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Ketoconazole
The Expert Committee, after evaluation, declines to list the medicine proposed in the application. 
The Model List of Essential Medicines reports reasons that Committee Members have identified for denying listing.
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The Expert Committee noted that ACTH-secreting pituitary tumours are responsible for 80% of cases of Cushing syndrome and are

relatively rare, with a reported annual incidence of 2–3 cases per million people. The Committee noted that neurosurgery can cure

most cases and is the recommended treatment intervention for this condition. Pharmacological treatment may be required in some

patients who are not candidates for surgery, or in settings where experienced neurosurgeons and surgical facilities are not

available. The Committee noted that the evidence presented in the application suggested that a significant proportion of patients

had a good response to treatment with ketoconazole as measured by normalization of urinary-free cortisol levels, however, the

certainty of evidence was low and drawn from retrospective observational studies and a single meta-analysis. Data from individual

randomized studies of other medicines suggested alternative treatments were associated with better outcomes, however direct

comparisons were not available. The Committee expressed grave concerns about the safety profile associated with systemic use of

ketoconazole, including serious liver toxicity requiring monitoring with regular liver function tests, QT prolongation and the

potential for numerous drug–drug interactions as a result of CYP3A4 inhibition by ketoconazole. Based on these considerations,

the Committee did not recommend the inclusion of ketoconazole on the EML for use in the management of patients with Cushing

syndrome.

Ketoconazole was added to the EML in 1987 for the treatment of systemic fungal infections. A square box was added to the listing

in 1989 to indicate that other azole antifungals could serve as suitable therapeutic alternatives. In 1999, ketoconazole was

replaced by fluconazole as the representative medicine on the basis of better cost–effectiveness and fewer adverse events.

Ketoconazole remained a therapeutic alternative to fluconazole under the new square box listing until 2019, when the square box
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was removed from the listing for fluconazole, following the addition of the new azole antifungals itraconazole and voriconazole.

Ketoconazole tablets have not previously been evaluated for inclusion on the Model Lists for use in Cushing syndrome.

Cushing syndrome is caused by the excessive secretion of cortisol from the adrenal glands. About 80% of cases of Cushing

syndrome are due to adrenocorticotropic hormone (ACTH)-secreting pituitary tumours and 20% are due to cortisol-producing

adrenal adenomas and carcinomas. ACTH-secreting tumours represent about 5% of clinically identified pituitary adenomas. The

annual incidence of ACTH-secreting tumours is about 2–3 per million. About 90% of ACTH-secreting pituitary adenomas are less

than 10 mm in maximum diameter (microadenomas) and 10% are more than 10 mm (macroadenomas); malignant ACTH-secreting

tumours are rare (4,5). Excess cortisol may cause considerable morbidity, including hypertension, diabetes, heart disease, muscle

weakness, fatigue, depression, osteoporosis, weight gain, easy bruising, facial plethora and skin striae due to excessive cortisol

levels and hirsutism due to excessive adrenal androgen levels (6–10). In children, weight gain with decreased growth velocity is

often the presenting feature (7,9). Mortality in patients with Cushing syndrome is also two to five times higher than that of the

general population (11–14). Macroadenomas can continue to grow and cause mass effects, such as visual field defects,

hypopituitarism, cranial nerve palsies and headaches. Adrenal lesions also usually present with symptoms and signs related to

excessive cortisol and androgen secretion (6–10). Almost all patients with Cushing syndrome due to benign adrenal adenomas or

bilateral nodular hyperplasia can be cured surgically by adrenalectomy (9). Those not controlled by surgery are treated medically

with the goal of achieving hormonal control. Medical treatment may be the only option in some settings where availability of

neurosurgeons is limited.

Early studies using ketoconazole to treat Cushing syndrome suggested a normalization rate of urinary-free cortisol levels of over

90% (15,16). A retrospective, multicentre study reviewed data on 200 patients with Cushing disease (78% females, 106

microadenomas, 36 macroadenomas, 58 with no visible tumour) treated with ketoconazole in doses ranging from 200 mg to 1200

mg a day, with most patients receiving 600 mg and 800 mg a day (17). Of 39 patients treated for 4 months before surgery, 19

(48.7%) achieved a normal urinary-free cortisol. In 158 patients treated postoperatively or primarily (when surgery was

contraindicated), 78 (49.4%) achieved normal urinary-free cortisol, 37 (23.4%) had a > 50% decrease in urinary-free cortisol and

43 (27.2%) had unchanged urinary-free cortisol. Ketoconazole treatment was stopped in 26.8% of patients due to lack of efficacy

and in 25.6% of patients due to adverse effects. Individual prospective, randomized studies of other medicines for management of

Cushing syndrome showed normalization of cortisol levels in 28% of patients treated with cabergoline (18), 43% of patients

treated with metyrapone (19), 20% of patients treated with pasireotide (20), 66% of patients treated with osilodrostat (21), and

31% of patients treated with levoketoconazole (22). In the SEISMIC study, 88% of patients treated with mifepristone were judged

to have progressive clinical improvement (23,24). Because mifepristone blocks the cortisol receptor and does not interfere with

cortisol synthesis, measurement of cortisol levels cannot be used as a measure of efficacy. A 2018 systematic review and meta-

analysis of 35 randomized trials and cohort studies (1520 participants) evaluated the effectiveness of medical treatment for

Cushing syndrome (25). The review reported the percentage of patients with pituitary Cushing disease who achieved normalization

of cortisol levels as 81.8% (95% confidence interval (CI) 75.4% to 87.6%, four studies) for mitotane, 60.0% (95% CI 31.3% to

