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Abstract

Purpose Adrenal cortical adenomas (ACAs) represent one of the most common endocrine neoplasms. Recently, a genetic
syndrome, characterized by tumor-suppressor ARMC5-gene mutations and causing primary macronodular bilateral adrenal
hyperplasia with concomitant meningiomas of the central nervous system, has been described. Apart from this rare disor-
der and despite the well-known influence of steroid hormones on meningiomas, no data are available about the association
between ACAs and meningiomas.

Methods We investigated the prevalence of ACAs in a group of patients with cerebral meningioma undergoing unenhanced
chest CT scans before attending surgical treatment. Patients with meningioma were age- and sex-matched in a 1:3 ratio with
hospitalized patients for COVID-19.

Results Fifty-six patients with meningioma were included and matched with 168 control patients with COVID-19. One-
hundred forty-four (66.1%) were female and the median age was 63 years. Twenty ACAs were detected in the overall
population (8.9% of the subjects): 10 in patients with meningioma (18%) and the remaining 10 (6%) in the control group
(»=0.007). Multivariate analysis showed that age and presence of meningioma were statistically associated with the pres-
ence of ACAs (p=0.01, p=0.008).

Conclusion We report, for the first time, a higher prevalence of ACAs in patients with meningioma as compared to age- and
sex-matched controls. Larger studies are needed to confirm our data and to clarify the characteristics of the ACAs in patients
with meningioma. Whether the detection of ACAs should prompt a neuroimaging evaluation to exclude the presence of
meningiomas needs also to be considered.
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Introduction

Adrenal cortical adenomas (ACAs) represent one of the most
common endocrine neoplasms, affecting 2-4% of the gen-
eral population and up to 7% of subjects older than 70 years
[1-3]. ACAs represent a large proportion of the so called
incidentally discovered adrenal masses (adrenal incidentalo-
mas), characterized by a wide spectrum of benign and malig-
Institute of Endocrine and Metabolic Sciences, Universita nant lesions, whose incidence and prevalence have markedly
Vita-Salute San Raffacle and IRCCS Ospedale San Raffacle, increased in the last decades due to the growing availability
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of powerful diagnostic tools and the progressive aging of the

general population [4-8].

The genetic and biomolecular mechanisms underlying the
generation of ACAs remain poorly understood and have been
identified only in small subgroups of patients [9-13].
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Germline and somatic loss of function mutations in
Armadillo repeat-containing protein gene (ARMCS), a
putative tumor-suppressor gene, have been identified in 27%
and 55% of patients with an adrenocorticotropic hormone
(ACTH)-independent Cushing’s syndrome due to appar-
ently sporadic and familial forms of primary macronodular
bilateral adrenal hyperplasia (PMAH), respectively [14—-17].
ARMCS loss of function mutations have also been found to
play a pathogenetic role in the development of central nerv-
ous system meningiomas [18-22], although the actual preva-
lence of somatic ARMCS5 mutations is currently unknown in
meningiomas. Besides the small subgroup of patients with
ARMCS5 mutation, there are no data in the literature about
the association or increased risk of occurrence of ACAs in
patients affected by meningioma and vice versa in the gen-
eral population.

The aim of the present study was to investigate the preva-
lence of ACAs in patients affected by meningioma as com-
pared to sex- and age-matched control subjects.

Material and methods
Study design and patients

This was an observational and retrospective study performed
at IRCCS Ospedale San Raffaele, a tertiary health-care hos-
pital in Milan, Italy. The study protocol complies with the
Declaration of Helsinki and was approved by the Hospi-
tal Ethics Committee (protocol no. 34/int/2020). A signed
informed consent was obtained from all the patients par-
ticipating in this study. We included all consecutive adult
patients with a neuroradiological diagnosis of meningioma
attending the Neurosurgery Unit for surgical removal of
the tumor between March 2020 and March 2021. During
this time interval, special measures were implemented in
the neurosurgical department to reduce the risk of perform-
ing elective major surgical procedures in patients affected
by COVID-19 infection. Besides a thorough clinical his-
tory and a negative molecular swab, a routine preoperative
unenhanced chest CT scan was performed the day before the
surgical procedure. Patients with meningioma were matched
for age and sex in a 1:3 ratio with control patients hospital-
ized in the same period in a medical ward of our Hospital
for COVID-19 and, who underwent an unenhanced chest CT
scan as part of the diagnostic workup. Patients with a history
of malignancy were excluded from the study.

