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Combination therapy for Cushing’s disease: effectiveness of two
schedules of treatment. Should we start with cabergoline

or ketoconazole?
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Abstract Cushing’s disease (CD) is associated with
increased morbidity and mortality. Until now, no medical
treatment has been shown to be totally satisfactory when
administrated alone. This study aimed to assess the effec-
tiveness of cabergoline with added ketoconazole and of the
same combination in reverse, using urinary free cortisol
(UFC) and late night salivary cortisol (LNSC) levels as
biochemical markers of the treatments’ efficacy in CD
patients. A prospective analysis conducted on 14 patients
(f/m = 12/2; median age 52, range 33-70 years) divided
into two groups: 6 patients initially treated with cabergo-
line for 4-6 months (rising from 0.5-1 mg/week up to
3.0 mg/week), after which ketoconazole was added (group
A); and 8 patients first took ketoconazole alone for
4-6 months (rising from 200 mg/day to 600 mg/day), then
cabergoline was added (group B). Patients were compared
with 14 age-matched patients in prolonged remission after
effective neurosurgery for CD. The combination therapy
led to UFC normalization in 79 % of patients with no
differences between the groups; only one patient failed to
respond at all. Neither drug succeeded in controlling the
disease when taken alone. LNSC dropped when compared
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to baseline levels, but not to a significant degree
(p = 0.06), and it remained significantly higher than in
controls (p = 0.0006). Associating cabergoline with keto-
conazole may represent an effective second-line treatment,
achieving a satisfactory reduction in UFC levels and clin-
ical improvement. Although the combined treatment low-
ered patients’ LNSC levels, they remained higher than
normal, indicating a persistent subclinical hypercortisol-
ism; the implications of this condition need to be consid-
ered. No differences emerged between the two treatment
schedules.

Keywords Cushing’s disease - Ketoconazole -
Cabergoline - Late night salivary cortisol

Introduction

Cushing’s disease (CD) due to an ACTH-secreting pituitary
tumor is associated with increased morbidity and mortality
rates, so timely and definitive treatment is mandatory. The
first choice for treating CD is transsphenoidal adenomecto-
my: this is effective in about 60—80 % of cases depending on
the operator’s skill. However the not negligible percentage of
patients with persistent disease and the risk of recurrence that
may exceed 20 % of previously-cured patients in the long
term, adding to the number of patients who need second-line
treatment to control their hypercortisolism [1-5]. The other
possible treatments are pituitary radiotherapy and bilateral
adrenalectomy, but they are associated with significant life-
long complications [6]. Hence the need for a genuinely
effective medical approach to contain cortisol levels while
patients await surgery or the effects of radiotherapy, or when
patients refuse surgery or it is contraindicated. Several
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medical therapies including neuromodulatory medications
and adrenal blocking agents have been proposed, but only the
somatostatin analog pasireotide has recently been approved
for the treatment of CD. The first drug successfully used to
control CD was ketoconazole, which blocks cytochrome
P450 enzymes, reducing cortisol secretion by the adrenal
glands [7, 8]. Unfortunately, it frequently fails to control
hypercortisolism, however, either because ACTH overrides
its cortisol-blocking action or due to intolerable side effects.
The discovery of dopamine receptor type 2 (D2) expression
in corticotroph tumors [9], and the in vitro and in vivo
demonstration that dopamine agonists can reduce ACTH
secretion led to introduction of cabergoline in the treatment
of CD, which proved successful in approximately 40 % of
patients. More recently, combination therapies in which
ketoconazole is added to cabergoline have been found to
increase the numbers of patients responding to each of the
drugs when taken alone [10]. The rationale behind this
approach would be that using drugs with complementary
pharmacological mechanisms offers a higher chance of
hypercortisolism being controlled in the long term, using
lower doses of each drug and consequently with a lower
incidence of side effects. There are no reports on the reverse
combination, adding cabergoline to ketoconazole, a choice
that may be justified by the initial effect of ketoconazole in
reducing cortisol levels possibly enabling a more pro-
nounced subsequent effect of cabergoline on ACTH secre-
tion. The aim of our study was to compare the effectiveness
of such combined therapies (cabergoline with added keto-
conazole, or ketoconazole with added cabergoline) at

Table 1 Patients’ baseline characteristics

relatively low doses and using different schedules, by ana-
lyzing their effects on hormonal and clinical parameters.

