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Abstract
Ketoconazole (Ketoconazole HRA™), an imidazole derivative, is a useful treatment option in the management of endog-
enous Cushing’s syndrome in adults and adolescents > 12 years of age, based on evidence from more than three decades 
of use of the drug in clinical practice. Originally developed as an antifungal agent, ketoconazole is a potent steroidogenesis 
inhibitor. Approximately 60% (range, 45–88% across key studies) of patients with Cushing’s syndrome who are treated with 
ketoconazole achieve control of hypercortisolism, with efficacy demonstrated in all aetiologies of the disease. Furthermore, 
reductions in cortisol levels in patients treated with ketoconazole are associated with improvements in clinical and biochemi-
cal features of Cushing’s syndrome and common comorbidities. Hepatotoxicity, the main safety concern with ketoconazole, 
can be managed effectively with careful monitoring of hepatic enzymes, with hepatic enzyme abnormalities generally being 
mild to moderate, asymptomatic and reversible upon dose reduction or drug withdrawal.
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https​://doi.org/10.6084/m9.figsh​are.13198​988.
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Adis evaluation of ketoconazole (Ketoconazole 
HRA™) in the management of Cushing’s syndrome 

Indicated in the EU for the treatment of endogenous 
Cushing’s syndrome in adults and adolescents > 12 
years of age

Normalisation of urinary free cortisol levels achieved 
in ~ 60% (range, 45–88% across key studies) of treated 
patients, with further patients achieving partial control

Risk of hepatotoxicity can be managed effectively with 
careful monitoring and dose reduction or drug with-
drawal if required

Other potential adverse events include gastrointestinal 
events, adrenal insufficiency and rash

Has a high potential for drug-drug interactions

What is the rationale for using ketoconazole 
in Cushing’s syndrome?

Ketoconazole, an imidazole derivative, was originally devel-
oped and approved for use as an antifungal agent [1]. In 
the early 1980s, following observations that ketoconazole 
was a potent inhibitor of steroidogenesis through its broad 
inhibition of cytochrome P450 (CYP) enzymes in the adre-
nal glands, it was hypothesised that ketoconazole may have 
a role in clinical situations where steroidogenesis inhibi-
tion is a therapeutic goal [2, 3]. One such situation is in the 
treatment of endogenous Cushing’s syndrome, a rare but 
life-threatening condition resulting from cortisol hypersecre-
tion [4, 5]. In Cushing’s syndrome, chronic hypercortisolism 
can result in a range of complications or co-morbidities, 
including hypertension, hypokalaemia, growth retardation 
in children and diabetes mellitus. Endogenous Cushing’s 
syndrome can have a range of aetiologies, broadly divided 
into adrenocorticotropic hormone (ACTH)-dependent dis-
ease [including pituitary corticotroph adenoma (Cushing’s 
disease; ~ 60–70%) and extrapituitary or ectopic ACTH 
syndrome (EAS; ~ 5–10%)] and ACTH-independent disease 
(~ 20–30%). Although surgical resection of the underlying 
tumour is the recommended first-line treatment for Cush-
ing’s syndrome, medical therapies (including steroidogen-
esis inhibitors) also play a role in treatment, including when 
surgery is not possible, unsuccessful or contraindicated, or 
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while awaiting the effect of radiation therapy of the pituitary 
gland [6, 7].

The EMA approval of ketoconazole for use as an antifungal 
agent was suspended in 2013 after the benefit-risk assessment 
was deemed to no longer be favourable [8]; however, in 2014, 
ketoconazole (Ketoconazole HRA™) was approved in the EU 
for use in the treatment of endogenous Cushing’s syndrome in 
adults and adolescents above the age of 12 years (Table 1) [9], 
based on an assessment of the safety and efficacy of the drug 
from more than three decades of off-label use.

How does ketoconazole work in Cushing’s 
syndrome?

Ketoconazole inhibits several CYP enzymes in the adre-
nal glands resulting in a rapid and marked reduction in 
adrenal steroid production (Fig. 1) [1, 2, 9]. Most notably, 
ketoconazole reduces cortisol synthesis through inhibition 
of CYP17A1 17α-hydroxylase activity [1, 9–12]. Keto-
conazole also inhibits cortisol and aldosterone synthesis 
through inhibitory effects on 11β-hydroxylase (CYP11B1), 
18-hydroxylase (CYP11B2) and (at higher concentrations) 
the cholesterol side chain cleavage enzyme (P450scc) [1, 
9–12].

Ketoconazole also inhibits androgen synthesis through 
its inhibitory effects on CYP17A1 17,20-desmolase activ-
ity in the adrenals and also in Leydig cells (Fig. 1) [1, 9, 11, 
12]. Ketoconazole’s inhibitory effect on androgen produc-
tion may be beneficial in the treatment of hirsutism (present 
in many women with Cushing’s syndrome) [13] but also 
has the potential to lead to hypogonadism in males [13, 14].

