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Abstract

Background Mild autonomous cortisol secretion (MACS) has an increasing prevalence with age and is associated with
cardiometabolic comorbidity and increased mortality. Current guidelines recommend the majority of patients with MACS
be managed conservatively, with select people referred for laparoscopic adrenalectomy. There are currently no licensed
medications for MACS.

Objective We aimed to systematically review the literature to map out the current available evidence on the use of medical
therapy in the treatment of MACS and to assess the research gap. Additionally, we sought to establish the outcome
measurements used, to inform the design of future prospective clinical trials.

Design We searched MEDLINE and EMBASE from conception as well as clinical trial registries to detect all original studies of
medical treatments in MACS. Titles and abstracts were screened and full articles reviewed.

Results A total of 5369 results were found from the search strategy. Thirteen studies met the inclusion criteria, of which 8
were conference abstracts and 5 full-text studies were included in the final analysis. This included 2 studies of metyrapone
and 3 studies that used mifepristone. Common outcome measures included blood pressure, glucose measurements, weight,
and side effect data.

Conclusion There is a considerable knowledge gap with regard to the medical management of MACS. Current available
evidence consists of a handful of small, heterogeneous studies with a suggestion of a potential benefit in initiating
mifepristone or metyrapone in this cohort. Our results highlight the urgent need for larger, prospective studies. To
support this, we have provided suggestions for outcome measures.

Key Words mild autonomous cortisol secretion, medical therapy, systematic scoping review metyrapone, mifepristone

Abbreviations: ACTH, adrenocorticotropic hormone; Al, adrenal incidentaloma; ALT, alanine transaminase; AST, aspartate transaminase; AUC,
area under curve; BMI, body mass index; BP, blood pressure; HbA;, glycated hemoglobin A;¢; HDL, high-density lipoprotein; HOMA-IR,
homeostatic model assessment of insulin resistance; IQR, interquartile range; MACS, mild autonomous cortisol secretion; ONDST, overnight
dexamethasone suppression test; Qol, quality of life; TDD, total daily dose.

corticosteroid excess but a lack of classic features associated
with Cushing syndrome, MACS has been demonstrated to be asso-

Rationale

Adrenal incidentalomas (Als) are frequently detected on perform-
ing cross-sectional imaging of the abdomen for reasons other
than to assess the adrenal glands. The majority of Als are benign
adrenocortical adenomas. These adenomas are common and oc-
cur in up to 10% of the population older than 80. Approximately
20% to 50% of adrenocortical adenomas secrete excess cortisol,
independently of the normal hypothalamic-pituitary regulation,
termed mild autonomous cortisol secretion (MACS) [1]. Previously
named subclinical Cushing due to biochemical evidence of

ciated with a significantly increased risk of cardiometabolic mor-
bidity and mortality [2, 3]. Although several small studies have
used medical therapy in MACS, there are currently no licensed
medications, with the standard of care being the management
of comorbidities as they arise or laparoscopic adrenalectomy
in select cases following multidisciplinary team discussion [1].
We aimed to systematically review the literature to assess the
effectiveness of medical interventions for MACS in improving
patient outcomes.
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Objectives

This work aimed to map the extent and range of current available
evidence on the effects of medical therapies directed against
the hypercortisolemia associated with MACS compared to
conservative management or no treatment on cardiometabolic
outcomes, neuropsychiatric parameters, health-related quality
of life indicators, safety, and mortality; to analyze the study de-
signs of available evidence; and to identify current research
gaps in this area.

Methods

Protocol and registration

A protocol was created using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols (PRISMA-P)
structure and revised by the authors. The final protocol was up-
loaded to the University of Sheffield’s research data repository,
ORDA, November 27, 2024 (https://doi.org/10.15131/shef.data.
27917088.v1) [4].

Eligibility
All primary research studies of medical therapeutic interventions
with longitudinal data in humans with MACS were included from

the selected databases since inception, with no restriction on
language, so as to maximize data capture.

Population

The population included all adults aged 18 years or older with
the presence of at least one adrenocortical adenoma and evi-
dence of MACS as defined by a nonsuppressed serum cortisol
(>50 nmol/L) following a 1-mg overnight dexamethasone sup-
pression test (ONDST) [1].

Intervention

Medical therapies included but were not limited to metyrapone,
mifepristone, ketoconazole, osilodrostat, relacorilant, levoketoco-
nazole, and 11B-hydroxysteroid dehydrogenase type 1 inhibitors.

Outcome

Cardiometabolic parameters included blood pressure (BP), lip-
ids, weight, glycemic control, insulin resistance, major cardiovas-
cular events; bone mineral density and fractures; health-related
quality of life; cortisol levels; neuropsychiatric measures; and
mortality.

Information sources and search

The following databases were systematically searched: MEDLINE
and EMBASE. The clinical trial registries PROSPERO, WHO ICTRP,
ISRCTN, EU Clinical Trials Register, and ClinicalTrials.gov were re-
viewed from inception. In addition, abstracts submitted to the
Society for Endocrinology (UK) and European Society of
Endocrinology meetings were reviewed manually via data avail-
able online (https://www.endocrine-abstracts.org/). Abstracts
dating back to 2019 submitted to Endocrine Society annual

meetings were reviewed via the Journal of the Endocrine
Society. Gray literature was not included. The search strategy
was created and developed alongside an experienced method-
ologist, and the full strategy used for MEDLINE can be found in
the protocol [4]. The initial database search was performed
September 6, 2024 by D.H. and A.K.

