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Abstract

The role of pharmacological management of Cushing’s disease is dual, to prepare 
patients before any surgical intervention and to control untreated hypercortisolemia. 
The latter is mainly relevant in cases of persistent disease due to surgical failure, 
while waiting for the delayed effect of radiotherapy or as treatment in patients who 
are poor candidates for surgery. Drugs targeting the adrenocorticotropin-secreting 
pituitary adenoma include the somatostatin analog pasireotide and the dopamine 
agonist cabergoline, even though their effects are not well established as in growth 
hormone secreting adenomas or prolactinomas. Adrenal-specific therapy includes 
inhibitors of adrenal steroidogenesis and glucocorticoid antagonists. Metyrapone 
and ketoconazole help to control hypercortisolaemic states rapidly; osilodrostat 
and levoketoconazole have evolved as new alternatives due to their higher efficacy 
and less incidence of adverse effects. Mitotane may be useful in selective cases, in 
lower doses than those used in adrenocortical carcinoma, while etomidate is a life-
saving treatment in an emergency setting. The glucocorticoid antagonist mifepristone 
is effective for rapid control of hypercortisolemia, but the risk of hypoadrenalism is 
not always acceptable. A combined treatment appears safer, more rapid and more 
effective to control hypercortisolemia than each drug alone.

Novel treatments include the use of retinoic acid, temozolomide, doxazocin, 
gefinitib, bevacizumab, seliciclib, IRC-274. The increasing clinical experience and 
understanding of the molecular pathways may help to achieve pharmacological 
therapy without the need for a surgical approach.

ABBREVIATIONS
ACC: Adrenocortical Carcinoma; ACTH: Adrenocortitropin; 

AE: Adverse Effect, BP: Blood Pressure; CD: Cushing’s Disease; 
CDK: Cyclin-Dependent Kinases; CHA: Carbohydrate Metabolism 
Abnormalities; CS: Cushing’s Syndrome; DA: Dopamine Agonist; 
DR: Dopamine Receptor; GLP-1: Glucagon-Like Peptide 1; GR: 
Glucocorticoid Receptor; HPA: Hypothalamic-Pituitary-Axis; 
LAR: Long-Acting-Release; LDS: Low-Dose Dexamethasone 
Suppression Test; MC2: Melanocortin-2; MC2R: Melanocortin-2 
Receptor; MGMT: O6-Methylguanine-DNA Methyltransferase; 
MNS: Midnight Serum Cortisol; MRI: Magnetic Resonance Imaging; 
POMC: Proopiomelanocortin; SA: Somatostatin Analogue; SCC: 
Side-Chain Cleavage Complex; SSTR: Somatostatin Receptor; TSS: 
Transsphenoidal Surgery; UFC: Urine Free Cortisol; ULN: Upper 
Limit Of Normal

INTRODUCTION
Cushing’s disease (CD), defined as the presence of an 

adrenocortitropin (ACTH)-secreting pituitary adenoma, 
represents the most frequent cause of endogenous 
hypercortisolaemia [1]. As the majority of these tumors are 

microadenomas (size <10 mm in diameter), first-line treatment 
for CD is the surgical removal of the adenoma, which, in cases 
of surgical failure, may be followed by radiotherapy or bilateral 
adrenalectomy (BA); however, the need for adrenalectomy is 
not currently a common practice. Medical treatment for CD is an 
alternative or even preferable approach in patients who are not 
candidate for surgery because of co-morbidities. Medical therapy 
is also employed after radiotherapy or radiosurgery while 
awaiting their delayed effects, or before surgery to shrink the risk 
of infection, poor healing, and cardio-metabolic consequences 
(along with other measures such as prophylactic useof heparin) 
[2,3]. 

Even though medical management is not considered as first 
line treatment in CD compared to other pituitary adenomas, 
several agents that target the ACTH-secreting pituitary adenoma 
directly, have been introduced recently. Corticotrophs, express 
high levels of somatostatin (SSTR) 5 and dopamine receptor 
(DR) 2 [4]. Pharmacotherapy targets these receptors using SSTR 
ligands and dopamine agonists (DA), respectively, to decrease 
ACTH production by corticotroph adenomas. Other novel drugs 
target corticotrophs secretion control along with adrenal specific 
therapy. The present review summarizes currently available 
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drugs for the treatment of CD, their mode of action and side effect 
profile.

Drugs targeting ACTH-secreting adenoma 

Somatostatin analogues (SAs): SAs use is based on SSTR 
inhibition [5]. Most corticotroph adenomas (> 85%) express 
SSTR2, SSTR5 and to a lesser extent SSTR1 (63%) mRNA [6]. 
The surface membrane density of SSTR varies with the degree 
of hypercorticosolemia, particularly for SSTR2, while SSTR5 
expression appears to be relatively unaffected [7-9]. Therefore, 
in patients with active CD, SSTR5 is predominantly expressed 
compared to SSTR2 [9]. It was documented that after restoration 
of eucortisolemia, SSTR2 expression recovers, becoming similarly 
abundant to SSTR5, thus improving treatment responsiveness to 
long acting SAs [8,10-14]. In line with thisfinding, octreotide, a 
predominantly SSTR2-selective ligand with moderate affinity for 
SSTR5, has been shown to be virtually ineffective in controlling 
hypercortisolemia in patients with CD [8,10,11,15]. 

Pasireotide or SOM-230: A multi-ligand SAs with high 
binding affinity to SSTR5 and 1, 2 and 3 subtypes were approved 
for the treatment of patients with CD in whom surgery has failed 
or is not possible. The functional activity of pasireotide compared 
to octreotide has been found to be 30-fold, 11-fold and 158-fold 
higher on SSTR1, 3 and 5 respectively, and approximately 7-fold 
lower on SSTR2, being more potent compared to octreotide 
in inhibiting basal ACTH release [16]. In a phase II, open-
label, single-arm, multicentre pilot study, 29 CD patients self-
administered subcutaneous pasireotide 600mcg twice daily for 
15 days obtaining urine free cortisol (UFC) level reduction in 
75.8% and normalization in 17.2% of cases respectively [17]. 
A subsequent double blinded, randomized, multicenter phase 
III trial with pasireotide 600–900mcg twice daily, revealed UFC 
reduction in most of 162 CD patients treated and normalization 
in a further 25% of them. Responders were identified within 2 
months of treatment and UFC level normalization was higher in 
patients with mild CD (UFC up to twice upper limit of normal) 
[18]. Late-night salivary cortisol was also measured in 93 
patients, and normalized in 37% and 19% of patients at 6 and 
12 months respectively [19]. Approximately 48% of patients 
with complete UFC normalization at 12 months remained 
controlled at 24 months [20]. Discontinuation rate was high 
due to unsatisfactory therapeutic effect (32.7%), development 
of adverse effects (AEs) (22.2%), consent withdrawal (18.5%) 
and administrative problems (9.9%). Significant improvement 
in clinical signs and symptoms was seen from 12 to 60 months 
of treatment, suggesting that this agent is appropriate for long-
term treatment [21,22].  In 75 patients with a measurable 
lesion on magnetic resonance imaging (MRI) who were treated 
with900mcg of pasireotide, mean tumour volume decreased by 
44% [18]. In 8 CD patients treated with pasireotide 600-1200µg 
twice daily from 6 up to 24 months, significant tumour shrinkage 
(defined by a reduction > 25% of size) was diagnosed after at 
least 12 months of treatment with tumour mass disappearance in 
one case [23]. It was therefore suggested that pasireotide could 
be considered as a neo-adjuvant treatment before surgery, since 
tumour shrinkage was seen in corticotroph macroadenomas on 
de novo treatment with pasireotide [24]. Of note 73% of patients 
treated with pasireotide, reported more frequent and more severe 
hyperglycemia and 6% of them discontinued the treatment; other 
AEs were due to SAs (gastrointestinal, including biliary sludge 

and gallstones) [2,18]. Pasireotide-induced hyperglycemia in 
healthy volunteers is mediated by incretin hormone, glucagon-
like peptide 1 (GLP-1) and gastric inhibitory polypeptide (GIP) 
reduction followed by decline of insulin secretion; metformin 
and dipeptidyl peptidase-4 (DPP4) inhibitors or GLP-1 agonists 
may represent an appropriate treatment, while insulin may be 
required in more severe cases of glucose intolerance [24,25]. 
Clinicians should correct hypokalemia and hypomagnesemia 
before initiating pasireotide and test baseline liver function 
tests, thyroid function, IGF-1, fasting glucose and HbA1c. In 
addition, gallbladder ultrasound to exclude cholocystopathy 
and electrocardiograms for corrected QT interval prolongation 
or bradycardia should be performed. Treatment should be 
administered after (not before) meals and follow dietary 
recommendations for diabetes [2]. An intramuscular long-
acting-release (LAR) formulation of pasireotide approved for the 
treatment of acromegaly is now being evaluated for use in CD. 

Pasireotide LAR: It has previously been reported to be 
effective in reducing ACTH and tumour volume in a patient with 
Nelson’s syndrome and aggressive corticotroph tumour growth 
[26]. In a double-blind randomized controlled trial phase III, 150 
patients with persistent, recurrent or de novo CD were treated 
with pasireotide LAR 10 or 30 mg monthly, for a duration of 7 
months; UFC normalization was observed in 40%, with a 48% 
median decrease of UFC in patients treated with pasireotide LAR 
10 or 30 mg monthly for a duration of 7 months. Hyperglycemia-
related AEs were noted in 68% and 80% of patients in the 10 and 
30 mg groups, respectively, leading to treatment discontinuation 
in only 5 patients [27]. 

Somatropim (DG3173): A novel multi-ligand SA that 
selectively binds to SSTR2, SSTR4, and SSTR5, without potent 
effect on insulin secretion, has been tested in patients with 
acromegaly but has not been evaluated on CD yet [28]. Dopamine 
receptor 2 has a heterogeneous expression in 89% of all types 
of pituitary tumours and it has also been detected in 69%-
75% of silent or functioning ACTH-secreting pituitary tumours 
[29,30]. Dopaminergic modulation of ACTH secretion has been 
suggested to occur via regulation of hypothalamic corticotrophin 
releasing hormone (CRH) release in addition to direct inhibition 
of ACTH secretion by the corticotrophs [31,32]. In CD, the DA 
bromocriptine has shown limited therapeutic potential and in the 
past, it has only been used in patients with cyclical CD [24,30,33]. 

Cabergoline: An ergot-derived DA with high affinity for 
DR2, has been investigated in patients without optimal surgical 
outcome [9], since in vitro studies have shown that it inhibits 
ACTH secretion from DR2-positive cells [30]. In 20 patients with 
initial response up to 75% (partial response defined as a decrease 
greater than 25% complete normalization as full response) 
[34], 40% still had a sustained response over a 2-year period 
with median cabergoline dosage of 3,5mg/week [34]. Assessing 
cabergoline effectiveness in patients with CD by midnight serum 
cortisol (MNS) alone or low-dose dexamethasone suppression 
serum cortisol (LDS) alone or their combination it was found 
improvement in a range 17% and 25% [35]. A retrospective study 
including a cohort of 30 CD patients treated with cabergoline 
(initial dose of 0.5-1mg/week, increased up to 6mg/week), 
reported a complete response in 37% of them. Additionally, 
30% of them, under a mean dose of 2.1mg/week, remained 
asymptomatic in a 3 years follow up period. On the other hand, 
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patients who did not respond to carbegoline, were treated with 
a mean dose of 2mg/week (range 1-4.5mg/week) for an average 
period of 4months (range 1-9months), and it is possible that 
the maximal inhibitory effect might have been underestimated 
[36]. Approximately 25% of patients may develop a cabergoline 
escape phenomenon at 2-5years. Tumour volume decreased or 
remained stable in the small number of reported patients with 
visible adenomas [34,36], but no consistent dose-dependent 
reduction in cortisol levels was seen in a short-term prospective 
study of 20 patients treated with a median dose of cabergoline of 
5mg/week [37]. Adverse effects included nausea, dizziness, and 
asthenia [2,34]. Potential concerns include the long-term safety 
of these drugs as due to the activation of valvular fibroblasts 
through serotonin receptor 2B [38].