Ketoconazole also inhibits cholesterol synthesis, result-
ing in decreases in total and LDL cholesterol of 10–25%, 
suggesting a potential beneficial effect in the management 
of dyslipidaemia [1, 15, 16].

Ketoconazole requires acidity for dissolution and absorp-
tion [9]. Following oral administration, peak plasma concen-
trations are reached within 1–2 h. Drug exposure increases 
more than dose proportionally over the therapeutic dose 
range. Ketoconazole undergoes extensive metabolism to a 
large number of inactive metabolites. Plasma elimination 
occurs in a biphasic manner, with the drug having a half-
life of 2 h during the first 10 h after administration and 8 
h thereafter, although the half-life increases with dose and 
duration of treatment. Most excretion occurs through the 
faeces via the bile [9]. In conclusion, these pharmacoki-
netic data explain the rapid onset of action of ketoconazole 
and the need to administer the daily dosage in two ot three 
divided doses.

How should ketoconazole be used 
in Cushing’s syndrome?

Ketoconazole tablets are indicated in the EU for the treat-
ment of endogenous Cushing’s syndrome in adults and ado-
lescents > 12 years of age (Table 1) [9]. The ketoconazole 
daily dosage should be periodically adjusted on an individual 
basis with the aim to normalise UFC and/or plasma cortisol 
levels. Thus, treatment with ketoconazole should be super-
vised by an endocrinologist or internist having the appropri-
ate facilities for the monitoring of biochemical responses [9].

The recommended ketoconazole dosage at initiation is 
400–600 mg/day taken orally in two or three divided doses 
[9]. During the initial treatment period, cortisol levels 
should be monitored every few days or weeks. If UFC and/
or plasma cortisol levels remain above normal, a dosage 
increase of 200 mg/day every 7–28 days (up-titration) can 
be considered if tolerated, up to a maximum of 1200 mg/day 
in two or three divided doses [9]. Most typically, a mainte-
nance dosage of 600–800 mg/day may be required to restore 
normal cortisol levels [1, 9].

Once the effective maintenance dosage is established, 
monitoring of cortisol levels should be performed every 
3–6 months [9]. The maintenance dosage can be continued 
as described above (block-only regimen); alternatively, the 
ketoconazole dosage can be further increased by 200 mg/
day with the addition of concomitant corticosteroid replace-
ment therapy (block-and-replace regimen) [9]. With a 
block-and-replace regimen, the aim is to completely sup-
press endogenous cortisol production, with compensation 
through replacement with exogenous glucocorticoids to 
avoid hypoadrenalism [17]. The choice between a block-only 
regimen or a block-and-replace regimen can be made based 
on clinician experience and preference. A block-and-replace 
regimen may be preferable if there is evidence of cyclical 
disease [6, 17]. Furthermore, in cases of severe hypercor-
tisolism which are unlikely to respond to low dosages of 
the steroidogenesis inhibitor, a block-and-replace regimen 
can be used to safely control hypercortisolism more quickly 
through more rapid up-titration without the need for multi-
ple interim biochemical checks [17]. Although a block-and-
replace regimen can be used safely, care is required to ensure 
that incompletely treated and persistent hypercortisolism is 
not worsened by the unnecessary addition of exogenous glu-
cocorticoids [17].

Treatment with ketoconazole can be stopped abruptly 
without a need for progressive dosage reduction, for exam-
ple when a change in the therapeutic strategy (e.g. surgery) 
is desired [9]. Before initiating treatment with ketoconazole, 
liver function must be measured, with regular monitoring 
continuing during treatment (Table 1). Also, given the drug’s 
high potential for drug-drug interactions, including some 
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Table 1   Summary of the prescribing information of ketoconazole 200 mg tablets in Cushing’s syndrome in the EU [9]

ALT alanine transaminase, AP alkaline phosphatase, AST aspartate transaminase, ECG electrocardiogram GGT​ gamma-glutamyltransferase, mo. 
month(s), UFC urinary free cortisol, ULN upper limit of normal

What is the approved indication for ketoconazole tablets?
The treatment of endogenous Cushing’s syndrome in adults and adolescents above the age of 12 years
How are ketoconazole tablets packaged?
In PVC/Alu blisters of 10 tablets, with 60 tablets (six blisters) per pack
How should ketoconazole tablets be administered?
Initial dosage 400–600 mg/day taken orally in two or three divided doses
Dosage adjustment Dosage can be rapidly increased to 800–1,200 mg/day in two or three divided doses

Periodically (every 7–28 days during titration) adjust daily dosage on an individual basis with the 
aim to normalise UFC and/or plasma cortisol levels