Selection of sources of evidence

Results were uploaded to Rayyan and duplicates were removed
manually by A.K. to progress to blind screening. Inclusion and ex-
clusion criteria were prepared as documented in the protocol [4]
by A.K., D.H., and J.N.P. These criteria were piloted by the reviewing
team members and adjusted to optimize relevant study capture.
The results were organized alphabetically by title on Rayyan.
Titles and abstracts were screened manually, individually, and
blinded to other screeners. Alphabetization was used to allow effi-
cient and transparent distribution of the workload between review-
ing pairs and to ensure that each pair reviewed a distinct and
nonoverlapping subset of the studies on Rayyan. The first 50% of
the results were screened by K.T. and W.H. working independently
and blinded to each other’s decisions, with the remaining 50%
screened by E.B. and M.A,, again individually and blinded, with
A.K. screening a proportion of results from both groups. Interrater
agreement was high between pairs, demonstrating substantial
agreement (K.T. and W.H. 98.3%; E.B. and M.A. 97.8%). Full-text ar-
ticles from the initial relevant screening results were reviewed inde-
pendently by AK., K.T., W.H,, E.V,, and M.A. Where discrepancies
arose, these were resolved in discussion with A.K. and J.N.P.

Data charting process

Data charting was performed by M.A., E.B., W.H., K.T., and A.K. in
discussion with J.N.P. The collected data were compared and
resolution of conflicts were determined jointly and through com-
parison with the eligibility criteria.

Data items

Data were collected on journal and year of publication, country
of data collection, study design, number of patients, age, sex,
and medical intervention.

More detailed information was collected where available on
dose, frequency, and length of treatment. Data were also ob-
tained on a range of cardiometabolic factors including BP, blood
glucose, weight, lipids, quality of life, circadian rhythm, side ef-
fects, and future research recommendations.

Synthesis of results

Studies are grouped by type of medical therapy used. Results are
additionally presented by outcome data subcategory. The evi-
dence is presented narratively alongside tabular representation.

Risk of bias

Risk of bias assessments were not applicable for this scoping re-
view as per PRISMA-ScR [5] and JBI guidance [6].
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Figure 1 PRISMA flow diagram (Adapted from Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. Creative Commons Attribution 4.0 International licence).

Results

Selection of sources of evidence

Searches of MEDLINE and EMBASE and the aforementioned clinic-
al trial registries returned 5366 records in total (Fig. 1). Of these,
102 duplicate records were removed and 5264 titles and abstracts
were reviewed manually by the authors. A total of 38 reports from
the database search were further assessed for eligibility. Three re-
ports were of the same cohort of patients published at intervals
over a 4-year period and the most recent report was included, re-
sulting in 10 studies included from database searches.

Conference abstract titles were manually screened online
for the Society for Endocrinology and European Society for
Endocrinology for the last 10 years and Endocrine Society for
the prior 6 years using the key words from the search strategy.

Conference abstracts from both the database search and the
online review without an accompanying full text were excluded
from the final synthesis as they had not undergone a formal
peer review process and were therefore not included in the below
analyses. A full table of conference abstract results can be ac-
cessed in the supplementary material at https://doi.org/10.
15131/shef.data.31821475 [7].

Characteristics of sources of evidence

A summary of the characteristics of included studies is given
in Table 1. Included articles were published between 2013
and 2025. Datasets were from 2 countries: the United Kingdom
(n=3) and United States (n=2).

The 5 studies were published in 5 peer-reviewed journals:
Journal of the Endocrine Society (n=1), Endocrine Practice

(n=1), Case Reports in Endocrinology (n = 1), Journal of Clinical
Endocrinology and Metabolism (n = 1), and PLOS One (n=1).

Results of individual sources of evidence

Synthesis of results

Across 5 studies, 2 medications were used: mifepristone (n =3)
and metyrapone (n =2). In total, data were available for 36 peo-
ple (metyrapone n =21; mifepristone n = 15). The number of in-
dividuals per study included ranged from 1 to 15 (median 6;
interquartile range [IQR] 6-8). All of the studies were full texts.
One was a single patient case study. Two studies had control
arms, one comparing metyrapone therapy in MACS to a group
with MACS and no treatment [9] and a further retrospectively
comparing metyrapone in MACS to nontreatment in an age-
and sex-matched MACS group [12]. Three of the studies were pro-
spective in design (mifepristone n = 2; metyrapone n=1).

The total group contained 22 women and 14 men with a me-
dian age of 67 years (IQR 58.75-73.25 years). For those with
data available, 17 of 30 had unilateral adenomas. The length
of treatment with mifepristone ranged from 4 weeks to 34
weeks at a dose range of 300 mg total daily dose (TDD) to
900 mg/day compared to the range of reported treatment
length in the metyrapone studies (1 day to 6 months) and
dose (500-750 mg TDD).