Retinoic acid: It is a nuclear receptor ligand with inhibitory 
effect on corticotroph tumour growth, POMC transcription, 
plasma ACTH, and corticosterone secretion from ACTH-secreting 
pituitary tumours in animal models and in vitro experiments 
[39,40]. Retinoic acid increased caspase-3-activity-induced 
cell death, while its antiproliferative action has been shown to 
be mediated through bone morphogenetic protein 4 (BMP4), a 
member of the transforming growth factor beta (TGF-β) super 
family that plays a central role during pituitary organogenesis and 
transcription [41]. Additional beneficial effects include reduction 
of adrenal hyperplasia by direct inhibition of adrenal cell 
proliferation, reversal of skin atrophy and immunostimulation 
[42]. Recently, in a longitudinal, non-controlled, non-randomized, 
multicenter study, 7 CD patients were treated with 10mg/day 
retinoic acid, progressively increased to 80mg/day. After 6-12 
months of treatment, 43% demonstrated normal UFC levels 
with only mild AEs. Moreover marked decrease in UFC levels 
was observed in 71% of patients with mean UFC levels being 
22%-73% lower of baseline values. Furthermore, plasma ACTH 
levels started to decrease after the first month of treatment, but 
subsequently returned to pre-treatment levels. Clinical signs of 
hypercortisolism were also ameliorated [43]. A recent open-
label clinical trial demonstrated that 20-80 mg/day of the 13-cis 
isomer of retinoic acid, isotretinoin, resulted in UFC reductions 
of up to 52% and normalization in 25% of 16 patients with CD 
at 12 months [44]. More than 40% of patients reported mild and 
reversible AEs (xerophthalmia and arthralgias).

Temozolomide: It is an orally administrated second-
generation alkylating chemotherapeutic drug that methylates 
DNA at the O6 position of guanine, causing a mismatch with 
thymine during the next DNA replication cycle, leading to cell 
apoptosis [45]. Drug efficacy relies on O6-methylguanine-
DNA methyltransferase (MGMT) enzyme activity, since MGMT 
reverses alkylation. After treatment with temozolomide, tumours 
become soft and friable, and display better differentiation, less 
mitoses, and a lower Ki-67 index [46]. Temozolomide has been 
used in cases of aggressive corticotroph pituitary adenomas or 
carcinomas refractory to surgery or pituitary irradiation with 
promising results [47,48]. In a patient with a pituitary carcinoma, 
the combination of pasireotide with temozolomide administered 
over 12 months, was associated with sustained control of tumour 
growth and ACTH secretion, indicating that such anoption may be 
a promising for aggressive pituitary tumours [49]. Temozolomide 
was well tolerated and few severe AEs have been described but 
care should be given for the bone marrow suppression [50].

Adrenal-specific therapy

Inhibitors of cortisol secretion: As previously mentioned, 
an important step to control ACTH induced hypercortisolemia 
is the use of drugs aiming at adrenal glucocorticoid secretion. 
These compounds decrease cortisol levels by direct inhibition 
of steroidogenesis at one or more enzymatic steps, not 
affecting the underlying tumour and without restoring normal 
hypothalamic-pituitary-axis (HPA) secretory dynamics. All 
these medications require dose escalation of the initial low 
dose and frequent monitoring, in order to achieve an acceptable 
clinical and biochemical profile and minimize their side effects. 
Occasionally adrenal steroidogenesis inhibition can be partial or 
complete; to overcome this limitation, a “block-and-replacement” 
scheme has been used: a complete blockade of zona fasciculate 
steroidogenesis is achieved with concomitant hydrocortisone 
replacement. In either case, patients should be well informed 
about adrenal insufficiency or the recurrence of hypercortisolism 
symptoms. Notably, since corticotroph tumours have a higher 
than normal set-point for cortisol negative feedback on ACTH 
suppression, ACTH secretion may increase in parallel with the 
fall of cortisol levels necessitating an increase of the dose of these 
drugs over time .

Metyrapone: It displays a rapid onset and high effect of 
action, by blocking 11β-hydroxylase (CYP11B1) that converts 
11-deoxycortisol to cortisol in the adrenal cortex. Additionally, 
itinhibits17α-(CYP17A1), 18- (CYP11B2) and 19-hydroxylase 
[24,45,51], obtaining adequate control of cortisol levels in 
short- and long-term [52]. Its action is usually obvious within 
hours, after an initial daily dose of 0.5-1g (starting with 250mg 
4-times/day). Treatment should be adjusted in 3-4 divided doses 
daily, increased every few days to a maximal daily dose of 6-8g 
[24,51]. In the largest recent multicentre study of 195 patients 
with CS, biochemical control was achieved in 83% of patients 
with monotherapy and in 76% of those with combination 
treatment (mainly ketoconazole or mitotane). In 164 patients on 
monotherapy, 55% had a normal cortisol day curve, and 43% of 
patients had normal UFC levels respectively, at the last review. 
Longer-term data (mean 18 months) in 38 patients showed 
biochemical eucortisolism in 72% of them. In 23 patients with CD 
not previously irradiated, biochemical control by UFC assessment 
was achieved in 57% and clinical improvement was obtained in 
46% of patients [53]. Its strong cortisol-lowering effect results 
in loss of its negative feedback on ACTH and a consequently rise 
of ACTH levels leading to increase of androgenic precursors 
resulting in acne and hirsutism, a common cause of treatment 
discontinuation [51,54]. Hypertension, hypokalaemia and oedema 
are caused by an increment of mineralocorticoid precursors that 
is counteracted by the parallel cortisol drop [53]. Dizziness and 
gastrointestinal upset (minimized when the medication is taken 
with food or milk), may be caused by adrenocortical insufficiency 
[45,51,55]. This medication has also been given in pregnancy 
without serious adverse outcomes in either the mother or the 
fetus [2,56]. It is important to note that 11-deoxycortisol is 
increased and it may cross-react with many cortisol assays and 
the risk for unrecognised hypocortisolemia is high, except when 
liquid chromatography tandem mass spectrometry (LC-MS/MS) 
is used [57].

Osilodrostat (LCI699): It is an oral potent inhibitor of 
human 11β-hydroxylase (3-fold more potent and with a longer 
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half-life compared to metyrapone) and aldosterone synthase, 
which are responsible for catalysing the final steps of cortisol 
and aldosterone biosynthesis, respectively, in the adrenal 
cortex [58]. Ιn one proof-of-concept study of 12 patients with 
moderate-to-severe CD, an initial dose of 4mg/day οsilodrostat 
was administered. The dose was escalated every 14days to 10, 
20, 40, and 100mg/day twice daily. The results of the study 
were encouraging regarding the efficacy and safety of 10 
weeks treatment. All patients achieved UFC levels within the 
upper limit of normal (ULN) or a > 50% decrease from baseline 
levels while 92% obtained normalization of UFC levels. Mean 
11-deoxycortisol, 11-deoxycorticosterone, and ACTH levels 
increased during treatment and declined after discontinuation. 
Improvement was also noted in blood pressure (BP) levels [59]. 
In the extension phase study, 4 patients of the original cohort 
and 15 new patients with CD with UFC levels > 1.5 ULN were 
recruited. Patients received initially 4-10 mg/day of οsilodrostat 
and doses were adjusted every 2 weeks to 10-60 mg/day until 
UFC levels normalized. UFC levels were normalized in 78.9% of 
patients at 22 weeks [60]. At 19 months mean UFC levels and 
0800 morning serum cortisol levels were within the normal 
range with an overall response rate 93.8%, whereas no treatment 
escape phenomenon were observed. Improvement was also 
noted in body mass index [61]. Osilodrostat was generally well 
tolerated; most AEs were mild or moderate (fatigue, nausea, 
headache, diarrhea; in females, hirsutism and acne) while adrenal 
insufficiency and glucocorticoid withdrawal was reported in one-
third of patients reflecting the potency of osilodrostat [59,60]. 

Ketoconazole: An imidazole, blocking cytochrome P450 
enzyme acting at several sites, exerts its strongest effect on 
17,20-lyase, and side-chain cleavage complex (P450scc, CYP11A1, 
20,22 desmolase), 11β-hydroxylase, 17α-hydroxylase [45,51,62]. 
It has as lower onset of action than metyrapone, occurring 
over several days or possibly weeks. Moreover, its multi-target 
inhibition results in a reduction of androgen synthesis with 
favourable effects on hirsutism. Extra-adrenal actions have 
been reported since an acute in vitro decrease in basal and 
CRH-stimulated ACTH secretion by corticotroph tumour cells 
was obtained from two patients with Nelson’s syndrome [63]. 
At high concentrations, it has been shown in vitro to act as an 
antagonist of the glucocorticoid receptor (GR) [64]. Treatment 
with ketoconazole is usually started at 400mg/day (divided in 2 
doses) and increased every 3 or more days to a maximum dose 
of 1.2-1.6g/day in 3-4 divided doses. Because gastric acidity is 
necessary to metabolise this medication into its active compound, 
ketoconazole is not an option in achlorhydric patients or those 
treated with proton pump antagonists, unless it is formulated 
locally in an acidic vehicle [45,51]. Recently its efficacy and safety 
profile have been confirmed in a French retrospective multicenter 
(FReSKO) study. In this study, data from 200 patients with CD 
treated by ketoconazole monotherapy at doses of 200–1200mg 
daily for pre-operative, primary and secondary treatment were 
analysed. At last follow-up (mean 20.6 months), approximately 
half of the patients achieved normal UFC levels and an additional 
26% had a ≥ 50% decrease, associated with clinical improvement. 
Escape from treatment however was demonstrated in 23% of 
those with an initial response [65]. Ketoconazole has a relatively 
mild spectrum of AEs: gastrointestinal symptoms, irregular 
menses, gynaecomastia, decreased libido and impotence, 
which are the main cause of treatment discontinuation in 

men, teratogenicity that contraindicates its use in pregnancy, 
its interactions with other medications because of the potent 
inhibitory effects on cytochrome P450 enzymes (particularly 
CYP3A4, CYP2C9, CYP1A2) [2,24,45,66]. An idiosyncratic hepatic 
dyscrasia occurs in about 1 in 15.000 cases, and this may very 
rarely be fatal [2,51,66,67]. In the FReSKO study, intolerance of 
the drug resulted in treatment cessation in approximately one-
fifth of patients; however, this was generally reversible upon 
drug withdrawal; liver enzymes increasedup to 5-fold in 13.5% 
of patients while severe hepatotoxicity (> 5-fold elevation) was 
seen in 2.5% [65]. It is recommended that liver function should 
be closely monitored and dose reduction or discontinuation 
is advised when liver enzymes are more than 3-fold elevated. 
The FDA issued a black box warning in 2013, and the European 
Medicines Agency has restricted access to the agent to physicians 
specialized in treating CS [2]. 

Levo-ketoconazole: It is the single 2S, 4R enantiomer of 
ketoconazole, purified from racemic ketoconazole (2S, 4R and 2R, 
4S, racemic mixture). It is currently considered an investigational 
new drug being 2 and 7 times more potent than ketoconazole 
in inhibiting 21-hydroxylase (CYP21), 17α-hydroxylase and 
11β-hydroxylase. Moreover, it displays a better safety profile 
being 12 times less potent than ketoconazole in inhibiting 
CYP7A1, resulting in less interference with bile acid synthesis 
and metabolite elimination, and therefore is anticipated to exert 
less hepatoxicity [66]. In a phase I study, when administered 
to healthy subjects, levoketoconazole (400mg/day) reduced 
serum cortisol levels significantly by day 4, compared to placebo 
and ketoconazole; the drug was well tolerated; headache, back 
pain and nausea were the most frequently reported AEs [68]. 
A single-arm, open-label, dose titration study (clinicaltrials.
gov; NCT01838551) is currently assessing its efficacy, safety, 
tolerability and pharmacokinetics, in patients with CS [68,69]. 
In the context of safety profile and metabolic effects of 14 days 
of treatment with levo-ketoconazole, a phase IIa multicenter, 
randomized, double-blind, placebo-controlled, parallel-group 
trial was performed in drug-naïve or metformin-treated patients 
with type 2 diabetes mellitus. Interestingly, a reduction of 
cholesterol and C-reactive protein was seen in this short-term 
observation [70].

