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Abstract
Cushing’s disease (CD) is caused by an adrenocorticotrophin (ACTH) secreting pituitary adenoma and it is the commonest cause of en-
dogenous hypercortisolism. When high suspicion of Cushing’s syndrome (CS) exists, recommended screening tests include the overnight 
dexamethasone suppression test, the low-dose dexamethasone suppression test, or late night salivary cortisol. If the initial test is positive 
on two occasions, the patient should be referred to a specialist endocrinologist for in-patient assessment, while elevated midnight serum 
cortisol and a low dose dexamethasone suppression test will confirm endogenous hypercortisolaemia. Plasma ACTH measurement at 9am 
follows and, if elevated, MRI scan of the pituitary should be performed. Corticotrophin releasing hormone (CRH) test helps to distinguish 
pituitary from ectopic ACTH-dependent CS, though bilateral petrosal sinus sampling remains the gold standard. 
Transsphenoidal surgery is the recognised first-line treatment of CD, and can be repeated if unsuccessful. Second line therapy includes 
pituitary radiotherapy, bilateral adrenalectomy and medical treatment. Pituitary radiotherapy is very effective but it usually takes several 
years for its full effect to be seen. Bilateral adrenalectomy is useful in acutely unwell patients, who are unable to tolerate medical therapy. 
The most effective medical agents inhibit adrenal steroidogenesis and include metyrapone, ketoconazole, mitotane and etomidate. They 
are used in preparation for surgery, when an operation has been unsuccessful, or when the effects of radiotherapy are being awaited. 
Cabergoline and pasireotide decrease ACTH production, but are effective in only 30% and 25% of patients, respectively.
It is crucial for patients with CD to be managed in specialist endocrine centres, as the expertise of multidisciplinary team members predicts 
the best outcome. (Endokrynol Pol 2013; 64 (2): 166–174)

Key words: Cushing’s disease, investigation, treatment, review

Streszczenie

Choroba Cushinga jest spowodowana przez gruczolaka przysadki, produkującego hormon adrenokortykotropowy (ACTH) i jest naj-
częstszą przyczyną endogennego hiperkortyzolizmu. W przypadku podejrzenia zespołu Cushinga zalecane testy przesiewowe to test 
hamowania 1 mg deksametazonu, test hamowania małymi dawkami deksametazonu albo badanie nocnego kortyzolu w ślinie. Jeżeli 
wynik testu przesiewowego jest 2-krotnie dodatni, pacjent powinien być skierowany do specjalisty–endokrynologa, a stwierdzenie w 
warunkach szpitalnych podwyższonego stężenia kortyzol w surowicy o północy i brak hamowania kortyzolu małymi dawkami deksa-
metazonu potwierdza hiperkortyzolemię. Następnie należy oznaczyć stężenie ACTH we krwi o 9. rano i jeżeli jest podwyższone należy 
wykonać MR przysadki.
Test stymulacji CRH (hormonem uwalniającym hormon kortykotropowy) pomaga odróżnić przysadkowy od ektopowego ACTH-zależnego 
zespół Cushinga, ale „złotym standardem” pozostaje cewnikowanie zatok skalistych w celu pobrania krwi do oznaczeń ACTH. Operacyjne 
usunięcie gruczolaka przysadki przez zatokę klinową jest leczeniem pierwszego rzutu w chorobie Cushinga i może być powtórzone jeżeli 
będzie nieskuteczne. Leczeniem drugiego rzutu są radioterapia przysadki, obustronne usunięcie nadnerczy i leczenie farmakologiczne. 
Radioterapia przysadki jest bardzo skuteczna, ale pełny efekt leczniczy uzyskujemy po kilku latach. Obustronne usuniecie nadnerczy 
jest nadal stosowane u ciężko chorych pacjentów, którzy nie tolerują leczenia farmakologicznego. Najbardziej skuteczne leki hamujące 
syntezę steroidów nadnerczowych to metyrapon, ketokonazol, mitotan i etomidat. Leczenie farmakologiczne stosuje się podczas przygo-
towania do operacji, kiedy operacja jest nieskuteczna albo w czasie oczekiwania na skutki radioterapii. Kabergolina i pasireotyd obniżają 
stężenie ACTH, ale są skuteczne odpowiednio tylko w 30% i 25%. Pacjenci z chorobą Cushinga powinni być leczeni w specjalistycznych 
ośrodkach endokrynologicznych, ponieważ współpraca wielodyscyplinarnego zespołu specjalistów (endokrynologów, neurochirurgów, 
onkologów i radiologów) decyduje o powodzeniu leczenia. (Endokrynol Pol 2013; 64 (2): 166–174)

