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Abstract (110 words) 

Overt Cushing’s syndrome is a severe condition responsible for multiple comorbidities and increased 

mortality. Effective treatment is essential to reduce mortality, improve comorbidities and long-term 

quality of life. Surgical resection of the causal lesion(s) is generally the first-line and most effective 

treatment to normalize cortisol secretion. Adjunctive symptomatic treatments of co-morbidities are 

often necessary both during the active phase of the disease and for persisting co-morbidities after 

cessation of hypercortisolism. Second-line treatments include various pharmacological treatments, 

bilateral adrenalectomy, and radiotherapy of corticotroph tumors. The choice of these treatments is 

complex, must be performed in a multidisciplinary expert team to be individualized for each patient, 

and use a shared decision-making approach.  
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Issues in the treatment of Cushing's syndrome (CS) – relative importance of specific and 

symptomatic treatments 

 

Chronic glucocorticoid excess results in numerous co-morbidities that impair quality of life and 

increased mortality [1]. Cardiovascular disease and infections are the most frequent causes of deaths 

in relation with Cushing’s syndrome [1,2]. Normalization of cortisol production is the most-efficient 

way to improve and cure hypercortisolism-related comorbidities. However, a long delay may be 

needed before establishing a definitive etiological diagnosis and performing curative treatment. 

Moreover, curative treatment is not always feasible in patients with unresectable causative tumor or 

an occult-ACTH secreting lesion. In these cases, symptomatic treatment of comorbidities (such as 

hypertension and diabetes mellitus) is mandatory while waiting for the beneficial effects of specific  

treatments [3]. Symptomatic treatments and prevention of complications such as thromboembolism 

and infections are also of paramount importance in the context of intense hypercortisolism, a life-

threatening condition in the short term, that is often due to ectopic ACTH-secreting tumors [3]. 

Elsewhere, recent studies have shown that complications, including diabetes, hypertension, impaired 

glucose tolerance, cognitive deficits, and others, may persist following cure of CS [4,5]. Similarly, 

despite being cured, patients with a history of Cushing’s disease (CD) may carry a residual increased 

mortality rate and patients with persistent diabetes and hypertension are particularly at risk [6,7]. 

Therefore, the treatment of persistent co-morbidities after cure is an important therapeutic aspect.  

One current emerging key point is that the duration of exposure to cortisol excess may play a 

major role in the persistence of comorbidities and life–expectancy after cessation of CS [8]. This 

suggests that the rapidity of intervention to control hypercortisolism is of paramount importance. 

However, this is sometimes incompatible with the time necessary to establish the etiological 

diagnosis of CS, but rapidity is mandatory in the context of life-threatening, intense hypercortisolism.  

 

 



Symptomatic treatment of Cushing’s syndrome: the example of hypertension 

Hypertension is a prevalent cardiovascular risk factor in CS, affecting up to 85% of adults and 74% of 

pediatric patients [9–11]. The pathophysiology of hypertension during chronic hypercortisolism is 

complex and multifactorial involving the activation of the mineralocorticoid receptor by cortisol 

excess, activation of the renin-angiotensin-aldosterone system, facilitation of the hypertensive effect 

of catecholamines and alteration of vasoregulatory systems [10]. During intense hypercortisolism, 

the capacity of the renal enzyme 11β-hydroxysteroid dehydrogenase type 2 that converts cortisol to 

cortisone is overwhelmed, triggering enhanced cortisol binding to the mineralocorticoid receptor. 

This results in a state of apparent mineralocorticoid excess characterized by increased tubular 

sodium reabsorption associated with intravascular volume expansion; and increased urinary loss of 

potassium with hypokalemia.   

As mentioned above normalization of cortisol production is the mainstay treatment of hypertension. 

However, antihypertensive treatment is mandatory during the diagnosis workup and while waiting 

for the effect of specific treatments. Algorithms, based on pathophysiological mechanisms, have 

been proposed for the treatment of hypertension in Cushing’s syndrome [9]. Angiotensin II receptor 

blockers or angiotensin-converting enzyme inhibitors may be initiated as first-line treatments since 

the renin-angiotensin system is upregulated in Cushing’s syndrome. Spironolactone alone or in 

combination with other agents is indicated in the presence of hypokalemia and should be 

administered by IV route at high dosage with potassium supplementation in the presence of 

profound hypokalemia associated with intense hypercortisolism [12]. When blood pressure remains 

uncontrolled with these medications, add-on calcium channel blockers followed by add-on alpha-

blockers should be considered.  

Control of hypercortisolism usually improves hypertension but blood pressure does not always 

normalize. Persistent hypertension has been reported in up to half previously hypertensive patients 

in remission [1,9,10]. This may also be the case in up to 20% of pediatric patients [11]. The natural 



history of hypertension following cure of CS and the time-course of remission are not well known but 

common experience shows that there is an important variability among patients in how long it takes 

for symptoms to resolve. Some studies suggest that transient hypertension may persist for more 

than 8 months following cure of CS [13]. Consequently, antihypertensive therapy should be 

reevaluated with an attempt to reduce the number and/or dose of medications both in the early and 

mid-term post-operative periods. Importantly, a longer duration of hypertension before treatment 

seems to be associated with lack of remission, possibly because of vascular remodeling [1,9,10]. This 

observation provides a supplementary argument supporting an active treatment of hypertension 

before obtaining the control of hypercortisolism with specific treatments.  

