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Abstract Cushing's syndrome (CS) is a serious condition requiring drug management in diverse clinical sett-
ings. Fifty four patients (44 females, 10 males) with CS, aged 14-63, received ketoconazole (KTZ)

prior to surgery (n= 27), as complementary therapy after surgery and/or radiotherapy (n= 16), or as primary
treatment (n= 11). It was given at a 600 (500 - 600) mg/day (median - CI95) maintenance dose for periods ranging
from 15 days to 13 years. Clinical signs, hepatic enzymes and urinary free cortisol (UFC) were evaluated before
and during KTZ treatment. UFC normalised or decreased to subnormal values in 85% of the patients, in 5 to
150 days after starting treatment; although failing to normalise, UFC decreased to 12-48% of pre-treatment values
in the remaining patients. Clinical signs improved throughout. Side effects were adrenal insufficiency (18.5%),
reversible hepatic toxicity (11%), allergic skin rash (5.5%) and gastric intolerance (3.7%); in 11% of patients, an
“escape phenomenon” was observed. Twenty-four out of the total (44.4%) were treated for prolonged periods,
from one up to 13 years. In conclusion, this study confirms that KTZ is an effective and generally well tolerated
treatment for CS particularly: a) shortly before surgery, b) because of persistent hypercortisolism after surgery
or awaiting the results of radiotherapy, c) as a reasonable option in patients with CS of unknown aetiology and,
d) as long-term therapy in any case of unsolved hypercortisolism after failure of current treatments.
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Resumen Tratamiento con ketoconazol. Una alternativa eficaz para lograr el eucortisolismo en pacien-
tes con síndrome de Cushing. El síndrome de Cushing (SC) es un trastorno grave que requiere

frecuentemente tratamiento medicamentoso. Cincuenta y cuatro pacientes (44 mujeres, 10 varones) de 14-63
años de edad con SC, recibieron ketoconazol (KTZ) previo a cirugía (n=27), como complemento luego de ciru-
gía y/o radioterapia (n=16), o como tratamiento primario (n=11). La dosis de mantenimiento fue de 600 (500 -
600) mg/día (mediana-IC95) durante 15 días a 13 años. Los signos clínicos, hepatograma y cortisol libre urina-
rio (CLU) fueron evaluados antes y durante tratamiento con KNZ.  El CLU cayó a valores normales o subnormales
en 85% de los pacientes, 5 a 150 días luego de iniciar el tratamiento; aún sin normalizar, el CLU disminuyó a
12-48% de los valores  pre-tratamiento en el resto de los pacientes acompañándose de mejoría de los signos
clínicos.  Los efectos colaterales fueron: insuficiencia adrenal (18.5%), toxicidad hepática reversible (11%), “rash”
cutáneo (5.5%) e intolerancia gástrica (3.7%); en 11% de los pacientes se observó un fenómeno de “escape”.
Veinticuatro pacientes (44.4%) fueron tratados por períodos prolongados, de uno a trece años. Este estudio
confirma que el KTZ constituye un tratamiento eficaz y generalmente bien tolerado del SC, en particular: a)
como preparación para cirugía b) en casos de hipercortisolismo residual luego de cirugía o en espera de resul-
tados de radioterapia, c) como una alternativa razonable en pacientes con SC de origen desconocido y, d) como
tratamiento crónico en casos de hipercortisolismo no resuelto luego de fracaso de las terapéuticas habituales.
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Endogenous Cushing’s syndrome (CS) is a severe
condition that results from chronic exposure to excess
glucocorticoids produced by the adrenal cortex. It may

be etiologically classified into ACTH dependent CS, which
includes Cushing’s disease (CD) and ectopic Cushing’s
syndrome (ECS), and ACTH independent CS mainly due
to autonomous adrenal hypersecretion of cortisol by an
adrenal tumour (ACS)1. Cushing’s syndrome is often fa-
tal owing to cardiovascular, thromboembolic or hyperten-
sive complications or increased susceptibility to bacterial
infections. Although surgery is the therapy of choice for
most cases of CS, there are various clinical settings for
which drug treatment may prove useful, e.g., prior to sur-
gery, when surgical treatment cannot be performed, when
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hypercortisolism persists after surgery, or while awaiting
for the results of radiation therapy. In these cases, there
are several alternatives such as the use of steroidogenic
blocking drugs, adrenolytic drugs, neuromodulators and
steroid receptor antagonists2.