Słowa kluczowe: choroba Cushinga, badania, leczenie, praca poglądowa

Introduction

Cushing’s disease is a rare endocrine disorder, with 
an incidence of 1–2 cases per million population per 
year. It results from adrenocorticotrophin (ACTH)-
producing pituitary adenomas with a consequential 

overproduction of cortisol. It accounts for around 
80–85% of patients with ACTH-dependent Cushing’s 
syndrome (CS) and in adults three out of four cases 
affect women, although in pre-pubertal children it is 
more common in males [1]. In the 1950s, it was reported 
that untreated CS had a five-year survival rate of 50% 
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due to cardiovascular co-morbidities and infections 
[2], but recent data suggest survival is similar to an 
age-matched population when the hypercortisolism 
has been cured [3] although this has been disputed. If 
moderate CS persists, the standardised mortality ratio 
remains increased by between 3.8-fold and 5-fold [4].

The diagnostic pathway for CD starts with a careful 
history taking and clinical examination. The most dis-
criminatory features of hypercortisolism include purple 
wide striae, thinned skin with a tendency to bruising, 
proximal myopathy, facial plethora and osteoporosis at  
a young age. Other features such as hypertension, central 
obesity, or impaired glucose tolerance are relatively com-
mon and frequently categorised as metabolic syndrome. 
Acne, hirsutism, dysmenorrhoea and depression overlap 
with polycystic ovary syndrome and other conditions. 
In children, new-onset obesity with growth retardation 
is most characteristic. It is essential to exclude iatrogenic 

causes of Cushing’s syndrome, as on average 1% of the 
Western population is using corticosteroids to treat other 
conditions. It has to be acknowledged that not only oral 
or injectable preparations may contribute to the develop-
ment of the features of hypercortisolism, but also topical, 
inhaled, rectal, intra-articular, nasal and ophthalmic agents.

Investigations (Fig. 1)

When the use of exogenous steroids is excluded, endoge-
nous excess of cortisol has to be confirmed. As a screening 
test, we recommend one of the following: an overnight 
(1mg) dexamethasone suppression test or a standard 
‘low dose’ dexamethasone suppression test (LDDST); 
if available, late night salivary cortisol (two tests) may 
be useful. We would not routinely recommend 24 hour 
urinary free cortisol (UFC), but if it is used, a minimum 
of three collections should be made. 

Figure 1. Investigation algorithm in Cushing’s syndrome (Adapted with permission from: Juszczak A, Grossman A. The investigation 
of Cushing syndrome: essentials in optimizing appropriate diagnosis and management. Ann Saudi Med 2012; 32: 455–461)
Rycina 1. Algorytm postępowania w zespole Cushinga — optymalne metody diagnostyczne i leczenie (Zaadaptowano z: Juszczak A, 
Grossman A. The investigation of Cushing syndrome: essentials in optimizing appropriate diagnosis and management. Ann Saudi 
Med 2012; 32: 455–461)
ONDST —  overnight dexamethasone suppression test; UFC — urinary free cortisol; CS — Cushing’s disease; LDDST — low dose 
dexamethasone suppression test; ACTH — adrenocorticotrophin hormone; CRH — corticotrophin releasing hormone; AIMAH —ACTH-
independent macronodular adrenal hyperplasia; PPNAD — primary pigmented nodular adrenal dysplasia; BIPSS — bilateral inferior 
petrosal sinus sampling; CT CAP — computed tomography of chest, abdomen and pelvis 
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Overnight dexamethasone suppression test 
(ONDST) and LDDST
The negative feedback regulation of the hypothalamo-
pituitary-adrenal axis is used in the investigation of 
hypercortisolism, as in a healthy individual higher than 
physiological doses of any glucocorticoid will suppress 
ACTH and cortisol production.