What are the contraindications to the use of ketoconazole tablets?
Acute or chronic liver disease and/or if pre-treatment liver enzymes levels are > 2 × ULN
Pregnancy or breastfeeding; women of childbearing potential must use an effective method of contraception
Congenital or documented acquired QTc prolongation
Concomitant therapy with some medicinal products which may interact – see Table 2
Hypersensitivity to ketoconazole (or any other imidazole antifungal medication) or any of the excipients
How should ketoconazole tablets be used in elderly patients?
No specific dosage adjustment is required, based on limited data
What other special warnings/precautions pertain to the use of ketoconazole tablets?
Liver function Measure liver enzymes (AST, ALT, GGT, AP) and bilirubin before initiating ketoconazole, weekly 

for 1 mo. after initiation, then monthly for 6 mo., plus weekly for 1 mo. whenever the dosage is 
increased

Before initiating ketoconazole, inform patients about the risk of hepatotoxicity, including to stop the 
treatment and to contact their doctor immediately if signs or symptoms of hepatotoxicity occur

If an increase in liver enzymes of < 3 × ULN is observed, decrease the daily dosage by ≥ 200 mg 
and monitor liver function more frequently

If an increase in liver enzymes of ≥ 3 × ULN is observed or if clinical symptoms of hepatitis 
develop, stop ketoconazole immediately and permanently due to the risk of serious hepatic toxicity

Adrenal function Monitor at regular intervals – within 1 week following ketoconazole initiation (as a minimum), and 
periodically thereafter

Once the effective dosage is established, continue to monitor adrenal function every 3–6 mo.
Inform patients about signs and symptoms of hypocortisolism
In the case of adrenal insufficiency (and depending on the severity of the event), decrease the daily 

dosage by ≥ 200 mg or interrupt the treatment and/or  
add a corticosteroid therapy until the resolution of the event. Ketoconazole can be reintroduced 
thereafter at a lower dosage

Block-and-replace regimen Teach patients on a block-and-replace regimen to adjust their glucocorticoid replacement therapy 
dosage under conditions of stress

QTc interval Perform an ECG prior to initiating ketoconazole, within 1 week after ketoconazole initiation, and as 
clinically indicated thereafter

Decreased gastric acidity Do not administer acid-neutralising medicines (e.g. aluminium hydroxide) < 2 h after the intake of 
ketoconazole

In patients with achlorhydria, administer ketoconazole with an acidic beverage
Adjust ketoconazole dosage according to cortisol levels if acid secretion suppressors are added to or 

removed from the concomitant medicinal products
Coexisting inflammatory/autoimmune disorders Supervise patients with Cushing’s syndrome and coexisting inflammatory/autoimmune disorders 

after normalisation of cortisol levels on ketoconazole
Alcohol Advise patients against alcohol consumption while on ketoconazole treatment
Lactose (excipient) Do not administer ketoconazole to patients with congenital lactase deficiency, galactosaemia or 

glucose-galactose intolerance unless strictly necessary
Potential interaction with other medicinal products See Table 2
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that can result in potentially life-threatening adverse reac-
tions (Table 2), before initiating ketoconazole treatment, 
local prescribing information should be consulted for details 
and recommendations, including further information on con-
comitant therapies that are contraindicated.

What is the efficacy of ketoconazole 
in Cushing’s syndrome?

Based on available data, oral ketoconazole is effective in the 
treatment of Cushing’s syndrome, having demonstrated good 
efficacy in controlling hypercortisolism as well as in improv-
ing common clinical and biochemical features of the disease 
[1, 7, 17]. Evidence for the efficacy of ketoconazole in the 
treatment of Cushing’s syndrome is primarily drawn from 
(non-controlled) retrospective studies of real-life data, with 
supplementary evidence from small single-arm prospective 
trials and individual case reports (see reference [1] for a full 
list of citations for individual studies and case reports). Pub-
lished data are available for ~ 800 patients (from paediatric 
to elderly patients; ~ 75% female) who received treatment 
with ketoconazole, either as monotherapy or in combination 
with other drugs, for Cushing’s syndrome [1, 9]. Of these, 
~ 79% had Cushing’s disease, ~ 16% had EAS and ~ 5% had 
ACTH-independent Cushing’s syndrome, based on patients 
for whom the subgroup could be identified from the publica-
tions. Approximately 200 of these patients were treated with 
ketoconazole for ≥ 6 months [1, 9].

Across the published data, ketoconazole was used in 
a range of clinical situations, including as a presurgery 
treatment, as a primary treatment because surgery was 
contraindicated, or as a secondary treatment after unsuc-
cessful surgery or while waiting for radiotherapy to be 
effective [1, 7, 17]. Ketoconazole was generally used at 
200–1200 mg/day, with the dosage individualised based 
on patient response and tolerability. The average mainte-
nance dosage used was 600–800 mg/day. The duration of 
ketoconazole treatment varied considerably (from days, to 
13 years), largely reflecting the different clinical situations 
in which the drug was used [1]. In most studies, the key 
efficacy outcome measure was the change in urinary free 
cortisol (UFC) levels.