Etomidate: It is an imidazole derivative which compared to 
ketoconazole, inhibits 11β-hydroxylase more potently, showing 
a similar inhibition of 17α-hydroxylase but a lesser effect on 17, 
20-lyase [71]; in higher concentrations, it influences cholesterol 
scc complex [72] but also aldosterone synthase (CYP11B2). 
Because of its rapid action and intravenous administration, it can 
be used in an emergency clinical setting in severely ill patients or 
in cases when oral therapy is either not tolerated or not feasible. 
It has been used successfully in cases of glucocorticoid-induced 
psychosis or respiratory failure, and has also been administered 
in children [73-75]. The recently published guidelines suggest, a 
loading dose of 3-5mg to be followed by a continuous infusion of 
0.03-0.10mg/kg/h (2.5-3.0mg/hr) with dose titration if optimal 
cortisol levels are obtained; a maximum dose of up to 5mg/hr 
in selected cases has been used [2,76,77]. It is recommended to 
titrate the infusion rate to achieve a stable serum cortisol level 
between 280-560nmol/L in physiologically stressed patients or 
to 150-300nmol/l in unstressed patient; if complete blockade is 
desired, a ‘block and replacement scheme’ with hydrocortisone 
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infusion may be used to prevent adrenal insufficiency after 24hrs 
of etomidate infusion [2,77]. Monitoring of serum cortisol levels 
(every 4-6hrs) is necessary to achieve the desired blockade and to 
prevent hypoadrenalism. The recent guidelines for the treatment 
of CS recommend the management to take place always in an 
Intensive Care Unit (ICU) setting for adequate monitoring [2]. 
Care should be taken to avoid excessive sedation that may be 
apparent in higher doses, and adjustments should be made with 
regards to renal failure and stressed situations such as sepsis 
[77].

Fluconazole: An antifungal azole derivative, inhibits 
11β-hydroxylase and 17α-hydroxylase being less toxic than 
ketoconazole, which can be administered in intravenous or oral 
form. Fluconazole at a dose of 100mg twice daily successfully 
controlled UFC levels in 2 patients [78]. 

Mitotane O,p’DDD: 1-(o-Chlorophenyl)-1-(p-chlorophenyl)-
2,2-dichloroethane), inhibits steroidogenesis acting on 
cytochrome P450 enzymes CYP11A1, 11β-hydroxylase, and 
18-hydroxylase, and non-P450 enzymes (3β-hydroxysteroid 
dehydrogenase) [45,51,79]. It has a slow onset of action 
(within weeks) and it is considered as first line treatment for 
adrenocortical carcinoma (ACC) because of its adrenolytic action 
[80]. Mitotane initial dose isusually 250-500mg daily, slowly 
escalated to 0, 5-1g/day; it is important to monitor drug levels 
regularly [51,80]. In patients with ACC a more rigorous and 
intensified scheme is followed, aiming to obtain therapeutic 
levels as quickly as possible. Mitotane has also been used as 
long-term treatment in patients with CD after unsuccessful 
trans-sphenoidal surgery (TSS) or while awaiting the effects of 
radiotherapy or when surgery is not possible [81]. In a recent 
retrospective study of patients with CD treated with mitotane, 
remission was achieved in 72% of the 67 long-term treated 
patients, after a median time of 6.7 months with a mean 
dose 2.6 ± 1.1g/day; 71% of patients with durable remission 
subsequently experienced a recurrence, after a median period 
of 13.2 months. Intolerance leading to treatment discontinuation 
occurred in 29% patients, whereas a pituitary adenoma became 
identifiable during mitotane treatment in 25% of the 48 patients 
with initial negative pituitary imaging allowing subsequent TSS 
[81]. The dose and mitotane plasma levels required to control 
hypercortisolism in CD were lower than those needed to achieve 
ACC antineoplastic activity, with medians around 2.7g of mitotane 
obtaining plasma mitotane levels of 8.5mg/L, respectively; at 
these doses concomitant mineralocorticoid replacement may not 
be required [81,82]. Disadvantages of its use include long half-
life (up to 160 days), significant gastrointestinal and neurological 
AEs, hypercholesterolaemia, and less commonly gynecomastia 
[51]. Mitotane strongly activates CYP3A4 expression, reducing 
cortisol bioavailability by accelerating metabolism of exogenous 
steroids, especially hydrocortisone; hydrocortisone replacement 
dose should be increased while dexamethasone, a strong 
CYP3A4 inducer, should be avoided. Specific consideration 
should be paid to the development of hypoadrenalism that can 
be often mistaken as gastrointestinal AEs. Drug interactions are 
numerous [2,45,51,83-85]. Mitotane may lead to restoration of 
gonadal function and fertility; therefore, effective contraception 
is advisable for female patients [86]. Μitotane induces a large rise 
in cortisol binding globulin (CBG) such that measurement of total 
cortisol is unreliable, and it is necessary to rely on plasma ACTH 

measurement, urinary, serum or salivary free cortisol to avoid an 
adrenocortical crisis [87]. 

Combined treatment 

Combined treatment remains an attractive option in the 
medical management of CD as it can achieve rapid control of 
hypercortisolemia along with minimization of AEs. Normalization 
of UFC was observed in 45% of 62 patients with CS (84% of 
those had CD) treated pre-operatively with the combination of 
ketoconazole (200-600mg/day) and metyrapone (750-1000mg/
day) with a median duration of treatment 4 months [88]. The 
efficacy of concomitantly introduced mitotane, metyrapone, 
and ketoconazole was proven to be an effective alternative to 
avoid adrenalectomy to control severe ACTH-dependent CS 
[89]. However, a high rate of AEs with acute hypoadrenlism was 
reported in 36% of patients, and liver enzyme elevation was found 
in up to 82%. The combination of ketoconazole with cabergoline 
was studied in 14 CD patients resulting in UFC normalization 
in 79% of them; in contrast, neither drug succeeded to control 
hypercortisolemia when taken alone as opposed to their 
combination [90]. In one prospective series of 12 patients with 
residual hypercortisolemia after TSS for CD, cabergoline and 
ketoconazole were effective normalizing cortisol levels in 50% 
of patients; the addition of ketoconazole to cabergoline increased 
the rates of UFC normalization from the initial 25% when 
cabergoline was used alone (2-3 mg/week), to 75% when 200-
400mg/day of ketoconazole were added [91]. Since corticotroph 
cells co-express both SSTRS and DR2 [4,92,93] studies on pituitary 
adenomas imply that chimeric molecules containing both SST and 
dopamine structural elements (BIM-23A779, BIM-23A760, BIM-
23A781, BIM065) may control tumour cell growth and decrease 
ACTH levels [24,94]. Moreover, in a small cohort of 17 patients 
with CD displaying mild, moderate or severe hypercortisolemia, 
the combination of pasireotide, cabergoline and ketoconazole 
controlled hypercortisolemia in 88%; in contrast only 29% of 
patients treated with pasireotide monotherapy and 47% when 
the latter was combined with cabergoline had similar effect. 
Patients with more severe hypercortisolemia at baseline needed 
combined schemes to normalize UFC excretion [95]. After 
pasireotide mono or combination therapy, a subset of patients 
was operated and in vitro studies showed that SST2 mRNA 
expression levels of adenomas from these patients, who were 
in remission, were significantly higher than those from patients 
with elevated preoperative UFC excretion. This study confirmed 
that glucocorticoid-induced SST2 downregulation might be 
reversed by cortisol-lowering therapy. Hence, a preliminary 
study described a further decrease in UFC in 4 ketoconazole-
treated patients after addition of octreotide [95]. Finally, the 
effect of osilodrostat combination with pasireotideis under 
investigation in rats [96,97]. 

Glucocorticoid antagonist

Mifepristone: It is the first potent glucocorticoid antagonist 
available for clinical use [45,98]. Mifepristone binds to GR with 
an 18-fold higher affinity than cortisol, resulting in a loss of 
negative feedback effects at the hypothalamic-pituitary-axis 
(HPA) by cortisol, leading to an increase in ACTH secretion with 
a concomitant increase of cortisol production [99]. Mifepristone 
should be started at 300mg/day and be titrated slowly, since 
treatment with 400-800mg/day may rapidly reduce the 
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symptoms and signs of CS; dose adjustment should be based 
on clinical parameters, since cortisol levels cannot be used 
as marker of efficacy and the patient can become addisonian 
unless care is taken [2]. The SEISMIC (Study of the Efficacy 
and Safety of  Mifepristone  in the Treatment of Endogenous 
Cushing Syndrome)  suggested that most clinical responders 
received  doses ≥ 600 mg/day, suggesting that higher doses 
were required to achieve optimal clinical benefit in patients 
with endogenous CS [100]. Mifepristone gained the approval 
to control carbohydrate metabolism abnormalities (CHA) 
secondary to hypercortisolism in patients with CD who failed 
surgery or were not considered to be good surgical candidates. 
In a 24-week prospective multicenter trial, 50 adults (43 with 
CD) with endogenous CS were treated with doses ranging from 
300-1200mg/day and obtained improved BP and/or CHA (38% 
and 60%, respectively), along with a 87% improvement in 
other features of CS with hypoadrenlism reported in only 4% of 
patients [99]. Due to mifepristone’s long half-life and high affinity 
for the GR, supraphysiological doses of dexamethasone (2-8 mg/
day) are needed to overcome GR antagonism [24]. Similar results 
were confirmed in 88% of patients who had failed multimodality 
therapy in a 24-week study [101]. On the other hand, mean ACTH 
levels increased by > 2-fold in 27/43 patients with CD followed 
for a median of 11.3months. Tumour regression was seen in 2 
patients whereas tumour progression was observed in 3 patients 
with macroadenomas; a microadenoma was identified after 
25months of treatment in a patient with a baseline tumour-
negative MRI [102]. Mifepristone showed improvement of clinical 
signs in 75% of patients with CS of different aetiologies [103] 
and a maintenance of weight loss was evident at 2-year follow-
up [104]. Dosages > 1000mg/day administered for long periods 
seem to be associated with more AEs mostly manifested as 
increased mineralocorticoid action (hypertension, hypokalemia, 
edema) which needed treatment with spironolactone and 
potassium replacement [105], hypoadrenlism (fatigue, nausea, 
vomiting, arthralgias, headache) [45,102,103], and endometrial 
thickening [2]. Mifepristone should not be administered with 
drugs that are metabolized by CYP3A (ketoconazole) or CYP2C 
(simvastatin, cyclosporine, fentanyl, ciprofloxacin, non-steroidal 
anti-inflammatory drugs, warfarin) because of an increased 
toxicity risk [45] and drugs that increase QT interval, such as 
pasireotide [106]. 

Novel inhibitors of cortisol secretion 

In murine pituitary tumour cells, doxazosin, an α1-adrenergic 
receptor antagonist, reduced phosphorylated retinoblastoma 
protein levels and induced G0-G1 cell-cycle arrest with decreased 
tumour growth and reduced plasma ACTH levels [45,107]. Normal 
pituitary and corticotroph adenomas express epidermal growth 
factor receptor (EGFR) EGFR, which controls POMC expression. 

Gefitinib: After blocking of EGFR with gefitinib, a tyrosine 
kinase inhibitor (TKI), POMC expression was attenuated, with 
inhibition of corticotroph cell proliferation inducing apoptosis. 
Gefitinib dose-dependently inhibited POMC-mRNA expression 
in primary cultures of human corticotroph adenoma cells, while 
decreased POMC mRNA expression and inhibited ACTH secretion 
in 6 out of 10 and in 4 out of 12 cultures of canine corticotroph 
adenomas, respectively; tumour growth was inhibited by 40%. 
Serum corticosterone levels were also decreased, associated with 
improvement of clinical signs (fat accumulation, hyperglycemia, 

weight gain) [108]. Ubiquitin-specific peptidase 8 (USP8) gene 
is mutated in 33-66% of patients with CD and these mutations, 
impair EGFR downregulation, increasing activity, signaling and 
ACTH secretion and increase SSTR5 expression [109]. 