In the overnight dexamethasone suppression test, 
1mg of this steroid is given at midnight and serum 
cortisol is measured at 9am the next morning. If corti-
sol suppresses to less than 50 nmol/L, CS is extremely 
unlikely. The same cut off is used for LDDST, when  
0.5 mg of dexamethasone is given every six hours for 
48 hours starting at 9 am and cortisol is measured after 
48 hours. Both tests have a very high sensitivity of  
> 95%, but the specificity of the ONDST is 87% or less, 
while it is in the region of 97–100% for the LDDST [5].

It is important to remember that due to liver me-
tabolism of corticosteroids, all liver enzyme inducers 
such as anti-epileptics may cause falsely positive results, 
and liver enzyme inhibitors falsely negative results. 
CYP 3A4 inducers include phenobarbitone, phenytoin, 
carbamazepine, rifampicin and pioglitazone, while 
CYP3A4 inhibitors include cimetidine, itraconazole, 
diltiazem, ciprofloxacin and fluoxetine [6, 7]. However, 
all concomitant medication should be suspected. There-
fore, if medications affecting corticosteroid metabolism 
cannot be stopped, different diagnostic tests should be 
employed. 

Assays in current use measure total serum cortisol, 
and therefore increased cortisol binding globulin in 
patients taking oestrogens or mitotane, or during preg-
nancy, will give false positive results. Thus, in such situ-
ations a late night salivary cortisol or 24 hour UFC will 
be of value. If oestrogens in the oral contraceptive pill 
or as hormone replacement can be stopped, a 4–6 week 
period is required before the test can be performed. 

Late night salivary cortisol and midnight  
sleeping cortisol
In a healthy individual, serum cortisol reaches its nadir 
around midnight and starts increasing at 2am-4am, 
achieving a peak value at 7 am–9 am. This physiological 
phenomenon is useful in the investigation of Cushing’s 
syndrome, as the circadian rhythmicity of cortisol pro-
duction is lost in this condition. 

Only 3–4% of circulating blood cortisol is unbound, 
and only this form is excreted in saliva [8]. The level 
of late night salivary cortisol (SC) correlates well with 
serum free cortisol, especially if collected using a 
salivette [9, 10]. Saliva may be collected passively by 
expectoration as well. A meta-analysis by Carroll et 
al. showed a pooled sensitivity of 92% and specificity 
of 96% for diagnosing Cushing’s syndrome [11]. Late 

night salivary cortisol can be collected at home, it is 
stable at room temperature, stress-free, and the results 
are reproducible [12]. Thus, SC appears to be an attrac-
tive screening test, especially in children, and when 
multiple samples are required as in suspected cyclical 
Cushing’s syndrome. It is also recommended in early 
pregnancy and in women on oral oestrogen prepara-
tions, when the increased CBG gives falsely positive 
results when serum cortisol is measured. However, 
normative values must be produced for each assay, and 
it is unclear as to whether the measurement of salivary 
cortisol is useful in mild CS. Patients should be advised 
to avoid smoking cigarettes, chewing tobacco or eat-
ing liquorice before the test, as these substances block 
salivary gland 11b-hydroxysteroid dehydrogenase type 
2 (which converts cortisol to cortisone), causing false 
positive results.

A midnight sleeping serum cortisol is recommended 
as a confirmatory test for CS, rather than as a screening 
test, as it requires at least a 48 hour admission to hos-
pital. Ideally, blood should be taken within 15 minutes 
of waking. Cushing’s syndrome can be confidently 
excluded, even on the basis of a single test, when serum 
cortisol is less than 50 nmol/L (1.8 µg/dL) [13]. Some 
clinicians use a non-sleeping serum midnight cortisol to 
confirm endogenous hypercortisolism with a cut-off of 
207 nmol/L (7.5 µg/dL), with sensitivity and specificity of 
more than 96% [14]. However, the specificity decreases 
to 83% in an obese population [15]. The area between 
50 and c.200nmol/L is therefore rather a ‘grey’ area. 

24 hour urinary free cortisol
Unbound cortisol is excreted through the kidneys and 
most of it is reabsorbed. Therefore only a small fraction 
can be measured in urine. The measurement of 24 hour 
urinary free cortisol for the diagnosis of Cushing’s syn-
drome has a high sensitivity of 96% if a low threshold 
is used, but its specificity is then poor at 40–50% [13]. 
Therefore, we generally discourage its use as a screen-
ing test. If it is done, at least three tests are needed. 
In the study by Nieman et al., even in subsequently 
histologically-proven Cushing’s disease, one out of four 
24 hour UFCs was normal in 11% of patients [16]. This 
test cannot be relied upon in patients with renal impair-
ment or with fluid intake of more than 5L/24 hours, as 
in the latter it results in a false positive result [17]. There 
are interactions with carbenoxolone, carbamazepine, 
finofibrate and liquorice [6].