Ketoconazole (KTZ), an imidazol derivative, inhibits
both adrenal and gonadal steroidogenesis by blocking
P-450 enzymes including P-450 (scc), P-450 (17 alpha
lyase) and P-450 (11 β/18)3. This drug has been mainly
used to achieve eucortisolism shortly before to surgery,
in any type of CS; however, few reports have dealt with
its efficacy in long-term controlling of hypercortisolism3-6.

In this study, we evaluated the biochemical and clini-
cal response, as well as secondary side effects of KTZ
treatment, in 54 patients with endogenous CS. In a sig-
nificant proportion of these patients, KTZ was used for
extended periods of time as the only specific drug to con-
trol hypercortisolism.

Materials and Methods

We included in the study 54 patients with proven CS under-
going KTZ treatment (44 women and 10 men), with a mean
age at diagnosis of 38 ± 13.1 (range 14-63) years. Diagnosis
of hypercortisolism was confirmed by performing overnight low
dose dexamethasone suppression test (Nugent’s test)7 and
free cortisol measurements (UFC) on 24-h and spot (22-23
h) urinary samples8, 9. Etiological diagnosis was made by per-
forming: 1) overnight 8-mg dexamethasone suppression test10,
2) measurement of basal plasma ACTH levels, 3) imaging
techniques including MRI of the sellar region and/or CT scan
of lungs and adrenals. In two patients with doubtful results, a
CRH-desmopressin test was done11.

We classified the whole group of patients into three sub-
groups, according to the goal of treatment: a) in 27 patients
(# 1-27), KTZ was administered to achieve eucortisolism be-
fore surgery (pre-surgical subgroup, PS), b) eleven patients
(# 28-38), who refused or were considered non-elective for
surgery, had CS of non-confirmed aetiology (one with an im-
age suggestive of microadenoma on MRI, eight with biochemi-
cal diagnosis of Cushing’s disease but normal or empty sella
on MRI and two with conflicting tests); in these patients, KTZ
was indicated as primary or definitive treatment (first choice
subgroup, FC), c) finally, in the remaining 16 patients (# 39-
54), treatment was complementary to surgery and/or radio-
therapy, due to persistence of hypercortisolism after such pro-
cedures (post-surgery/radiotherapy subgroup, SR).

Ketoconazole was administered as 200 mg pills in single
or fractionated (every 8 or 12 hours) doses, ranging from 200
to 1200 mg daily. In all patients, the presence of arterial hy-
pertension (blood pressure ≥ 140 mm Hg systolic and >90 mm
Hg diastolic), myopathy (defined by subjective and objective
weakness), overweight and/or obesity (body mass index >25
kg/m2), lower limb oedema, menstrual disturbances (oligome-
norrhea or amenorrhea) and diabetes, were evaluated before
and during KTZ treatment. Hepatic enzymes were measured
in all patients before treatment, 20-30 days after beginning
KTZ therapy and at regular intervals afterwards. Urinary free
cortisol was measured by using a commercial kit (DPC, Los
Angeles, CA, USA) after extraction with dichlorome-thane.
Biochemical response to the drug was evaluated through 24-h
UFC measurements (normal range 20-90 µg/24 h). Once 24-h

UFC values attained normal range, controls were performed
every 30-60 days. In this study, we defined as long-term treat-
ments those which lasted for at least one year.

Statistical analysis: As data could not be normally dis-
tributed, it were expressed as median-range or median -
confidence intervals 95% (CI95) and analyzed by non-
parametric tests, i.e. Mann Whitney U test and Kruskal
Wallis ANOVA. Statistical analysis was performed by
Statistica 5.5 for Windows® (Stat Soft Inc., Tulsa, OK,
USA). Significance was set at 5% level.