Bevacizumab: It is a monoclonal antibody that blocks 
vascular endothelial growth factor receptor 2 (VEGFR2) which 
is associated with extrasellar extension and greater pituitary 
adenoma proliferative potential. Its use was shown to inhibit 
tumour progression and obtain control of hypercortisolemia in 
patients with CD [110]. 

R-roscovitine (seliciclib;CYC202): It is a cyclin-dependent 
kinase inhibitors (CDKI), specifically a CDK2/cyclin E inhibitor, 
a tumour suppressor which suppressed ACTH expression/ 
production and inhibited tumour growth in transgenic POMC-
pituitary tumour transforming gene (PTTG)-1 zebra fish 
embryos and in a mouse model of ACTH-secreting pituitary 
adenomas [111]. Currently, a phase II clinical trial (clinicaltrials.
gov; NCT02160730) in patients with CD is ongoing to evaluate 
the efficacy and safety of R-roscovitine.

Selective, peptide melanocortin-2 receptor antagonist, 
IRC-274: It was identified as a melanocortin-2 receptor (MC2R) 
antagonist that inhibits binding of 125I-hACTH 1-24 to the human 
MC2 receptor in a competitive, dose-related manner. Moreover, 
it was shown a significant in vivo reduction of circulating 
corticosterone in two rodent models of CD with IRC-274. These 
observations could lead to the development of a novel therapeutic 
agent for the normalization of cortisol levels in CD patients [112].

DISCUSSION AND CONCLUSION
There is no effective medical therapy that directly and reliably 

targets the ACTH-secreting pituitary adenoma. The mainstream 
of treatment involves medications targeting the adrenal remains 
in the pre-operative period or while awaiting for the delayed 
effects of radiotherapy, or when patients cannot be surgically 
treated. However, it must be noted that, the efficacy of the 
commonly used metyrapone and ketoconazole have been studied 
only retrospectively. On the other hand, new agents have been 
tried such as pasireotide and cabergoline, targeting the receptors 
of corticotrophs with promising results. Νovel therapies aim 
at the molecular pathways, tyrosine kinases or components of 
cell cycle. Combined management involving pituitary adenoma 
targeting treatment and/or inhibition of cortisol secretion and 
action, may actually represent the best therapeutic approach for 
effective control of hypercortisolemia and lower drug dosages 
with the less AEs, although there is lack of enough evidence, and 
further studies have to support this notion. 

REFERENCES
1.	 Makras P, Toloumis G, Papadogias D, Kaltsas GA, Besser M. The 

diagnosis and differential diagnosis of endogenous Cushing’s 
syndrome. Hormones (Athens). 2006; 5: 231-250.

2.	 Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price J, Savage 
MO, et al. Treatment of Cushing’s Syndrome: An Endocrine Society 
Clinical Practice Guideline. J Clin Endocrinol Metab. 2015; 100: 2807-
2831.

3.	 Alexandraki KI, Grossman AB. Therapeutic Strategies for the 
Treatment of Severe Cushing’s Syndrome. Drugs. 2016; 76: 447-458.

4.	 de Bruin C, Pereira AM, Feelders RA, Romijn JA, Roelfsema F, Sprij-

http://www.ncbi.nlm.nih.gov/pubmed/17178699
http://www.ncbi.nlm.nih.gov/pubmed/17178699
http://www.ncbi.nlm.nih.gov/pubmed/17178699
http://www.ncbi.nlm.nih.gov/pubmed/26222757
http://www.ncbi.nlm.nih.gov/pubmed/26222757
http://www.ncbi.nlm.nih.gov/pubmed/26222757
http://www.ncbi.nlm.nih.gov/pubmed/26222757
http://www.ncbi.nlm.nih.gov/pubmed/26833215
http://www.ncbi.nlm.nih.gov/pubmed/26833215
http://www.ncbi.nlm.nih.gov/pubmed/19141584


Central
Bringing Excellence in Open Access





Kaltsas et al. (2017)
Email: 

JSM Thyroid Disord Manag 2(1): 1006 (2017) 7/10

Mooij DM, et al. Coexpression of dopamine and somatostatin receptor 
subtypes in corticotroph adenomas. J Clin Endocrinol Metab. 2009; 
94: 1118-1124.

5.	 Patel YC. Somatostatin and its receptor family. Front Neuroendocrinol. 
1999; 20: 157-198.

6.	 Miller GM, Alexander JM, Bikkal HA, Katznelson L, Zervas NT, Klibanski 
A. Somatostatin receptor subtype gene expression in pituitary 
adenomas. J Clin Endocrinol Metab. 1995; 80: 1386-1392.

7.	 Schonbrunn A. Glucocorticoids down-regulate somatostatin receptors 
on pituitary cells in culture. Endocrinology. 1982; 110: 1147-1154.

8.	 Stalla GK, Brockmeier SJ, Renner U, Newton C, Buchfelder M, Stalla J, 
et al. Octreotide exerts different effects in vivo and in vitro in Cushing’s 
disease. Eur J Endocrinol. 1994; 130: 125-131.

9.	 De Bruin C, Feelders RA, Lamberts SW, Hofland LJ. Somatostatin and 
dopamine receptors as targets for medical treatment of Cushing’s 
syndrome. Rev Endocr Metab Disord. 2009; 10: 91-102.

10.	Lamberts SW, Uitterlinden P, Klijn JM. The effect of the long-acting 
somatostatin analogue SMS 201-995 on ACTH secretion in Nelson’s 
syndrome and Cushing’s disease. Acta Endocrinol (Copenh). 1989; 
120: 760-766.

11.	Ambrosi B, Bochicchio D, Fadin C, Colombo P, Faglia G. Failure of 
somatostatin and octreotide to acutely affect the hypothalamic-
pituitary-adrenal function in patients with corticotropin 
hypersecretion. J Endocrinol Invest. 1990; 13: 257-261.

12.	van der Pas R, Feelders RA, Gatto F, C de Bruin , A M Pereira, P M 
van Koetsveld, et al. Preoperative normalization of cortisol levels 
in Cushing’s disease after medical treatment: consequences for 
somatostatin and dopamine receptor subtype expression and in 
vitro response to somatostatin analogs and dopamine agonists. J Clin 
Endocrinol Metab. 2013; 98: E1880-1890.

13.	Batista DL, Zhang X, Gejman R, Ansell PJ, Zhou Y, Johnson SA, et al. 
The effects of SOM230 on cell proliferation and adrenocorticotropin 
secretion in human corticotroph pituitary adenomas. J Clin Endocrinol 
Metab. 2006; 91: 4482-4488.

14.	Park S, Kamegai J, Kineman RD. Role of glucocorticoids in the 
regulation of pituitary somatostatin receptor subtype (sst1-sst5) 
mRNA levels: evidence for direct and somatostatin-mediated effects. 
Neuroendocrinology. 2003; 78: 163-175.

15.	Invitti C, de Martin M, Brunani A, Piolini M, Cavagnini F. Treatment of 
Cushing’s syndrome with the long-acting somatostatin analogue SMS 
201-995 (sandostatin). Clin Endocrinol (Oxf). 1990; 32: 275-281.

16.	van der Hoek J, Waaijers M, van Koetsveld PM, Sprij-Mooij D, 
Feelders RA, Schmid HA, et al. Distinct functional properties of native 
somatostatin receptor subtype 5 compared with subtype 2 in the 
regulation of ACTH release by corticotroph tumor cells. Am J Physiol 
Endocrinol Metab. 2005; 289: E278-287.

17.	Boscaro M, Ludlam WH, Atkinson B, Glusman JE, Petersenn S, Reincke 
M, et al. Treatment of pituitary-dependent Cushing’s disease with the 
multireceptor ligand somatostatin analog pasireotide (SOM230): a 
multicenter, phase II trial. J Clin Endocrinol Metab. 2009; 94: 115-122.

18.	Colao A, Petersenn S, Newell-Price J, Findling JW, Gu F, Maldonado M, 
et al. A 12-month phase 3 study of pasireotide in Cushing’s disease. N 
Engl J Med. 2012; 366: 914-924.

19.	Findling JW, Fleseriu M, Newell-Price J, Petersenn S, Pivonello R, 
Kandra A, et al. Late-night salivary cortisol may be valuable for 
assessing treatment response in patients with Cushing’s disease: 
12-month, Phase III pasireotide study. Endocrine. 2016; 54: 516-523.

20.	Schopohl J, Gu F, Rubens R, Van Gaal L, Bertherat J, Ligueros-Saylan M, 

et al. Pasireotide can induce sustained decreases in urinary cortisol 
and provide clinical benefit in patients with Cushing’s disease: results 
from an open-ended, open-label extension trial. Pituitary. 2015; 18: 
604-612.

21.	Pivonello R, Petersenn S, Newell-Price J, Findling JW, Gu F, Maldonado 
M, et al. Pasireotide treatment significantly improves clinical signs 
and symptoms in patients with Cushing’s disease: results from a Phase 
III study. Clin Endocrinol (Oxf). 2014; 81: 408-417.

22.	Trementino L, Cardinaletti M, Concettoni C, Marcelli G, Boscaro 
M, Arnaldi G. Up-to 5-year efficacy of pasireotide in a patient with 
Cushing’s disease and pre-existing diabetes: literature review and 
clinical practice considerations. Pituitary. 2015; 18: 359-365.

23.	Simeoli C, Auriemma RS, Tortora F, De Leo M, Iacuaniello D, Cozzolino 
A, et al. The treatment with pasireotide in Cushing’s disease: effects 
of long-term treatment on tumor mass in the experience of a single 
center. Endocrine. 2015; 50: 725-740.

24.	Cuevas-Ramos D, Lim DST, Fleseriu M. Update on medical treatment 
for Cushing’s disease. Clin Diabetes Endocrinol. 2016; 2: 16.

25.	Colao A, De Block C, Gaztambide MS, Kumar S, Seufert J, Casanueva FF. 
Managing hyperglycemia in patients with Cushing’s disease treated 
with pasireotide: medical expert recommendations. Pituitary. 2014; 
17: 180-186.

26.	Katznelson L. Sustained improvements in plasma ACTH and clinical 
status in a patient with Nelson’s syndrome treated with pasireotide 
LAR, a multireceptor somatostatin analog. J Clin Endocrinol Metab. 
2013; 98: 1803-1807.

27.	Lacroix A, Petersenn S, Biller BMK. Monthly Pasireotide LAR Improves 
Urinary Free Cortisol (UFC) in Patients with Cushing’s Disease: Results 
from a Randomized, Double-Blind, Multicenter, Phase III Study. In: 
Endocrine Society’s 98th Annual Meeting and Expo, April 1-4, 2016, 
Boston, Pituitary disorders - its not the anterior pituitary (posters). - 
Meeting Abstracts, pp. SAT-546.

28.	Plockinger U, Hoffmann U, Geese M, Lupp A, Buchfelder M, Flitsch J, et 
al. DG3173 (somatoprim),a unique somatostatin receptor subtypes 2-, 
4- and 5-selective analogue,effectively reduces GH secretion in human 
GH-secreting pituitaryadenomas even in Octreotide non-responsive 
tumours. Eur J Endocrinol. 2012; 166: 223-234.

29.	Stefaneanu L, Kovacs K, Horvath E, Buchfelder M, Fahlbusch R, 
Lancranjan L. Dopamine D2 receptor gene expression in human 
adenohypophysial adenomas. Endocrine. 2001; 14: 329-336.

30.	Pivonello R, Ferone D, de Herder WW, Kros JM, De Caro ML, Arvigo 
M, et al. Dopamine receptor expression and function in corticotroph 
pituitary tumors. J Clin Endocrinol Metab. 2004; 89: 2452-2462.

31.	Pirker W, Riedl M, Luger A, Czech T, Rössler K, Asenbaum S, et al. 
Dopamine D2 receptor imaging in pituitary adenomas using iodine-
123-epidepride and SPECT. J Nucl Med. 1996; 37: 1931-1937.