Summaries of the key findings from the main studies 
demonstrating the efficacy of ketoconazole in the treat-
ment of Cushing’s syndrome are presented in Tables 3 and 
4. Overall, ~ 60% of patients with Cushing’s syndrome 
treated with ketoconazole monotherapy achieve normalisa-
tion of UFC levels [17], with the percentages of patients 
who achieve control ranging from 45% to 88% across 
the key studies (Tables 3 and 4). Among the remaining 
patients, a good proportion have a marked reduction in 
UFC levels without achieving normalisation. Reductions 

in cortisol levels in patients treated with ketoconazole are 
also commonly associated with improvements in clini-
cal and biochemical features of Cushing’s syndrome and 
common comorbidities [13, 18–23]. For example, in one 
key study [22], improvements were reported in hyperten-
sion [in 33/41 (80%) of affected patients], diabetes [8/11 
(73%)], myopathy [20/27 (74%)], menstrual disturbances 
[16/21 (76%)], overweight/obesity [23/45 (51%)], lower 
limb oedema [10/20 (50%)], psychiatric symptoms and 
hirsutism (patient numbers not reported). Ketoconazole 
treatment is effective across the different forms of Cush-
ing’s syndrome (i.e. Cushing’s disease, EAS and ACTH-
independent Cushing’s syndrome) [Tables 3 and 4]. The 
proportions of patients with reductions in UFC levels 
appears to be somewhat lower among patients with EAS 
(~ 40–50%) than in the overall population [1, 6]; however, 
this is not surprising given that patients with EAS com-
monly have very severe hypercortisolism (and thus may 
be candidates for combination therapy - see below) [24]. 
In patients with adrenal carcinomas (where ketoconazole 
is most typically used in preparation for adrenalectomy), 
the response to ketoconazole treatment in terms of UFC 
levels also appears to be more variable (albeit based on 
lower patient numbers); however, improvement in clinical 
symptoms is usually achieved [1]. 

In ~ 16% of the 800 patients who were treated with keto-
conazole for Cushing’s syndrome described in the literature 
ketoconazole was used in combination with (one or two) 
other drugs (e.g. metyrapone, cabergoline, pasireotide, 
mitotane) [1]. In particular, combination therapy was used 
to treat patients with persistent or severe hypercortisolism 
[24–27], and ketoconazole demonstrated efficacy in this set-
ting (Table 3). The average ketoconazole dosage when used 
in combination with other drugs (~ 400 mg/day) was lower 
than when the drug was used as monotherapy, although, 
again, ketoconazole posology was individualised based on 
response and tolerability [1].

Although based on a small number of patients (< 20 for 
whom the age could be identified in publications), ketocona-
zole has demonstrated efficacy in the treatment of adolescent 
patients (aged 12–17 years) [1, 9]. In addition to controlling 
UFC levels, treatment with ketoconazole in these patients 
can produce clinical improvements, including the restora-
tion of normal growth and gonadal function. Dosages of 
ketoconazole used in adolescent patients were generally 
similar to those used in the overall population. The number 
of patients aged < 12 years treated with ketoconazole for 
Cushing’s syndrome is too small for any determination of 
efficacy, and the drug is not approved for use in this age 
group [1, 9].

The largest individual study on ketoconazole in Cush-
ing’s syndrome involved 200 patients (44 males, 136 
females; mean age 42 years, range 8–87 years) who were 
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treated with ketoconazole as a single agent for active Cush-
ing’s disease across 14 centres in France between 1995 
and 2012 (FReSKO study) [20]. In the study, 40 patients 
received ketoconazole as a presurgery treatment, 32 received 

ketoconazole as a primary treatment because surgery was 
contraindicated or refused, and 128 received ketoconazole 
as a secondary treatment, either after unsuccessful surgery 
(n = 93) or while waiting for radiotherapy to be effective 

Table 2   Summary of potential interactions with other medicinal products and other forms of interaction involving ketoconazole [9]. Consult local 
prescribing information for further details and recommendations

a Not an inclusive list of compounds that may interact with ketoconazole and result in potentially life-threatening reactions

What medicinal products are contraindicated during treatment with ketoconazole?a

CYP3A4 metabolised HMG-CoA reductase inhibitors (e.g. simvasta-
tin, atorvastatin and lovastatin)

Due to an increased risk of skeletal muscle toxicity (including rhabdo-
myolysis)

Eplerenone Due to an increased risk of hyperkalaemia and hypotension
Substances that may have their plasma concentrations increased and 

have QT-prolonging potential, including methadone, disopyramide, 
quinidine, dronedarone, pimozide, sertindole, saquinavir (saqui-
navir/ritonavir 1000/100 mg twice daily), ranolazine, mizolastine, 
halofantrine