Results

Cushing’s disease was the final diagnosis in 37 patients,
ACS in five (four due to adrenal adenoma and one due to
adrenal carcinoma), and one patient had ECS. The cause
of hypercortisolism could not be confirmed by pathologi-
cal and/or surgical results in eleven patients. Population
features for each subgroup are shown in Table 1; there
were non-significant differences between subgroups.

Duration of treatment: Mean duration of KTZ adminis-
tration was 0.8 years (range: 15 days - 13 years) in the
whole group of patients. The shortest period (15 days)
corresponded to patient number 15, in whom the drug
had to be withdrawn because of a rapid 6-fold increase in
hepatic aminotransferase above normal range. Duration
of treatment for each subgroup is shown in Table 1; the
length of treatment in PS was significant lower than the
others subgroups. Long-term therapy with KTZ was per-
formed in 24 patients: 4/26 in PS, 10/21 in the FC and 10/
16 in the SR subgroups (44% of the total cohort); for these
patients, mean duration of KTZ administration was 3.6
years (range: 1-13 years).

KTZ dosage: For the whole group of CS patients, mean
maintenance dose was 600 (500-600) mg/day. Dose val-
ues for each subgroup were: PS: 610 (533-775) mg; FC:
458 (400-600) mg and SR: 525 (400-650) mg (p<0.05
between PS and FC subgroups only).

Clinical response (Fig. 1): Forty-three patients (80%)
had hypertension before initiating KTZ treatment; only 41
were considered for analysis, since KTZ was withdrawn
before 30 days in two. Under KTZ therapy, 33 (80%) pa-
tients normalised their blood pressure, 18 with KTZ alone,
while in the remaining 15 patients daily dosage of antihy-
pertensive drugs was reduced. Myopathy was present in
27 (50%) patients, out of whom 20 (74%) clearly improved
their subjective and objective muscular strength under
treatment.  Forty-five patients (83%) presented overweight
or obesity, out of whom 23 (51%) reduced their body
weight after three months’ treatment, while 17 achieved
weight-loss between one and 5 kg, five between 6 and
10 kg and one patient lost more than 10 kg of her initial
body weight. Twenty patients (37%) had lower limb
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oedema; in ten (50%), it disappeared under KTZ treat-
ment. Twenty-one out of 35 (60%) premenopausal women
had menstrual disturbances, out of whom 16 (76%) nor-
malised their cycles under treatment. Eleven out of the
54 patients (20%) had diabetes, eight of whom (73%)
normalised their glucose levels by dieting and KTZ alone,
while oral antidiabetic drugs were required in two and
insulin in one to achieve normal glucose levels. An “es-
cape phenomenon” (12) was observed in six patients
(11%), five with proven CD and the remaining one with
undetermined CS, appearing after 4 to 11 months of treat-
ment under doses ranging from 400 to 800 mg/day; how-
ever, in three, urinary cortisol excretion was normalised
by increasing the daily KTZ dosage.

Adverse side effects (Table 2): Side effects were seen
in 18 (33.0%) out of the 54 treated patients, three of whom
had more than one side effect. Treatment had to be de-
finitively discontinued due to such reactions in only four
out of the total. The main adverse effects are described
below.

Transient subclinical hepatic injury developed in six
patients (11%) after 15 days to 17 months of starting KTZ,

in four of whom alterations in hepatic biochemical tests
disappeared after switching to aminogluthetimide, while
the other two were kept without enzyme blocking therapy
until surgical procedures were performed.

Ten patients (18.5%) developed signs suggesting ad-
renal failure from 5 to 90 days after initiating KTZ (in four
of them, before 10 days), with doses ranging from 400 to
800 mg/day. Failure was confirmed by finding subnormal
24-h UFC levels in six patients, whereas diagnosis was
made on clinical grounds in the remaining 4. In six out of

Fig. 1.– Frequency of clinical manifestations of hypercortisolism and response after
ketoconazole (KTZ) treatment in 54 patients with Cushing’s syndrome.