Further investigations

When there is a high clinical suspicion of Cushing’s 
syndrome, and two of the screening tests are positive, 
the patient should be referred to a specialist endocri-
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nologist for further investigations and treatment. In our 
centre, the patient would be admitted to hospital and 
midnight sleeping serum cortisol would be checked 
twice, followed by the LDDST with a baseline ACTH 
level. If cortisol is not suppressed below 50 nmol/L, the 
CRH (corticotrophin-releasing hormone) stimulation 
test is arranged, with measurement of both ACTH and 
cortisol.

One should remember that in cases of high clinical 
suspicion of the diagnosis and negative tests, cyclical 
Cushing’s syndrome should be excluded; therefore, 
tests should be repeated on several occasions and 
particularly at a time when the disease is clinically ac-
tive. The prevalence of cyclical Cushing’s syndrome is 
reported as 15% and is more common in women [18].

Plasma ACTH and the CRH stimulation test
As soon as hypercortisolism is confirmed, plasma ACTH 
at 9 am should be checked as this will guide the differ-
ential diagnosis. A blood sample for an ACTH needs to 
be spun immediately and the plasma frozen, otherwise 
results received may be falsely low. An ACTH above 
15–20 ng/L suggests ACTH-dependent CS, and less than 
10 ng/L suggests ACTH-independence. For results fall-
ing between these values, the CRH test should be used 
to differentiate between Cushing’s disease and ectopic 
CS from primary adrenal pathology [1].

There are some hints which point towards ectopic 
ACTH-dependent CS: often, the hypercortisolaemic fea-
tures are rapid in onset (a few weeks to a few months), 
and hypokalaemia occurs in almost 100% of patients 
and only in 10% of patients with CD (possibly more 
frequently in patients with macroadenomas [19]). This is 
a consequence of higher levels of cortisol and saturation 
of 11b-hydroxysteroid dehydrogenase type 2, which 
is responsible for converting cortisol to cortisone and 
preventing its mineralocorticoid action. 

Generally, random plasma ACTH and serum cortisol 
levels in patients with ectopic CS are higher than in 
CD, and on the LDDST patients with CD can usually 
suppress their cortisol by 30%, while the response is flat 
in patients with ectopic CS [20]. An exception to these 
general rules occurs in patients with CD secondary to 
a pituitary macroadenoma, which comprise 5-10% of 
CD cases and may behave biochemically like ectopic CS.

The CRH test helps to differentiate ACTH-depend-
ent CS further. In adults, 100µg of human or ovine 
sequence corticotrophin-releasing hormone is injected 
intravenously and ACTH and cortisol responses meas-
ured at baseline and at 15, 30, 45, 60 and 90 minutes. In 
CD, ACTH tends to increase by 35–50% and cortisol by 
at least 20%, which is not the case in an ectopic ACTH-
dependent CS [21]. Such results are explained by the 
frequent presence of CRH1 receptors on the cells of 

pituitary corticotroph adenomas, although some 7–14% 
of patients with subsequent histologically-proven CD 
do not show a response [13].

HDDST
Previously, the high-dose dexamethasone suppression 
test followed the LDDST, when 2 mg of dexamethasone 
was given every six hours for 48 hours and cortisol was 
measured six hours after the last dose. It was reported 
that around 80% of patients with CD suppressed cor-
tisol by 50% from baseline, which was not observed in 
ectopic CS [13]. However, in many endocrine centres, 
where inferior petrosal sinus sampling is available, this 
test has been abandoned as it provided little additional 
diagnostic information, and is relatively risky. 

Imaging

Pituitary
An MRI scan of the pituitary gland is the preferred im-
aging mode in CD. An unenhanced scan will visualise a 
pituitary adenoma in 50% of patients, which increases 
only to 50–60% on images with gadolinium contrast. 
In the majority of cases, a microadenoma is found with 
mean diameter of 6mm, which appears hypodense on 
pre-contrast imaging and is not enhanced after intra-
venous gadolinium in 95%, while in 5% it may become 
isodense [22 , 23]. Dynamic contrast imaging may make 
identification more accurate. In 5–10% of patients with 
CD, a pituitary macroadenoma is present. It should also 
be acknowledged that in 10% of a population having 
brain imaging for different reasons, a pituitary ‘inci-
dentaloma’ may be visualised [24].