Hypertension

Four studies reported on the effects of medical therapy on hyper-
tension (Table 2) (mifepristone n = 3; metyrapone n=1) [8, 10-
12] in a total of 30 individuals, and 2 studies on alterations to
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Table 1 Demographics of included studies

Length of Dose

Adenoma

Intervention No. of Sex Age

Study design

Abstract/
full text

Dataset
country

Journal

First author

treatment

(median,

pats

(publication y)

range), y

200 mg twice a day

4 weeks

6 unilateral

3M, 68.5 (58-75)

PLOS One UK Full text Prospective Mifepristone 6

Debono et al

3F
3M, 64 (59-73)

(2013) [8]
Debono et al

500 mg at 6 pm, 250 mg at

1 day

Mixture—not

6

Metyrapone

Full text Prospective,

UK

JCEM

10 pm
300 mg increased to

reported
Unilateral

3F

controlled
Case study

(2017) [9]
Ragucci et al

34 weeks

49

Mifepristone 1

Full text

us

Case Reports in

900 mg per day then

Endocrinology

(2017) [10]

600/900 mg alt day

4 unilateral, 4 5 pat 6 months, 300 mg/day Increased in

4M, 67 (46-82)

Mifepristone 8

Prospective

Full text

Endocrine Practice US

Belokovskaya

2 pats to 600 mg after

2 months
250-500 mg at 6 pv and

3 pat3

bilateral

4F

et al (2019) [11]

months

6 unilateral, 9 6 months

4M, 67 (30-85)

Metyrapone 15

Journal of the UK Full text Retrospective,

Berry et al (2025)

250 mg at 10 pm

bilateral

11

controlled

Endocrine
Society

[12]

Abbreviations: F, female; JCEM, Journal of Clinical Endocrinology and Metabolism; M, male; pat, patient; UK, United Kingdom, US, United States.

antihypertensive medication (mifepristone n=1; metyrapone
n=1) [10, 12].

For 9 patients treated with metyrapone for 6 months, both sys-
tolic (—17.7 vs +8.7 mm Hg; P=.008) and diastolic BP (—=9.9 vs
+3.0 mm Hg; P=.024) were found to significantly improve
when compared to age- and sex-matched controls, contributed
to by a worsening of BP in the control group. In addition, 4 indi-
viduals in the control group had an intensification of their antihy-
pertensive treatment, as opposed to only 1 in the intervention
group [12].

In comparison, the results for mifepristone were mixed. One
study of 6 patients found that 24-hour mean BP improved in 2 in-
dividuals (138/81 to 130/81 and 143/75 to 135/67, respectively)
following 4 weeks of mifepristone 200 mg twice a day, but there
was no statistically significant change overall as a group [8].
Similar results were seen in 8 patients treated with mifepristone
for 3 to 6 months, with no significant change in systolic or diastol-
ic BP reported (127 vs 128 mm Hg; P =.85; and 78 vs 77; P=.78;
respectively) [11]. Conversely, a case study reported BP improve-
ment from 142/90 to 120/80 following 34 weeks of mifepristone,
with dose ranging between 300 and 900 mg daily, despite discon-
tinuing amlodipine/olmesartan medoxomil at 4 weeks [10].

Glucose control and insulin resistance

Measures of glucose control and insulin resistance were reported
in 4/5 studies [8, 10-12] (Table 3) (mifepristone n = 3, metyrapone
n=1) with the most frequently used measurements being gly-
cated hemoglobin A; (HbA;.) (n = 3), homeostatic model assess-
ment of insulin resistance (HOMA-IR) (n = 2), and fasting glucose
(n=2).

One study reported on a total of 15 patients receiving metyra-
pone [12]. In this group, receiving between 500 and 750 mg me-
tyrapone over 2 doses in the evening for 6 months, there was no
difference in HbA;. compared to a no-treatment control group
(3.1 mmol/mol + 4.5) [12].

One case study reported a reduction in HbA; (41 to 40 mmol/mol)
following 34 weeks of mifepristone therapy [10]. A prospective
study of 8 patients treated with mifepristone between 3 and 6
months, however, found no significant change in HbA,. at
3 months (P=.61), with only 3 of 8 patients found to have a de-
crease [11]. The same study did report a significant reduction
in fasting glucose (P=.03) and HOMA-IR, a measure of insulin
resistance, in the 6 patients for whom data were available
(P=.03). A further prospective study of 6 patients receiving
mifepristone 200 mg twice a day for 4 weeks demonstrated a
reduction in INHOMA-IR (1.0 vs 0.6; P=.03), InMatsuda (1.2 vs
1.6; P=.03) and INHOMA-%f3 (4.8 vs 4.3; P =.03) and area under
the curve (AUC) insulin (61973 vs 40 083 pmol/L.min; P=.03),
with suggested cardiovascular benefit, but no improvement
in fasting glucose or 2-hour glucose following a glucose chal-
lenge [8].

Lipids

Only 2 studies reported on lipids as an outcome measure
(Table 4) (metyrapone n = 1, mifepristone n=1) [8, 12]. In 6 pa-
tients treated with mifepristone 200 mg twice a day for 4 weeks, 2
individuals had a decrease in high-density lipoprotein (HDL)
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Table 2 Hypertension

First author Intervention No.of Length of Dose Outcome
(publication y) pats treatment
Debono et al Mifepristone 6 4 weeks 200 mg twice a day Two pats improved their mean 24-h BP from
(2013) [8] 143/75to 135/67 and from 138/81 to 130/81,
respectively. As a group there were no
significant changes in resting or ambulatory
BP.
Ragucci et al Mifepristone 1 34 weeks 300 increased to After 4-wk treatment, amlodipine/olmesartan
(2017) [10] 900 mg per day then medoxomil 10/20 mg discontinued. BP

600/900 mg alt days

Belokovskaya Mifepristone 8 5 pat 6 months,

300 mg/day

improved from 142/90 to 120/80 despite
stopping medication.
No change in systolic (127 vs 128; P=.85) or

et al (2019) [11] 3pat3 Increased in 2 pats to diastolic BP (78 vs 77; P=.78)
months 600 mg after 2 months
Berry et al (2025) Metyrapone 15 6 months 250-500 mg at 6 v and  Compared to controls, there was a significant
[12] 250 mg at 10 pm decrease in systolic (—17.7 vs +8.7 mm Hg;

P =.008, n=9) and diastolic BP (—9.9 vs
+3 mm Hg; P=.024, n=9) in metyrapone
group. One pat in the metyrapone group
required uptitration of antihypertensive
medication compared to 4 in control group

Abbreviations: BP, blood pressure; pat, patient.

