n=1). None of the patients who had 

received fertility treatments had a diagnosis of neurofibromatosis type 2 (NF2), prior head/

neck radiation or breast cancer. Of note, 19.2% (n=5) of patients had thyroid disease 

including: hyperthyroidism (3.8%, n=1), hypothyroidism (7.7%, n=2), hypothyroidism with 

thyroid nodule (3.8%, n=1), and thyroid cancer (3.8%, n=1). All patients (100%, n=26) are 
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currently alive. Median follow up time post diagnosis was 1.8 years and ranged from 0–18.6 

years.

Pharmacologic Treatment

Standard of care fertility treatment typically includes an ovarian stimulation (with or without 

IUI) or IVF. We defined fertility treatment groups as clomiphene (with or without 

intrauterine insemination), IVF, and unspecified/unknown groups. Table 2 summarizes the 

variety of treatment regimens patients received during their fertility treatment. In this cohort, 

34.6% (n=9) received clomiphene (with or without IUI), 50.0% (n=13) received IVF, and 

19.2% (n=5) were unspecified/unknown treatments. Of note, one patient (3.8%) also 

received progesterone during her fertility treatment.

Observation Group

Standard management strategy for patients undergoing observation is two 6-month scans. If 

stable, the interval between scans increases to yearly scans for five years.

Tumor Characteristics and Treatment Outcomes

Tumor characteristics and outcomes are presented in Table 2. Skull base tumors were 

grouped into anterior, middle or posterior fossa. Anterior cranial fossa included: tuberculum 

sella, olfactory groove, planum sphenoidale and parasellar tumors. Middle fossa included: 

cavernous sinus, clinoid, and sphenoid wing tumors. Posterior fossa included: 

cerebellopontine angle (CPA), clivus, petroclival, petrous face and foramen magnum tumors. 

Falx/parasagittal tumors included falx, falco-tentorial, tentorium, and parasagittal tumors. 

One patient had a peritorcular tumor that was above the tentorium, which we classified as a 

falx tumor. Convexity tumors included frontal, temporal, parietal, and cerebellar convexity 

tumors. The most common tumor location was falx/parasagittal at 30.8% (n=8). Tumor 

location included 26.9% (n=7) convexity, 23.1% (n=6) skull base, and 19.2% (n=5) multiple.

Tumor size for the fertility treated group was approximated by calculating the spherical 

volume (V=4/3πr3) using half the largest tumor diameter to approximate the radius. For 

multiple tumors, the largest tumor was selected for statistical analysis. The mean tumor 

spherical volume at surgery was 7.0 cm3 (3.1–28.7 cm3). The mean largest tumor diameter 

at surgery was 2.2 cm (1.8–3.8 cm).

For our series, 14 patients underwent surgical resection of their meningioma, 13 (92.9%) of 

which occurred at our institution and one patient (7.1%) was treated at an outside facility 

and referred to our institution for further management. Gross total resection was achieved in 

71.4% (n=10) and a subtotal resection was achieved in 21.4% (n=3). One patient (7.1%) 

with more than one tumor had a subtotal resection of one tumor followed by Gamma 

Knife© radiosurgery for residual disease. She was subsequently taken back to the operating 

room for a reoperation of this tumor. Fourteen years later, she elected to have her second 

tumor located in the temporal convexity surgically removed at which time a gross total 

resection was achieved. This patient was also the only patient amongst the cohort to recur 

and the only patient to receive adjuvant radiation for subtotal resection. WHO grading was 

reported using the contemporary grade at the time of resection, with 78.6% (n=11) of tumors 
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being WHO grade I and 21.4% (n=3) of tumors being WHO grade II. There were no WHO 

grade III tumors.