Specific treatment of Cushing’s syndrome 

In the vast majority of cases, CS is due to autonomously adrenocorticotropic hormone (ACTH)- or 

cortisol-secreting tumor(s). Resection of these “primary” tumors is therefore considered in the first 

instance. Various secondary options are available when excision of the responsible tumor is not 

feasible and significant advances in the development of “anticortisolic drugs” have been made during 

the last decades (Figure 1). However, the treatment of CS remains notably complex and, in a recent 

survey, despite multiple treatments, biochemical control was still not achieved in up to 30% of 

patients in a large multicenter cohort [14]. Treatment of CS, therefore, requires a dedicated expert 

team headed by a dedicated endocrinologist.  

This review will focus on the various therapeutic options in adults depending on the etiology of 

overt CS.  

 

I- Treatment of Cushing’s disease (CD) 

CD is the most common cause of CS and is due to an inappropriate and autonomous secretion of 

ACTH by a pituitary corticotroph adenoma.  



 

I-1) Surgery is the cornerstone of CD treatment 

Surgical removal of the pituitary adenoma, by a transsphenoidal approach and performed by an 

expert surgeon, is the only therapeutic option that can offer definitive cure with a low rate of 

adverse effects and is the first-line treatment for CD. Since most pituitary adenomas are 

microadenomas, the ideal surgery is selective adenomectomy that preserves normal pituitary 

function. In patients in whom no adenoma is identified peroperatively, several options are possible 

amongst which partial/subtotal hypophysectomy, e.g. removal of 2/3 of the lateral and posterior 

pituitary tissue, appears to be the best compromise between a high success rate and low rate of 

surgery-related hypopituitarism. In experienced hands, the immediate remission rate varies from 81 

to 89% for microadenomas and is lower for macroadenomas (<67% in most series, [15]). A major 

point of debate is whether to perform surgery in patients in whom no pituitary adenoma is identified 

by magnetic resonance imagery (MRI). Several groups, including ours, favor surgery once the 

diagnosis of CD is definitively establish using bilateral inferior petrosal sinus sampling [16,17]. Several 

authors have clearly demonstrated that the eye of the surgeon is far better than that of MRI and that 

the success of surgery does not differ according to the results of MRI [17]. Based on a subset of series 

that found a reduced rate of cure when MRI was negative, other groups have suggested alternative 

approaches such as control of hypercortisolism using pharmacological agents and a regular follow-up 

with pituitary MRI [3]. In our opinion, even if the rate of surgical success may be slightly reduced in 

patients with negative MRI, according to the literature surgery still offers a 70–90% success rate [17] 

and, importantly, all other therapeutic options remain possible in patients in whom surgery fails. 

Apart from transient post-operative hyponatremia, complications occur in less than 5% of cases. 

However, deep vein thrombosis and pulmonary thromboembolism are frequent after pituitary 

surgery for CD, and anticoagulation therapy with low-molecular-weight heparin during the 

postoperative period is recommended [3,18]. The occurrence of hypopituitarism is correlated with 



the extent of surgery and, in a recent meta-analysis, the mean frequency of partial hypopituitarism 

was 6.6% and 20.2% patients who had undergone selective adenomectomy or partial 

hypophysectomy, respectively [19]. 

Following successful surgery, patients will experience transient corticotroph insufficiency lasting 

several weeks to months, due to the prolonged exposure of normal corticotrophs to glucocorticoid 

excess. Measurement of plasma cortisol in the early post-operative phase is therefore crucial and 

corticotropic insufficiency is the most widely recognized early marker of remission of the disease, 

while a simple “normalization” of cortisol values is associated with a risk of recurrence [20,21]. In a 

very limited number of cases, corticotroph insufficiency may occur after several weeks so that careful 

re-assessment of endocrine status three months following surgery is mandatory. Importantly, 

corticotroph insufficiency may not occur in patients treated preoperatively with anticortisolic agents 

since prolonged normalization of cortisol levels will result in disinhibition of normal pituitary 

corticotrophs. The acute changes in cortisol levels following successful surgery are sometimes 

associated with a transient deterioration of the patient’s general condition including symptoms such 

as fatigue, myalgia, lack of energy, and symptoms of depression that are currently interpreted as a 

“withdrawal syndrome”. Elsewhere, and despite the occurrence of corticotroph insufficiency, 10 to 

20% of patients may experience recurrence of the disease, sometimes more than 10 years after 

successful surgery [20]. Therefore, life-long follow-up is recommended for patients with CD.  

 

I-2) Alternatives to surgery  

Pituitary surgery is sometimes not feasible (such as in patients in very bad condition), not always 

successful or not always long-lasting. In this situation, second-line treatments include a second 

pituitary surgery, pituitary radiotherapy (XRT), “anticortisolic drugs” and bilateral adrenalectomy 

(BLA). Each of these modalities has pros and cons and that there is no “one size fits all” treatment. 