Patients

This prospective study involved 14 patients (f/m = 12/2;
median age 52, range 33-70 years) with persistent (6
cases) or recurrent (4 cases) CD after surgery, or without
prior surgery (4 cases). Medical therapy was used as the
first choice when patients refused surgery or had severe
comorbidities that contraindicated surgery. Patients were
enrolled from among the outpatients attending the Endo-
crinology Unit at the University of Padua; they all signed
an informed consent to take part in this study. The study
was designed in accordance with the Declaration of Hel-
sinki and approved by our local Ethical Committee. The
diagnosis of CD was suspected on clinical features and
confirmed by at least two tests indicating high 24 h urinary
free cortisol (UFC) levels, loss of circadian rhythm in
plasma or salivary cortisol (at 0800 and 2300 h), and lack
of cortisol suppression after 1 mg of dexamethasone
overnight (normal values <1.8 mg/dl). The diagnosis of
ACTH-dependent syndrome was confirmed by detectable
ACTH levels, a decrease in cortisol >80 % of the baseline
value after the overnight 8 mg dexamethasone challenge,
and an increase in ACTH (=50 %) and cortisol (=20 %) in
the CRH tests. All patients had pituitary magnetic reso-
nance imaging (TESLA 1.5) and some also underwent
bilateral inferior petrosal sinus sampling (BIPSS) when

Patients Sex/age BMI (kg/mz) Previous TSS MRI UFC (mmol/24 h) LNSC (ng/ml) ACTH (pg/ml) PRL (pg/l)
Treated at first with cabergolin GROUP A

1 /55 25.2 TSS neg 1,404 16.40 62 10.3
2 /54 23.8 TSS m 1,274 8.83 36 20.5
3 /65 39.2 none m 1,342 6.50 18 15.4
4 /65 325 TSS m 1,515 6.70 41 25.5
5 /50 26.6 TSS m 800 24.10 28 -

6 /37 25.5 TSS m 980 6.68 39 19.2
7 /65 333 TSS in 1,243 13.50 60 7.7
Treated at first with ketoconazole GROUP B

8 m/52 25.9 none m 2,789 21.10 89 324
9 /72 41.6 none neg 1,118 6.75 15 19.5
10 /50 40.9 TSS in 971 8.61 41 14.4
11 m/39 29.6 TSS neg 973 15.05 15 20.2
12 /43 23.9 none M 2,191 11.92 16 17.3
13 /64 27.9 TSS neg 1,021 5.05 16 10.2
14 /55 22.8 TSS neg 1,067 12.00 25 9.1

Normal ranges for: prolactin, 5-25 pg/l; UFC, 90-694 nmol/24 h; LNSC, <3.5 ng/ml
TSS transsphenoidal surgery; PRL prolactin; neg negative; m microadenoma; M macroadenoma
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biochemical hormone test findings were not consistent with
a pituitary origin of the ACTH secretion. The diagnosis of
persistent or recurrent CD was based on the detection of
high UFC levels, loss of diurnal rthythm and cortisol sup-
pression after 1 mg dexamethasone. All patients had high
UFC levels, which ranged from 1.2 to 4.0 times the upper
limit of normality (normal range 90-694 nmol/24 h). Two
patients had mildly elevated prolactin (PRL) levels. One
had a macroadenoma that was treated with medication
while surgery was delayed due to a severe joint infection
with systemic involvement. The patients’ characteristics
are summarized in Table 1.

Fourteen age-matched patients (11 females and 3 males;
median age 42 years, range 26—71) in long-term remission
of Cushing’s disease (from 29 to 122 months) were studied
as controls, measuring their UFC and salivary cortisol at
23.00 h (LNSC); none of the controls were taking corticoid
replacement therapy (Table 2).

