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treatment. Finally, preliminary results from a study on 17 pa-
tients with Cushing’s disease suggest that the combined use 
of pasireotide, cabergoline and low-dose ketoconazole may 
have additive beneficial effects in the medical treatment of 
Cushing’s disease.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Endogenous Cushing’s syndrome can be caused by tu-
mors of the adrenal glands that produce excess cortisol, 
known as autonomous adrenal hypercortisolism, secre-
tion of adrenocorticotropic hormone (ACTH) or cortico-
tropin-releasing hormone (CRH) from non-pituitary tu-
mors, known as ectopic ACTH or CRH secretion or, most 
frequently, by an ACTH-secreting pituitary adenoma, 
which is known as Cushing’s disease  [1] . Excessive secre-
tion of ACTH by a pituitary corticotropic adenoma re-
sults in excessive cortisol secretion from the adrenal 
glands, which can result in weight gain, high blood pres-
sure, depression, cognitive impairment, severe fatigue 
and muscle weakness, purplish skin striae, hyperpigmen-
tation, loss of libido, impaired glucose metabolism, hir-
sutism, acne and menstrual disorders  [2, 3] . Chronic hy-
percortisolism is associated with an increased incidence 
of systemic arterial hypertension, diabetes mellitus, cen-
tral obesity, hyperlipidemia and hypercoagulability  [2] . 
In the absence of adequate treatment, Cushing’s disease 
can be a fatal condition  [4] ; patients with Cushing’s dis-

 Key Words 

 Pasireotide  �  Somatostatin analogue  �  Cushing’s disease  

 Abstract 

 Cushing’s disease is Cushing’s syndrome caused by an adre-
nocorticotropic hormone-secreting pituitary adenoma and, 
in the absence of adequate treatment, can be fatal. Cushing’s 
disease represents an unmet medical need, with no ap-
proved medical therapies. Pasireotide is a novel multi-recep-
tor-targeted somatostatin analogue with high affinity for 
sst 1,2,3  and sst 5 . Compared with octreotide, pasireotide has 
an in vitro binding affinity 40-, 30- and 5-fold higher for sst 5,  
sst 1  and sst 3 , respectively, and 2-fold lower for sst 2 . Adreno-
corticotropic hormone-secreting pituitary adenomas pre-
dominantly express sst 5 , followed by sst 2  and sst 1 , suggest-
ing that pasireotide may be effective in the treatment of 
Cushing’s disease. In a 15-day phase II trial of pasireotide 600 
 � g s.c. b.i.d. in patients with de novo or persistent/recurrent 
Cushing’s disease, 22 of 29 patients (76%) achieved reduced 
urinary free cortisol (UFC) levels, 5 of whom (17%) achieved 
normalized UFC. Patients who achieved normalized UFC had 
a significantly greater reduction in serum cortisol than those 
who did not (p = 0.04), and minimum pasireotide plasma 
concentrations appeared to be higher in responders. Based 
on these results, a randomized, double-blind phase III study 
comparing pasireotide 600  � g b.i.d. and 900  � g b.i.d. was 
initiated and is ongoing. This is the largest ever phase III 
study in patients with Cushing’s disease. The primary end 
point of this study is normalization of UFC after 6 months of 
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ease have a mortality rate four times higher than age- and 
sex-matched controls  [2] .

  Treatment goals in Cushing’s disease include the re-
versal of clinical features, the normalization of biochem-
ical changes with minimal morbidity, and long-term con-
trol without recurrence  [1] . First-line treatment for Cush-
ing’s disease is pituitary surgery. Second-line options 
include repeat surgery, radiotherapy, bilateral adrenalec-
tomy and medical therapy. Currently, there are no ap-
proved medications for the treatment of Cushing’s dis-
ease. The most commonly used medical therapies, such 
as ketoconazole, metyrapone and mitotane, target the ad-
renal glands and, therefore, do not treat the underlying 
cause of the disease or restore normal function of the hy-
pothalamo-pituitary-adrenal axis  [5] . The commercially 
available somatostatin analogue octreotide is mostly in-
effective in treating Cushing’s disease  [6–8] .

  Pasireotide, a Multi-Receptor Targeted 

Somatostatin Analogue 

 Pasireotide is a novel multi-receptor-targeted soma-
tostatin analogue with high binding affinity to soma-
tostatin receptor subtypes sst 1,2,3  and sst 5 . Octreotide has 
high affinity for somatostatin receptor subtype sst 2  and 
marginal affinity for sst 5 , which accounts for its efficacy 
in treating patients with acromegaly and symptomatic 
gastroenteropancreatic neuroendocrine tumors (GEP-
NETs), and can partly explain its lack of efficacy in Cush-
ing’s disease  [9] . Compared with octreotide, pasireotide 
has an in vitro binding affinity 40-, 30- and 5-fold higher 
for sst 5 , sst 1  and sst 3 , respectively, and 2-fold lower for sst 2  
 [10] . Because of these differences in binding affinity, it 
can be speculated that in cells and tissues that express 
somatostatin receptors other than sst 2 , pasireotide will 
have a stronger inhibitory effect on hormone secretion 
than octreotide. ACTH-secreting pituitary adenomas 
predominantly express sst 5 , followed by sst 2  and sst 1   [11, 
12] . Therefore, by targeting multiple somatostatin recep-
tor subtypes, pasireotide may prove to be effective not 
only in patients with acromegaly or GEP-NETs, but also 
in patients with Cushing’s disease.