Characteristics of patients with or without a history of fertility treatment

We compared patients with a history of fertility treatment with the consecutive group of 

female patients who had not undergone fertility treatment (non-fertility group) with 

univariate (Table 3) and multivariate analysis (Table 4). Patients with a history of fertility 

treatment were diagnosed at a mean age of 51.8 years old compared to those with no prior 

history of fertility treatment diagnosed at a mean age of 57.3 years old (0.0135, 2-tailed T 

test). In patients with multiple meningiomas, we included each location separately in the 

analysis comparing differences between patients with or without a history of fertility 

treatment. On both univariate and multi-variate analysis, patients with a history of fertility 

treatment were more likely to have convexity/falx tumors (OR: 4.45, 95% CI: 1.7–11.5, p = 

0.0021). Patients with a history of fertility treatment also were more likely to have multiple 

tumors (OR: 4.97, 95% CI: 1.4–18.1, p = 0.0154).

Histologic characteristics (ER/PR Staining)

Of the 14 patients who underwent surgical resection of their meningioma, 11 tumor samples 

were available for immunohistochemical (IHC) assessment of progesterone receptor and 

estrogen receptor alpha expression. Of those, 10 were WHO grade I tumors and 9 (90%) 

were PR positive (Figure 1). The percentage of positive cells ranged from 10% to >90% with 

an average of 38.5% positivity. Only one meningioma demonstrated immunostaining for 

ERα, which was only positive in less than 1% of tumor cells. The one WHO grade II 

meningioma was positive for PR in 10% of cells and negative for ERα. Among the 13 

meningiomas with diagnostic slides available for review, 61.5% (n=8) were of the 

transitional histologic subtype, 23.1% (n=3) fibrous, 7.7% (n=1) meningothelial, and 7.7% 

(n=1) meningothelial with focal rhabdoid features.

Discussion:

Key Results

The objective of this study was to report the incidence of prior fertility treatment among a 

consecutive series of female patients seen with a diagnosis of meningioma. We found that 

patients with a history of fertility treatment developed meningiomas presented at 

significantly younger at age and were more likely to have multiple meningiomas and 

convexity/falx meningiomas compared to patients who had not received fertility treatments. 

This emphasizes the importance of screening for prior fertility treatment when obtaining a 

history from patients diagnosed with meningioma.

Interpretation

There is a well-established relationship between female gender, progesterone and estrogen 

receptor expression, and the incidence of meningioma[2, 4, 5, 29], however, the impact of 

fertility treatment on meningioma is under-studied. Maternal age and the use of ART is 

increasing[19], making a relationship between ART use and meningioma incidence 

increasingly relevant to the general population.
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While studies investigating meningioma and fertility treatment are limited to retrospective 

case reports and one case-control study [10–13], the association of progesterone receptor 

expression and meningioma has been studied more extensively[30]. There are various 

situations in addition to fertility treatment where patients might be exposed to high dose 

estrogen or progesterone. Progesterone levels are physiologically increased in pregnancy, 

and there are many clinical scenarios where patients receive additional exogenous 

progesterone for a prolonged period during their pregnancy (e.g. history of prior preterm 

birth or known short cervix). Patients with gender identity disorder/gender dysphoria 

undergoing male to female sex reassignment therapy also undergo hormone therapy, with 

estrogen being the basis of treatment as well as anti-androgenic therapy[31]. Long-term 

contraception therapy also exposes women to progesterone and Harland et al found that 

following resection of WHO grade I meningiomas, progesterone-only contraception was 

associated with increased recurrence (33.3 vs 19.6%) decreased time to recurrence (18 vs. 

32 months, p=0.038)[32]. Interestingly, patients with meningioma have a stronger desire to 

have a child than the general population (70% vs 54%) and are more likely to intend to have 

a baby (27% vs 12%)[33]. Despite this desire, patients with meningioma are discouraged 

from using hormonally based contraceptives and cautioned that pregnancy could be a risk 

factor for meningioma recurrence[33].

