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Abstract
Background Treating hypercortisolism in patients with
Cushing’s disease after failed surgery often requires chronic
medication, underlining the need for therapies with
favourable long-term efficacy and safety profiles.
Methods In a randomised, double-blind study, 162 adult
patients with persistent/recurrent or de novo Cushing’s
disease received pasireotide. Patients with mean urinary free
cortisol at/below the upper limit of normal or clinical benefit
at month 12 could continue receiving pasireotide during an

open-ended, open-label phase, the outcomes of which are
described herein.
Results Sixteen patients received 5 years of pasireotide
treatment. Among these, median (95% confidence interval)
percentage change from baseline in mean urinary free cor-
tisol was −82.6% (−89.0, −41.9) and −81.8% (−89.8,
−67.4) at months 12 and 60. Eleven patients had mean
urinary free cortisol ≤ upper limit of normal at month 60.
Improvements in clinical signs were sustained during long-
term treatment. The safety profile of pasireotide at 5 years
was similar to that reported after 12 months. Fifteen of 16
patients experienced a hyperglycaemia-related adverse
event; glycated haemoglobin levels were stable between
months 6 and 60. Adverse events related to hyperglycaemia,
bradycardia, gallbladder/biliary tract, and liver safety were
most likely to first occur by month 6; adverse event severity
did not tend to worsen over time.
Conclusions This represents the longest prospective trial of
a medical therapy for Cushing’s disease to date. A subset of
patients treated with pasireotide maintained biochemical
and clinical improvements for 5 years, with no new safety
signals emerging. These data support the use of pasireotide
as an effective long-term therapy for some patients with
Cushing’s disease.
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Introduction

Cushing’s disease is a rare and often severe disorder of
chronic hypercortisolism caused by hypersecretion of
adrenocorticotropic hormone (ACTH) from a corticotroph
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adenoma [1]. Untreated, Cushing’s disease is associated
with significant morbidity (including metabolic, cardiovas-
cular and psychiatric disorders), impaired quality of life and
increased mortality [2–4].

Transsphenoidal resection of the causative pituitary
adenoma is first-line therapy for most patients with Cush-
ing’s disease [5]. However, many patients require pharma-
cological intervention in order to reduce excess levels of
cortisol. With an increasing number of therapeutic agents
available, clinicians face the challenging task of selecting
the most appropriate therapy for each patient. Tailoring
treatment to meet the individual patient’s characteristics
along with a consideration of the benefit:risk profiles of the
various medical therapies is recommended [5]. Given that
Cushing’s disease often requires chronic medical treatment,
medications with favourable long-term efficacy and safety
profiles are required to meet the needs of patients and their
clinicians.

Twice-daily pasireotide (Signifor)—a multireceptor-
targeted somatostatin analogue [6]—has been approved for
the treatment of adult patients with Cushing’s disease with
persistent or recurrent hypercortisolism after surgery or for
whom surgery is not an option [5]. Earlier reports from a
large Phase III study (NCT00434148) showed that pasireo-
tide reduced urinary free cortisol (UFC) levels and provided
clinical benefit for up to 24 months in patients with Cush-
ing’s disease [7–9]. The safety profile of pasireotide was
similar to that of other somatostatin analogues, except for a
higher frequency and degree of hyperglycaemia [7–9]. To
date, published data on the efficacy and safety of pasireotide
beyond 24 months of treatment have been limited to indi-
vidual case reports or small patient series [10–14]. While
these reports have shown disease control to be sustained for
several years in individual patients, prospective data in a
cohort of patients with Cushing’s disease have not been
available. Long-term data not only establish durability of
efficacy and other clinical benefits, but also potentially
identify important safety and tolerability signals, which may
only emerge over an extended duration of treatment.

Here, we report the safety and efficacy of pasireotide in
patients (n= 16) who received 5 years of treatment during
an extension to the Phase III study.

Methods

Patients and study design

Adults with de novo, persistent or recurrent Cushing’s dis-
ease were enroled in the Phase III study (Clinicaltrials.gov,
NCT00434148) as previously described [7]. Patients were
randomly assigned to receive double-blind subcutaneous
pasireotide 600 µg or 900 µg twice daily (bid). Patients with

a mean urinary free cortisol (mUFC) level not exceeding the
upper limit of the normal range (ULN) or who were con-
sidered by the investigator to be achieving clinical benefit
from pasireotide at month 12 could continue receiving
pasireotide in an open-label phase. If treatment benefit
persisted and pasireotide was well tolerated, patients could
continue to receive pasireotide until it became commercially
available. Increase and decrease of dose was permitted
during the open-label phase for efficacy and tolerability
issues (permitted dose range, 150–1200 µg bid). The study
was approved by an independent ethics committee, research
ethics board, or institutional review board at each centre and
complied with the Declaration of Helsinki, the Harmonised
Tripartite Guideline for Good Clinical Practice from the
International Conference on Harmonisation, and local laws.
All patients provided written informed consent.