  Preclinical Evidence 

 In vitro evaluation of a mouse corticotropic adenoma 
cell line (AtT-20 cells) showed high mRNA expression of 
sst 5  receptors but few sst 2  receptors, reflecting the expres-

sion profile of human corticotropic adenomas  [13] . Fur-
thermore, in vitro studies in human ACTH-secreting pi-
tuitary adenomas and AtT-20 murine corticotropic tu-
mor cells showed that pasireotide inhibits basal and 
stimulated ACTH release. A 72-hour incubation with pa-
sireotide 10 n M  in human corticotropic adenoma cells re-
sulted in inhibition of ACTH release in three of five cul-
tures (–30% to –40%), whereas octreotide 10 n M  inhibited 
ACTH release in only one culture (–28%)  [14] . Impor-
tantly, the suppression of CRH-induced ACTH release 
exhibited by pasireotide in AtT-20 cells was unaffected by 
a 48-hour pretreatment with dexamethasone. By con-
trast, the suppressive effects of octreotide were almost 
completely blocked by dexamethasone  [14, 15] , suggest-
ing that sst 2  may be downregulated by glucocorticoid 
treatment (or by elevated endogenous cortisol levels), and 
that sst 5  is more resistant to downregulation. This also 
suggested that by inhibiting ACTH release and subse-
quent cortisol levels via sst 5 , the expression of sst 2  may be 
restored, thus further enhancing ACTH inhibition by an 
sst 2 /sst 5  receptor ligand such as pasireotide.

  Clinical Evidence 

 Pasireotide as Monotherapy 
 In order to assess the effects of pasireotide in patients 

with Cushing’s disease, a 15-day phase II, open-label, 
single-arm, multicenter, proof-of-concept trial was initi-
ated  [16] . Patients were aged  6 18 years and had clini-
cally and biochemically confirmed Cushing’s disease, 
which was established by the mean of two consecutive 
24-hour urinary free cortisol (UFC) levels  6 2 times
the upper limit of normal, morning plasma ACTH lev-
els within or above the normal range, and either MRI 
confirmation of a pituitary macroadenoma (adenoma
 6 1 cm) or an inferior petrosal sinus gradient  1 3 after 
CRH stimulation. The primary efficacy outcome was 
normalization of mean UFC levels after 15 days of treat-
ment. Secondary end points included changes in plasma 
ACTH and serum cortisol, pharmacokinetic evaluation 
and safety.

  Thirty-nine patients self-administered pasireotide s.c. 
600  � g twice daily for 15 days. Of the 29 patients in the 
primary efficacy analysis, 22 (76%) showed a reduction in 
UFC levels, of whom 5 (17%) had normal UFC levels 
(UFC responders), after 15 days of treatment with pasire-
otide ( fig. 1 ). Overall, the mean UFC level decreased from 
baseline by 44.5% (p  =  0.021). The mean  8  SD UFC lev-
el decreased from 1,231  8  1,141 nmol/24 h [446  8  413 
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 � g/24 h] at baseline to 683  8  615 nmol/24 h [248  8  223 
 � g/24 h] at study end (p  =  0.013)  [16] .

  Patients who achieved normalized UFC levels had a 
significantly greater reduction in serum cortisol than pa-
tients who did not. The mean baseline area under the 
plasma concentration-time curve from 0–8 h (AUC 0–8 h ) 
of serum cortisol was 5,046 nmol � h/l. A significant dif-
ference in serum cortisol reduction from day –1 to day 15 
was observed in UFC responders compared with UFC 
nonresponders (serum cortisol reduction of 1,248 vs. 420 
nmol � h/l, p  =  0.04)  [16] .

  Steady-state levels of pasireotide were achieved within 
5 days of treatment initiation, and the minimum plasma 
concentration (C min ) of pasireotide on day 15 was above 
the theoretical C min  ( 1 1  � g/l) required to demonstrate 
efficacy ( table 1 ). Furthermore, C min  and AUC 0–8 h  values 
of pasireotide appeared to be higher in responders than 
nonresponders. The mean  8  SD C min  in responders (n = 
5) was 7.8  8  4.1  � g/l, which was  � 1.8 times higher than 
that in nonresponders (4.3  8  2.4  � g/l; n = 22), and the 
mean  8  SD AUC 0–8 h  in responders was 119  8  32.5 
 � g � h/l, which was  � 1.3 times higher than that in nonre-
sponders, 93.3  8  38.3  � g � h/l  [16] .