32.	Miller JW, Crapo L. The medical treatment of Cushing’s syndrome. 
Endocr Rev. 1993; 14: 443-458.

33.	Adachi M, Takayanagi R, Yanase T, Sakai Y, Ikuyama S, Nakagaki H, et 
al. Cyclic Cushing’s disease in long-term remission with a daily low 
dose of bromocriptine. Intern Med. 1996; 35: 207-211.

34.	Pivonello R, De Martino MC, Cappabianca P, De Leo M, Faggiano 
A, Lombardi G, et al. The medical treatment of Cushing’s disease: 
effectiveness of chronic treatment with the dopamine agonist 
cabergoline in patients unsuccessfully treated by surgery. J Clin 
Endocrinol Metab. 2009; 94: 223-230.

35.	Lila AR, Gopal RA, Acharya SV, George J, Sarathi V, Bandgar T, et 
al. Efficacy of cabergoline in uncured (persistent or recurrent) 
Cushing disease after pituitary surgical treatment with or without 

http://www.ncbi.nlm.nih.gov/pubmed/19141584
http://www.ncbi.nlm.nih.gov/pubmed/19141584
http://www.ncbi.nlm.nih.gov/pubmed/19141584
http://www.ncbi.nlm.nih.gov/pubmed/10433861
http://www.ncbi.nlm.nih.gov/pubmed/10433861
https://www.ncbi.nlm.nih.gov/pubmed/7714115
https://www.ncbi.nlm.nih.gov/pubmed/7714115
https://www.ncbi.nlm.nih.gov/pubmed/7714115
http://www.ncbi.nlm.nih.gov/pubmed/6120829
http://www.ncbi.nlm.nih.gov/pubmed/6120829
https://www.ncbi.nlm.nih.gov/pubmed/8130885
https://www.ncbi.nlm.nih.gov/pubmed/8130885
https://www.ncbi.nlm.nih.gov/pubmed/8130885
https://www.ncbi.nlm.nih.gov/pubmed/18642088
https://www.ncbi.nlm.nih.gov/pubmed/18642088
https://www.ncbi.nlm.nih.gov/pubmed/18642088
https://www.ncbi.nlm.nih.gov/pubmed/2543178
https://www.ncbi.nlm.nih.gov/pubmed/2543178
https://www.ncbi.nlm.nih.gov/pubmed/2543178
https://www.ncbi.nlm.nih.gov/pubmed/2543178
https://www.ncbi.nlm.nih.gov/pubmed/1973178
https://www.ncbi.nlm.nih.gov/pubmed/1973178
https://www.ncbi.nlm.nih.gov/pubmed/1973178
https://www.ncbi.nlm.nih.gov/pubmed/1973178
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
https://www.ncbi.nlm.nih.gov/labs/articles/24081741/
http://www.ncbi.nlm.nih.gov/pubmed/16940446
http://www.ncbi.nlm.nih.gov/pubmed/16940446
http://www.ncbi.nlm.nih.gov/pubmed/16940446
http://www.ncbi.nlm.nih.gov/pubmed/16940446
https://www.ncbi.nlm.nih.gov/pubmed/14512709
https://www.ncbi.nlm.nih.gov/pubmed/14512709
https://www.ncbi.nlm.nih.gov/pubmed/14512709
https://www.ncbi.nlm.nih.gov/pubmed/14512709
http://www.ncbi.nlm.nih.gov/pubmed/2160871
http://www.ncbi.nlm.nih.gov/pubmed/2160871
http://www.ncbi.nlm.nih.gov/pubmed/2160871
https://www.ncbi.nlm.nih.gov/pubmed/15769796
https://www.ncbi.nlm.nih.gov/pubmed/15769796
https://www.ncbi.nlm.nih.gov/pubmed/15769796
https://www.ncbi.nlm.nih.gov/pubmed/15769796
https://www.ncbi.nlm.nih.gov/pubmed/15769796
https://www.ncbi.nlm.nih.gov/pubmed/18957506
https://www.ncbi.nlm.nih.gov/pubmed/18957506
https://www.ncbi.nlm.nih.gov/pubmed/18957506
https://www.ncbi.nlm.nih.gov/pubmed/18957506
http://www.ncbi.nlm.nih.gov/pubmed/22397653
http://www.ncbi.nlm.nih.gov/pubmed/22397653
http://www.ncbi.nlm.nih.gov/pubmed/22397653
https://www.ncbi.nlm.nih.gov/pubmed/27209465
https://www.ncbi.nlm.nih.gov/pubmed/27209465
https://www.ncbi.nlm.nih.gov/pubmed/27209465
https://www.ncbi.nlm.nih.gov/pubmed/27209465
https://www.ncbi.nlm.nih.gov/pubmed/25537481
https://www.ncbi.nlm.nih.gov/pubmed/25537481
https://www.ncbi.nlm.nih.gov/pubmed/25537481
https://www.ncbi.nlm.nih.gov/pubmed/25537481
https://www.ncbi.nlm.nih.gov/pubmed/25537481
https://www.ncbi.nlm.nih.gov/pubmed/24533697
https://www.ncbi.nlm.nih.gov/pubmed/24533697
https://www.ncbi.nlm.nih.gov/pubmed/24533697
https://www.ncbi.nlm.nih.gov/pubmed/24533697
https://www.ncbi.nlm.nih.gov/pubmed/24952218
https://www.ncbi.nlm.nih.gov/pubmed/24952218
https://www.ncbi.nlm.nih.gov/pubmed/24952218
https://www.ncbi.nlm.nih.gov/pubmed/24952218
https://www.ncbi.nlm.nih.gov/pubmed/25743263
https://www.ncbi.nlm.nih.gov/pubmed/25743263
https://www.ncbi.nlm.nih.gov/pubmed/25743263
https://www.ncbi.nlm.nih.gov/pubmed/25743263
http://link.springer.com/article/10.1186/s40842-016-0033-9
http://link.springer.com/article/10.1186/s40842-016-0033-9
https://www.ncbi.nlm.nih.gov/pubmed/23564338
https://www.ncbi.nlm.nih.gov/pubmed/23564338
https://www.ncbi.nlm.nih.gov/pubmed/23564338
https://www.ncbi.nlm.nih.gov/pubmed/23564338
https://www.ncbi.nlm.nih.gov/pubmed/23539733
https://www.ncbi.nlm.nih.gov/pubmed/23539733
https://www.ncbi.nlm.nih.gov/pubmed/23539733
https://www.ncbi.nlm.nih.gov/pubmed/23539733
https://www.ncbi.nlm.nih.gov/pubmed/22065857
https://www.ncbi.nlm.nih.gov/pubmed/22065857
https://www.ncbi.nlm.nih.gov/pubmed/22065857
https://www.ncbi.nlm.nih.gov/pubmed/22065857
https://www.ncbi.nlm.nih.gov/pubmed/22065857
http://www.ncbi.nlm.nih.gov/pubmed/11444429
http://www.ncbi.nlm.nih.gov/pubmed/11444429
http://www.ncbi.nlm.nih.gov/pubmed/11444429
http://www.ncbi.nlm.nih.gov/pubmed/15126577
http://www.ncbi.nlm.nih.gov/pubmed/15126577
http://www.ncbi.nlm.nih.gov/pubmed/15126577
http://www.ncbi.nlm.nih.gov/pubmed/8970508
http://www.ncbi.nlm.nih.gov/pubmed/8970508
http://www.ncbi.nlm.nih.gov/pubmed/8970508
https://www.ncbi.nlm.nih.gov/pubmed/7693447
https://www.ncbi.nlm.nih.gov/pubmed/7693447
http://www.ncbi.nlm.nih.gov/pubmed/8785455
http://www.ncbi.nlm.nih.gov/pubmed/8785455
http://www.ncbi.nlm.nih.gov/pubmed/8785455
https://www.ncbi.nlm.nih.gov/pubmed/18957500
https://www.ncbi.nlm.nih.gov/pubmed/18957500
https://www.ncbi.nlm.nih.gov/pubmed/18957500
https://www.ncbi.nlm.nih.gov/pubmed/18957500
https://www.ncbi.nlm.nih.gov/pubmed/18957500
https://www.ncbi.nlm.nih.gov/pubmed/20497937
https://www.ncbi.nlm.nih.gov/pubmed/20497937
https://www.ncbi.nlm.nih.gov/pubmed/20497937


Central
Bringing Excellence in Open Access





Kaltsas et al. (2017)
Email: 

JSM Thyroid Disord Manag 2(1): 1006 (2017) 8/10

radiotherapy. Endocr Pract. 2010; 16: 968-976.

36.	Godbout A, Manavela M, Danilowicz K, Beauregard H, Bruno OD, 
Lacroix A. Cabergoline monotherapy in the long-term treatment of 
Cushing’s disease. Eur J Endocrinol. 2010; 163: 709-716.

37.	Burman P, Edén-Engström B, Ekman B, Karlsson FA, Schwarcz 
E, Wahlberg J. Limited value of cabergoline in Cushing’s disease: 
a prospective study of a 6-week treatment in 20 patients. Eur J 
Endocrinol. 2016; 174: 17-24.

38.	Antonini A, Poewe W. Fibrotic heart-valve reactions to dopamine-
agonist treatment in Parkinson’s disease. Lancet Neurol. 2007; 6: 826-
829.

39.	Castillo V, Giacomini D, Páez-Pereda M, Stalla J, Labeur M, 
Theodoropoulou M, et al. Retinoic acid as a novel medical therapy for 
Cushing’s disease in dogs. Endocrinology. 2006; 147: 4438-4444.

40.	Páez-Pereda M, Kovalovsky D, Hopfner U, Theodoropoulou M, Pagotto 
U, Uhl E, et al. Retinoic acid prevents experimental Cushing syndrome. 
J Clin Invest. 2001; 108: 1123-1131.

41.	Labeur M, Paez-Pereda M, Arzt E, Stalla GK. Potential of retinoic acid 
derivatives for the treatment of corticotroph pituitary adenomas. Rev 
Endocr Metab Disord. 2009; 10: 103-109.

42.	Schwartz E, Mezick JA, Gendimenico GJ, Kligman LH. In vivo prevention 
of corticosteroid-induced skin atrophy by tretinoin in the hairless 
mouse is accompanied by modulation of collagen, glycosaminoglycans, 
and fibronectin. J Invest Dermatol. 1994; 102: 241-246.

43.	Pecori Giraldi F, Ambrogio AG, Andrioli M, Sanguin F, Karamouzis 
I, Corsello SM, et al. Potential role for retinoic acid in patients with 
Cushing’s disease. J Clin Endocrinol Metab. 2012; 97: 3577-3583.

44.	Vilar L, Albuquerque JL, Lyra R, Trovão Diniz E, Rangel Filho F, Gadelha 
P, et al. The Role of Isotretinoin Therapy for Cushing’s Disease: Results 
of a Prospective Study. Int J Endocrinol. 2016; 2016: 8173182. 

45.	Cuevas-Ramos D, Fleseriu M. Treatment of Cushing’s disease: a 
mechanistic update. J Endocrinol. 2014; 223: R19-39.

46.	Syro LV, Ortiz LD, Scheithauer BW, Lloyd R, Lau Q, Gonzalez R, et 
al. Treatment of pituitary neoplasms with temozolomide: a review. 
Cancer. 2011; 117: 454-462.

47.	Raverot G, Sturm N, de Fraipont F, Muller M, Salenave S, Caron P, et al. 
Temozolomide treatment in aggressive pituitary tumors and pituitary 
carcinomas: a French multicenter experience. J Clin Endocrinol Metab. 
2010; 95: 4592-4599.

48.	Dillard TH, Gultekin SH, Delashaw JB Jr, Yedinak CG, Neuwelt EA, 
Fleseriu M. Temozolomide for corticotroph pituitary adenomas 
refractory to standard therapy. Pituitary. 2011; 14: 80-91.

49.	Bode H, Seiz M, Lammert A, Brockmann MA, Back W, Hammes HP, et al. 
SOM230 (pasireotide) and temozolomide achieve sustained control of 
tumour progression and ACTH secretion in pituitary carcinoma with 
widespread metastases. Exp Clin Endocrinol Diabetes. 2010; 118: 
760-763.