(0.84 mmol/L to 0.6 mmol/L and 0.93 mmol/L to 0.72 mmol/L, re-
spectively); however, as a group the differences in full lipid pro-
files were not statistically significant [8].

Similarly, in 15 patients receiving evening metyrapone for 6
months, there was no significant difference in non-HDL com-
pared to age- and sex-matched controls [12].

Weight

Table 5 presents the results of 3 studies investigating the effect of
medical therapy on weight. For mifepristone, a case study re-
ported weight loss of 16 b (7.3 kg) following 34 weeks of therapy
[10]. In contrast, in a larger prospective study of 8 patients
treated with 300 mg/day, increasing to 600 mg/day in 2 patients,
there was no significant change in weight (P = .30), body mass in-
dex (BMI) (P =.46), nor waist circumference (P=.11), although
waist circumference was noted to decrease in 6 of 8 patients [11].

One study of metyrapone measured weight as an outcome. In
15 individuals treated with evening metyrapone, there was no
statistically significant difference compared with the comparator
group [12].

Circadian rhythm

A single study reviewed the effects of restoring the circadian
rhythm using metyrapone in the evening at 6 pv and 10 pm
(Table 6) [9]. AUC cortisol was shown to be elevated compared
to controls between 6 and 10 pm and 10 pm to 2 am prior to interven-
tion (AUC difference 0.81 nmol/L/h; P=.01; and 0.86 nmol/L/h;
P <.001; respectively) and a reduction to similar levels as controls
at these time points following intervention (AUC difference
—0.06 nmol/L/h; P=.85; and 0.10 nmol/L/h; P=.76) [9].

Health-related quality of life

One out of the 5 studies reported on quality of life (QoL)-related
outcomes. In 8 individuals treated with mifepristone for at least
3 months, no statistically significant change was reported from
baseline in Cushing QoL score, Beck’s Depression Scale, nor
State Trait Anxiety Inventory after treatment as a group, although
6 of 7 and 5 of 7 reported improvement in Cushing QoL score and
Beck’s Depression Inventory, respectively (Table 7) [11].

Other biochemical markers

Five studies reported on biochemical markers (mifepristone
n = 3, metyrapone n=2), with 4 pertaining to measurements
of the hypothalamic-pituitary-adrenal axis (Table 8).

Three studies of mifepristone, including 15 individuals, dem-
onstrated an increase of adrenocorticotropin (ACTH) in keeping
with glucocorticoid receptor antagonism [8, 10, 11] and one re-
ported an increase in thyrotropin (1.14 to 1.83 mU/L; P <.01)
but no statistically significant change in potassium (4.44 vs
4.33 mmol/L; P=.77) as a group, although 2 patients had a re-
duction in potassium greater than or equal to 1 mmol/L [11].

No significant differences were observed in serum osteocalcin
or urine NTX/creatinine before and after therapy in 6 patients
treated with mifepristone 200 mg twice a day for 4 weeks [8].

A further case study of a patient with nonalcoholic fatty liver
disease commenced on mifepristone found that liver function
tests aspartate transaminase (AST) and alanine transaminase
(ALT) normalized after 20 weeks of therapy [10].

With regard to metyrapone, 13 patients treated with an
evening dose had a normal morning cortisol (365 nmol/L, IQR
254-431 nmol/L) with the authors suggesting the safety of its use [12].
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Table 3 Glucose control and insulin resistance

First author Intervention No. Length of Dose HbA; . Other
(publication y) of treatment
pats
Debono et al Mifepristone 6 4 weeks 200 mg twice a day Not reported Reduction in INHOMA-IR (1.0 vs 0.6;
(2013) [8] P=.03), INHOMA - %} (4.8 vs 4.3;
P=.03), InMatsuda (1.2 vs 1.6;
P=.03), and Geom AUC insulin
61 973 vs 40 083 pmol/L.min;
P =.03). No improvement in
fasting glucose (5.4 vs 5.6;
P =.34) or 2 hours glucose (10.2
vs 11.4; P=.21). Five of 6
participants showed reduction in
insulin AUC >7237 pmol/L.min,
with clinically significant
cardiovascular benefit
demonstrated in 2 pats as
defined by Helsinki Heart Study
Ragucci et al Mifepristone 1 34 weeks 300 increased to Decrease from 41
(2017) [10] 900 mg per day to 40 mmol/mol
then 600/900 mg
alt days
Belokovskaya Mifepristone 8 5pat6 300 mg/day No significant Reduction in fasting glucose
etal (2019) [11] months, 3 Increasedin2patsto  reduction in (P=.03). A significant reduction
pat 3 600 mg after HbA;. at 3 mo ininsulin resistance as measured
months 2 months (P=.61) or6 mo by HOMA-IR was observed in 6 of
(P=.99) 8 participants in whom data
were available (P=.03). 1
participant reduced daily insulin
requirement from 127 to 85
units.
Berry et al (2025) Metyrapone 15 6 months 250-500 mg at 6 v No difference
[12] and 250 mg at compared to

10 pm

control group
(3.1 mmol/mol
+4.5)

Abbreviations: AUC, area under curve; HbA,, glycated hemoglobin A;; HOMA-IR, homeostatic model assessment of insulin resistance; pats, patients.