The choice of second line treatment varies according to multiple parameters including the severity of 



hypercortisolism, tumoral status, medical history, concomitant medications, efficacy profile, patient’s 

perspectives (wish for fertility), availability, and cost of treatments [3]. Indeed, a shared decision-

making with the patient and an expert multidisciplinary team is recommended. In the specific 

situation of recurrence of CD following a period of remission, a second pituitary surgery may be 

performed based on the common observation that adenomas usually recur at the same location, a 

finding that suggests that microscopic residual adenomatous corticotrophs remained at the adenoma 

margin. However, the rate of success following a second surgery may be lower than initial surgery, 

while the prevalence of complications (mainly hypopituitarism) increases [22]. 

 

I-2-1) Radiation therapy (XRT) 

XRT is mainly used as a second-line treatment. As its anti-secretory effects may take several 

months or years to occur, it is necessary to ensure firstly that a medical treatment with “anticortisolic 

drugs” is efficient and well-tolerated before planning XRT. The main procedures are conventional 

fractionated radiation therapy (CRT) and stereotactic radiosurgery (SRS), including gamma knife 

radiosurgery. In recent years, SRS has become the modality of choice for small adenoma tumors 

located in the sellar and parasellar regions whereas, CRT remains indicated for patients with large 

sized tumors, extrasellar extension, or proximity to the optic nerves/chiasm, the latter being a 

contraindication for SRS.  

In a recent meta-analysis of major series [23], the remission rate of CS after CRT was roughly 

similar to that achieved by SRS (mean, 67.5% vs 65.8%; range, 46%–86% vs 26.7%-100%, 

respectively), with a mean time to remission ranging from 7.5 to 40 months. Recurrence occurred in 

8.2 and 8.4% of patients after CRT and SRS respectively. Tumor control was noted in 88 to 98% of 

patients. The great variability in the results of XRT can be explained by the use of debatable criteria 

for remission and by the limited cohort size. Using combined stringent criteria, including regression 

of the clinical symptoms, persistently normal urinary free cortisol (UFC), and normal morning plasma 



cortisol concentrations after a low-dose dexamethasone test, Estrada et al. found a remission rate of 

83%, six to 60 months after CRT [24]. In a recent multicenter study including 278 patients treated 

with gamma-knife radiosurgery, control of hypercortisolism, based on UFC normalization, was 

obtained in 80% of cases and a recurrence rate of 18% was observed over the long term [25]. 

Hypopituitarism is the most common side effect of XRT and is more frequent with CRT 

compared to SRS (38.4% vs 29.7%, [23]). Conversely, cranial neuropathy occurs almost exclusively 

with SRS (1.5% of patients [23]). With regard to vascular injury and neurocognitive impairment, long-

term data are still lacking and studies aimed at differentiating the sequelae of long-term exposure to 

cortisol excess versus the adverse effects of XRT are clearly needed. No radiation-induced tumors 

were observed among SRS or CRT series on long-term follow-up [23].  

To conclude, XRT is often indicated if the oncogenic characteristics of the corticotroph 

adenoma are an issue (growing macroadenomas, large-sized post-surgical remnants). Good 

indications for SRS are well-visualized small adenoma remnants. Due to the frequent occurrence of 

hypopituitarism, indications for XRT should be carefully considered in young women who are hoping 

to fall pregnant.  

 

I-2-2) Medical treatment 

Pharmacological treatment may be indicated mainly 1) in preparation for pituitary surgery, in 

patients with a poor clinical condition; 2) as first-line treatment in non-operable patients; 3) as 

adjuvant treatment in case of surgical failure or recurrence; and 4) while waiting for complete 

effectiveness of pituitary XRT to manifest.  

Several considerations should be emphasized concerning “anticortisolic drugs”. Firstly, all 

available medications are contraindicated or not recommended in pregnant women. Secondly, no 

drug has 100% potency but all may induce adrenal insufficiency. This may be considered a 



“desirable” effect but careful monitoring is necessary to prevent, or anticipate, acute adrenal failure. 

Thirdly, fluctuations in cortisol production is the rule in CS [26]. Consequently, and aside from true 

escape phenomenon, variations in the degree of control of hypercortisolism due to variable 

hormonogenesis may occur. As continuous biochemical monitoring is impossible, it is important to 

compare the results of biochemical markers with a detailed clinical examination. Fourthly, all drugs 

may be used in association to increase the potency of the anticortisolic effect and/or reduce the 

dosage of a given drug and limit its associated side effects. The most commonly used combination 

involves various steroidogenesis inhibitors [12,27] acting on different enzymes on the one hand 

(Figure 2), and pasireotide with cabergoline and ketoconazole [28] on the other hand. Lastly, two 

main treatment strategies can be employed: a “titration strategy” that adapts the dose of the drugs 

to a biochemical marker of hypercortisolism such as UFC or, more rarely, a “block and replace” 

strategy that associates relatively high-doses of “anticortisolic drugs” to block cortisol secretion 

associated with hydrocortisone supplementation. There are no comparative data indicating the 

superiority of one strategy over the other. Additionally, it should be kept in mind that normalization 

of UFC is not synonymous with restoration of the physiological secretion of cortisol, and a disruption 

of the circadian rhythm of cortisol often persists in patients with normalized UFC, as demonstrated 

by persistently elevated late-night salivary cortisol (LNSC, [29]). The deleterious impact of elevated 

midnight cortisol has previously been demonstrated [30] and recent studies suggest that symptoms 

of hypercortisolism, such as weight gain and hypertension, are better controlled in patients with both 

normalized UFC and midnight cortisol than in those with normalized UFC only (submitted). The long-

term use of “anticortisolic drugs” alone in patients is therefore questionable and some expert teams 

consider that medical treatment should be a bridging treatment used before a therapeutic option 

that ensures definitive cessation of hypercortisolism such as XRT or BLA.  