Dabigatran Due to an increased bleeding risk
Triazolam, oral midazolam and alprazolam Due to potential for prolonged or increased sedation and respiratory 

depression
Ergot alkaloids [e.g. dihydroergotamine, ergometrine (ergonovine), 

ergotamine and methylergometrine (methylergonovine)]
Due to an increased risk of ergotism and other serious vasospastic 

adverse reactions/events
Lurasidone
Quetiapine Due to an increased risk of toxicity
Telithromycin and clarithromycin in patients with severe renal impair-

ment
Due to an increased risk of hepatotoxicity and QT interval  

prolongation
Felodipine, nisoldipine Due to an increased risk of oedema and congestive heart failure
Colchicine in patients with renal impairment Due to an increased risk of severe adverse reactions
Irinotecan Due to an interaction resulting in alteration of irinotecan metabolism
Everolimus, sirolimus (rapamycin) Due to an interaction resulting in increased plasma concentrations of 

these medicines
Vardenafil in men aged > 75 years Due to an increased risk of adverse reactions
Paritaprevir/ombitasvir (ritonavir) Due to an increased risk of adverse reactions
Fesoterodine and solifenacin in patients with renal impairment
Tolvaptan used for “syndrome of inappropriate antidiuretic hormone 

secretion”
Due to risk of an increase in tolvaptan plasma concentrations under 

co-administration with ketoconazole
What other medicinal products may have clinically relevant interactions with ketoconazole?
Pasireotide Concomitant use with ketoconazole is not recommended since the 

combination can lead to QT prolongation in patients with known 
cardiac rhythm disorders

Hepatotoxic medicinal products (e.g. paracetamol) Concomitant use with ketoconazole is not recommended since the 
combination may lead to increased risk of liver damage

Medicinal products affecting gastric acidity (e.g. aluminium hydrox-
ide)

Do not administer acid-neutralising medicines < 2 h after the intake of 
ketoconazole due to potential impairment of ketoconazole absorption

CYP3A4 inducers (e.g. rifampicin, rifabutin, carbamazepine, isonia-
zid, nevirapine, mitotane, phenytoin)

May significantly reduce ketoconazole bioavailability – use of keto-
conazole with potent CYP3A4 inducers is not recommended

Strong or potent CYP3A4 inhibitors (e.g. antivirals such as ritonavir, 
ritonavir-boosted darunavir and ritonavir-boosted fosamprenavir)

May increase ketoconazole bioavailability – use with caution with  
ketoconazole and monitor patients closely for signs and symptoms  
of adrenal insufficiency; adjust ketoconazole dosage accordingly

Medicinal products metabolised by CYP3A4 Effects of these medicines (including adverse reactions) may be 
increased and/or prolonged by co-administration with ketoconazole  
(a potent inhibitor of CYP3A4)

Medicinal products transported by P-gp Plasma concentrations of these medicines may be increased by co-
administration with ketoconazole (a potent inhibitor of P-gp)

Breast cancer resistance protein (BCRP) substrates Postpone intake of BCRP substrates for 2 h after ketoconazole intake
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(n = 35). Among all patients, macro- and micro-adenomas 
were identified by pituitary MRI in 18 and 53% of patients, 
with a lack of obvious adenoma in 29% of patients [20].

In the study, approximately three quarters of all patients 
had control (49.2%) or partial control (25.9%) of hypercor-
tisolism at last follow-up (Table 4) [20]. Furthermore, the 
effect of ketoconazole treatment on UFC levels was gener-
ally similar between the groups of patients who received 
treatment either presurgery or as a primary or second-
ary treatment (Table 4). Patients who received ketocona-
zole presurgery were treated for a mean of 4.05 months 
(range, 0.03–15 months), with mean UFC decreasing from 
6.89 × the upper limit of normal (ULN) at the initial visit 
to 2.5 × ULN at the final visit (p < 0.05). Furthermore, 
clinical signs, hypertension, hypokalaemia and diabetes 
improved during ketoconazole treatment in 38.4–50.0% of 
affected patients (Table 4). Patients who received ketocona-
zole as a primary or secondary treatment were treated for 
a mean of 24.8 months (range, 0.2–135 months). Among 
these patients, mean UFC decreased during treatment from 
3.3 × ULN at the initial visit to 1.8 × ULN at the final 
visit (p < 0.0001). Again, clinical signs, hypertension, 
hypokalaemia and diabetes improved during ketoconazole 
treatment in a good proportion of patients (Table 4). The 
antisecretory effect of ketoconazole used as a primary or 
secondary treatment was generally maintained in the long 

term [20]. Among 51 patients who were treated with keto-
conazole for > 24 months (mean, 108.5 months; maximum, 
135 months), UFC levels were normal in 33 patients (64.7%) 
and were decreased ≥ 50% without normalisation in 12 
patients (23.5%); six patients (11.8%), treated for a mean of 
64.3 months, had initial control but a final increase in UFC 
levels, indicating cortisol escape [20].