50.	Losa M, Bogazzi F, Cannavo S, Ceccato F, Curtò L, De Marinis L, et 
al. Temozolomide therapy in patients with aggressive pituitary 
adenomas or carcinomas. J Neurooncol. 2016; 126: 519-525.

51.	Alexandraki KI, Grossman AB. Medical therapy for Cushing’s disease: 
past and future modes of treatment. Eur Endocrinol. 2008; 4: 74-80.

52.	Donckier J, Burrin JM, Ramsay ID, Joplin GF. Successful control of 
Cushing’s disease in the elderly with long term metyrapone. Postgrad 
Med J. 1986; 62: 727-730.

53.	Daniel E, Aylwin S, Mustafa O, Ball S, Munir A, Boelaert K, et al. 
Effectiveness of Metyrapone in Treating Cushing’s Syndrome: A 

Retrospective Multicenter Study in 195 Patients. J Clin Endocrinol 
Metab. 2015; 100: 4146-4154.

54.	Verhelst JA, Trainer PJ, Howlett TA, Perry L, Rees LH, Grossman AB, 
et al. Short and long-term responses to metyrapone in the medical 
management of 91 patients with Cushing’s syndrome. Clin Endocrinol 
(Oxf). 1991; 35: 169-178.

55.	Lim WH, Torpy DJ, Jeffries WS. The medical management of Cushing’s 
syndrome during pregnancy. Eur J Obstet Gynecol Reprod Biol. 2013; 
168: 1-6.

56.	Connell JM, Cordiner J, Davies DL, Fraser R, Frier BM, McPherson SG. 
Pregnancy complicated by Cushing’s syndrome: potential hazard of 
metyrapone therapy. Case report. Br J Obstet Gynaecol. 1985; 92: 
1192-1195.

57.	Traina AN, Farr A, Malik R, Bingham RJ. Metyrapone for Long-Term 
Medical Management of Cushing’s Syndrome. Case Rep Endocrinol. 
2013; 2013: 782068. 

58.	Calhoun DA, White WB, Krum H, Guo W, Bermann G, Trapani A, et 
al. Effects of a novel aldosterone synthase inhibitor for treatment 
of primary hypertension: results of a randomized, double-blind, 
placebo- and active-controlled phase 2 trial. Circulation. 2011; 124: 
1945-1955.

59.	Bertagna X, Pivonello R, Fleseriu M, Zhang Y, Robinson P, Taylor A, 
et al. LCI699, a potent 11β-hydroxylase inhibitor, normalizes urinary 
cortisol in patients with Cushing’s disease: results from a multicenter, 
proof-of-concept study. J Clin Endocrinol Metab. 2014; 99: 1375-1383.

60.	Fleseriu M, Pivonello R, Young J, Hamrahian AH, Molitch ME, Shimizu 
C, et al. Osilodrostat, a potent oral 11β-hydroxylase inhibitor: 22-
week, prospective, Phase II study in Cushing’s disease. Pituitary. 2016; 
19: 138-148.

61.	Pivonello R, Hatipoglu B, Bertagna X, Fleseriu M, Molitch ME, et al. Long-
term (19-Month) control of urinary free cortisol with Osilodrostat in 
patients with Cushing’s disease: results from an extension to the LINC-
2 study. Endocrine Abstracts. 2016: 41: EP887.

62.	Loose DS, Kan PB, Hirst MA, Marcus RA, Feldman D. Ketoconazole 
blocks adrenal steroidogenesis by inhibiting cytochrome P450-
dependent enzymes. J Clin Invest. 1983; 71: 1495-1499.

63.	Jimenez Reina L, Leal-Cerro A, Garcia J, Garcia-Luna PP, Astorga 
R, Bernal G. In vitro effects of ketoconazole on corticotrope cell 
morphology and ACTH secretion of two pituitary adenomas removed 
from patients with Nelson’s syndrome. Acta Endocrinol (Copenh). 
1989; 121: 185-190.

64.	Loose DS, Stover EP, Feldman D. Ketoconazole binds to glucocorticoid 
receptors and exhibits glucocorticoid antagonist activity in cultured 
cells. J Clin Invest. 1983; 72: 404-408.

65.	Castinetti F, Guignat L, Giraud P, Muller M, Kamenicky P, Drui D, et al. 
Ketoconazole in Cushing’s disease: is it worth a try? J Clin Endocrinol 
Metab. 2014; 99: 1623-1630.

66.	Castinetti F, Morange I, Jaquet P, Conte-Devolx B, Brue T, Ketoconazole 
revisited: a preoperative or postoperative treatment in Cushing’s 
disease. Eur J Endocrinol. 2008; 158: 91-99.

67.	Duarte PA, Chow CC, Simmons F, Ruskin J. Fatal hepatitis associated 
with ketoconazole therapy. Arch Intern Med. 1984; 144: 1069-1070.

68.	Ruth T-E, Philip L, Magid A-G, Nicholas F. Pharmacology of Cor-003 
(levoketoconazole), an investigational treatment for endogenous 
Cushing’s syndrome. In: Endocrine Society’s 98th Annual Meeting and 
Expo, April 1-4, 2016, Boston, Pituitary disorders - it’s not the anterior 
pituitary (posters)- SAT-547.

69.	Salvatori R, DelConte A, Geer EB. An open-label study to assess the 

https://www.ncbi.nlm.nih.gov/pubmed/20497937
http://www.ncbi.nlm.nih.gov/pubmed/20702648
http://www.ncbi.nlm.nih.gov/pubmed/20702648
http://www.ncbi.nlm.nih.gov/pubmed/20702648
http://www.ncbi.nlm.nih.gov/pubmed/26582653
http://www.ncbi.nlm.nih.gov/pubmed/26582653
http://www.ncbi.nlm.nih.gov/pubmed/26582653
http://www.ncbi.nlm.nih.gov/pubmed/26582653
http://www.ncbi.nlm.nih.gov/pubmed/17706566
http://www.ncbi.nlm.nih.gov/pubmed/17706566
http://www.ncbi.nlm.nih.gov/pubmed/17706566
http://www.ncbi.nlm.nih.gov/pubmed/16740975
http://www.ncbi.nlm.nih.gov/pubmed/16740975
http://www.ncbi.nlm.nih.gov/pubmed/16740975
http://www.ncbi.nlm.nih.gov/pubmed/11602619
http://www.ncbi.nlm.nih.gov/pubmed/11602619
http://www.ncbi.nlm.nih.gov/pubmed/11602619
http://www.ncbi.nlm.nih.gov/pubmed/18604646
http://www.ncbi.nlm.nih.gov/pubmed/18604646
http://www.ncbi.nlm.nih.gov/pubmed/18604646
https://www.ncbi.nlm.nih.gov/pubmed/8106754
https://www.ncbi.nlm.nih.gov/pubmed/8106754
https://www.ncbi.nlm.nih.gov/pubmed/8106754
https://www.ncbi.nlm.nih.gov/pubmed/8106754
http://www.ncbi.nlm.nih.gov/pubmed/22851491
http://www.ncbi.nlm.nih.gov/pubmed/22851491
http://www.ncbi.nlm.nih.gov/pubmed/22851491
http://www.ncbi.nlm.nih.gov/pubmed/27034666
http://www.ncbi.nlm.nih.gov/pubmed/27034666
http://www.ncbi.nlm.nih.gov/pubmed/27034666
http://www.ncbi.nlm.nih.gov/pubmed/25134660
http://www.ncbi.nlm.nih.gov/pubmed/25134660
http://www.ncbi.nlm.nih.gov/pubmed/20845485
http://www.ncbi.nlm.nih.gov/pubmed/20845485
http://www.ncbi.nlm.nih.gov/pubmed/20845485
https://www.ncbi.nlm.nih.gov/pubmed/20660056
https://www.ncbi.nlm.nih.gov/pubmed/20660056
https://www.ncbi.nlm.nih.gov/pubmed/20660056
https://www.ncbi.nlm.nih.gov/pubmed/20660056
https://www.ncbi.nlm.nih.gov/pubmed/20972839
https://www.ncbi.nlm.nih.gov/pubmed/20972839
https://www.ncbi.nlm.nih.gov/pubmed/20972839
https://www.ncbi.nlm.nih.gov/pubmed/20496311
https://www.ncbi.nlm.nih.gov/pubmed/20496311
https://www.ncbi.nlm.nih.gov/pubmed/20496311
https://www.ncbi.nlm.nih.gov/pubmed/20496311
https://www.ncbi.nlm.nih.gov/pubmed/20496311
http://www.ncbi.nlm.nih.gov/pubmed/26614517
http://www.ncbi.nlm.nih.gov/pubmed/26614517
http://www.ncbi.nlm.nih.gov/pubmed/26614517
http://www.touchendocrinology.com/articles/medical-therapy-cushing-s-disease-past-and-future-modes-treatment
http://www.touchendocrinology.com/articles/medical-therapy-cushing-s-disease-past-and-future-modes-treatment
http://www.ncbi.nlm.nih.gov/pubmed/3022270
http://www.ncbi.nlm.nih.gov/pubmed/3022270
http://www.ncbi.nlm.nih.gov/pubmed/3022270
http://www.ncbi.nlm.nih.gov/pubmed/26353009
http://www.ncbi.nlm.nih.gov/pubmed/26353009
http://www.ncbi.nlm.nih.gov/pubmed/26353009
http://www.ncbi.nlm.nih.gov/pubmed/26353009
http://www.ncbi.nlm.nih.gov/pubmed/1657460
http://www.ncbi.nlm.nih.gov/pubmed/1657460
http://www.ncbi.nlm.nih.gov/pubmed/1657460
http://www.ncbi.nlm.nih.gov/pubmed/1657460
http://www.ncbi.nlm.nih.gov/pubmed/23305861
http://www.ncbi.nlm.nih.gov/pubmed/23305861
http://www.ncbi.nlm.nih.gov/pubmed/23305861
https://www.ncbi.nlm.nih.gov/pubmed/4063238
https://www.ncbi.nlm.nih.gov/pubmed/4063238
https://www.ncbi.nlm.nih.gov/pubmed/4063238
https://www.ncbi.nlm.nih.gov/pubmed/4063238
http://www.ncbi.nlm.nih.gov/pubmed/24416602
http://www.ncbi.nlm.nih.gov/pubmed/24416602
http://www.ncbi.nlm.nih.gov/pubmed/24416602
https://www.ncbi.nlm.nih.gov/pubmed/21986283
https://www.ncbi.nlm.nih.gov/pubmed/21986283
https://www.ncbi.nlm.nih.gov/pubmed/21986283
https://www.ncbi.nlm.nih.gov/pubmed/21986283
https://www.ncbi.nlm.nih.gov/pubmed/21986283
https://www.ncbi.nlm.nih.gov/pubmed/24423285
https://www.ncbi.nlm.nih.gov/pubmed/24423285
https://www.ncbi.nlm.nih.gov/pubmed/24423285
https://www.ncbi.nlm.nih.gov/pubmed/24423285
http://www.ncbi.nlm.nih.gov/pubmed/26542280
http://www.ncbi.nlm.nih.gov/pubmed/26542280
http://www.ncbi.nlm.nih.gov/pubmed/26542280
http://www.ncbi.nlm.nih.gov/pubmed/26542280
http://www.endocrine-abstracts.org/ea/0041/ea0041EP887.htm
http://www.endocrine-abstracts.org/ea/0041/ea0041EP887.htm
http://www.endocrine-abstracts.org/ea/0041/ea0041EP887.htm
http://www.endocrine-abstracts.org/ea/0041/ea0041EP887.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437014/
https://www.ncbi.nlm.nih.gov/pubmed/2549753
https://www.ncbi.nlm.nih.gov/pubmed/2549753
https://www.ncbi.nlm.nih.gov/pubmed/2549753
https://www.ncbi.nlm.nih.gov/pubmed/2549753
https://www.ncbi.nlm.nih.gov/pubmed/2549753
https://www.ncbi.nlm.nih.gov/pubmed/6135709
https://www.ncbi.nlm.nih.gov/pubmed/6135709
https://www.ncbi.nlm.nih.gov/pubmed/6135709
http://www.ncbi.nlm.nih.gov/pubmed/24471573
http://www.ncbi.nlm.nih.gov/pubmed/24471573
http://www.ncbi.nlm.nih.gov/pubmed/24471573
https://www.ncbi.nlm.nih.gov/pubmed/18166822
https://www.ncbi.nlm.nih.gov/pubmed/18166822
https://www.ncbi.nlm.nih.gov/pubmed/18166822
http://www.ncbi.nlm.nih.gov/pubmed/6324708
http://www.ncbi.nlm.nih.gov/pubmed/6324708


Central
Bringing Excellence in Open Access





Kaltsas et al. (2017)
Email: 

JSM Thyroid Disord Manag 2(1): 1006 (2017) 9/10

safety and efficacy of levoketoconazole (COR-003) in the treatment 
of endogenous Cushing’s syndrome. In: P Endocrine Society’s 97th 
Annual Meeting and Expo, March 5-8, 2015 - San Diego, Adrenal 
Tumors, Glucocorticoid Regulation and Action - FRI-376.