Additionally, normalization of interleukin-6 to levels in MACS
patients similar to that of controls was demonstrated following
the restoration of the circadian rhythm in those on metyrapone
intervention [9].

Adverse events

Four of the studies reported on the presence or absence of adverse
events (Table 9) (metyrapone n =2, mifepristone n = 2) for a total
of 35 patients (metyrapone n =21, mifepristone n = 14). The ma-
jority of studies provided limited information and did not directly
report the medication as the cause of the adverse event, nor
graded the severity of the events. We have grouped events descrip-
tively based on the original authors’ reports.

A total of 9 of 21 patients taking metyrapone had 14 adverse
events, occurring in those prescribed a TDD range of 500 to
750 mg metyrapone. The most commonly reported adverse

events were mild headache (n=5) [9, 12], dizziness (n=4) [9,
12], nausea (n=2) [12], diarrhea (n = 1) [12], hypertension (n=
1) [9], and elevated androgens (n=1) [12]. Of these, diarrhea
and elevated androgens were attributed to the effects of metyr-
apone by the original authors [12], and one event of headache
was described as possibly related [9].

From the pooled mifepristone data, a total of 7 adverse events
were reported in 5 of 14 patients, with the most common being hypo-
kalemia (n = 3) [8, 11], fatigue (n = 3) [8, 11], and cortisol withdrawal
symptoms without evidence of adrenal insufficiency (n =1) [11].

Future recommendations

In all 5 studies (Table 10), the authors gave research recommen-
dations, with the predominant theme that further large prospect-
ive trials were required to assess the clinical effects of
metyrapone and mifepristone on metabolic, cardiovascular,
bone, and neuropsychiatric markers [8-12].
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Table 4 Lipids

First author Intervention No. of Length of Dose Lipid profile
(publication y) pats treatment
Debono et al Mifepristone 6 4 weeks 200 mg twice a day  No significant differences in full lipid profile. A
(2013) [8] decrease in HDL was found in 2 participants
from 0.93 mmol/L to 0.72 mmol/L and
0.84 mmol/L to 0.6 mmol/L, respectively
Berry et al (2025) Metyrapone 15 6 months 250-500 mg at 6 M No significant difference in non-HDL compared to
[12] and 250 mg at 10 control group (0 vs +0.4 mmol/L)
PM
Abbreviation: HDL, high-density lipoprotein.
Table 5 Weight
First author Intervention No. of Length of Dose Weight loss
(publication y) pats  treatment
Ragucci et al Mifepristone 1 34 weeks 300 increased to Reduction of 16 Ib (7.3 kg)
(2017) [10] 900 mg per day then

Belokovskaya Mifepristone 8 5 pats 6 months,

600/900 mg alt day
300 mg/day

No significant changes in weight (P =.30) or

et al (2019) [11] 3 pats Increased in 2 pats to BMI (P = .46). In 6/8 participants, a
3 months 600 mg after 2 months decrease in waist circumference was
reported after treatment, but this did not
reach statistical significance (P=.11)
Berry et al (2025) Metyrapone 15 6 months 250-500 mg at 6 pm and  No significant difference to control group
[12] 250 mg at 10 pwm (+0.2 vs —0.7 kg)
Abbreviations: BMI, body mass index; pats, patients.
Table 6 Circadian rhythm
First author Intervention No. of Length of Dose Circadian rhythm
(publication y) pats treatment
Debono, et al Metyrapone 6 1 day 500 mg at 6 pm, 24-h AUC cortisol was significantly higher in MACS

(2017) [9]

250 mg at 10
PM

participants than NFAI and healthy controls only
between 6 pm and 10 pv (AUC difference: 0.81 nmol/L/h;
P =.01) and between 10 pm and 2 av (AUC difference:
0.86 nmol/L/h; P <.001). Following metyrapone, there
were no differences between those with MACS and
controls in log-transformed AUC between 6 pv and 10
pM (AUC difference: —0.06 nmol/L/h; P =.85), between
10 pv and 2 am (AUC difference: 0.10 nmol/L/h; P =.76),
nor in serum cortisol levels throughout 24-h period
(P=.29). Salivary cortisone reflected serum results.

Abbreviations: AUC, area under curve; MACS, mild autonomous cortisol secretion; NFAI, nonfunctioning adrenal incidentaloma; pats, patients.

Other studies of interest

Three prospective studies investigated medical therapies
in people with hypercortisolism with cohorts that included
patients with MACS; however, as the studies did not subgroup

MACS as per aforementioned our inclusion criteria
and the results for MACS patients were not clearly delineated,
they have not been included with those listed earlier.
We feel that a descriptive analysis of these studies
does have merit with regard to highlighting the outcome
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Table 7 Health-related quality of life

First author No. of Intervention Length of Dose Quality of life
(publication y) pats treatment
Belokovskaya 8 Mifepristone 5 pats 6 months, 300 mg/day. No significant change in QoL Becks
et al (2019) [11] 3 pats Increased in 2 pats Depression Inventory (P =.30) or Cushing
3 months to 600 mg after 2 QoL score (P=.27), but individual

months

improvement in scores in 5 of 7 and 6 of
7 pats, respectively. No significant change
in State Trait Anxiety Inventory (P =.41)

Abbreviations: pats, patients; QoL, quality of life.