“Anticortisolic drugs” can be classified according to their therapeutic target (Table 1). 

 



I-2-2-1) Pituitary-directed drugs 

These drugs target cell receptors that may be expressed by corticotroph adenomatous cells. 

From a pathophysiological perspective, the inhibition of adenomatous ACTH secretion is ideal 

however, in practice, the effectiveness of pituitary-directed drugs remains moderate and the rate of 

control of hypercortisolism is lower than that obtained with steroidogenesis inhibitors. To date there 

are no predictive factors of their effectiveness so that a “trial an error” approach is needed. Pituitary-

directed drugs may induce shrinkage of tumor remnants and are an option when there are concerns 

about the oncogenic characteristics of the pituitary tumor.  

Somatostatin analogs 

Pasireotide is a multireceptor-targeted somatostatin analog with a high binding affinity for the 

somatostatin receptor (SSTR)-5, that is expressed in approximately 30% of corticotroph adenomas 

[31]. Administered twice daily via the subcutaneous route, in a large double blind randomized trial 

involving 162 patients, pasireotide was able to reduce UFC within one month in a majority of these 

patients and achieve normalization of UFC after three months in 26% [32]. Normalization of UFC was 

achieved more frequently in patients with mild hypercortisolism. No escape from the drug was 

demonstrated during follow-up studies. In a second large trial with a long-acting release version of 

pasireotide administered monthly via intramuscular injection, approximately 40% of patients with 

hypercortisolism of moderate intensity showed normalization of UFC [33]. A significant shrinkage of 

the adenoma was observed in roughly half of the patients with evaluable tumors.  

The main adverse effect of pasireotide is the occurrence of hyperglycemia in about 75% of 

patients which appears as soon as 15 days after the introduction of the drug. This side-effect is 

independent of the control of hypercortisolism and is secondary to the inhibition of insulin and 

incretins secretion. Careful monitoring of hyperglycemia is therefore mandatory and active first-line 

treatment using metformin and glucagon like peptide-1 agonists, or dipeptidyl peptidase-4 

antagonists, may be warranted. 



 Dopamine agonist 

Cabergoline is a dopamine agonist which targets the type 2 dopamine receptor (D2R) that is 

expressed in approximately 60% of corticotroph adenomas [34]. In a French retrospective survey, 

normalization of UFC was observed in 40% of 53 patients treated with cabergoline in monotherapy in 

the short-term, and in 28% of patients in the long-term [35]. The median dosage to control UFC was 

2.5mg/week. This observation, together with reports that corticotroph insufficiency can occur during 

cabergoline treatment, suggests that some corticotroph adenomas may be exquisitely sensitive to 

the drug. The delay of action of cabergoline has not been specifically studied but, in a short-term 

prospective study including 20 patients [36], cabergoline failed to control hypercortisolism, a finding 

that suggest that the cortisol-lowering effect of cabergoline may be a slow process. In some cases of 

corticotroph macroadenomas an antitumor effect has been noted. The benefits of cabergoline 

include its low cost, its oral route of administration and its good tolerance.  

 

I-2-2-2) Adrenal-directed drugs 

Ketoconazole 

Ketoconazole, inhibits the enzymes CYP17A1, CYP11A1, and CYP11B1. It is used orally with two 

administrations per day giving daily doses ranging from 400mg to 1200mg. For optimal absorption, 

the presence of gastric acidity is necessary. Concomitant use of proton pump inhibitors may 

therefore reduce its effectiveness. Small size studies suggest that the nadir of cortisol is obtained 

after 2-3 days of treatment [37].  

The largest study using ketoconazole in the treatment of CD is a retrospective French survey 

involving 200 patients [38]. Normalization of UFC was obtained in 49% of patients with an average 

dose of ketoconazole of 600mg/day. This low dosage suggests that under-titration was frequent and 

that the efficacy of ketoconazole may have been underestimated. Escape from treatment is rare and 



occurs is less than 20% of cases. The main side effect is major cytolytic hepatitis, that is unrelated to 

the drug dosage, which occurs in only 2.5% to 5.5% of patients [38], usually during the first two 

months of treatment, and is reversible with decreased dosage or withdrawal of the drug. Other 

common adverse effects are gastrointestinal intolerance, male hypogonadism and gynecomastia, 

secondary to the inhibition of testicular steroidogenesis that occurs at lower doses than those 

required to inhibit cortisol production. Its exact prevalence is unknown, but this adverse effect 

suggests the drug should be preferentially used in women. Importantly, ketoconazole is a potent 

inhibitor of CYP3A4 and thus may increase the availability of drugs metabolized through this enzyme. 

A detailed analysis of the patient’s drug profile is mandatory before engaging treatment with 

ketoconazole as well as close monitoring and dose adjustments of associated drugs. 

Metyrapone 

Metyrapone is an inhibitor of the CYP11B1, CYP11B2, and CYP17A1A enzymes,  notable for its 

rapid onset of action since the nadir of cortisol levels following a single dose are obtained in 

approximately two hours [39].  