CT scan and adrenal evaluation
CT scans were retrospectively and carefully re-evaluated by

two experienced radiologists (S.L.M., R.M.), blinded to the
underlying pathology. Only chest CT scans that allowed a
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high-quality adrenal assessment were used for the analysis.
Chest CT scans that did not include or that did not allow a cor-
rect evaluation of both adrenal glands, because of pneumonia
opacities or low-quality images, were excluded from the study.

Chest CT scans were performed on two different scanners:
LightSpeed VCT (64s])-GE Medical System and Incisive
(64s])-Philips, in supine position. CT scan parameters were as
follows: 120 kV tube voltage, automatic tube current modu-
lation ([149-549] mA), slice thickness 1-1.25 mm, matrix
512%512. The raw data were reconstructed using smooth ker-
nels with filtered back projection as well as adaptive statistical
iterative reconstruction and viewed with mediastinal window
(width/level: 300/10 HU).

Unenhanced CT scan evaluations with 3—-5 mm cuts are
the cornerstone of the adrenal imaging used in side detection,
characterization, size and density measurements of the lesions
[23, 24]. The normal adrenal glands appear symmetric and
homogeneous in appearance with a density approximately
equal to that of the kidney. The radiologic criteria to define
ACAs on CT scans were the detection of well-defined round or
oval lesions, homogeneous attenuation, CT density < 10 HU,
and no radiological features of malignancy [23, 24].

In the meningioma group a hormonal assessment was
available only in patients with pre-surgical evidence of an
adrenal mass (see “Results”). In a large proportion of con-
trol patients, high-dose cortisone therapy for the control of
COVID-19 prevented from any hormonal evaluation.

Statistical analyses

Descriptive statistics were obtained for all study variables.
Categorical variables were summarized as counts and per-
centages. Kolmogorov—Smirnov normality test was per-
formed (p < 0.05) and continuous variables were expressed
as medians and interquartile range (IQR) [25th—75th per-
centile]. Fisher exact test or x2 test and the Wilcoxon
signed-rank test or the Kruskal-Wallis test were employed
to determine the statistical significance of differences in pro-
portions and medians, respectively. Univariate and multi-
variate logistic regression analyses were used to estimate the
odds ratios (ORs) of ACAs presence with 95% confidence
intervals (CIs). All statistical tests were two-sided. A p value
of <0.05 was considered statistically significant. Statistical
analysis was conducted using IBM SPSS Statistics (IBM
SPSS Statistics for Windows, Version 23.0. Armonk, NY:
IBM Corp.).

Results

Fifty-six patients affected by meningioma and with an unen-
hanced CT scan available for analysis of both adrenals were
included into the study and were matched for age and sex in
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a 1:3 ratio with 168 control patients affected by COVID-19.
Two hundred and twenty-four patients were finally consid-
ered for the analyses.

One-hundred and forty-four patients (66.1%) were female
and 76 (33.9%) were male. Median age was 63 [52-71]
years. Median age of the patients affected by meningioma
was 62 years [52-72] and 19 (33.9%) were male. Median age
of control patients was 63.5 years [52-71] and 57 (33.9%)
were male. No statistical differences were observed regard-
ing age and sex distribution between the meningioma and
the control group (p =0.99, p=1; respectively; Table 1).