What is the safety and tolerability profile 
of ketoconazole tablets?

Oral ketoconazole is generally well tolerated when used in 
the treatment of patients with Cushing’s syndrome, based 
on available evidence [1]. Safety and tolerability data are 
available in published literature on ~ 800 patients with 
Cushing’s syndrome treated with ketoconazole, as well 
as from a long history of use of the drug as an antifungal 
agent (although use in this latter indication was gener-
ally at lower dosages and for a shorter duration than its 
use in Cushing’s syndrome) [1]. Overall, the most com-
monly reported adverse reactions in patients treated with 
ketoconazole (occurring in ≥ 1% of patients) are hepatic 
enzymes increased, nausea, vomiting, abdominal pain, 
diarrhoea, adrenal insufficiency, pruritus and rash [9]. 
In the FReSKO study, 41 (20.5%) of 200 patients with 
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Table 3   Summary of key studies demonstrating the efficacy of ketoconazole in the treatment of Cushing’s syndrome

Study details Key efficacy findings

Type No. of pts Tx

Castinetti et al. (2014) [20]
Retrospective 200 (all with CD) KTZ as a presurgery tx 

(n = 40), as a primary tx 
(n = 32) or as a secondary tx 
(n = 128)

See Table 4

Moncet et al. (2007) [22]
Retrospective 54 (37 with CD, 5 with ACTH-inde-

pendent CS, 1 with EAS, 11 with 
hypercortisolism of undetermined 
origin)

KTZ as a presurgery tx 
(n = 27), as complementary 
therapy after surgery and/or 
radiotherapy (n = 16), or as 
primary tx (n = 11)

UFC levels normalised (or decreased to subnormal 
values) in 44/52 assessable pts (85%); the remaining  
pts had UFC decreases of 12–48% without 
normalisation

No significant difference in response observed between 
different treatment type subgroups

Broad improvement in CS clinical signs and symptoms
Castinetti et al. (2008)  [21]
Retrospective 38 (all with CD) KTZ as a primary tx (n = 21) 

or after previous transsphe-
noidal surgery (n = 17)

UFC levels normalised in 17/38 pts (45%) overall, 7/21 
(33%) pts treated as primary tx and 10/17 (59%) pts 
treated post transsphenoidal surgery

Sonino et al. (1991) [13]
Retrospective 34 (28 with CD, 4 with ACTH-inde-

pendent CS, 2 with EAS)
KTZ as a palliative tx or for dis-

ease management while awaiting 
results of definitive therapy

UFC levels normalised in 30/34 pts (88%) overall
Mean UFC levels decreased from 1296 nmol/day at 

baseline to 270 nmol/day at last follow-up (p < 0.001)
Valassi et al. (2012)  [23]
Retrospective 62 (52 with CD, 9 with ACTH-inde-

pendent CS, 1 with ACTH-depend-
ent CS of undetermined origin)

KTZ (n = 17), MTP (n = 23) 
or KTZ + MTP (n = 22) as a 
presurgery tx

UFC levels normalised in 32/62 pts (52%) overall, 9/17 
(53%) with KTZ tx, 13/23 (57%) with MTP tx and 
10/22 (45%) with KTZ + MTP tx

20/32 pts with UFC normalisation also had significant 
clinical improvement whereas 12 pts had UFC nor-
malisation without significant clinical improvement

van den Bosch et al. (2014)  [28]
Retrospective 33 (all with CD) KTZ (n = 10), MTP (n = 22) 

or KTZ + MTP (n = 1) as a 
presurgery tx

Adequate presurgery cortisol suppression was achieved 
in 16/33 pts (48%) overall, 5/10 (50%) with KTZ 
tx, 10/22 (45%) with MTP tx and 1/1 (100%) with 
KTZ + MTP tx

Corcuff et al. (2015) [24]
Retrospective 22 with severe hypercortisolism [14 

with EAS (median UFC, 40 × ULN) 
and 8 with ACTH-independent CS 
(median UFC, 16 × ULN)]

KTZ + MTP (± mitotane) After 1 mo. of tx, UFC levels were ≤ 1.2 × ULN in 8/11 
assessable pts (73%) with EAS and in 6/7 assessable 
pts (86%) with ACTH-independent CS, with broad 
improvement in CS clinical signs and symptoms

Feelders et al. (2010) [25]
Prospective, 

multicentre 
80-day trial

17 (all with CD) Pasireotide, with cabergoline 
added at day 28 and KTZ 
added at day 60

UFC levels normalised in 5 pts (29%) with pasireotide 
monotherapy, in a further 4 pts (24%) with the addi-
tion of cabergoline at day 28, and in a further 6 pts 
(35%) with the addition of KTZ at day 60

Vilar et al. (2010)  [27]
Prospective 12 (all with CD) Cabergoline monotherapy after 

unsuccessful surgery, with 
KTZ added after 6 mo.