83.2%, one study) for metyrapone, 49.0% (95% CI 42.0% to 56.0%, three studies) for ketoconazole, 41.1% (95% CI 32.7% to 49.8%,

two studies) for pasireotide and 35.7% (95% CI 24.6% to 47.6%, three studies) for cabergoline. The corresponding percentages for

patients with all etiologies of Cushing syndrome, including adrenal carcinoma were 78.9% (95% CI 73.3% to 85.7%, four studies) for

mitotane, 75.9% (95% CI 57.5% to 90.9%, two studies) for metyrapone, 71.1% (95% CI 51.6% to 87.5%, seven studies) for

ketoconazole, 41.1% (95% CI 32.7% to 49.8%, two studies) for pasireotide and 35.7% (95% CI 24.6% to 47.6%, three studies) for

cabergoline. The authors concluded that medication induces cortisol normalization in a large percentage of patients with Cushing

disease and would be a reasonable option for patients who chose not to have surgery or in whom surgery was contraindicated, and

for patients with recurrence following surgery.

The main adverse effect of ketoconazole is liver toxicity. In a retrospective study of 200 patients treated with ketoconazole for

Cushing syndrome, liver enzyme elevations of up to five-fold of normal were reported in 15.8% of patients, four patients
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experienced five- to 10-fold elevations and one patient experienced a 40-fold increase (17). These increases occurred within 4

weeks of starting treatment or with dose increments. All increases returned to normal after treatment withdrawal or dose

reduction. Other reported adverse effects of ketoconazole were gastrointestinal symptoms (13.1%), adrenal insufficiency (5.4%)

and pruritus (3.7%). Ketoconazole is a strong CYP3A4 inhibitor and therefore may affect dosing of other medicines that are

substrates for this enzyme (e.g. amiodarone, carbamazepine, amitriptyline, selective serotonin reuptake inhibitors,

benzodiazepines, calcium channel blockers, statins and colchicine). In 2013, the United States Food and Drug Administration issued

a drug safety communication on ketoconazole use because of potentially fatal liver injury, risk of drug interactions and adrenal

gland problems (26). In 2013, the European Medicines Agency’s Committee on Medicinal Products for Human Use recommended

marketing authorizations of oral ketoconazole be suspended throughout the European Union due to the risk of liver toxicity

outweighing the benefits in the treatment of fungal infections. This recommendation was subsequently endorsed by the European

Commission. However, it was noted by the European Medicines Agency that ketoconazole was used off-label for the treatment of

patients with Cushing syndrome and indicated that national regulatory authorities may make ketoconazole available for these

patients under controlled conditions (27).

A retrospective cohort study compared costs for treatment of 877 patients with Cushing syndrome compared with 2631 matched

controls without this disease using a United States insurance administrative claims database to assess the economic burden of

Cushing syndrome (28). The study found that the mean number of health care visits (ambulatory, emergency department and

inpatient) was two-to-four times higher for patients with Cushing syndrome than for control patients. The total mean all-cause

health care costs were also higher for patients with Cushing syndrome than for control patients, driven primarily by medical costs,

which accounted for 87% and 79% of total costs for patients with Cushing syndrome and controls, respectively. On average,

medical costs were nearly seven times higher for patients with Cushing syndrome than for control patients. The costs of treatment

for Cushing syndrome (including drug cost, treatment, complications, adverse events, comorbidity and monitoring) were reported in

a 2014 study that assessed the budget impact of pasireotide in the United States (29). The annual cost per patient for treatment

with ketoconazole was US$ 25 475 (of which monthly drug costs were US$ 127). Corresponding figures for other medicines were

US$ 144 280 (US$ 14 583) for pasireotide, US$ 207 562 (US$ 15 140) for mifepristone, US$ 32 179 (US$ 719) for cabergoline

and US$ 40 893 (US$ 1364) for mitotane. Costs of treatment for Cushing syndrome using ketoconazole and other medicines

reported in the application are shown in Table 24 (refer TRS 1049). Costs for a 30-day course of ketoconazole were reported in the

application as US$ 36 in Argentina, US$ 6 in Bolivia (Plurinational State of), US$ 36 in Brazil, US$ 6–22 in India and US$ 25 in

Mexico.

WHO guidelines for the management of Cushing syndrome are not currently available.

Ketoconazole (200 mg tablets) has regulatory approval from the European Medicines Agency for use in the treatment of adults and

children aged 12 years and older with Cushing syndrome. Ketoconazole (200 mg tablets), produced by three manufacturers, has

regulatory approval from the United States Food and Drug Administration for use in the treatment of fungal infections. The

regulatory status of ketoconazole 200 mg tablets in Australia, Canada and Japan, as presented in the application, was unable to be

verified.

The technical team for Screening, Diagnosis and Treatment in the Department of Noncommunicable diseases reviewed and

provided comments on the application. The technical team advised that it did not support the application, highlighting its views that

the data included appeared to be selective, omitting systematic reviews on the topic that could have been included and critically

appraised (1–3), and there was risk of bias in the included case series, and retrospective observational and cohort studies. The

technical unit also noted that the application did not address difficulties in low- and middle-income countries in monitoring liver

enzymes and the availability of endocrinologists to monitor treatment effects, nor did it provide any estimation of costs associated

with measuring urinary free cortisol levels, monitoring liver enzymes and other possible adverse events.
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