TABLE 1.– Population features, dose and treatment duration of each subgroup of CS patients

Pre- First Post-Surgery/ * **

Surgery Choice Radiotherapy

(1) (2) (3)

Number of cases 27 11 16

Age (years) 37 (33-46) 44 (33-61) 36 (32-45) ns

Gender (female/male) 20/7 10/1 14/2

Maintenance dose (mg/day) 610 (533-775) 458 (400-600) 525 (400-650) p < 0.050 (a)

Duration of treatment (days) 92 (61-210) 1330 (573-2155) 914 (304-2128) p < 0.001 (b)

Nadir value (days) 40 (30-49) 25 (20-60) 52 (30-90) p < 0.050 (c)

Data are expressed as median (CI95) except gender. * Kruskal-Wallis ANOVA between subgroups. ** Mann Whitney U test post
hoc comparison: (a) between (1) and (2) only; (b) (1) differs from (2) and (3); (c) between (2) and (3) only.

TABLE 2.– Adverse events of KTZ therapy
registered in the whole cohort (n= 54). Data

are shown as number and percentage

Adverse event n (%)

Adrenal insufficiency 10 (18.5)

Hepatotoxicity 6 (11.0)

Skin rash 3 (5.5)

Digestive intolerance  2 (3.7)
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the ten, oral glucocorticoid doses were given while re-
ducing KTZ dosage; in the remaining patients, signs of
adrenal insufficiency disappeared by merely decreasing
KTZ dosage.

Skin rash was observed in three (5.5%) patients, prov-
ing transient in two. However, in a single case (n° 19)
KTZ had to be withdrawn due to severe cutaneous
ampullaceous rash. Finally, two patients (3.7%) showed
moderate digestive intolerance which improved after the
first two months of KTZ treatment.

Biochemical response: Except for patient number 19,
excluded because KTZ was definitively discontinued af-
ter 20 days’ administration, the entire population (53
cases) was evaluated in order to analyse biochemical
response. The whole cohort (WC) analysis showed that
UFC excretion significantly decreased after 40 (30-45)
days of KTZ treatment. The time of response (nadir value)
for each subgroup was: PS: 40 (30-49) days, FC: 25 (20-
60) days and SR: 52 (30-90) days (p<0.05 between FC
and SR subgroups only). Urinary free cortisol figures
dropped from 570 (170-1260) (median and range) to 80
(22-405), 314 (136-942) to 72 (10-409) and 230 (143-
1276) to 66 (12-153) µg/24 hs in subgroups PS, FC and
SR, respectively (Fig 2). At this time, normal or subnor-
mal 24-h UFC levels were reached in 44 out of 52 (85%)
patients evaluated (patient n° 29 was excluded, since no
record of initial KTZ biochemical response could be
found). In eight patients KTZ failed to normalise 24-h UFC
levels: patient number 11 (with CD) had pituitary surgery
30 days after starting KTZ treatment, before normalising
24-h UFC levels; however, at that time UFC values had

already dropped from 364 to 200 µg/day. Although failing
to reach normal figures, the remaining seven patients (n°
8, 13, 17, 34, 36, 44 and 53) showed a fall in 24-h UFC to
23, 45, 12, 48, 20, 12 and 40 per cent of their basal lev-
els, respectively (p<0.0001). Fig. 2 shows the change in
urinary cortisol values of each subgroup, before and af-
ter KTZ treatment. Only pre-treatment UFC values in the
PS subgroup were significantly higher than those obtained
in the other subgroups. KTZ treatment significantly re-
duced UFC values in all subgroups, without significant
differences between them.

Discussion

Cushing’s syndrome is a life-threatening clinical condi-
tion which can be correctly managed in most cases. In
order to reduce intra and/or postoperative complications
derived from myopathy, hypertension, and susceptibility
to infection, it seems advisable to reduce hypercortisolism
in the more affected, if not in all patients before surgery
by drug administration. In addition, there is an increasing
number of cases in which etiological diagnosis is uncer-
tain, implying difficulties to select adequate therapy. Fi-
nally, some patients may reject surgery, or there may be
medical contraindications. In such situations, cortisol
blocking drug therapy could be useful to ameliorate and
control the clinical manifestations of glucocorticoid ex-
cess. Many different therapeutic strategies have been
proposed, adapted to the etiological diagnosis and/or to
the severity of the clinical picture. Generally speaking,
these can be divided into drugs acting on neurotrans-
mitters, when dealing with CD, or those affecting cortisol
biosynthesis used for any type of CS. Neurotransmitter
modulation in CD has given inconstant results12 yet new
compounds under evaluation may perhaps change this
view in the future13. As a conclusion, cortisol synthesis
blockage is used in most cases of CS.  Although there
are several options to achieve medical eucortisolism with
steroid blocking drugs, we currently use KTZ, because of
its efficacy and easy availability. Aminogluthetimide is
employed as an alternative, when KTZ intolerance de-
velops. Metyrapone and op’-DDD are expensive and not
readily available in Argentina.