Materials and methods

The patients were randomly assigned to group A and given
cabergoline alone (0.5-1 mg/week), or to group B and
treated with ketoconazole (200 mg/daily) alone. The dosage
of both drugs was gradually increased: the cabergoline dose
rose by 1 mg every month until UFC levels normalized or up
to amaximal dose of 3.0 mg/week; ketoconazole by 200 mg/
day every month and titrated up until UFC normalization or
to a maximal dose of 600 mg/day. When UFC failed to reach
30 % of reduction, ketoconazole 200 mg/day was intro-
duced in Group A, increasing the dose (200 mg/day every

Table 2 Controls’ characteristics

Patients Age Sex Time after surgery UFC LNSC
(months) (nmol/24 h) (ng/ml)

RE1 26 m 102 492 2.39
RE2 63 m 14 212 33
RE3 61 f 82 485 2.75
RE4 39 f 33 381 2.11
RES 41 f 28 248 0.12
RE6 39 f 137 309 1.37
RE7 47 f 31 548 2.15
RE8 39 f 15 333 2.28
RE9 60 f 71 652 2.4
RE10 4 m 122 322 1.15
RE11 35 f 39 331 0.3
RE12 71 f 14 189 2.16
RE13 33 f 84 419 0.8
RE14 45 f 80 330 1.9

Normal ranges for: UFC 90-694 nmol/24 h; LNSC <3.5 ng/ml

month) until normalization of UFC or when a dose of
600 mg/day was reached. The same was done for the Group
B where cabergoline was introduced and increased until
UFC normalized or to a maximum dose of 3.0 mg/week
(Fig. 1). We monitored aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and y-glutamyl transpep-
tidase (y-GT) every fortnight for the first 2 months, then
monthly. A clinical assessment was performed once a month.
After 6 months of monotherapy, if neither UFC nor LNSC
were under control, ketoconazole was added in group A, and
cabergoline in group B. Patients’ clinical features before
starting the medical treatment (signs of hypercorticolism,
BMI, waist circumference and blood pressure) and bio-
chemical test results (morning fasting glucose, glycosylated
hemoglobin HbAlc, PRL, basal ACTH, 24-h UFC, and
LNSC) were recorded and compared with post-treatment
values in all cases. We also compared pituitary MRI before
and after therapy in patients with a longer follow-up.

Saliva sample collections and biochemical assays

Patients collected saliva samples late at night, before going
to bed. Each saliva aliquot was collected in cotton-based
sampling devices and stored in plastic syringes using the
Salivette® commercial kit (Sarstedt, Numbrecht, Ger-
many). Patients were asked to soak the absorbent cotton
with saliva for 2 or 3 min, then place the sample in the
syringe and keep it in their refrigerator. Samples were
collected at least 30 min before or after eating or drinking
to avoid any source of food or blood contamination;
patients brushed their teeth at least 30 min before collect-
ing their saliva and avoided smoking or eating liquorice on
the day of saliva collection. After centrifugation, saliva
samples were stored at —20 °C until cortisol analyses were
performed with the RIA kit (Radim, Rome, Italy) with an
assay sensitivity of 0.5 ng/ml; 24 h UFC was measured by
RIA (normal range 90-694 nmol/24 h), considering the
mean of at least two collections, using a commercial kit
(Biodata Diagnostic, Rome, Italy) with a sensitivity of
8 nmol/l; ACTH at 8.00 h (normal range 5-50 pg/ml) was
tested by IRMA (Nicholas Institute Diagnostics, San Juan
Capistrano, CA, USA) with an assay sensitivity of 1.2 pg/
ml. The intra- and inter-assay coefficient of variation for all
assays used in the study were <7 and 9 %.

Statistical analysis

Quantitative data are given as means and standard devia-
tions, or medians and ranges, and were compared between
groups using Wilcoxon’s rank sum and Wilcoxon’s test
followed by the Dunn test for pairwise comparisons in the
event of a statistically significant result when more than two
groups were involved. Categorical data are summarized as
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Fig. 1 Flow chart of the treatment 2 treatment schedules; all but one
patient, who had to stop the medical therapy because of no response,
were treated for at least 12 months. Four patients with both UFC and

counts and percentages of subjects in each category and
were compared using the Chi square or Fisher’s exact test.
Statistical significance was set at a p value of less than 0.05.
Data were analyzed using SAS 9.2 for Windows (SAS
Institute Inc., Cary, NC, USA). With a sample size of 14
patients, we could find statistically significant an effect size
of 0.9 with alpha set at 5 % and power at 80 % in a paired
comparison; with regards to the comparison between
groups, with 6 and 8 patients in each respectively, we could
declare statistically significant an effect size of 2 with alpha
setat5 % and power at 80 % (non parametric test, PASS 11
for Windows, NCSS, LLC, Kaysville, Utah, USA).