A large retrospective UK survey [40] reported normalization of either UFC or average of 

multiple daily plasma cortisol measurements, in approximately 50% of patients. The average dose of 

metyrapone in this study was only 1350mg/day, indicating a probable insufficient dose titration and 

an underestimation of treatment efficacy. Nausea and abdominal discomfort are the most frequent 

side effects of the drug. Metyrapone causes the accumulation of steroids that are upstream to the 

blockade, such as aldosterone precursors, and this can lead to edema, hypokalemia and hypertension 

at high dosages of the drug, as well as accumulation of androgens responsible for hirsutism and acne. 

The dramatic increase in the immediate cortisol precursor 11-deoxycortisol, which is structurally 

similar to cortisol, interferes with many commercial cortisol immunoassays leading to an 

overestimation of cortisol levels. It is therefore important to monitor the cortisol response using 

more specific laboratory methods, such as mass spectrometry.  



Mitotane 

Mitotane is an adrenolytic drug that inhibits multiple steroidogenic enzymes, including 11β-

hydroxylase, and inhibits P450 side-chain cleavage [41]. In addition, Mitotane has a direct toxic effect 

on adrenocortical mitochondria and induces cellular necrosis that can lead to a “chemical 

adrenalectomy”. Mitotane has a long half-life due to its accumulation in adipose tissue, but adrenal 

insufficiency may be reversible after several months or years of cessation of treatment. Since 

Mitotane is a potent enzyme inducer (CYP3A4), the required doses of hydrocortisone 

supplementation should be increased by approximately one third in some patients.  

A lower dosage of Mitotane is required in the treatment of CD as compared to treatment of 

adrenocortical carcinoma (ACC). However, the anticortisolic effect of Mitotane is delayed to a 

median of six months and, consequently, it is unsuited to situations requiring rapid control of cortisol 

hypersecretion [42]. In a single center retrospective study, control of CD was achieved in 72% of 

patients with a mean dose of Mitotane of 2.6g/day [42].  

Mitotane leads to an increase in cortisol-binding-protein levels and therefore an increase in 

plasma cortisol concentrations. Cortisol monitoring should thus be performed by measurement of 

UFC or LNSC. 

The main limitation of Mitotane is the frequency of adverse effects including gastrointestinal 

disorders, asthenia, rashes, neurological disturbances, increased liver enzymes, 

hypercholesterolemia and isolated thyrotropic insufficiency. Although being better-tolerated than at 

the higher dosages used for the treatment of ACC, 30% of patients may discontinue treatment due to 

intolerance [42]. Lastly, Mitotane is a potent teratogen and is contraindicated during pregnancy. 

 

I-2-2-2) Glucocorticoid receptor-directed drugs 

Mifepristone (RU 486). 



Mifepristone is a glucocorticoid receptor antagonist. The SEISMIC study evaluated the effect 

of mifepristone monotherapy in 50 patients, who were treated for at least 30 days, and found an 

improvement in glucose tolerance and hypertension in 60% and 38% of patients , respectively [43]. In 

the long-term safety extension study, a beneficial effect on weight-loss persisted for an additional 

two years in patients who remained on therapy [44]. 

Adverse effects of mifepristone include nausea and fatigue (possibly indicative of adrenal 

insufficiency), metrorragia, and endometrial thickening in 20% of patients that are secondary to its 

associated action on the progesterone receptor. Importantly, by blocking the glucocorticoid receptor, 

mifepristone raises the secretion of ACTH and consequently increases cortisol concentrations. This 

increased cortisol may exceed the capacity of the renal 11-HSD enzyme to inactivate cortisol leading 

to a state of apparent mineralocorticoid excess, including hypokalemia and arterial hypertension 

secondary to the activation of the mineralocorticoid receptor by circulating cortisol and is seen in 

one third of patients. Additionally, cases of growth of the remnant corticotroph adenoma have also 

been described in CD. 

One complication of treatment with mifepristone is due to the persistence of increased 

plasma/urinary cortisol and plasma ACTH concentrations, despite a reduced access to cortisol for 

target tissues. Consequently, the evaluation of efficacy is exclusively based on clinical symptoms and 

intermediate biochemical markers such as blood glucose while blood and urinary measurements of 

cortisol are useless. 

 

 

I-2-3) Bilateral adrenalectomy (BLA) 

BLA is currently performed using a laparoscopic approach that has reduced the mortality rate to 

close to zero in patients with CD, when they are operated in expert center [45].The major advantage 



of BLA is its unequaled ability to immediately control hypercortisolism. Furthermore, its efficacy is 

permanent in almost all patients. The major drawback of BLA is the requirement for a life-long 

glucocorticoid and mineralocorticoid supplementation and the risk of adrenal crisis that occurs at a 

similar rate to that observed in adrenal insufficiency resulting from other causes [45]. Patient 

education is therefore of primary importance after BLA. That said, major improvements in clinical 

symptoms and quality of life have been reported in the majority of patients although there has been 

no comparison with the results of pituitary surgery and XRT/pharmacological strategies [46]. The risk 

of Nelson’s syndrome has been dramatically reduced with the availability of pituitary MRI. Indeed, 

the term “corticotroph tumor progression” is more appropriate, since the growth rate is usually slow 

and a manageable increase in size can be detected early by pituitary MRI follow-up. This may occur in 

10 to 40% of patients [46]. Importantly, some studies suggest that corticotroph tumor progression 

may occur as early as one year after BLA and that the prevalence may “plateau” after seven years 

[47]. XRT may be used as curative treatment while preventive XRT after adrenalectomy is debatable, 

and has not yet been validated. Currently there is no firmly established predictive factor for 

corticotroph tumor progression, however, BLA should be considered cautiously in young patients and 

patients with aggressive pituitary tumors.  