UFC levels normalised in 3 pts (25%) with cabergoline 
monotherapy and in an additional 6 pts (50%) with 
the addition of KTZ after 6 mo.

Kamenický et al. (2011) [26]
Follow-up 11 contraindicated for surgery with 

severe ACTH-dependent CS (4 
with CD, 5 with EAS, 2 with prob-
able EAS)

Mitotane + MTP + KTZ Median UFC levels decreased from 2737 μg/24 h at 
baseline to 50 μg/24 h within 24–48 h of tx initiation 
(p = 0.001) and remained low to normal

Five pts became able to undergo surgery and subse-
quently entered remission

ACTH adrenocorticotropic hormone, CD Cushing’s disease, CS Cushing’s syndrome, EAS ectopic ACTH syndrome, KTZ ketoconazole, mo. 
month(s), MTP metyrapone, pts patients, tx treatment, UFC urinary free cortisol, ULN upper limit of normal
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Cushing’s disease treated with ketoconazole had ketocona-
zole treatment withdrawn because of adverse effects [20].

The main safety concern associated with ketocona-
zole is a risk of hepatotoxicity [1, 9], with hepatotoxicity 
reported in ~15% of patients with Cushing’s syndrome 
treated with the drug [7]. However, serious hepatotoxic-
ity is rare (incidence of ~ 1/2000 to 1/15,000) [29, 30]. 
The occurrence of hepatotoxicity in patients treated with 
ketoconazole is not fully predictable, and no clear dose 
relationship has been established [1, 31]. In the FReSKO 
study, increases in liver enzymes ≤ 5 × ULN were reported 
in ~ 13.5% of patients, with increases > 5 × ULN reported 
in ~ 2.5% of patients [20]. In all cases, hepatic enzyme 
levels returned to normal after ketoconazole dosage reduc-
tion or withdrawal (typically within 2–4 weeks). No cases 
of fatal hepatotoxicity were observed in the study [20]. 
The occurrence of hepatic enzyme elevations is generally 
observed within 6 months of ketoconazole initiation (most 
typically within 4 weeks), or around dosage increases, 
based on the findings of an observational, prospective 
French cohort study involving 108 patients with Cushing’s 
syndrome treated with ketoconazole [31]. Although later 
emergence has been reported, long term treatment with 
ketoconazole does not appear to increase the risk of hepa-
totoxicity [1, 31]. Increases in hepatic enzymes during 
ketoconazole treatment are generally mild to moderate and 
asymptomatic [31]; however, fatal hepatotoxicity related 
to ketoconazole use has been reported, particularly when 

ketoconazole is continued despite hepatic enzyme eleva-
tions [1, 9]. There is also some evidence that ketoconazole 
hepatotoxicity may occur more commonly in adolescents 
than in adults [1, 9].

As has been observed with other Cushing’s syndrome 
therapies, adrenal insufficiency can occur in patients 
treated with ketoconazole (reported in ~12% of patients 
[7]), related to the pharmacodynamic effects of the drug 
[1, 9]. In the FReSKO study, clinical and biological adre-
nal insufficiency was reported in 5.4% of patients (or 3.7% 
of patients when excluding those on a block-and-replace 
regimen) [20]. Adrenal insufficiency may occur through 
overtreatment with ketoconazole (and/or other steroido-
genesis inhibitors), through insufficient glucocorticoid 
replacement therapy under a block-and-replace regimen, 
or due to a relative cortisol deficiency (as might occur 
in situations of stress, e.g. infection) [1, 9]. Also likely 
related to the pharmacodynamics effects of the drug, gyne-
comastia has also been observed in patients treated with 
ketoconazole [32, 33].

Gastrointestinal adverse events (e.g. nausea, vomiting, 
abdominal pain, diarrhoea) are also common amongst 
patients treated with ketoconazole [1, 9], occurring in 
~13% of Cushing’s syndrome patients treated with the 
drug [7]. Most gastrointestinal events are mild and tran-
sient [1, 9].

Ketoconazole can also prolong the QT interval and 
increase the risk of torsade de pointes [1, 9]. Ketoconazole 

Table 4   Efficacy of oral ketoconazole in the treatment of Cushing’s disease in a large retrospective study in France [20]

UFC urinary free cortisol
a 39 evaluable patients
b Ketoconazole used as a primary treatment because surgery was contraindicated or refused
c Ketoconazole used as a secondary treatment after unsuccessful surgery (n = 93) or while waiting for radiotherapy to be effective (n = 35); 126 
evaluable patients
d 197 evaluable patients in total
e Had normal UFC levels at last follow-up
f Had ≥ 50% decrease in UFC levels at last follow-up without achieving normalisation
g UFC levels at last follow-up unchanged
h Number of patients with improvement/number of patients affected at initial visit