Results

There were no significant differences between groups A
and B in terms of age, sex, clinical features or initial hor-
mone levels. In group A (6 patients initially treated with
cabergoline), two patients (33 %) achieved UFC normali-
zation after cabergoline therapy alone (one was on 2 mg
and the other on 3 mg/week), but their LNSC did not return
to normal during the 6 months of treatment. One case in
this group had a partial response with a more than 30 %
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LNSC within normal range, continued the combination therapy for
other 6 months

decrease in the patient’s baseline UFC levels (partial
responder). Another 2 patients had a decrease of 24 and
21 % in their UFC levels. The last patient in group A was
unresponsive to cabergoline, so we introduced ketocona-
zole earlier than in the other patients.

In group B (8 patients given ketoconazole as first-line
therapy), we observed a complete and prolonged response
in terms of UFC in 5 patients on low doses of ketoconazole,
and a significant reduction in the UFC levels in the other 3,
though they did not return to normal. Four of the former 5
patients remained in a eucortisolic state for 6 months at the
same drug dosage, while ketoconazole had to be reduced in
one due to high liver enzymes, and in another due to skin
rash, with a consequent increase in cortisol secretion. After
6 months, none of our patients had both UFC and LNSC
within the normal range, so the combined therapy was
started. In group A, adding ketoconazole prompted a
decrease in UFC levels, leading to 83 % of complete
responders and one patient with a partial response (Fig. 2).
In group B, adding cabergoline normalized the UFC level
in one patient and improved UFC control in another 3
(Fig. 2). Only one patient in group B failed to respond to
cabergoline, with a rise in UFC to 3886 nmol/24 h. The
overall success rate for the combined therapies, considering
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UFC levels alone, was 79 %, and these results persisted for
at least 6 months. Of the 3 patients whose UFC was not
controlled, 2 achieved a drop in UFC levels (—79 and
—29 % vis-a-vis the baseline) with improvements in their
clinical signs. None of the parameters assessed at the
baseline were able to predict response to the combined
therapy, though patients with high UFC levels at the
baseline (more than twice the upper limit of normality)
tended to have a less satisfactory response (p = 0.066). As
for LNSC, there was a slight drop, but it was not statisti-
cally significant (baseline vs monotherapy p = 0.52,
monotherapy vs combined therapy p = 0.15, baseline vs
combined therapy p = 0.06), table 3. In the majority of

5 6 7 8 9 10 1 12 13 14
PATIENTS

cases (10/14), this marker remained above the normal
range for our laboratory (normal values <3.50 ng/ml) even
in patients whose UFC levels normalized (Fig. 3). When
patients with a history of pituitary surgery were compared
with patients who had de novo CD, the efficacy of this
combined medical treatment in normalizing UFC secretion
was lower in the latter group than in the former (p = 0.04),
while no differences emerged as regards reductions in
LNSC (p = 0.12). This difference in UFC levels between
these two groups was found also at baseline (p = 0.05).
All 14 controls (patients in prolonged remission of CD) had
normal UFC levels (median 332; range 189—652 nmol/24 h)
and LNSC (median value 2.13, range 0.12-3.30 ng/ml).