Table 8 Hypothalamic-pituitary-adrenal axis and other biochemical markers

First author Intervention No.  Length of Dose HPA axis measurements Other
(publication y) of treatment
pats
Debono, et al Mifepristone 6 4 weeks 200 mg twice a  Elevation in cortisol and No significant changes in
(2013) [8] day ACTH in keeping with serum osteocalcin or
glucocorticoid receptor urine NTX/creatinine
antagonism
Ragucci et al Mifepristone 1 34 weeks 300 increased to  Increase in ACTH from < Liver function tests
(2017) [10] 900 mg per 1 pmol/L to 2.42 at elevated at baseline (AST
day then 600/ week 24 110, NR 2-40 U/L; ALT 232,
900 mg alt day NR 2-60 U/L) and had
normalized by wk 20
Belokovskaya Mifepristone 8 5 pats 300 mg/day Increase in ACTH and Increase in TSH 1.14 to 1.83
et al (2019) 6 months, Increased in DHEAS post treatment. mU/L (P<.01). No
[11] 3 pats 3 2 pats to 600 mg significant decrease in
months after 2 months potassium (4.44 vs 4.33;
P=.77) as a group: 1
patient 5 to 2.8 mmol/L
and 1 from 4.3 to
3.3 mmol/L
Debono et al Metyrapone 6 1 day 500 mg at 6 pw, Not reported. IL6 elevated in MACS
(2017) [9] 250 mg at 10 patients at baseline
PM compared to controls at 4
times hourly AUCs
between 10 pv and 2 pm
(AUC difference: 0.42 pg/
mL/h; P=.01). After
intervention, IL6 was
similar to control groups
over all time points over
24 hours (P=.08).
Berry et al [12]  Metyrapone 15 6 months 250-500 mg at Following treatment,
6 pm and morning cortisol was
250 mg at 365 nmol/L (n=13; IQR
10 pM 254-431 nmol/L) and

ACTH increased from
4.5 pg/mL to 7.5 pg/mL
(n=12; P=.032).

Abbreviations: ACTH, adrenocorticotropin; ALT, alanine transaminase; AST, aspartate transaminase; AUC, area under curve; DHEAS, dehydroepiandrosterone
sulfate; IL6, interleukin 6; IQR, interquartile range; MACS, mild autonomous cortisol secretion; NR, normal range; pats, patients; TSH, thyrotropin.
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Table 9 Adverse events

First author Intervention No. of Length of Dose Adverse events

(publication y) pats  treatment

Debono et al Mifepristone 6 4 weeks 200 mg twice a day = Two participants developed symptoms of
(2013) [8] lassitude, fatigue, and hypokalemia

(3.2 mmol/L and 3.1 mmol/L) at end of week
2 and end of week 4, respectively

Belokovskaya etal Mifepristone 8 5 pats 6 months, 300 mg/day 3/8 withdrew after 3 months. 1 participant
(2019) [11] 3 pats 3 Increased in 2 pats reported fatigue, 1 hypokalemia, and 1
months to 600 mg after symptoms of cortisol withdrawal but no
2 months evidence of adrenal insufficiency
Debono et al Metyrapone 6 1d 500 mg at 6 pw, 6 adverse events in 4 pats: 4 mild headaches (1
(2017) [9] 250 mg at 10 pm possibly related), 1 episode of mild dizziness,
and 1 episode of hypertension
Berry et al (2025)  Metyrapone 15 6 months 250-500 mg at 6 pm Well tolerated by 10/15. Dizziness (n =3),
[12] and 250 mg at nausea (n =2), headaches (n=1). Stopped
10 pMm in 2/15: 1 female developed asymptomatic
high androgens and 1 participant had
diarrhea. No adrenal crises
Abbreviation: pats, patients.
Table 10 Future recommendations
First author Intervention No.of Length of Dose Research recommendations
(publication y) pats  treatment
Debono, et al Mifepristone 6 4 weeks 200 mg twice a day Randomized controlled studies required to
(2013) [8] further establish whether GR blockade or
cortisol-lowering strategies offer an
alternative to surgical intervention
Ragucci et al Mifepristone 1 34 weeks 300 increased to Larger prospective studies needed
(2017) [10] 900 mg per d then
600/900 mg alt day
Belokovskaya Mifepristone 8 5 pats 6 300 mg/day. Increased Further studies required to determine effect
et al (2019) [11] months, in 2 pats to 600 mg of steroidogenesis inhibitors and GR
3 pats 3 after 2 months antagonists on mood, cardiovascular,
months metabolic, and bone parameters in patients
with MACS
Debono et al Metyrapone 6 1 day 500 mg at 6 pM, 250 mg A randomized, controlled trial is needed in a
(2017) [9] at 10 pm larger cohort of MACS patients to further
assess effect of metyrapone on clinical
outcomes
Berry et al (2025) Metyrapone 15 6 months 250-500 mg at 6 pm and A larger prospective study is needed to further

[12]

250 mg at 10 pm

investigate the metabolic outcomes of
metyrapone in MACS

Abbreviations: GR, glucocorticoid receptor; MACS, mild autonomous cortisol secretion; pats, patients.

measures used and adverse events, in the design of future pro-
spective trials.