Pont et al. 14 first described the effect of ketoconazole
on steroid synthesis in healthy humans and isolated ad-
renal cells from rats. They showed that cortisol response
to ACTH was blunted after KTZ administration and sug-
gested the possible use of this drug for the treatment of
CS. In the present study, treatment with KTZ resulted in
persistent suppression of cortisol secretion and dramatic
improvement of clinical features. Eighty-five per cent of
our patients achieved normal or subnormal 24-h UFC
values, while the remaining 15% had significant decreases
in 24-h UFC values, ranging from 52 to 88% of their initial

Fig. 2.– Urinary free cortisol (UFC) levels before and after
ketoconazole (KTZ) therapy in patients with Cushing’s syn-
drome (CS): whole group (WG, n = 53); pre-surgical sub-
group (PS, n = 27); first choice subgroup (FS, n = 11), and
post-surgery/radiotherapy subgroup (SR, n = 16). Data
expressed as median - CI95.

* p < 0.001 for before vs. after treatment, Mann Whitney U test.
** p < 0.05 between PS and the other subgroups, Kruskal Wallis ANOVA.
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levels. Pre-treatment basal UFC figures were significantly
higher in PS than in the two other subgroups suggesting
a more severe Cushing’s syndrome in this subgroup;
however, there was no difference in UFC values attained
under treatment.

Although not employed in our cases, the association
with other drugs could be useful for those who fail to
achieve eucortisolism with KTZ alone, as shown in four
patients with ECS simultaneously treated with octreotide15.
In all our patients, the fall in cortisol excretion was regu-
larly accompanied by clinical improvement. Clinical signs
and symptoms of hypercortisolism showing amelioration
were, in order of frequency: arterial hypertension in 80%
of patients, menstrual dysfunction in 76%, diabetes
mellitus in 73%, muscle weakness in 60%, obesity or
overweight in 51% and oedema in 50%. Our results con-
firm and extend, on a greater series of cases, previously
published observations on the beneficial effect of KTZ
treatment on clinical manifestations of hypercortisolism3.

  Although there are only scarce reports, KTZ has been
employed successfully in pituitary-dependent CS during
pregnancy16 and in patients older than 75 years of age17.
In contrast, it has recently been reported that there was
no recovery in decreased bone mineral content of a small
group of Cushing’s patients after KTZ, as against surgi-
cal treatment18. In the present work, no evaluation of bone
mass was performed.

  Although severe hepatic toxicity occurs in barely 1/
15,000 treatments, the use of KTZ as  antifungal agent
has been associated with 10-15% incidence of increased
transaminases or cholestasis, attributed in turn to idiosyn-
cratic or immunoallergic mechanisms19. KTZ induced
hepatitis is more frequent in the elderly and in women,
and usually resolves within three months of therapy dis-
continuation20. However, fatal liver insufficiency induced
by KTZ has also been described21 including a girl with
CS22. In our series, there was a prevalence of 11% hepa-
totoxicity, related neither to duration of KTZ treatment nor
to its dosage and self limited in all cases.

  Adrenal insufficiency due to KTZ has been described
in patients treated for mycosis and prostate cancer23, 24.
In those reports, hypocortisolism was seen after doses
ranging from 800 to 1200 mg/day. The hypothalamic-hy-
pophyseal-adrenal axis generally recovers quickly after
withdrawing the drug, though it took over two years in a
case documented by Best et al.25. In our study, 18.5% of
treated patients presented hypoadrenalism, a figure quite
similar to that observed by Tabarin et al.26 From the
present data, it must be underlined that in the four pa-
tients who developed signs of adrenal insufficiency shortly
after starting treatment, the drop in UFC values was
achieved with doses as low as 200 to 400 mg/day, which
was also observed in the case reported by Best et al.25

as early as three days after giving 200 mg KTZ daily.