Outcome As a presurgical 
treatment
(n = 40)a

As a primary 
treatment
(n = 32)b

As a secondary 
treatment
(n = 128)c

All patients
(n = 200)d

Antisecretory efficacy
Controlled (%)e 48.7 50.0 49.2 49.2
Partially controlled (%)f 35.9 28.1 22.2 25.9
Uncontrolled (%)g 15.4 21.9 28.6 24.9
Improvement in:
Clinical signs [n/Nh (%)] 16/38 (42.1) 19/28 (67.8) 53/106 (50.0) 88/172 (51.2)
Hypertension [n/Nh (%)] 13/26 (50.0) 8/23 (34.8) 28/67 (41.8) 49/116 (42.2)
Hypokalaemia [n/Nh (%)] 5/13 (38.4) 2/7 (28.6) 8/19 (42.1) 15/39 (38.5)
Diabetes [n/Nh (%)] 8/16 (50.0) 7/12 (58.3) 16/27 (59.2) 31/55 (56.4)
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is contraindicated in patients with congenital or documented 
acquired QTc prolongation; in other patients, monitoring by 
ECG is required (Table 1). Furthermore, other medications 
that have QT-prolonging potential may be contraindicated 
during ketoconazole treatment (Table 2), with a key mecha-
nism of the arrhythmogenic effects of ketoconazole being 
through drug-drug interactions (given its broad inhibition 
of CYP enzymes) that lead to an increase in the plasma con-
centrations of QT interval prolonging drugs [9]. There is 
also evidence that ketoconazole may prolong the QT interval 
through a mechanism involving a direct inhibition of current 
through the hERG potassium channel [34].

What is the current clinical position 
of ketoconazole in the management 
of Cushing’s syndrome?

Oral ketoconazole is a useful treatment option in the manage-
ment of Cushing’s syndrome, based on available evidence. 
Although data from randomised controlled trials are lack-
ing, evidence from more than three decades of use in clinical 
practice suggests that ketoconazole is safe and effective in the 
treatment of Cushing’s syndrome [1]. Approximately 60% of 
patients with Cushing’s syndrome who are treated with keto-
conazole achieve control of hypercortisolism, with further 
patients achieving partial control. In addition to the effects on 
cortisol levels, ketoconazole treatment can produce improve-
ments in clinical and biochemical features of Cushing’s syn-
drome. Interestingly, there is evidence that inter-individual 
variation in the responsiveness to steroidogenesis inhibition 
may (at least in part) be due to genetic differences in CYP 
enzymes, with a polymorphism in the CYP17A1 gene found 
to influence the therapeutic response in patients with Cush-
ing’s syndrome treated with ketoconazole and/or metyrapone 
[35]. Control of hypercortisolism through ketoconazole treat-
ment is usually maintained long term [1, 9]. Approximately 
10–15% of patients treated with ketoconazole experience an 
increase in UFC levels after initially achieving control [1, 9, 
20]; however, there is no consensus definition of “escape” 
in the current guidelines [6]. Hepatotoxicity, the main safety 
concern associated with ketoconazole, can be managed effec-
tively with careful monitoring of hepatic enzymes, particu-
larly around treatment initiation and any dosage increases. 
With adherence to recommended management practices, 
hepatic adverse events associated with ketoconazole use are 
generally mild and reversible; serious hepatotoxicity is rare 
(incidence of ~ 1/2000 to 1/15,000). One notable limitation 
of ketoconazole is the high potential for drug-drug interac-
tions [1, 9].

Ketoconazole has been used effectively in a range of 
clinical situations in the treatment of Cushing’s syndrome, 
including as a presurgery treatment, as a primary treatment 

because surgery was contraindicated, or as a secondary treat-
ment after unsuccessful surgery or while waiting for radio-
therapy to be effective [1]. Although generally effective as 
monotherapy, ketoconazole can also be used as part of com-
bination therapy, particularly for the control of severe hyper-
cortisolism [1, 6, 24–27]. Aside from potentially benefiting 
from synergistic effects, use of different drugs in combina-
tion may permit lower dosages of individual drugs, which 
can be used to manage adverse events [1]. Current Endocrine 
Society and European Society for Endocrinology guide-
lines acknowledge that steroidogenesis inhibitors (includ-
ing ketoconazole) play a role in the treatment of Cushing’s 
syndrome, and may be useful to control hypercortisolism 
in Cushing’s syndrome of all aetiologies [6]. In particular, 
the guidelines recommend steroidogenesis inhibitors for use 
as second-line treatment after pituitary surgery in Cush-
ing’s disease (with or without radiotherapy/radiosurgery); 
as primary treatment in patients with occult or metastatic 
EAS; and as adjunctive treatment to reduce cortisol levels 
in adrenocortical carcinoma [6]. Given their rapid onset of 
action [6], another clinical situation where steroidogenesis 
inhibitors can be useful options is in the management of 
acute complications of hypercortisolism (e.g. psychosis) [4].
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