Our finding that women with a history of fertility treatment present with meningiomas at 

younger age and with more convexity/falx meningiomas and multiple meningiomas raises 

the question of what mechanism fertility treatment or estrogen/progesterone exposure may 

impact meningioma tumorigenesis and growth. A recent study by Peyre et. al. compared 40 

female patients who had long-term progestin therapy to a cohort that had not had progestin 

therapy[30]. Like our findings, patients exposed to progestin therapy were younger at tumor 

onset (mean 48 yrs vs 58 yrs) and had more multiple/multi-focal meningiomas (48% vs 5% 

p <10−12). In contrast, they had more meningiomas located at the skull base in the progestin 

exposed group (64% vs 50% p=0.03), whereas our patients were enriched for convexity/falx 

location. They performed copy number analysis and targeted sequencing for genes known to 

be mutated in meningioma including NF2, KLF4, TRAF7, PIK3CA, and TERT, among 

others[34, 35]. Interestingly, patients exposed to progestin therapy had a marked enrichment 

in PIK3CA mutant meningiomas, as well as an increase in the incidence of TRAF7 mutant 

meningiomas compared to the general population, which raises the possibility that progestin 

therapy selects for PIK3CA and/or TRAF7 mutant meningiomas, altering the molecular 

profile of the tumors. There also was a notable absence of SMO mutant meningiomas in the 

progestin treated group, and decreased frequency of NF2 mutations, although they were still 

found in 8% of cases. Finally, the observation of increased incidence of multiple 

meningiomas in both their progestin treated group and our cohort of patients exposed to 

fertility treatments suggests that these exposures may play a role in meningioma 

tumorigenesis, an idea that needs to be explored in the laboratory. Future large-scale clinical 

studies are needed to better understand the relationship between exogenous high dose 

estrogen/progesterone exposure and the risk this carries for the development of meningioma.
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Limitations

This study is limited by its retrospective design and small size as well as our inability to 

quantify the details and dose that patients were exposed to from different fertility treatments. 

The relatively small total number of cases with a history of fertility treatment requires 

caution when generalizing our finding of increased incidence of multiple meningiomas to 

other studies and will need to be validated in additional larger cohorts. Ideally, we would 

have detailed information on prior fertility treatment, including: dosing, number of cycles, 

treatment initiation and conclusion dates, resultant pregnancy, and blood hormone levels. 

Unfortunately, many patients did not know these details, particularly given the median 13–

18 year time gap between fertility treatment and meningioma diagnosis. This long duration 

between fertility treatment and meningioma diagnosis raises the question of whether the 

high dose hyper-estrogenic environment created at the time of fertility treatment is actually 

the cause of the meningioma. Given the slow growth rate of meningiomas, it is likely that 

the inciting event triggering tumor formation occurs years before diagnosis. However, 

answering whether fertility treatment could cause meningioma formation or directly 

promote growth is beyond the scope of this observational study and will need to be 

addressed in future clinical studies and the laboratory.

Conclusions:

Meningiomas present at a younger age in women who have a history fertility treatment in 

this cohort. They are more likely to have a convexity/falx location and multiple 

meningiomas. Our findings emphasize the importance of obtaining prior fertility treatments 

and exposure to progesterone treatments during history taking to facilitate future studies in 

larger cohorts and in the laboratory that will help develop our understanding of the 

relationship between fertility treatment and meningioma development.
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Figure 1: 
Case example showing hematoxylin and eosin (H&E) staining as well as 

immunohistochemistry for progesterone receptor (PR) and estrogen receptor (ER) at 20x and 

40x from a patient with a history of fertility treatment and a WHO grade 1 meningioma.
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Table 1:

Demographics

Patients Fertility (#) 26

Age at Diagnosis

 Median (yrs, range) 48.6 (33.5–69.4)

 Mean (yrs, std dev) 51.8 (10.5)

Median follow up post diagnosis (yrs, range) 1.8 (0–18.6)

Ethnicity

 White (Non-Hispanic) 23 (88.5%)

 Hispanic 3 (11.5%)