Adrenals
There is no particular need to image the adrenal glands 
if biochemical investigations point towards Cush-
ing’s disease. In patients who did have their adrenals 
scanned with CT, bilateral adrenal hyperplasia has been 
found in the majority (70%) of patients with CD and in 
all patients with an ectopic source [25].

Bilateral inferior petrosal sinus sampling (BIPSS)
BIPSS is the most accurate test for diagnosing Cushing’s 
disease, with a sensitivity of up to 97% and specificity of 
up to 100% when CRH stimulation is used [26]. How-
ever, its success rate depends on the experience of the 
radiologist and the number of procedures performed 
per year. In our endocrine centre, BIPSS is performed 
for almost all patients with ACTH-dependent Cushing’s 
syndrome, except for patients with pituitary macroad-
enomas. The catheterisation of IPS is confirmed by 
venography and, if this fails, a sample is taken from a 
high internal jugular vein. We use 100 µg of human CRH 
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given i.v. for stimulation of ACTH to enhance specificity; 
a 10 µg injection of desmopressin can be used as an al-
ternative, but the results for desmopressin are currently 
based on small numbers of patients. ACTH is sampled 
simultaneously from bilateral IPS and peripheral blood 
at 0, 3–5, 8–10 and 12–15 minutes. CD is biochemically 
proven if the IPS-to-peripheral ACTH ratio exceeds 2:1 
on basal sampling or 3:1 after stimulation with CRH; in 
ectopic ACTH-dependent CS the ratio remains below 
2:1 (regardless of stimulation) with a mean value of 1.3 
± 0.1 [26]. In the St. Bartholomew’s Hospital cohort, in 
the majority of patients a diagnostic IPS/peripheral ratio 
was achieved on 5 minutes sampling, so we suggest that 
12–15 minutes ACTH measurement is not necessary. 

A successful stimulated BIPSS can be used for pre-
operative lateralisation of the adenoma with a ratio 
above 1:1.4 between inferior petrosal sinuses being 
significant [26, 27], although some centres find this 
unreliable. It has been reported concordant with the 
surgical findings in 72-83% of adult patients, with 
slightly higher rates in children [28]. 

Treatment

The aim of the treatment of CD is to restore normocor-
tisolaemia and improve, or if possible reverse, its conse-
quences. This can be achieved by transsphenoidal sur-
gery, radiotherapy, bilateral adrenalectomy or medical 
treatment. In cases of CD caused by a macroadenoma, 
a pressure effect on the optic chiasm or third nerve 
may need to be relieved urgently by transsphenoidal 
surgery.

Transsphenoidal surgery
Transsphenoidal surgery (TSS) is regarded as a first-
line treatment for CD. Ideally, a micro-adenomectomy 
should be performed, but if the tumour is not visible 
during surgery, hemiphysectomy could be an option, 
guided by IPSS results and MRI findings. If a mac-
roadenoma with suprasellar extension is identified on 
pre-operative imaging, an operation is still indicated 
but may not be curative.

Biochemically, the aim of surgery for CD is a 9 am 
serum cortisol during the first week after surgery of less 
than 50 nmol/L (1.8 µg/L), after withholding hydrocorti-
sone replacement for at least 12 hours, although remis-
sion with a serum cortisol between 50 and 300 nmol/L 
(1.8–10.8 µg/L) on a five-point cortisol day-curve is still 
compatible with success. Persistent disease is defined 
as a serum cortisol of more than 300 nmol/L [29]. The 
reported remission rate for microadenomas ranges be-
tween 65% and 90% [29–31], while for macroadenomas 
it is only 35–60%. Recurrence is most common in the 
first two years after operation [32]. Recurrence has been 

reported in 5–10% of patients five years after surgery 
and in 15–20% after ten years [3, 33], and can occur even 
in patients considered ‘cured’ by the most stringent cri-
teria. The best predictor of long-term cure seems to be 
lack of recovery of the hypothalamo-pituitary-adrenal 
axis in the first three years after operation [33].