Table 3 Biochemical and clinical features of the 14 patients with CD at baseline (basal), on cabergoline or ketoconazole monotherapy (mono)

and on combination therapy (comb)

Basal Monotherapy Combined p value
therapy Mono versus Comb versus Mono versus
basal basal comb
UFC (nmol/24 h) 1180.5 (800-2,789) 646.5 (398-1,944) 617 (121-3,884) 0.0006 0.03 ns
LNSC (ng/ml) 10.38 (5.05-24.1) 8.34 (2.79-14.0) 6.28 (1.62-12.0) ns ns ns
ACTH (pg/ml) 32 (15-84) 34.5 (15-84) 35 (12-76) ns ns ns
Glycemia (mmol/l) 5.3 4.1-1.8) 5.2 (3.9-11) 5.0 (3.2-8.9) ns ns ns
HbAlc (mmol/mol) 54 (38-114) 51 (38-92) 44 (37-78) ns 0.045 0.02
BMI (kg/m?) 27.25 (22.8-41.6) 27.95 (22.8-42.4) 25.7 (23.2-40.5) ns ns 0.018
Waist (cm) 106 (78-126) 99 (75-125) 98.5 (76-126) 0.02 0.006 ns

Values are expressed as medians and ranges

Normal ranges for: UFC 90-694 nmol/24 h; LNSC <3.5 ng/ml; ACTH 10-50 pg/ml
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When compared with the patients on medical treatment as
a whole (groups A + B), they had lower UFC (p = 0.01)
and LNSC levels (p = 0.0006), but when controls were
compared with complete responders (11/14 treated
patients; median UFC 447, range 121-668 nmol/24 h),
there were no differences in terms of their UFC levels
(p = 0.07), whereas the LNSC levels remained higher
(median 5.64, range 1.62-10.4 ng/ml) in the patients on
medical treatment (p = 0.003). In the 4 patients with
normal LNSC the treatment was extended for another
6 months: this led to a gradual increase in LNSC to path-
ological values in 3 cases, while UFC levels remained
under control (albeit closer to the upper limit of normality)
in all patients. When MRI was performed in 10 patients at
the end of the treatment, there was no difference in the size
of their pituitary lesions with respect to images obtained
beforehand.

As for their clinical features, most of our patients
showed a partial regression in the signs of hypercortisol-
ism, including reductions in waist circumference and BMI
(Tables 3, 4), and a drop in the number and/or dose of
antihypertensive drugs taken by complete and partial
responders, and this specific treatment was completely
withdrawn in two cases. It is worth noting that this favor-
able effect was more evident in patients whose LNSC was
normal while they were on combined therapy. The 6 dia-
betic patients (all controlled with the combined therapy)
had a better metabolic control, as measured from fasting
glucose and HbAlc levels: the drop in HbAlc ranged from
0.3 to 3.2 % after 6 months of combined therapy. At the
end of the study all patients were taking both medications,

Fig. 3 LNSC levels at baseline 30
(darker bars), on monotherapy
(intermediate bars) and on
combined therapy (lighter
bars); the range of blue was
used for patients initially treated
with cabergoline; range of green
colors for patients initially 20
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treated with ketoconazole. The '—E‘
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the mean dosage was 2.3 mg/week of cabergoline and
314 mg/day of ketoconazole.

Side effects

Both treatments were well tolerated and no severe side
effects were reported. Ketoconazole was reduced from 400
to 200 mg/day in 2 patients in group B, due to high
transaminases in 1 case and to skin rash in the other; the
symptoms regressed completely with this dose reduction.
None of the patients experienced hypoglycemia, hypoten-
sion or adrenal insufficiency while on mono- or combined
therapy. Echocardiograph surveillance was performed in
the 8 patients (6 of group A and 2 of group B) who were
taking cabergoline for more than one year. No tricuspidalic
regurgitation was observed in these patients.

Discussion

Cushing’s disease is a rare disorder coinciding with
increased morbidity and mortality rates; a rapid reversal of
this state is mandatory to limit the side effects of hyper-
cortisolism [11, 12]. In persistent or recurrent CD, second-
line treatments have to be considered, the possible options
being repeat surgery, pituitary irradiation, bilateral adre-
nalectomy or medical therapy. Unlike other pituitary ade-
nomas, such as acromegaly and prolactinomas, there is
currently no effective medication that takes action specif-
ically on corticotroph tumor [10, 13—15]. The somatostatin
analog pasireotide showed positive results both in the short