The place of BLA amongst second line therapies is open to debate. It is obligatory in young 

women after surgical failure and who wish to become pregnant, given the teratogenicity of available 

drugs. It is usually proposed if medical treatment or XRT are not well-tolerated or are ineffective. 

Otherwise, BLA is often considered as a last option, a strategy that may be harmful in some patients. 

Whether the improvement in long-term morbidity, quality of life and mortality is different than with 

other strategies, such as long-lasting medical treatment, remains an important open question given 

the imperfect nature of other treatments mentioned above [46].  

 

II- Treatment of ectopic ACTH syndrome (EAS) 



EAS is rare but is frequently a severe condition due to the intensity of hypercortisolism that is 

responsible for numerous life-threatening comorbidities in the short-term (severe hypertension, 

major hyperglycemia and hypokalemia, phlebitis and pulmonary thromboembolism, steroid 

psychosis and vulnerability to infections including opportunistic pathogens). Consequently, EAS 

should be considered as an endocrine emergency, requiring an emergency response both in terms of 

diagnostic procedures and therapeutic interventions. From a therapeutic perspective, both curative 

treatment and symptomatic treatments of co-morbidities are of primary importance in the short-

term, including preventive anticoagulation and treatment with sulfomethoxazole-trimethoprim [3]. 

Etiological treatment consists of the surgical removal of the ectopic ACTH-secreting tumor. In the 

presence of intense hypercortisolism and severe CS, control of hypercortisolism prior to surgery may 

be a safe strategy. In this situation, rapid-acting steroidogenesis inhibitors such as ketoconazole and 

metyrapone are commonly used, alone or in association at high-doses. In a retrospective series of 14 

patients with intense EAS, association of high-doses of metyrapone and ketoconazole induced a 

decrease in median UFC from 40 to three times the upper limit of normal (ULN) after one week of 

treatment, with 50% of patients having normal UFC values [12]. Etomidate, commonly used in 

anesthesia, efficiently inhibits 11-ßhydroxylase and induces a dramatic reduction in cortisol levels 

within 48-72 hours [48]. Given intravenously, this drug can be particularly useful if the oral route is 

impossible, as may be the case in steroid psychosis, but it may necessitate hospitalisation in an 

intensive care unit. Excision of the ectopic tumor (EAT) may be impossible in patients with metastatic 

disease. In this situation, control of hypercortisolism may rely on “anticortisolic drugs” as mentioned 

above or on BLA. However, a recent meta-analysis has emphasized that BLA carries significant 

surgical mortality in patients with severe CS due to EAS, despite the advent of laparoscopic surgery 

[45]. Preparation for surgery with “anticortisolic drugs” may then be a safe strategy. Apart from non-

specific chemotherapies for unresectable metastatic tumors, a number of medications have been 

used to control ACTH-secretion. Several reports acknowledge a dramatic inhibition of ACTH-

secretion, enabling a sustained control of hypercortisolism, using tyrosine kinase inhibitor therapy in 



EAS secondary to medullary thyroid cancer. This antisecretory effect was observed in the absence of 

an antitumoral effect [49]. The somatostatin analogs octreotide and lanreotide have shown short- 

and medium-term efficacy in small series and case reports but the control of hypercortisolism is 

often partial and transient [50]. In a recent series of severe EAS, the D2R agonist cabergoline induced 

long-term control of the hypercortisolism in three out of nine cases [51]. One specific situation is 

occult EAS, a situation in which the EAT becomes radiologically detectable and resectable after 

months or years of follow-up. In this situation, which is associated with an excellent prognosis 

assuming that hypercortisolism is efficiently controlled, BLA would be of concern since it will induce a 

definitive adrenal insufficiency. As an alternative, some authors have proposed controlling 

hypercortisolism in the short to midterm with steroidogenesis inhibitors and then combining this 

treatment with the long-lasting drug mitotane. After several months, mitotane could be used as 

monotherapy, inducing efficient control of hypercortisolism, while waiting for the EAT to be 

identified and removed [27].  

 

III- Treatment of unilateral adrenal tumors  

Cure of CS due to adrenal adenomas is usually straightforward in expert hands, using 

minimally invasive laparoscopic surgery performed by either anterior or postero-lateral route [52].  

ACC may be responsible for CS (in 50-70% of cases), sometimes associated with 

hypersecretion of other steroids. Cortisol excess is a negative prognostic factor in ACC and is 

associated with worse overall survival [53]. Surgery with radical intent, when feasible, is the only 

treatment allowing potential cure of ACCs and its associated CS. For ACC patients with locally 

advanced or metastatic disease, combined anticortisolic agents are used with mitotane treatment as 

described previously [3]. Debulking surgery, significantly reducing tumor volume and cortisol 

secretory mass, may be indicated in patients with severe hypercortisolism or hypercortisolism that is 

poorly controlled with pharmacological treatments [54]. 