Oda et al [13] investigated the efficacy of an 118-HSD1 inhibi-
tor, S-707106, in an open-label prospective study in 15 patients
with Cushing syndrome (Cushing disease n=2, ectopic ACTH
syndrome n =1, adrenal Cushing n=1) and MACS (n=11) and

with a history of impaired glucose tolerance. Participants either
had a residual tumor or were not suitable for surgical interven-
tion. The initial dose was 200 mg daily, increased to 200 mg twice
daily if no improvement in glucose parameters was found at 12
weeks. The primary end point of a 25% reduction from baseline
in AUC plasma glucose following oral glucose tolerance test at 24
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Table 11 Ongoing clinical trials

Trial ID Title Intervention Recruitment Primary end point

status

EUCTR2022-000161-40-AT Investigating cardiometabolic risk Metyrapone Active, not Hepatic lipid content on MR
factors and changes in recruiting spectroscopy
chronobiology patterns in patients
with autonomous adrenal cortisol
secretion

ISRCTN42727091 Dissecting the Contribution of SPI-62 Recruiting Change in glucose disposal
glucocorticoid metabolism in mild
autonomous cortisol secretion: a
randomized controlled trial of the
113-HSD1 inhibitor SPI-62

NCT06801249 Effect of metyrapone on Metyrapone  Recruiting Change in number and/or
cardiovascular risk factors in dosage of antihypertensives
patients with adrenal following 12 mo of
incidentalomas and Cushing’s metyrapone treatment
syndrome

EUCT2024-514143-28-00  Diagnostic treatment-trial for Metyrapone  Recruiting Change in blood pressure,
autonomous cortisol secretion—a glucose metabolism, and
tool to select patients for cortisol levels
adrenalectomy (Metycor)

NCT07138274 A phase Il, randomized, double-blind, Metyrapone Not yet Change in glucocorticoid to
placebo-controlled study recruiting androgen ratio. Waking and
evaluating the safety and efficacy of bedtime salivary cortisone
metyrapone in subjects diagnosed (8 salivary cortisone).
with mild autonomous cortisol
secretion (MACS)

NCT07104812 Impact of 1 mg osilodrostat therapy  Osilodrostat  Not yet Adverse events. Proportion that
on mild autonomous cortisol recruiting experience adrenal

secretion (MACS)

insufficiency

Abbreviation: MR, magnetic resonance.

weeks was not met, with a reduction of 7.1% (P =.033) and 2.7%
(P=.18) reported at 12 and 24 weeks. A greater percentage
change was noted in those with a BMI greater than 30. Fasting
plasma glucose and HbA;. were similar following treatment;
however, there was a significant reduction in body fat percent-
age (—2.5%; P <.001) and weight (61.42 vs 60.78 kg) with an in-
crease in body muscle percentage (2.4%; P<.001) and a
reduction in HOMA-IR at 24 weeks (—0.91 +0.82; P=.0011).
With regard to other biomarkers, no change was found in
morning serum cortisol. Dehydroepiandrosterone sulfate was
found to be elevated in 13 patients, but with no clinical signs
of androgen excess. Both ALT and ALT/AST were significantly
reduced following treatment, as well as y-glutamyl transferase
and HDL cholesterol. Across 15 participants, 60 adverse events
occurred with the most common being gastrointestinal side ef-
fects (n=10), disorders of the skin (n=10), infections (n=9),
and fatigue (n=7). Two severe adverse events were reported
(pyelonephritis n=1; urinary tract infection n=1), with both
thought to be related to Cushing syndrome, and the 115-HSD1 in-
hibitor was not discontinued.

The recently published CATALYST study [14] randomly as-
signed 136 adults with poorly controlled type 2 diabetes despite
medication, and an ONDST cortisol greater than 50 nmol/L to

receive either mifepristone (n=91; dose range 300-900 mg
once daily) or placebo (n=45). Randomization was stratified
by the presence or absence of adrenal abnormalities on abdom-
inal computed tomography scan, which were present in 27.9%. A
significant reduction in HbA;. was reported at 24 weeks in the
mifepristone compared to placebo group (—1.32%; 95% Cl,
—1.81% to —0.83%), with similar results being found for those
with adrenal abnormalities (—1.41%; 95% Cl, —2.34% to
—0.48%). Common side effects of mifepristone included hypokal-
emia, fatigue, and nausea occurring in 29.7%, 20.9%, and 20.9%
of participants, respectively, but with no reported cases of ad-
renal insufficiency.

On review of the supplementary material, adrenal abnormal-
ities included nodule, enlargement, or other abnormality
with no provision of results or statistical analyses specifically
for the adrenal nodule group, and therefore the aforementioned
results have not been collated with those of the other
included studies.

Musolino et al [15] reported on 20 patients with mild hypercor-
tisolism (defined as cortisol >50 nmol/L following ONDST, urine
free cortisol <1.5x upper limit of normal, 1 or more cortisol-
related comorbidities and <2 Cushing’specific features) prospect-
ively prescribed either metyrapone 250 mg at 10 pm (n = 8) for 24
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weeks or metyrapone 250 mgat 10 pm for 12 weeks followed by the
addition of 250 mgat 1 pm (n = 12). Imaging and biochemistry con-
firmed either a pituitary (n =2) or adrenal (n = 18) source of hy-
percortisolism. Average 24-hour systolic BP improved by 5 mm
Hg or more in 40% after 24 weeks (P = .008), with an improvement
in diastolic BP reported in 30% at 12 weeks but only 20% at 24
weeks (P=.125). There was no statistically significant improve-
ment in HbA,. in those with (7.2 vs 6.8; P=.25) or without type
2 diabetes (6.3 vs 6.1; P=.09) following treatment. There was
no significant difference reported in salivary cortisol AUC over a
24-hour period or when split into intervals. No side effects were
reported and there was no evidence of adrenal insufficiency.

Discussion

Summary of evidence

Through this scoping review we have comprehensively assessed the
use of medical therapy in MACS, study designs, and the range of car-
diometabolic and other outcome measures used so as to inform fu-
turetrials. To our knowledge, this is the first review to systematically
assess the breadth of literature on medical interventions in MACS.
The key finding, as evidenced earlier, is that there is a substantial
knowledge gap, with the majority of the included articles being
small studies, largely uncontrolled and heterogeneous both in de-
sign and populations. In addition, multiple different outcome meas-
ures were assessed across studies, making meta-analysis of results
difficult and limiting the ability to provide strong clinical recommen-
dations, which is reflected in current guidelines [1].