5 6 7 8 9 10 1 12 13 14
PATIENTS
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term and after a year of treatment for CD in approximately
30 % of patients and has recently been approved by the
European Medicine Agency for treatment of Cushing’s
disease in patients in whom surgery has failed or is not a
viable option [16—18]. Promising results obtained in vitro
with retinoic acid were confirmed in vivo by a recent pilot
study, suggesting a role for this drug in the treatment of CD
[18, 19]. Other neuromodulatory drugs were used in the
past. First, bromocriptine was reported to induce a lower
cortisol secretion, but eucortisolism and tumor shrinkage
were rarely maintained by long-term treatment [20-22].
Better results were obtained with the more potent dopa-
mine agonist, cabergoline, which is also longer-acting and
associated with fewer side effects than bromocriptine [23,
24]. Response to dopamine agonists depends on D2
receptor expression and activity, which reportedly varies
from 51 to 75 % in both complete and partial responders
[9, 13, 25, 26].

Cabergoline monotherapy
In our series, 6 patients were given cabergoline as first-line

medical treatment, but only 3 of them were considered
responders. Some patients’ failure to respond to this treatment

Table 4 Comparison between the two groups at baseline (basal), on
monotherapy (mono) and on combination therapy (combined)

Parameters Group A Group B p value

UFC (nmol/24 h)

Basal 1,308 (800-1,515) 1,092 (971-2,789)  0.85

Mono 1,001.5 (398-1,311) 5 82.5 (497-1,944) 0.33

Combined 515 (354-668) 628.5 (121-3,884)  0.48
LNSC (mg/ml)

Basal 7.77 (6.5-24.1) 11.96 (5.05-21.1) 0.75

Mono 6.94 (2.79-14) 9.62 (3.4-11.1) 0.85

Combined 6.16 (1.93-10.4) 6.97 (1.62-12) 0.75
ACTH (pg/ml)

Basal 38.5 (18-62) 21 (15-89) 0.36

Mono 41 (19-55) 27.5 (18-84) 0.95

Combined 35.5 (28-71) 32 (12-76) 0.52
BMI (kg/m?)

Basal 26.1 (23.8-39.2) 28.8 (22.8-41.6) 0.65

Mono 25.6 (24.6-39.2) 29.7 (22.8-42.4) 0.65

Combined 24.5 (23.4-39.6) 29.1 (23.2-40.5) 0.72
Waist (cm)

Basal 101 (85-126) 104.5 (78-125) 0.75

Mono 93 (83-125) 99 (75-125) 0.94

Combined 94.5 (85-126) 102.5 (76-120) 0.51

Values are expressed as medians and ranges

Normal ranges for: UFC 90-694 nmol/24 h; LNSC <3.5 ng/ml;
ACTH 10-50 pg/ml

may be due to their having little or no D2 receptor expression
in the tumor cells, or to a downregulation of these receptors by
persistently high cortisol levels. Only 2 of our patients had
mild hyperprolactinemia at the baseline, which had been
associated (at least to some degree) with responsiveness to
cabergoline treatment: Pivonello et al. [13] reported a better
response to cabergoline than we found, possibly because 45 %
of their patients had mild hyperprolactinemia as well, and
because they used a higher dose of dopamine agonist (7 mg/
week). Response to cabergoline became evident in our
patients at lower doses (2-3 mg/week) and then we opted to
add the other drug.

Ketoconazole monotherapy

Ketoconazole is an imidazole derivative, an antifungal
agent that—at high doses—reduces adrenal steroid pro-
duction by inhibiting numerous steroidogenic enzymes,
e.g. 11-p hydroxylase, 17-hydroxylase and 18-hydroxylase
[27, 28]. In some cases, doses between 600—1,200 mg/day
are needed to control excessive hormone levels, exposing
patients to the risk of adverse effects such as gynecomastia,
impaired testicular function, adrenal insufficiency and
hepatotoxicity [28, 29]. Castinetti et al. [30] retrospectively
studied 38 CD patients treated with ketoconazole, finding it
effective in 50 % of cases. In our series, a complete
response to ketoconazole was observed in 5/8 patients;
there was also an important reduction in UFC levels in the
other 3 cases, but the dose had to be reduced in 2 of them
because of side effects. The maximal dose of ketoconazole
used in this study was quite low; we might have had better
results if we had used higher doses, but we preferred to stop
at 600 mg/day to avoid side effects and adrenal insuffi-
ciency. Compared with cabergoline monotherapy, keto-
conazole alone proved more effective in reducing cortisol
levels, but the circadian rhythm of cortisol secretion
(assessed by measuring LNSC) was not restored in the
majority of patients.