 

IV- Treatment of primary bilateral macronodular adrenal hyperplasia (PBMH) 

In PBMH, hypercortisolism may be secondary to the aberrant stimulation of the adrenal 

cortex by ligands that activate abnormal receptors expressed by cortical cells that are coupled to the 

intracellular machinery of the ACTH receptor. Aberrantly expressed receptors include receptors for 

glucose-dependent-insulinotropic-peptide (GIP), luteinizing hormone (LH), vasopressin or 

β2adrenergic receptors [55]. Pharmacological treatments inhibiting the secretion of aberrant ligands 

or blocking these abnormal receptors directly have been used in this instance (somatostatin analogs 

to reduce GIP secretion, betablockers for β2adrenergic receptors…). However, this approach only 

produces control of hypercortisolism in a small number of patients and, in most cases, only 

transiently [55]. Thus, the standard treatment for HMBS has been BLA with its resulting drawback of 

definitive adrenal insufficiency. 

Since the intrinsic steroidogenic capacity of adenomatous cells in PBMH is limited, reducing 

the secretory mass by unilateral adrenalectomy has been shown to be an effective treatment, 

inducing normalization of UFC in the majority of patients and transient corticotroph insufficiency in a 

significant number of these [56]. Careful follow-up should be planned to check for recurrence. 

Further studies are warranted comparing the long–term prognosis between patients operated by 

unilateral adrenalectomy with residual mild alteration in cortisol secretion and adrenal insufficient 

patients treated by BLA [57]. 

 

V- Primary Pigmented Nodular Adrenocortical Disease (PPNAD) 

As a general rule, BLA is the recommended surgical approach for PPNAD treatment in the 

case of the involvement of both adrenal glands. However, unilateral adrenalectomy can be a 

successful therapeutic approach for selected patients with PPNAD with a mild phenotype [58]. 



 

VI-News drugs in CS and perspectives 

IV-1) New drugs in CS 

In recent years, new therapeutic options have started to surface, some of which are being 

currently evaluated in phase III studies: 

Osilodrostat  

Osilodrostat is a steroidogenesis inhibitor that is a more potent inhibitor of CYP11B2 and 

CYP11B1 than metyrapone or ketoconazole in human adrenocortical cells and has a prolonged half-

life compared to metyrapone. 

In a 22 week, open-label, prospective, phase II study (LINC-1) [29], osilodrostat, given orally 

to 19 patients with CD, was able to normalize UFC in 79% of patients. Adverse events were observed 

in 95% of patients but were mainly grade 1-2 nausea, diarrhea and asthenia. Evidently, increases in 

the production of steroids upstream of the pharmacological blockade, such as androgens, were 

observed resulting in hirsutism and/or acne. Adrenal insufficiency was also observed but should be 

considered as a desirable effect, reflecting the potency of the drug in the context of the treatment of 

CS.  

The results of a relatively complex phase 3 study (LINC-3), involving a randomized arm with 

withdrawal of the drug after a titration period in more than 100 patients with CD, have been recently 

presented [59]. Fifty-three percent of patients had normalized UFC at the end of the 12 weeks 

titration period and, as expected, the number of patients with controlled UFC was significantly 

greater in patients who continued treatment compared to those who were switched to the placebo 

group (86 vs 29% respectively). The most common adverse effects reported in the osilodrostat group 

were nausea (11%), anemia (8%), arthralgia (8%) and headache (8%). Therefore, based on 

prospective and well-designed studies, olisodrostat seems to be a promising treatment for CS. 



Levoketoconazole  

While ketoconazole comprises a racemic mix of two enantiomers (an L-form and a D-form), 

levoketoconazole (COR-003) is a pure L-enantiomer that may be able to deliver effective cortisol 

blockade at hypothetically lower doses and with minimal rate of hepatic dysfunction.  

Levoketoconazole have been investigated in a single-arm, open-label, multicenter phase III 

study [60] in 94 patients, mostly with CD. The response rate was 49% in the 39 patients whose initial 

UFC was between two and less than five time the ULN. A major increase in liver enzymes was 

reported in 3% of patients but was reversible, without clinical sequelae, when the treatment was 

stopped. These results are quite similar to those obtained with racemic ketoconazole. Future studies 

may provide more data on the benefits of this new drug and confirm its place in the therapeutic 

arsenal for CS. 

Relacorilant  

Relacorilant is a selective GR antagonist with no interaction with the progesterone receptor. 

In a phase II study, 130 patients with CD and T2D or hypertension were enrolled. Fifty percent 

achieved better glycemic control after 22 weeks of treatment. Sixty-four percent of patients with 

hypertension in the high-dose cohort exhibited reduced blood pressure associated with 

improvements in hypercoagulopathy, insulin resistance, and mood. No progesterone receptor-

related adverse events or instances of drug-induced hypokalemia were observed 

(https://pituitary.org/news/latest-news-and-articles/corcept-therapeutics-launches-website-

supporting-phase-3-trial-of-relacorilant-in-patients-with-cushing-s-syndrome). Relacorilant is now 

undergoing a phase III double-blind, placebo-controlled, randomized-withdrawal study to assess its 

safety and efficacy in CS (NCT03697109).  