If hypercortisolism persists despite surgery, then re-
operation is possible especially if total hypophysectomy 
is thought to be suitable; however, remission rates are 
lower and range between 50% and 70% in microadeno-
mas [34]. In some centres, TSS is repeated in the first 
week post the initial operation if a cure is not achieved, 
but delayed control of hypercortisolism over 4-6 weeks 
has been reported in some cases [35]. 

Radiotherapy
External beam radiotherapy (RT) is considered a sec-
ond line treatment for persistent or recurrent CD, if 
repeated surgery is not recommended. Currently, all 
radiotherapy is stereotactic and is delivered as conven-
tional RT in 25–30 fractions of total dose of 45–50 Gy, 
or as highly-focused radiosurgery in a single session 
of 18–24 Gy. For radiosurgery, the pituitary adenoma 
needs to be at least 5 mm away from the optic chiasm 
to lower the risk of its injury [36]. Hypopituitarism has 
been reported in 20–40% of patients over ten years fol-
lowing RT, and optic neuropathy in 0–4% [37]. 

While RT can control hypercortisolism, there is 
often a considerable delay in its onset of effectiveness; 
therefore, medical treatment is required in the mean-
time. Tumour growth control has been reported to be 
achieved in 93–100% of patients at eight years, and bio-
chemical remission in 46–74% of cases with fractionated 
conventional RT [38]. In the published literature, there 
is no direct comparison of the effects of conventional RT 
versus ‘gamma-knife’ radiosurgery. Radiosurgery has 
been reported to control CD biochemically in 42–54% 
of patients at 45–55 months from its delivery, with the 
onset of remission at 13–22 months [39]. The onset of 
eucortisolism appears to be more rapid in children, 
often occurring in less than 12 months.

Bilateral adrenalectomy
Bilateral adrenalectomy still remains a valuable op-
tion in the treatment of severe Cushing’s disease 
in acutely unwell patients, when control of hyper-
cortisolism is required immediately and the patient 
cannot tolerate medical therapy. It is also recom-
mended when previous transsphenoidal surgery, ra-
diotherapy and medical agents have failed to control 
the features of CD. It may be the treatment of choice 
following unsuccessful pituitary surgery for women, 
who seek fertility and do not wish to risk gonadotro-
phin deficiency secondary to radiotherapy [29]. This 
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procedure ideally should be done laparoscopically 
and requires subsequent lifelong replacement of 
gluco- and mineralocorticoids.

Bilateral adrenalectomy is a definitive treatment of 
hypercortisolism except for metastatic adrenal carci-
noma, in which case cortisol levels may be decreased 
only temporarily. It does not reduce ACTH levels, and 
therefore hyperpigmentation may continue to worsen 
and surveillance with annual MRI scan of the pituitary 
gland and ACTH is required to detect Nelson’s syn-
drome (NS). NS is caused by autonomous growth of 
a corticotroph adenoma following bilateral adrenal-
ectomy for CD and is reported in 30-50% of patients. 
Neoadjuvant radiotherapy is used in some centres and 
has been proven to prevent it in up to 50% of cases [40, 
41]. However, with modern MRI available, we usually 
prefer to delay radiotherapy unless and until there is 
clear evidence of tumour progression. 

Medical treatment
The medical treatment of CD is used to control hyper-
cortisolism, when transsphenoidal surgery is awaited, 
has been unsuccessful, or when the effects of radio-
therapy are expected but delayed. The main agents used 
are adrenal steroidogenesis inhibitors: metyrapone, 
ketoconazole, mitotane, and etomidate; these remain 
the most effective. They do not affect ACTH levels or 
tumour growth but reduce cortisol production and 
improve the features of CS such as hyperglycaemia, 
hypertension or fluid retention. If steroidogenesis 
inhibitors are poorly tolerated or CD is mild, centrally-
acting agents may be used, such as cabergoline or 
pasireotide, though their efficiency is less spectacular. 
All the above agents aim for a mean serum cortisol of 

150–300 nmol/L on a three-point or five-point cortisol 
day curve. A different mechanism of action applies to 
mifepristone, which is a glucocorticoid receptor an-
tagonist, but experience with this medication is limited.

Metyrapone
Metyrapone inhibits 11b-hydroxylase (Fig. 2), and 
therefore the production of cortisol and aldosterone. 
This results in an excess of 11-deoxycortisol, which can 
cross-react in cortisol assays [42], increased 11-deoxy-
corticosterone, which has mineralocorticoid properties, 
and excess of adrenal androgens. 