70.	Schwartz SL, Rendell M, Ahmann AJ, Thomas A, Arauz-Pacheco CJ, 
Welles BR. Safety profile and metabolic effects of 14 days of treatment 
with DIO-902: results of a phase IIa multicenter, randomized, double-
blind, placebocontrolled, parallel-group trial in patients with type 2 
diabetes mellitus. Clin Ther. 2008; 30: 1081-1088.

71.	Weber MM, Lang J, Abedinpour F, Zeilberger K, Adelmann B, Engelhardt 
D. Different inhibitory effect of etomidate and ketoconazole on the 
human adrenal steroid biosynthesis. Clin Investig. 1993; 71: 933-938.

72.	Lamberts SW, Bons EG, Bruining HA, de Jong FH. Differential effects 
of the imidazole derivatives etomidate, ketoconazole and miconazole 
and of metyrapone on the secretion of cortisol and its precursors by 
human adrenocortical cells. J Pharmacol Exp Ther. 1987; 240: 259-
264.

73.	Drake WM, Perry LA, Hinds CJ, Lowe DG, Reznek RH, Besser GM. 
Emergency and prolonged use of intravenous etomidate to control 
hypercortisolemia in a patient with Cushing’s syndrome and 
peritonitis. J Clin Endocrinol Metab. 1998; 83: 3542-3544.

74.	Krakoff J, Koch CA, Calis KA, Alexander RH, Nieman LK. Use of a 
parenteral propylene glycol-containing etomidate preparation for 
the long-term management of ectopic Cushing’s syndrome. J Clin 
Endocrinol Metab. 2001; 86: 4104-4108.

75.	Greening JE, Brain CE, Perry LA, Mushtaq I, Sales Marques J, Grossman 
AB, et al. Efficient short-term control of hypercortisolaemia by low-
dose etomidate in severe paediatric Cushing’s disease. Horm Res. 
2005; 64: 140-143.

76.	Reincke M, Ritzel K, Oßwald A, Berr C, Stalla G, Hallfeldt K, et al. A 
critical reappraisal of bilateral adrenalectomy for ACTH-dependent 
Cushing’s syndrome. Eur J Endocrinol. 2015; 173: M23-32.

77.	Preda VA, Sen J, Karavitaki N, Grossman AB. Etomidate in the 
management of hypercortisolaemia in Cushing’s syndrome: a review. 
Eur J Endocrinol. 2012; 167: 137-143.

78.	Riedl M, Maier C, Zettinig G, Nowotny P, Schima W, Luger A. Long term 
control of hypercortisolism with fluconazole: case report and in vitro 
studies. Eur J Endocrinol. 2006; 154: 519-524.

79.	Ojima M, Saitoh M, Itoh N, Kusano Y, Fukuchi S, Naganuma H. The 
effects of o, p-DDD on adrenal steroidogenesis and hepatic steroid 
metabolism. Nihon Naibunpi Gakkai Zasshi. 1985; 61: 168-178.

80.	Fassnacht M, Libé R, Kroiss M, Allolio B. Adrenocortical carcinoma: a 
clinician’s update. Nat Rev Endocrinol. 2011; 7: 323-335.

81.	Baudry C, Coste J, Bou Khalil R, Silvera S, Guignat L, Guibourdenche J, 
et al. Efficiency and tolerance of mitotane in Cushing’s disease in 76 
patients from a single center. Eur J Endocrinol. 2012; 167: 473-481.

82.	Schteingart DE, Tsao HS, Taylor CI, McKenzie A, Victoria R, Therrien 
BA. Sustained remission of Cushing’s disease with mitotane and 
pituitary irradiation. Ann Intern Med. 1980; 92: 613-619.

83.	Kroiss M, Quinkler M, Lutz WK, Allolio B, Fassnacht M. Drug 
interactions with mitotane by induction of CYP3A4 metabolism in 
the clinical management of adrenocortical carcinoma. Clin Endocrinol 
(Oxf). 2011; 75: 585-591.

84.	Robinson BG, Hales IB, Henniker AJ, Ho K, Luttrell BM, Smee IR, et 
al. The effect of o,p’-DDD on adrenal steroid replacement therapy 
requirements. Clin Endocrinol (Oxf). 1987; 27: 437-444.

85.	Chortis V, Taylor AE, Schneider P, Tomlinson JW, Hughes BA, O’Neil 
DM, et al. Mitotane therapy in adrenocortical cancer induces CYP3A4 

and inhibits 5_-reductase, explaining the need for personalized 
glucocorticoid and androgen replacement. J Clin Endocrinol Metab. 
2013; 98: 161-171.

86.	Tripto-Shkolnik L, Blumenfeld Z, Bronshtein M, Salmon A, Jaffe A. 
Pregnancy in a patient with adrenal carcinoma treated with mitotane: 
a case report and review of literature. J Clin Endocrinol Metab. 2013; 
98: 443-447.

87.	Alexandraki KI, Kaltsas GA, le Roux CW, Fassnacht M, Ajodha S, Christ-
Crain M, et al. Assessment of serum-free cortisol levels in patients 
with adrenocortical carcinoma treated with mitotane: a pilot study. 
Clin Endocrinol (Oxf). 2010; 72: 305-311.

88.	Valassi E1, Crespo I, Gich I, Rodríguez J, Webb SM. A reappraisal of 
the medical therapy with steroidogenesis inhibitors in Cushing’s 
syndrome. Clin Endocrinol (Oxf). 2012; 77: 735-742.

89.	Kamenický P, Droumaguet C, Salenave S, Blanchard A, Jublanc C, 
Gautier JF, et al. Mitotane, metyrapone, and ketoconazole combination 
therapy as an alternative to rescue adrenalectomy for severe ACTH-
dependent Cushing’s syndrome. J Clin Endocrinol Metab. 2011; 96: 
2796-2804.

90.	Barbot M, Albiger N, Ceccato F, Zilio M, Frigo AC, Denaro L, et 
al. Combination therapy for Cushing’s disease: effectiveness of 
two schedules of treatment: should we start with cabergoline or 
ketoconazole. Pituitary. 2014; 17: 109-117.

91.	Vilar L, Naves LA, Azevedo MF, Arruda MJ, Arahata CM, Moura E Silva 
L, et al. Effectiveness of cabergoline in monotherapy and combined 
with ketoconazole in the management of Cushing’s disease. Pituitary. 
2010; 13: 123-129.

92.	Rocheville M, Lange DC, Kumar U, Patel SC, Patel YC. Receptors for 
dopamine and somatostatin formation of hetero-oligomers with 
enhanced functional activity. Science. 2000; 288: 154-157.

93.	Ren SG, Kim S, Taylor J, Dong J, Moreau JP, Culler MD, et al. Suppression 
of rat and human growth hormone and prolactin secretion by a novel 
somatostatin/dopaminergic chimeric ligand. J Clin Endocrinol Metab. 
2003; 88: 5414-5421.

94.	Ferone D, Pivonello C, Vitale G, Zatelli MC, Colao A, Pivonello R. 
Molecular basis of pharmacological therapy in Cushing’s disease. 
Endocrine. 2014; 46: 181-198.

95.	Feelders RA, de Bruin C, Pereira AM, Romijn JA, Netea-Maier 
RT, Hermus AR, et al. Pasireotide alone or with cabergoline and 
ketoconazole in Cushing’s disease. N Engl J Med. 2010; 362: 1846-
1848.

96.	Vignati F, Loli P. Additive effect of ketoconazole and octreotide in the 
treatment of severe adrenocorticotropin-dependent hypercortisolism. 
J Clin Endocrinol Metab. 1996; 81: 2885-2890.

97.	Li L, Vashisht K, Boisclair J. Osilodrostat (LCI699), a potent 
11β-hydroxylase inhibitor, administered in combination with the 
multireceptor-targeted somatostatin analog pasireotide: A 13-week 
study in rats. Toxicol Appl Pharmacol. 2015; 286: 224-233.

98.	Bertagna X, Bertagna C, Luton JP, Husson JM, Girard F. The new steroid 
analog RU 486 inhibits glucocorticoid action in man. J Clin Endocrinol 
Metab. 1984; 59: 25-28.

99.	Fleseriu M, Biller BM, Findling JW, Molitch ME, Schteingart DE, Gross 
C. Mifepristone, a glucocorticoid receptor antagonist, produces 
clinical and metabolic benefits in patients with Cushing’s syndrome. 
J Clin Endocrinol Metab. 2012; 97: 2039-2049.

100.	Yuen KC, Williams G, Kushner H, Nguyen D. Association between 
mifepristone dose, efficacy, and tolerability in patients with cushing 
syndrome. Endocr Pract. 2015; 21: 1087-1092.