 

IV-2) Potential future pharmacological developments 



The recent discovery of somatic mutations in the ubiquitin specific protease 8 (USP8) gene in 

almost half of the cases of corticotroph adenomas [61], has brought new insights on the importance 

of epidermal growth factor receptor (EGFR) and its downstream signaling pathways to the 

pathophysiology of CD. Inhibition of ACTH secretion, a reduction in tumor size and clinical 

improvement were observed in animal models that were treated with gefitinib, an EGFR tyrosine 

kinase inhibitor. This discovery has potential therapeutic implications and warrants further 

investigation. 

Roscovitine is an orally bioavailable competitive inhibitor of cyclin-dependent kinases, 

enzymes involved in triggering cell cycle progression. Roscovitine was found to have a profound 

inhibitory action on pro-opio-melanocortin in zebrafish, murine and human corticotroph cells, and, in 

vivo, on ACTH levels in xenografted mice [62]. Roscovitine is currently in a phase II clinical trial in 

patients with CD (NCT03774446).  

ACTH receptor-MC2R antagonists may reduce cortisol levels without the side-effects of 

steroidogenesis inhibitors. One particular compound, IRC-274, has been observed in an in vivo study, 

to reduce circulating corticosterone levels (https://www.crinetics.com/wp-

content/uploads/2019/03/ENDO2019-ACTH-FINAL.pdf).  

Finally, new combinations of existing drugs that may exert synergistic effects are also an 

interesting option in order to increase efficacy while lowering drug dosage and reducing side-effects. 

Based on these observations, chimeric molecules that bind to both SSTR and D2R with high affinity 

are currently under development [63].  

  



Practice points:  

• Despite the advent of numerous “anticortisolic drugs”, pituitary surgery remains the first line 

therapeutic option in Cushing’s disease.  

• Comorbidities associated with Cushing’s syndrome can persist after biochemical remission of 

hypercortisolism, and their treatment is a key point in patient care. 

• Long-term morbidity and mortality of patients with Cushing’s disease is associated with the 

duration of exposure to cortisol excess: prompt normalization of cortisol secretion is mandatory to 

reverse the morbidity and, possibly, reduce the mortality rate  

• The management of Cushing’s syndrome requires a multidisciplinary and individualized 

approach taking into account the etiology of Cushing’s syndrome, the severity of hypercortisolism, 

the medical history, concomitant medications, patient perspectives and wishes (including plans for 

pregnancy).  

• Intense hypercortisolism is a life-threatening condition and a therapeutic emergency.  

• Due to a significant recurrence rate, lifelong monitoring is mandatory after remission of 

Cushing’s disease following pituitary surgery. 

• Normalization of UFC using drug treatments is not synonymous with restoration of normal 

physiological function of the pituitary-adrenal axis. The criteria for pharmacological control of 

hypercortisolism need to be questioned. 

 

  



Research agenda 

• To identify the best follow-up strategy in order to diagnose early recurrence in patients in 

remission of Cushing’s disease following pituitary surgery. 

•  Identify biochemical and tissue markers to quantify individual cortisol exposure and 

accurately monitor patients for titration of dosage of medical therapies. 

• Evaluate the feasibility and efficacy of “block and replace” strategies with pharmacological 

treatment of Cushing’s disease after failure of surgery 

• Compare the respective long-term impact of pharmacological therapies versus bilateral 

adrenalectomy in patients with surgical failure/relapse of Cushing’s disease. 

• Evaluate new medical therapies that are in development. 

• Define efficient therapeutic approaches to improve cognitive defects and quality of life in 

patients with a history of Cushing’s syndrome.  
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Table 1: Medical treatment of CS 

Target Drugs Efficiency Time of action Main Adverse effects Evidence/Comments 

Pituitary-directed drugs 

Pasireotide 26-40% 
Within  

1 month  

Frequent hyperglycemia, 

diarrhea, gallstones 

Evidence from double blind randomized 

studies 

Long-acting form (monthly injection) 

Works better in mild/moderate 

hypercortisolism 

Possible adenoma shrinkage 

Cabergoline 28-40%  ≥ 1 month ? 
Well tolerated (asthenia, 

nausea) 

Retrospective studies and limited cohorts 

Low-cost treatment  

Possible adenoma shrinkage 

Adrenal-directed drugs 

Ketoconazole > 50% 2-3 days 

Cytolytic hepatitis (severe < 

5%) , gastrointestinal 

disorders, hypogonadism 

and gynecomastia 

Retrospective studies  

Numerous drug interactions 

Preferred in woman over metyrapone 

Metyrapone > 50% Few hours 

Hirsutism, acne, 

hypokalemia and 

hypertension at high 

dosage 

Retrospective studies  

Multiple pills in 3-4 daily intakes 

Issue in cortisol measurements for monitoring  

Preferred in men over ketoconazole 

Mitotane 75%  ≥≥ 3 Months 

Numerous : gastrointestinal 

disorders, asthenia, 

neurological disorders… 

Retrospective studies with few patients 

Frequent withdrawal for intolerance 

Adrenal insufficiency 

Glucocorticoid receptor- 

directed drug 
Mifepristone 38-60% Days 

Nausea, asthenia, 

metrorragia, hypokaliemia 

 

Open prospective study /limited endpoints 

Biochemical monitoring with cortisol 

impossible 