Combination therapy

The rationale for using the two drugs in association is to
combine their different mechanisms of action to obtain a
better hormonal control of the patient’s hypercortisolism,
administering lower doses of both drugs, causing fewer side
effects, and possibly also reducing the treatment escape. To
our knowledge, only cabergoline with the subsequent addi-
tion of ketoconazole had been studied to date, not the same
combination in reverse. In fact, the reduction in cortisol
levels initially achievable with by ketoconazole might lead
to D2 receptor upregulation in corticotroph tumors, poten-
tially increasing the action of cabergoline on the adenoma,
evenifit was not proved in vitro [31]. When we compared the
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two treatment regimens (cabergoline with added ketocona-
zole vs ketoconazole with added cabergoline), however, we
found no differences between the treatment groups, indi-
cating that it makes no difference which way round the
treatment is given: when one drug becomes less effective, the
other can be added regardless of the order of their adminis-
tration. In our series, we obtained an overall UFC normali-
zation in 79 % of patients, which is comparable with the
results reported by Vilar et al. [10, 15] Our patients also
experienced a clinical improvement while on the combined
therapy, in terms of their BMI, waist circumference, hyper-
tension and diabetes control. The only patient (in the group
treated initially with ketoconazole) who showed no response
at all to cabergoline had a macroadenoma, which reportedly
has a low D2 receptor expression [32]. Another observation
worth emphasizing is that patients given drugs as their first-
line therapy tended to respond less well to medical treatment
than those already treated surgically: this may be due to
patients with de novo CD having higher hormone levels than
those with recurrent or persistent CD. As concerns MRI
findings, no differences emerged after the treatment; in
particular, patients with no evident adenoma at the baseline
did not reveal any lesions after the treatment either. We also
measured LNSC as a marker of disease control, comparing
the levels in patients on combined therapy with controls in
prolonged remission of CD after effective neurosurgery. It is
well known that the lack of circadian rhythm in cortisol
secretion is one of the typical features of CD, and one of the
first markers of its recurrence, before any rise in UFC levels
or signs of florid hypercortisolism [33-36]. To our knowl-
edge, only a recent study on medical therapy for CD has
considered both UFC and LNSC as a marker of response; the
authors observed a recovery of cortisol diurnal thythm in
50 % of patients with previous impaired cortisol day-night
profile [37]. We found that all our controls in remission had
normal salivary cortisol levels, whereas this parameter failed
to return to normal in most of the patients on medical treat-
ment despite their UFC levels being within the normal range,
suggesting an incoming escape phenomenon. In 3 of 4
patients whose LNSC normalized while they were on an
extended period of treatment, we observed a gradual rise in
this parameter to above the upper limit of normality, fol-
lowed by a slow increase in UFC levels too, though these
remained within the normal range. Persistently high LNSC
levels reveal a subclinical hypercortisolism, a sign of inad-
equate disease control and of the risk of future treatment
escape. We also noted that clinical improvements (especially
as regards systolic and diastolic blood pressure levels) were
more remarkable when a normalization of UFC was
accompanied by a reduction in LNSC, whereas the clinical
picture improved less when only the former occurred. An
improvement in hypertension could depend partly on the
relaxing effect of cabergoline on the vascular smooth
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muscles and a consequently lower peripheral resistance [38].
The major drawback of the present report is the small sample
size which could have limited the possibility to find a sta-
tistically significant results in presence of a clinically
meaningful difference; further studies involving a larger
population will be required to confirm our findings, espe-
cially the relationship between degree of hypercortisolism
and response to treatment. We conclude that combined
therapy represents a valid and safe option for controlling
hypercortisolism, both the drug combinations tested here
working better in the short term than each drug used alone;
however the life-long use of such a therapy seems unlikely,
given the difficulty of preserving a complete hormonal
control in CD and the possibility of treatment escape. In
addition, since the circadian rhythm of cortisol secretion was
not restored in the majority of our cases, signs and symptoms
of the disease may well persist, meaning that a definitive
treatment remains the only option for the management of this
severe disease.
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