https://www.ncbi.nlm.nih.gov/pubmed/18640464
https://www.ncbi.nlm.nih.gov/pubmed/18640464
https://www.ncbi.nlm.nih.gov/pubmed/18640464
https://www.ncbi.nlm.nih.gov/pubmed/18640464
https://www.ncbi.nlm.nih.gov/pubmed/18640464
https://www.ncbi.nlm.nih.gov/pubmed/8312688
https://www.ncbi.nlm.nih.gov/pubmed/8312688
https://www.ncbi.nlm.nih.gov/pubmed/8312688
https://www.ncbi.nlm.nih.gov/pubmed/3027305
https://www.ncbi.nlm.nih.gov/pubmed/3027305
https://www.ncbi.nlm.nih.gov/pubmed/3027305
https://www.ncbi.nlm.nih.gov/pubmed/3027305
https://www.ncbi.nlm.nih.gov/pubmed/3027305
http://www.ncbi.nlm.nih.gov/pubmed/9768661
http://www.ncbi.nlm.nih.gov/pubmed/9768661
http://www.ncbi.nlm.nih.gov/pubmed/9768661
http://www.ncbi.nlm.nih.gov/pubmed/9768661
https://www.ncbi.nlm.nih.gov/pubmed/11549633
https://www.ncbi.nlm.nih.gov/pubmed/11549633
https://www.ncbi.nlm.nih.gov/pubmed/11549633
https://www.ncbi.nlm.nih.gov/pubmed/11549633
http://www.ncbi.nlm.nih.gov/pubmed/16192738
http://www.ncbi.nlm.nih.gov/pubmed/16192738
http://www.ncbi.nlm.nih.gov/pubmed/16192738
http://www.ncbi.nlm.nih.gov/pubmed/16192738
http://www.ncbi.nlm.nih.gov/pubmed/25994948
http://www.ncbi.nlm.nih.gov/pubmed/25994948
http://www.ncbi.nlm.nih.gov/pubmed/25994948
http://www.ncbi.nlm.nih.gov/pubmed/22577107
http://www.ncbi.nlm.nih.gov/pubmed/22577107
http://www.ncbi.nlm.nih.gov/pubmed/22577107
http://www.ncbi.nlm.nih.gov/pubmed/16556713
http://www.ncbi.nlm.nih.gov/pubmed/16556713
http://www.ncbi.nlm.nih.gov/pubmed/16556713
https://www.ncbi.nlm.nih.gov/pubmed/3874792
https://www.ncbi.nlm.nih.gov/pubmed/3874792
https://www.ncbi.nlm.nih.gov/pubmed/3874792
http://www.ncbi.nlm.nih.gov/pubmed/21386792
http://www.ncbi.nlm.nih.gov/pubmed/21386792
http://www.ncbi.nlm.nih.gov/pubmed/22815335
http://www.ncbi.nlm.nih.gov/pubmed/22815335
http://www.ncbi.nlm.nih.gov/pubmed/22815335
http://www.ncbi.nlm.nih.gov/pubmed/6247946
http://www.ncbi.nlm.nih.gov/pubmed/6247946
http://www.ncbi.nlm.nih.gov/pubmed/6247946
http://www.ncbi.nlm.nih.gov/pubmed/21883349
http://www.ncbi.nlm.nih.gov/pubmed/21883349
http://www.ncbi.nlm.nih.gov/pubmed/21883349
http://www.ncbi.nlm.nih.gov/pubmed/21883349
http://www.ncbi.nlm.nih.gov/pubmed/2830062
http://www.ncbi.nlm.nih.gov/pubmed/2830062
http://www.ncbi.nlm.nih.gov/pubmed/2830062
https://www.ncbi.nlm.nih.gov/pubmed/23162091
https://www.ncbi.nlm.nih.gov/pubmed/23162091
https://www.ncbi.nlm.nih.gov/pubmed/23162091
https://www.ncbi.nlm.nih.gov/pubmed/23162091
https://www.ncbi.nlm.nih.gov/pubmed/23162091
https://www.ncbi.nlm.nih.gov/pubmed/23275528
https://www.ncbi.nlm.nih.gov/pubmed/23275528
https://www.ncbi.nlm.nih.gov/pubmed/23275528
https://www.ncbi.nlm.nih.gov/pubmed/23275528
http://www.ncbi.nlm.nih.gov/pubmed/19473175
http://www.ncbi.nlm.nih.gov/pubmed/19473175
http://www.ncbi.nlm.nih.gov/pubmed/19473175
http://www.ncbi.nlm.nih.gov/pubmed/19473175
http://www.ncbi.nlm.nih.gov/pubmed/22533782
http://www.ncbi.nlm.nih.gov/pubmed/22533782
http://www.ncbi.nlm.nih.gov/pubmed/22533782
https://www.ncbi.nlm.nih.gov/pubmed/21752886
https://www.ncbi.nlm.nih.gov/pubmed/21752886
https://www.ncbi.nlm.nih.gov/pubmed/21752886
https://www.ncbi.nlm.nih.gov/pubmed/21752886
https://www.ncbi.nlm.nih.gov/pubmed/21752886
https://www.ncbi.nlm.nih.gov/pubmed/23468128
https://www.ncbi.nlm.nih.gov/pubmed/23468128
https://www.ncbi.nlm.nih.gov/pubmed/23468128
https://www.ncbi.nlm.nih.gov/pubmed/23468128
http://www.ncbi.nlm.nih.gov/pubmed/19943118
http://www.ncbi.nlm.nih.gov/pubmed/19943118
http://www.ncbi.nlm.nih.gov/pubmed/19943118
http://www.ncbi.nlm.nih.gov/pubmed/19943118
https://www.ncbi.nlm.nih.gov/pubmed/10753124
https://www.ncbi.nlm.nih.gov/pubmed/10753124
https://www.ncbi.nlm.nih.gov/pubmed/10753124
https://www.ncbi.nlm.nih.gov/pubmed/14602782
https://www.ncbi.nlm.nih.gov/pubmed/14602782
https://www.ncbi.nlm.nih.gov/pubmed/14602782
https://www.ncbi.nlm.nih.gov/pubmed/14602782
https://www.ncbi.nlm.nih.gov/pubmed/24272603
https://www.ncbi.nlm.nih.gov/pubmed/24272603
https://www.ncbi.nlm.nih.gov/pubmed/24272603
http://www.ncbi.nlm.nih.gov/pubmed/20463350
http://www.ncbi.nlm.nih.gov/pubmed/20463350
http://www.ncbi.nlm.nih.gov/pubmed/20463350
http://www.ncbi.nlm.nih.gov/pubmed/20463350
https://www.ncbi.nlm.nih.gov/pubmed/8768846
https://www.ncbi.nlm.nih.gov/pubmed/8768846
https://www.ncbi.nlm.nih.gov/pubmed/8768846
https://www.ncbi.nlm.nih.gov/pubmed/25981165
https://www.ncbi.nlm.nih.gov/pubmed/25981165
https://www.ncbi.nlm.nih.gov/pubmed/25981165
https://www.ncbi.nlm.nih.gov/pubmed/25981165
http://www.ncbi.nlm.nih.gov/pubmed/6327758
http://www.ncbi.nlm.nih.gov/pubmed/6327758
http://www.ncbi.nlm.nih.gov/pubmed/6327758
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/26121447
https://www.ncbi.nlm.nih.gov/pubmed/26121447
https://www.ncbi.nlm.nih.gov/pubmed/26121447


Central
Bringing Excellence in Open Access





Kaltsas et al. (2017)
Email: 

JSM Thyroid Disord Manag 2(1): 1006 (2017) 10/10

101.	Katznelson L, Loriaux DL, Feldman D, Braunstein GD, Schteingart 
DE, Gross C. Global clinical response in Cushing’s syndrome patients 
treated with mifepristone. Clin Endocrinol (Oxf). 2014; 80: 562-569.

102.	Fleseriu M, Findling JW, Koch CA, Schlaffer SM, Buchfelder M, Gross 
C. Changes in plasma ACTH levels and corticotroph tumor size in 
patients with Cushing’s disease during long-term treatment with the 
glucocorticoid receptor antagonist mifepristone. J Clin Endocrinol 
Metab. 2014; 99: 3718-3727.

103.	Castinetti F, Fassnacht M, Johanssen S, Terzolo M, Bouchard P, 
Chanson P, et al. Merits and pitfalls of mifepristone in Cushing’s 
syndrome. Eur J Endocrinol. 2009; 160: 1003-1010.

104.	Fein HG, Vaughan TB 3rd, Kushner H, Cram D, Nguyen D. Sustained 
weight loss in patients treated with mifepristone for Cushing’s 
syndrome: a followup analysis of the SEISMIC study and long-term 
extension. BMC Endocr Disord. 2015; 15: 63.

105.	Chu JW, Matthias DF, Belanoff J, Schatzberg A, Hoffman AR, Feldman 
D. Successful long-term treatment of refractory Cushing’s disease 
with high-dose mifepristone (RU 486). J Clin Endocrinol Metab. 
2001; 86: 3568-3573.

106.	Fleseriu M, Molitch ME, Gross C, Schteingart DE, Vaughan TB 3rd, 
Biller BM. A new therapeutic approach in the medical treatment 
of Cushing’s syndrome: glucocorticoid receptor blockade with 
mifepristone. Endocr Pract. 2013; 19: 313-326.

107.	Fernando MA, Heaney AP. Alpha1-adrenergic receptor antagonists: 

novel therapy for pituitary adenomas. Mol Endocrinol. 2005; 19: 
3085-3096.

108.	Fukuoka H, Cooper O, Ben-Shlomo A, Mamelak A, Ren SG, Bruyette 
D, et al. EGFR as a therapeutic target for human, canine, and mouse 
ACTH-secreting pituitary adenomas. J Clin Invest. 2011; 121: 4712-
4721.

109.	Hayashi K, Inoshita N, Kawaguchi K, Ibrahim Ardisasmita A, Suzuki 
H, Fukuhara N, et al. The USP8 mutational status may predict drug 
susceptibility in corticotroph adenomas of Cushing’s disease. Eur J 
Endocrinol. 2016; 174: 213-226.

110.	Ortiz LD, Syro LV, Scheithauer BW, Ersen A, Uribe H, Fadul CE, et al. 
Anti-VEGF therapy in pituitary carcinoma. Pituitary. 2012; 15: 445-
449.

111.	Liu NA, Jiang H, Ben-Shlomo A, Wawrowsky K, Fan XM, Lin S, et al. 
Targeting zebrafish and murin pituitary corticotroph tumors with a 
cyclin-dependent kinase (CDK) inhibitor. Proc Natl Acad Sci U S A. 
2011; 108: 8414-8419.

112.	Halem HA, Ufret M, Jewett I, Mattei A, Bastille A, Beech J, et al. In 
Vivo Suppression of Corticosterone in Rodent Models of Cushing’s 
Disease with a Selective, Peptide MC2 Receptor Antagonist. Pituitary 
Development and Neoplasia. In: Endocrine Society’s 98th Annual 
Meeting and Expo, April 1-4, 2016 - Boston, Pituitary Development 
and Neoplasia, OR29-6.

Alexandraki KI, Kaltsas GA (2017) Pharmacological Management of Cushing’s Disease. JSM Thyroid Disord Manag 2(1): 1006.

Cite this article

https://www.ncbi.nlm.nih.gov/pubmed/24102404
https://www.ncbi.nlm.nih.gov/pubmed/24102404
https://www.ncbi.nlm.nih.gov/pubmed/24102404
https://www.ncbi.nlm.nih.gov/pubmed/25013998
https://www.ncbi.nlm.nih.gov/pubmed/25013998
https://www.ncbi.nlm.nih.gov/pubmed/25013998
https://www.ncbi.nlm.nih.gov/pubmed/25013998
https://www.ncbi.nlm.nih.gov/pubmed/25013998
http://www.ncbi.nlm.nih.gov/pubmed/19289534
http://www.ncbi.nlm.nih.gov/pubmed/19289534
http://www.ncbi.nlm.nih.gov/pubmed/19289534
https://www.ncbi.nlm.nih.gov/pubmed/26507877
https://www.ncbi.nlm.nih.gov/pubmed/26507877
https://www.ncbi.nlm.nih.gov/pubmed/26507877
https://www.ncbi.nlm.nih.gov/pubmed/26507877
http://www.ncbi.nlm.nih.gov/pubmed/11502780
http://www.ncbi.nlm.nih.gov/pubmed/11502780
http://www.ncbi.nlm.nih.gov/pubmed/11502780
http://www.ncbi.nlm.nih.gov/pubmed/11502780
https://www.ncbi.nlm.nih.gov/pubmed/23337135
https://www.ncbi.nlm.nih.gov/pubmed/23337135
https://www.ncbi.nlm.nih.gov/pubmed/23337135
https://www.ncbi.nlm.nih.gov/pubmed/23337135
http://www.ncbi.nlm.nih.gov/pubmed/16020484
http://www.ncbi.nlm.nih.gov/pubmed/16020484
http://www.ncbi.nlm.nih.gov/pubmed/16020484
http://www.ncbi.nlm.nih.gov/pubmed/22105169
http://www.ncbi.nlm.nih.gov/pubmed/22105169
http://www.ncbi.nlm.nih.gov/pubmed/22105169
http://www.ncbi.nlm.nih.gov/pubmed/22105169
http://www.ncbi.nlm.nih.gov/pubmed/26578638
http://www.ncbi.nlm.nih.gov/pubmed/26578638
http://www.ncbi.nlm.nih.gov/pubmed/26578638
http://www.ncbi.nlm.nih.gov/pubmed/26578638
http://www.ncbi.nlm.nih.gov/pubmed/21918831
http://www.ncbi.nlm.nih.gov/pubmed/21918831
http://www.ncbi.nlm.nih.gov/pubmed/21918831
https://www.ncbi.nlm.nih.gov/pubmed/21536883
https://www.ncbi.nlm.nih.gov/pubmed/21536883
https://www.ncbi.nlm.nih.gov/pubmed/21536883
https://www.ncbi.nlm.nih.gov/pubmed/21536883
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6
http://press.endocrine.org/doi/abs/10.1210/endo-meetings.2016.NP.11.OR29-6

	Abstract
	Abbreviations
	Introduction
	Drugs targeting ACTH-secreting adenoma 
	Adrenal-specific therapy 
	Combined treatment  
	Glucocorticoid antagonist 
	Novel inhibitors of cortisol secretion  

	Discussion and Conclusion 
	References