Time to Diagnosis after Fertility Treat.
(yrs, range)

 Median time after first fertility tx 18.0 (2.0–31.7)

 Median time after last fertility tx 13.4 (0.8–26.0)

Risk Factors for Meningioma

 Neurofibromatosis II 0

 Prior Head/Neck Radiation 0

 Breast Cancer 0

 Thyroid Cancer 1

Initial presenting symptoms (#, %)

 Incidental 15 (57.7%)

 Headache 7 (26.9%)

 Visual disturbance 2 (7.7%)

 Cognitive problems 2 (7.7%)

 Seizures 1 (3.8%)

 Vertigo/Dizziness 1 (3.8%)

 Other 1 (3.8%)

Fertility Treatment n (%)

 Clomiphene +/− IUI 9 (34.6)

 In Vitro Fertilization 13 (50.0)

 Unspecified/Unknown 5 (19.2)

 Progesterone 1 (3.8)
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Table 2:

Tumor Characteristics/Outcomes

n (%)

Management (n = 26)

 Surgical Resection 11 (64.7)

 Stereotactic Radiosurgery 3 (17.6)

 Both Surgery and Radiation (SRS or EBRT) 3 (17.6)

 Observation 9 (34.6)

WHO Grade (n = 14 resections)

 I 11 (78.6)

 II 3 (21.4)

Histological Subtype (n = 13 avail. for review)

 Transitional 8 (61.5)

 Fibrous 3 (23.1)

 Meningothelial 1 (7.7)

 Meningothelial with focal rhabdoid features 1 (7.7)

Progesterone Receptor Positive (n = 11 avail. for IHC)

 WHO Grade 1 (n=10) 9 (90.0)

 WHO Grade 2 (n = l) 1 (100.0)

Estrogen Receptor Positive (n = 11 avail. for IHC)

 WHO Grade l (n = 10) 1 (10)

 WHO Grade 2 (n = l) 0 (0)

Location (n = 26)

 Skull Base 6 (23.1)

  Anterior Fossa 1 (3.8)

  Middle Fossa 2 (7.7)

  Posterior Fossa 3 (11.5)

 Convexity 7 (26.9)

 Falx/Parasagittal 8 (30.8)

 Multiple 5 (19.2)

Tumor Volume at Surgery (cm3)

 Mean (cm3, range) 7.0 (3.1–28.7)

Largest Tumor Dimension at Treatment (cm)

 Mean (cm, range) 2.2 (1.8–3.8)

Extent of Resection (n = 14)

 Gross Total 10 (71.4)

 Subtotal 3 (21.4)

 Both (for different tumors) 1 (7.1)

Recurrence (n = 14) 1 (7.1)

Abbreviations: Avail, available; IHC, immunohistochemistry
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Table 3:

Univariate Analysis: Fertility vs. Non-fertility Group

Fertility n (%) P-Value

Yes No

Sex

 Female 26 (100) 180 (100)

Mean Age at Diagnosis 51.8 57.3 0.0135
(T test)

WHO Grade

 I 11 (78.6) 133 (84.7)

 II 3 (21.4) 22 (14.0) 0.6979
(Pearson)

 III 0 (0.0) 2 (1.3)

Tumor Location

 Skull Base 9 (29.0) 112 (59.0) 0.0019

 Convexity/Falx 22 (71.0) 78 (41.0) (Pearson)

Multiple Meningiomas

 Single 21 (80.8) 171 (95.0) 0.0070

 Multiple 5 (19.2) 9 (5.0) (Pearson)
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Table 4:

Multivariate analysis: Fertility vs Non-Fertility treatment

Odds Ratio 95% CI P-Value

Multiple Meningiomas 4.97 (1.36–18.17) 0.0154

Convexity/Falx Location 4.45 (1.71–11.51) 0.0021

Age at Diagnosis (OR/yr) 1.04 (1.00–1.08) 0.0427
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