The escape phenomenom was described as a fre-
quent event in a report of Diop et al.27 on 5 patients treated
with KTZ for periods of 2 to 28 months. However, that
phenomenon was observed in only 11% of our patients.

Twenty-four out of our 54 patients (44%) had long-
term treatment with KTZ (mean 3.8 ± 2.7 years, range 1-
12 years), ten of whom received KTZ as first and only
treatment. Most of these patients had biochemical tests
pointing to a pituitary CS but with a normal pituitary or an
empty sella turcica on MRI28, or hypercortisolism was of
undefined origin. At the time of writing this paper, six pa-
tients in this group continue under KTZ therapy (n° 29,
30, 32, 33, 35 and 38) after 1.5 to 9.2 years. Out of the
remaining 18 with protracted treatment, seven patients
with a troublesome diagnosis had received  KTZ for peri-
ods ranging from 1.3 to 2.0 years until they were oper-
ated on, two were lost to follow up, one died, and eight
still remain under long-term treatment (1-13 years) after
failure of surgery and/or radiotherapy.  In most previously
reported series or individual cases, KTZ was adminis-
tered for periods no longer than one year with the excep-
tion of three patients from Sonino et al. 3 who were treated
for 2-3 years, three cases treated for 2.7, 6.9 and 7.1
years without complications by Chou et al.4, one patient
of Spagnoli et al.5 who received KTZ for at least seven
years and the case reported by Carral San Laureano et
al6 who used KTZ during 2 years in a pediatric patient.

  Some individual cases of our series better illustrate
the usefulness of long-term treatment with KTZ. Patient
n° 29 is a 23-year-old female put on KTZ at the age of 14
years when she presented with CS of indeterminate ori-
gin. She achieved eucortisolism, a normal height and had
menarche two years after starting KTZ. To date, she is in
her 9th year of treatment and remains symptom-free. The
longest treatment was given to a 32-year-old female with
CD (patient 49) who had undergone partial hypophysec-
tomy; she then received pituitary radiation, but remained
with hypercortisolism after one year and refused any other
invasive treatment. Therefore, KTZ was begun and con-
tinued for more than 13 years, up to now. In both cases,
interruption of KTZ for short periods was followed by a
rebound of UFC to abnormally high values, so the drug
had to be reinitiated.

The present study confirms that KTZ is an effective
and generally well tolerated treatment for CS. It affords a
useful tool for hypercortisolism control mainly in the fol-
lowing clinical settings: a) shortly before surgery, b) due
to hypercortisolism persisting after surgery or while await-
ing results of radiotherapy and, c) as a reasonable option
in patients with CS of indeterminate origin. Finally,
ketoconazole should be considered a valuable alterna-
tive as chronic long-term treatment of difficult cases when
other therapeutic means are not available, or when there
are definite contraindications for its use.
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Corrección de los autores:

En: Adenoma paratiroideo ectópico mediastinal. Diagnóstico por sonda de detección gamma y resección por
ideotoracoscopia. Daniel Moncet, Gabriel Isaac, Daniel Staltari, Alicia Tomasello, Susana Boronat, Medicina (Buenos Aires)
2006; 66: 457-460, en p 459, ref. 10, debe decir: Borley NR, Collins REC, O'Dopherty M, et al. Technetium-99m sestamibi
parathyroid localizatio is accurate enough for scan-direct unilateral neck exploration. Br J Surg 1996; 83: 989-91.

Authors' correction:
In: Ectopic mediastial parathyroid adenoma. Detection with a radioisotopic probe and resolution with

videothoracoscopy. Daniel Moncet, Gabriel Isaac, Daniel Staltari, Alicia Tomasello, Susana Boronat, Medicina (Buenos Aires)
2006; 66: 457-460, in p 459, ref. 10, should read: Borley NR, Collins REC, O'Dopherty M, et al. Technetium-99m sestamibi
parathyroid localization is accurate enough for scan-direct unilateral neck exploration. Br J Surg 1996; 83: 989-91.