From the limited available evidence, both metyrapone and
mifepristone were well tolerated and demonstrated cardiometa-
bolic benefit in MACS across a range of ages. Metyrapone demon-
strated a reduction in hypertension but less of an effect on
glucose measures and insulin resistance, whereas mifepristone
showed some improvement of insulin resistance but mixed
results with regard to hypertension. Neither medication signifi-
cantly reduced lipids. Limited data reported the safe use of mife-
pristone in nonalcoholic fatty liver disease (n=1) [10].

To date, there have been no randomized controlled trials com-
paring the medical treatment of MACS with placebo or with surgi-
cal intervention. Current European guidelines recommend that
the options for management consist of two strands: monitoring
for cortisol-related comorbidities, or surgery in selected cases [1].

In clinical practice, the minority of individuals with Als de-
tected on cross-sectional imaging are referred for endocrine as-
sessment. Of those that are, the majority are discharged to the
community with a recommendation for annual monitoring of co-
morbidities. The true burden of MACS is therefore likely to be
underappreciated, with arising cortisol-related comorbidities
often not linked to the underlying cause.

The recent CHIRACIC study prospectively investigated 52 people
with MACS, demonstrating a significant reduction in the number of
antihypertensive medications prescribed in those randomly as-
signed to adrenalectomy compared to a conservatively managed
control group (46% vs 15%; adjusted risk difference 0.34; 95% Cl,
0.11-0.58). The majority of those in the adrenalectomy group were
able to stop antihypertensive treatment completely (52%) com-
pared to none in the control group. These data suggest the causal
association of MACS and hypertension and reinforce the benefits

of active intervention. Concordant data from Koh et al [16] found im-
provements in BP control, glucose, and weight in 46 patients with
MACS randomly assigned to adrenalectomy compared to an age-
and sex-matched control group. Further, a detrimental effect of con-
servative management was highlighted with a greater likelihood of
deterioration in cardiometabolic parameters from baseline in the
control group after a median of 48 months follow-up. Further
data from a multicenter randomized controlled trial of 43 patients
with MACS demonstrated normalization of ONDST serum cortisol
after 2 years following adrenalectomy in 19 of 21 patients compared
to 2 of 22 in the control group who were conservatively managed
[17]. This was associated with a reduction in office BP of 10 mm
Hg or more and daily defined doses of antihypertensive in 9 of 12
compared with 4 of 15in the control group (P = .01), although no dif-
ference was noted in mean 24-hour BP before and after adrenalec-
tomy nor compared to the control group.

A mid-2023 estimate of UK population size was 68 265 209 with
9434 457 older than 70 years [18]. If 10% of this group are esti-
mated to have an adrenal adenoma, with 20% to 50% of these
tumors secreting excess cortisol, then approximately 188 689 to
471723 people in the United Kingdom have MACS. This of course
would be an underestimate as it does not take into account those
younger than 70 with MACS. Prevalence will likely continue to in-
crease in the near future, with an aging population. These large
numbers illustrate that surgical intervention for all appropriate
patients with MACS will never be possible at the population level
and challenging in a cohort of patients at higher risk of surgery
due to frailty and other comorbidities, before even taking into ac-
count patient choice.

Conservative management may also be suboptimal. Managing
MACS-associated comorbidities, such as hypertension and dia-
betes, as they arise does not tackle the root cause, with the po-
tential to lead to increased burden on community physicians as
well as side effects associated with polypharmacy. Additionally,
some features related to cortisol excess, such as cognitive im-
pairment [19], cannot currently be managed effectively through
medication that addresses comorbidities such as hypertension
and impaired glucose homeostasis.

There is, therefore, a substantial need for robust and well-
structured prospective clinical trials to assess current and new
medications for MACS, and a number of clinical trials are ongoing
as documented in Table 11.

We suggest that future trials should be structured to compare
medical therapy against placebo or surgery in randomized con-
trolled trials. Ideally there would be direct comparison against
the currently recommended strategy of aggressive management
of comorbidities as they arise, although this would be difficult to
capture in the time period of most funded clinical trials.
Suggested outcome measures would include systolic and dia-
stolic BP, blood glucose measurements including continuous
glucose monitoring, HbA;, and assessment of insulin sensitivity;
lipids, waist circumference, height, and weight; cognitive screen-
ing, anxiety and depression questionnaires, and for therapies
that lower circulating cortisol, early-morning and late-night se-
rum or salivary cortisol/cortisone samples and safety data.

There are several limitations to this scoping review. Included
articles were not formally graded for risk of bias as per current
guidelines on scoping reviews; however, the majority of included
studies were of low-quality evidence, with small sample sizes and
therefore prone to bias. In addition the small number of
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heterogeneous studies does not allow for meta-analysis of the
data, and it may be that in larger datasets, similar results would
not be observed. The strengths include a systematic approach to
the review of all available literature on the included databases.

Conclusion

The current available evidence for medical treatment in MACS is
sparse, heterogeneous, and predominantly consists of low-
quality evidence. Both metyrapone and mifepristone have
been used in the medical treatment of MACS in a number of small
studies with improvement in various cardiometabolic parame-
ters reported; however, there is insufficient evidence to provide
robust clinical recommendations. This systematic scoping review
maps the current literature and demonstrates the urgent neces-
sity for future large prospective trials in the area of medical ther-
apy in this common condition.
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