After a careful retrospective re-evaluation of CT scan
examinations, globally 20 ACAs (8.9%) were detected
overall. Ten ACAs were detected in patients with meningi-
oma (18%) and other ten ACAs (6%) in the control group
(p=0.007) (Table 1).

Ten ACAs were in male patients (13%) and ten in female
(6.7%) patients (p=0.1). Patients with evidence of ACA
were significantly older as compared to those with no ACA
(70 [65-74] vs 62 [52-71] years; p=0.005). Twelve (60%)
were located in the left adrenal gland and 8 (40%) in the
right. Median maximum diameter of the lesions was 16 mm
[14-22].

At univariate analysis, variables significantly associated
with the presence of ACAs included age [OR 1.06, 95%
CI (1.01-1.1), p=0.01] and diagnosis of meningioma [OR
3.43,95% CI (1.35-8.76), p=0.01]. Sex was not associated
with the presence of ACAs [OR 2.1, 95% CI (0.83-5.3),
p=0.12] (Table 2). These findings were confirmed at mul-
tivariate analysis, where age and diagnosis of meningioma
were still and independently associated with ACAs detection
(»p=0.01 and p=0.008; respectively) (Table 2).

Four out of ten ACAs (40%) in patients with meningi-
oma were originally described in the radiologic report and
prompted a complete pituitary-adrenal axis hormonal evalu-
ation including basal aldosterone, renin, dehydroepiandros-
teronesulfate (DHEAS), and 17-hydroxyprogesterone levels,
24-h urinary free cortisol concentration, and an overnight
low-dose dexamethasone suppression, performed in these
patients. The results of hormonal evaluation excluded an

Table 2 Univariate and multivariate analysis of possible risk factors
for ACAs detection

Odds ratio [95% confi- p values
dence interval]
Univariate analysis
Age 1.06 [1.01-1.1] 0.01
Gender 2.1[0.83-5.3] 0.12
Meningioma 3.43[1.35-8.76] 0.01
Multivariate analysis
Age 1.05[1.02-1.1] 0.01
Gender 2.05[0.79-5.4] 0.15
Meningioma 3.69 [1.4-9.75] 0.008

P values reported in bold are statistically significant

autonomous hormonal secretion in all four patients. Sodium
and potassium levels were normal in the ten patients with
meningioma and ACAs. Two adenomas (20%) in control
patients were described in the original CT scan radiological
report, but a hormonal evaluation was not performed due to
the concomitant acute illness.

No significant differences were found regarding age, sex,
ACAs size, and ACAs left or right location between menin-
gioma and control patients (Table 1).

Discussion

To our knowledge, this is the first study assessing and com-
paring the prevalence of ACAs in patients affected by men-
ingioma and in an age- and sex-matched control group. We
found a statistically significant higher prevalence of ACAs
in patients with meningioma as compared to controls (18 vs.
6%). The prevalence of ACAs in the control cohort was in
keeping with previously published autoptic and radiologic
series reporting a mean prevalence ranging 1.05% to 8.7%
and 1 to 7.1%, respectively [1, 25, 26]. Moreover, multivari-
ate analysis confirmed that the diagnosis of meningioma was
an independent predictor for ACAs detection.

Table 1 Demographic

. - Meningioma group (n.56) Control group (n.168) p values

and clinical characteristics

comparison between patients Age, years 62 (52-72) 63.5 (52-71) 0.99

:fl‘g?eﬁ:m“g‘oma and control Male sex, n. (%) 19 (33.9%) 57 (33.9%) 1
ACAs, n. (%) 10 (18%) 10 (6%) 0.007

Meningioma+ ACAs (n.10) Control subjects + ACAs (n.10)