  Pasireotide was generally well tolerated, with 87% of 
patients experiencing an adverse event considered to be 
drug related, the majority of which were mild and gastro-
intestinal in origin. The most common adverse events 
were diarrhea (44%), nausea (23%) and abdominal pain 
(18%). Hyperglycemia occurred in 14 patients (36%), most 
of whom (n = 12) experienced mild hyperglycemia. Of the 
14 patients, three had a documented medical history of 
diabetes mellitus and two of impaired fasting glucose at 
baseline  [16] .

  Based on these encouraging phase II results, a large, 
randomized, double-blind phase III trial comparing pa-
sireotide 600  � g s.c. b.i.d. and 900  � g s.c. b.i.d. in patients 
with de novo or persistent/recurrent Cushing’s disease 
was initiated and is ongoing. This is the largest ever phase 
III study in patients with Cushing’s disease. The primary 
end point of this study is normalization of UFC after 6 
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  Fig. 1.  Baseline and day 15 (study end) 
mean UFC level in each patient (mean of 
two 24-hour UFC level measurements). 
The dashed line indicates the upper limit 
of the normal range. Responding patients 
(defined as having a UFC level within the 
normal range at study end) are indicated 
by the arrows [16].  �  2009 The Endocrine 
Society. Reproduced with permission.   

Table 1. P harmacokinetic parameters of pasireotide 600 �g s.c. 
b.i.d. on days 1, 5, 12 and 15 in patients with Cushing’s disease  

P  arameter Day 1
(n = 36)

Day 5
(n = 38)

Day 12
(n = 38)

Day 15
(n = 33)

Cmin, �g/l 0 3.982.2 5.184.2 4.982.7
Cmax, �g/l 13.884.5 20.8811.7 20.586.9 21.186.9
Tmax, h 2 (2–4) 2 (2–4) 2 (2–2) 2 (2–2)
AUC0–8 h 

�g�h/l 51.7816.0 87.0834.2 94.5837.4 98.9833.9

Cmi n, Cmax and AUC0–8 h values are expressed as mean 8 SD. 
Tmax values are expressed as median (range). Cmin = Minimum 
plasma concentration; Cmax = maximum plasma concentration; 
Tmax = time to Cmax; AUC0–8 h = area under the plasma concentra-
tion-time curve from 0 to 8 h.  �  2009 The Endocrine Society. Re-
produced with permission. 
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months of treatment. Key secondary end points include 
the proportion of responders at months 3 and 12, mean 
change in 24-hour UFC, plasma ACTH and serum corti-
sol, changes in QoL, and changes in signs and symptoms 
of Cushing’s disease.

  Combination Medical Therapy with Pasireotide 
 In Cushing’s disease, medical therapy with adrenal-

blocking agents is often used as pretreatment before sur-
gery and after unsuccessful surgery and radiotherapy, al-
though there is limited robust evidence for their efficacy 
 [1] . Adrenal-blocking agents include metyrapone, mito-
tane, aminoglutethamide, etomidate and ketoconazole. 
Ketoco nazole is the most often used adrenolytic agent 
and works by inhibiting cytochrome P450-dependent en-
zymes of steroidogenesis.

  There have also been recent studies evaluating the 
use of the dopamine agonist cabergoline as a treatment 
for Cushing’s disease, either alone  [17]  or in combina-
tion with ketoconazole  [18] . These studies showed that 
up to 2-years’ monotherapy with cabergoline results in 
UFC normalization in approximately one third of pa-
tients, whereas adding ketoconazole to cabergoline 
therapy can increase the proportion of patients with 
normalized UFC to approximately two thirds of pa-
tients  [17, 18] .

  More recently, an 80-day clinical trial in 17 patients 
with Cushing’s disease was initiated to examine the effi-
cacy of a stepwise approach to medical therapy, with pa-
sireotide as the basal treatment modality, sequentially ex-
tended with cabergoline and ketoconazole  [19] . Patients 
started treatment with pasireotide 100  � g s.c. t.i.d. If
UFC had not normalized at day 15, the pasireotide dose 

was increased to 250  � g s.c. t.i.d. At day 32, patients with 
elevated UFC added cabergoline 1.5 mg q.i.d. At day 60, 
those patients who still had elevated UFC added ketoco-
nazole 200 mg t.i.d.

  Preliminary results suggest that the combined use of 
pasireotide, cabergoline and low-dose ketoconazole may 
have additive beneficial effects in the medical treatment 
of Cushing’s disease  [19] .

  Conclusion 

 Pasireotide is a promising new pituitary-targeted 
treatment for patients with Cushing’s disease. Results 
from the large, randomized, double-blind, phase III trial 
will help to determine the role pasireotide will play in the 
treatment of Cushing’s disease. Furthermore, the combi-
nation of partially independent medical therapies which 
act through differential mechanisms is a rational ap-
proach to the treatment of Cushing’s disease.
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