In our endocrine unit, it is the first line medical agent 
used in the treatment of CD, but we are aware that 
its availability may be limited in some countries. The 
starting dose of metyrapone is 250–500 mg three times 
a day orally, with a maximal dose of 1.5 g four times  
a day. It significantly decreases cortisol level after two 
hours and mean cortisol level below 400 nmol/L is usu-
ally achieved after a median time of two weeks in the 
majority of patients [43]. Most of its side effects overlap 
with features of hypercortisolism and include nausea 
and vomiting, worsening hypokalaemia, hypertension, 
oedema, hirsutism and acne. Therefore, long-term use 
is not advised in young women, where ketoconazole 
would be preferred [29]. 

Ketoconazole
Ketoconazole is an anti-fungal agent which inhibits 
11b-hydroxylase and 17, 20-lyase in the steroid syn-
thetic pathway (Fig. 2) and it decreases the production 
of cortisol and androgens. The recommended initial 
dose is 200 mg twice a day, which if tolerated could 
be increased to 400 mg three times a day as a maximal 

Figure 2. Adrenal steroidogenesis
Rycina 2. Steroidogeneza w nadnerczach
*Mitotane is an adrenolytic agent, the mechanism of action of which remains not fully understood
DHEA — dihydroepiandrosterone; Enzymes: chol-SCCE — cholesterol side-chain cleavage enzyme, 17-alpha-OH — 17-alpha-
hydroxylase, 17-beta-HSD — 17-beta-hydroxysteroid dehydrogenase, 21-OH — 21-hydroxylase, 11-beta-OH — 11-beta-hydroxylase
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dose. It takes several weeks to achieve its full effect on 
hypercortisolism, and with careful cortisol monitor-
ing, hypoadrenalism is very rarely seen. It has to be 
remembered that proton pump inhibitors should be 
discontinued while on this treatment, as gastric acidity 
is required for drug absorption. Long-term treatment 
with ketoconazole has been reported to control hyper-
cortisolism in 51.5% of patients [44].

The commonest adverse effects reported include 
gastro-intestinal upset, rash or deranged liver enzymes 
(elevated aminotransferases and GGT), which could 
be asymptomatic or cause right upper quadrant pain 
with acute liver failure in one in 15,000 cases [45]. Up to 
three times the upper normal range elevation in liver 
enzymes levels does not contraindicate treatment with 
ketoconazole, but liver function needs to be carefully 
monitored [29]. Usually, a rash or hepatotoxicity will 
present in the first week of treatment or after increasing 
the dose [42]. Men may report deterioration of libido, 
erectile dysfunction or gynaecomastia due to its anti-
androgenic effect, so morning testosterone levels may 
need to be monitored.

Mitotane
Mitotane is an oral adrenolytic agent; it is sometimes 
used as a third line of medical treatment for severe CD, 
but most of the experience with this drug comes from 
the treatment of adrenal adenocarcinoma secreting cor-
tisol. The initial recommended dose is 500 mg at night, 
increased gradually to 1 g three times a day, if tolerated. 
Its onset of action is delayed to 4–6 weeks and it has got 
a long half-life, which is related to its accumulation in 
fat tissue. Therefore, even after stopping mitotane, its 
effects persist for several weeks or even months [46]. 
Mitotane elevates the level of CBG, so measuring serum 
cortisol is not very helpful in monitoring the treatment. 
The serum level of mitotane should be checked to 
avoid toxic levels and UFC may be of some assistance. 
If a ‘block-and-replace’ regimen is used, it has to be 
acknowledged that mitotane increases the metabolism 
of exogenous steroids and so the dose prescribed ought 
to be about 30% higher [47]. 

Mitotane treatment is usually limited by several side 
effects, which are almost invariable at higher doses. 
Among those reported are gastro-intestinal upset, ano-
rexia, ataxia, vertigo, abnormal liver and thyroid func-
tion, hyperuricaemia and hypercholesterolaemia [42, 45]. 

Etomidate
Etomidate is an anaesthetic agent and the only in-
travenous preparation available in the treatment of 
acutely unwell patients with CD who are unable to 
take oral medications and are unfit for surgery. It blocks 
11b- and 18-hydroxylase as well as 17, 20-lyase (Fig. 2).  