Age, years 71 (63-77) 68 (66-71) 0.32
Male sex, n. (%) 6 (60%) 4 (40%) 0.65
ACAs size, mm 16 (12-23.3) 16.5 (14-20.5) 0.85
ACAs left side, n. (%) 6 (60%) 6 (60%) 1

n number, ACAs adrenal cortical adenomas. P values reported in bold are statistically significant
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Coexistence of meningiomas and ACAs has been reported
in patients with ACTH-independent Cushing’s syndrome due
to PMAH and ARMCS5 mutations [18-22]. In these patients,
a common pathophysiological mechanism underlying ACA
and meningioma occurrence was speculated. A monoallelic
germline alteration of ARMCS5 may cause PMAH via a sub-
sequent somatic alteration on the other allele as the second
hit, with inactivation of a tumor-suppressor gene confirmed
by the analysis on ACA tumoral tissue. The same ARMCS
somatic mutation has recently been reported in the menin-
giomatous tissue of patients affected by both PMAH and
intracranial meningioma [16, 19].

The role of ARMCS in the pathogenesis of sporadic uni-
lateral ACAs has been, to date, poorly investigated. Recently,
one study evaluated germline allelic variants of the ARMCS5
gene in 59 patients with unilateral adrenal incidentalomas,
identifying the presence of non-pathogenetic allelic variants
in 69.5% of cases [27] and a significant number of variants
of uncertain significance (VUS).

Meningiomas are one of the most common primary brain
tumors [28], with an annual incidence ranging 6 to 8:100
000, a peak incidence in middle-aged patients, a female
to-male ratio of 2 to 3.5:1 depending on the age group,
and a risk of occurrence increasing with age in both sexes
[29-31]. Autopsy and imaging studies estimate a prevalence
of asymptomatic meningioma in up to 2.8% of women [32,
33]. Over the past decade, the overall incidence of menin-
giomas has increased, probably due to an incidental diag-
nosis related to the growing use and improved accuracy
of neuroimaging [34]. Most of these tumors are benign,
15% to 20% are atypical, while malignant forms are rare
(1 to 2% of cases) [35]. Hormonal influence on the devel-
opment, progression, and recurrence of meningiomas has
been recognized since the late 1920s, when Cushing and
Eisenhardt first described a case of a rapid progression of
meningioma during pregnancy [31, 36, 37]. The expression
of sex hormones and somatostatin receptors in meningiomas
is well established in the literature [36-43]. In particular,
the expression of progesterone receptors (PRs) has been
reported in more than 90% of meningiomas and has been
associated with a more favorable prognosis and a lower risk
of recurrence. On the other hand, the expression of estrogens
receptors (ERs) described in up to 30% of meningiomas has
been associated, although not consistently, with an unfavora-
ble prognosis, while the expression of androgens receptors
(ARs) reaches a prevalence of 88% in a recent study [36, 38,
39]. Moreover, meningiomas enriched with PIK3CA muta-
tions were found in patients treated with progestins [40] and
similarly, PIK3CA-mutated skull base meningiomas were
observed in patients receiving cyproterone acetate [41, 42].

We can speculate that, besides the small percentage of
cases with a genetically-determined coexistence of ACAs
and meningiomas, an abnormal circulating steroidal milieu
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due to the adrenal mass may promote the development, the
recurrence and the dimensional growing of a meningioma.
In this setting, a relevant issue is represented by ACAs show-
ing a subtle, apparently subclinical autonomous function
with potentially negative clinical implications [44, 45], for
instance those associated with low DHEAS and/or ACTH
levels or a partial cortisol inhibition after overnight dexa-
methasone [46-49].

Limitations of our study include its retrospective nature
that prevented us from obtaining a full assessment of the
pituitary—adrenal axis of the patients with ACA and the
small number of patients with meningioma.

Apart from these limitations, we report for the first time,
a higher prevalence of ACAs in patients affected by menin-
gioma as compared to age- and sex-matched controls.

Larger prospective studies are needed to consistently
clarify whether the detection of a meningioma might unveil
the presence of a concomitant ACA, and in which case the
identification of an ACA should prompt the search for the
presence of a meningioma.
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