Etomidate controls hypercortisolism over the first  
12 hours of treatment [48] and may cause hypoadrenal-
ism, and therefore levels of cortisol and potassium need 
to be monitored every four hours. For that reason, and 
because it is a sedating agent, it should generally be ad-
ministered in an intensive care setting. A starting dose 
of 2 mg/h has been reported, and is used in our centre, 
and the dose should be titrated according to cortisol 
levels, aiming for a serum cortisol of 500–800 nmol/L in 
acutely unwell patients and 150–300 nmol/L when the 
acute illness has been resolved. A simultaneous infusion 
of hydrocortisone of 0.5–2 mg/h may be required [49]. 

Cabergoline
Dopamine receptor agonists, such as bromocriptine or 
cabergoline, work centrally and data are limited regard-
ing their efficacy in Cushing’s disease. D2 receptors have 
been found on the cells of corticotroph adenomas in 
75–83% of cases [50]. Single case series reported variable 
responses to bromocriptine from 1–50% measured as  
a decrease in ACTH and cortisol, and tumour shrinkage 
in 20% of subjects. However, the effect is weak [51]. Caber-
goline at a dose of 1–7 mg weekly has been reported to 
control hypercortisolaemia of CD in 25–40% of patients in 
small series [50, 52, 53]. In a recent study of 30 patients by 
Godbout et al., cabergoline at a mean dose of 2 mg/week 
controlled UFC levels and the clinical features of CD in 
30% of patients with persistent or recurrent CD over 
a mean period of 37 months [52]. Dopamine receptor 
agonists are usually well tolerated and common side ef-
fects include nausea and dizziness. Cardiac valvulopathy 
related to this treatment remains anecdotal at the doses 
used for the treatment of pituitary tumours, and should 
not be a cause for concern.

Pasireotide
Pasireotide (SOM230, Novartis) is a novel soma-

tostatin analogue with affinity to most of somatostatin 
receptors: sst1-3 and sst5. It looked promising as ac-
cording to one study 38% of corticotroph adenoma cells 
express sst5 [54]. Colao et al. published the results of  
a phase III multicentre trial involving 162 patients with 
CD, who received 600 µg or 900 µg of pasireotide via  
a twice a day subcutaneous injection. After 12 months 
of treatment, only 25% on the higher dose and 13% 
on the lower dose normalised UFC levels and it was 
noted that mainly patients with mild to moderate 
hypercortisolaemia responded [55, 56]; 73% of partici-
pants experienced new or worsening hyperglycaemia 
despite decreasing cortisol levels, and 46% required 
anti-glycaemic medications to control it. Mild transient 
elevation of liver enzymes was noted in 29% of patients, 
diarrhoea and nausea occurred in more than 50% of 
cases with cholelithiasis in 30%. 
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Mifepristone
Mifepristone is a progesterone and glucocorticoid 
receptor antagonist, better known as an agent used 
in medical abortion. Experience with this medication 
is limited in CD and it should be considered only as 
an adjuvant therapy. The levels of ACTH and cortisol 
remain elevated on this treatment, and therefore moni-
toring is based on clinical assessment. High levels of 
cortisol act on the mineralocorticoid receptor and so 
hypertension, water retention and hypokalaemia are 
significant problems. Following the study by Flesariu et 
al. on 43 patients with CD treated with this agent [57], 
it was approved by the FDA for treatment of hyper-
glycaemia related to CS, as it showed improvement in 
area under the curve for glucose in GTT in patients with 
pre-diabetes and improvement of HbA1c from 7.4% to 
6.2% with pre-existing diabetes. The study included 
ten patients with pituitary macroadenoma, of which 
one was reported to have tumour enlargement at the 
six month follow-up scan.

Follow-up
Even patients with cured CD require life-long follow-
up, as even 20 years after successful surgery, relapse 
may occur. In our centre, patients in remission/cured 
are assessed every year [33]. 

Conclusions 

Cushing’s disease, despite being a rare endocrine 
disorder, is associated with significant morbidities. It 
should be investigated and managed in an endocrine 
centre with access to appropriate tests and procedures. 
Therefore, it is best managed by a multidisciplinary 
team with an experienced neurosurgeon, neuroradiolo-
gist and oncologist. The treatment of Cushing’s disease 
may prove challenging, but the achievement of a long-
term cure transforms patients’ quality of life and can be 
extremely gratifying for the treating physician.
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