Assessment of efficacy and clinical signs

Patients attended a scheduled assessment visit every
2 weeks up to day 90, then monthly up to month 12 and
every 3 months thereafter. mUFC, serum cortisol and
plasma ACTH levels, as well as clinical signs of Cushing’s
disease—systolic blood pressure (SBP) and diastolic blood
pressure (DBP), body weight, body mass index (BMI) and
bone mineral density (BMD)—were assessed as described
previously [7]. mUFC, serum cortisol and plasma ACTH
levels were analysed by central laboratories (Eurofins
Medinet BV, Breda, The Netherlands; CRL Medinet Inc.,
Lenexa, KS, USA; and Eurofins Technology Services
[Suzhou] Co Ltd, Suzhou, China); see Supplementary
Appendix for collection and assay details. Facial rubor,
cutaneous striae, bruising, supraclavicular and dorsal fat
pads, and muscle strength were assessed as described pre-
viously [9]. Severity of rubor, striae, bruising and fat pads
was scored on a scale of 0 to 3 (0, no signs; 1, mild; 2,
moderate; 3, severe). Tumour volume was assessed by
magnetic resonance imaging (MRI) and evaluated by a
central reader (BioClinica Inc, Lyon, France).

Safety assessments

Safety was assessed from baseline to study end by mon-
itoring for adverse events (AEs); severity of AEs was gra-
ded according to Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0 [15]. Haematological
and blood biochemical measurements, including of fasting
plasma glucose (FPG) and glycated haemoglobin (HbA1c)
levels, were performed as previously described [7]. Con-
comitant medications (excluding drugs for the treatment of
Cushing’s syndrome) were permitted at the discretion of the
investigator; dose information for concomitant medications
was not recorded.
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Statistical methods

Median (95% confidence interval [CI]) values for mUFC,
serum cortisol, plasma ACTH, and clinical signs were cal-
culated in patients who had evaluable measurements at
the specific time point; for calculations of actual or per-
centage change, only those patients who had evaluable
measurements at baseline and the later time points were
included.

Efficacy data are presented at various time points up to
month 60 for all patients who received at least one dose of
pasireotide (overall population) and for those patients who
reached month 60. Safety data are presented from baseline
up to study end (defined as the time at which the last patient
discontinued the study) for the overall population and for
patients who reached month 60. Life-table estimates were
used to calculate annualised rates of first-reported AEs
related to bradycardia, hyperglycaemia, the gallbladder/
biliary tract and the liver (AEs of special interest) during the
following time intervals: 0–6 and >6–12 months, and >1–2,
>2–3, >3–4, >4–5 and >5–6 years.

Results

Patients

Seventy-eight of the 162 patients who were randomised and
treated completed 12 months of treatment, and 58 patients
continued to receive pasireotide beyond month 12. Of these,
41, 19, and 16 patients were still receiving treatment at
months 24, 48 and 60, respectively; the maximum duration
of exposure to pasireotide was 76.6 months.

Baseline (month 0) characteristics for the overall popu-
lation and for the 16 patients who reached month 60 are
shown in Table 1.

The most common reasons for patients discontinuing the
study (≥5% of patients) between baseline and study end
were unsatisfactory therapeutic effect (32.7%), AEs
(22.2%), withdrawal of consent (18.5%) and administrative
problems (9.9%). Reasons for patient discontinuation by
treatment year are shown in Supplementary Fig. 1. Most of
those patients who discontinued for reasons of unsatisfac-
tory therapeutic effect or AEs did so during the first
12 months of treatment.

Long-term efficacy

Urinary free cortisol

Overall, there was a sustained decrease in median mUFC
levels from baseline up to month 60 (Fig. 1). In patients
who reached month 60, decreases in median mUFC were

seen within 3 months of treatment and were below ULN at
month 12 through to month 60. In these patients, the median
percentage change from baseline in mUFC was –82.6%

Table 1 Summary of baseline characteristics for the overall
population (n= 162) and the 16 patients who reached month 60

Characteristic Overall population Reached month 60

N= 162 N= 16

Females, n (%) 126 (77.8) 14 (87.5)

Age

Mean, years
(range)

40.2 (18–71) 44 (24–67)

≥65 years, n (%) 5 (3.1) 1 (6.3)

Mean time since
diagnosis, months
(range)

54 (0–372) 63 (5–149)

Previous treatment, n (%)

Surgery 128 (79.0) 14 (87.5)

Medication 78 (48.1) 9 (56.3)

Pituitary
irradiation

7 (4.3) 3 (18.8)

Cushing’s disease status, n (%)

De novo 27 (16.7) 1 (6.3)

Persistent/
recurrent

135 (83.3) 15 (93.8)

Tumour volume

Baseline
measurement, n

75 6

Median, cm3

(range)
0.23 (0.02‒22.83) 0.08 (0.02, 0.20)

mUFC

Baseline
measurement, n

153 16

Median, nmol/24 h
(range)

564.5 (195.0–22,943.8) 488.3 (219.5–1642.5)

mUFC, n (%)

≤2×ULN 26 (16.0) 3 (18.8)

>2–5×ULN 66 (40.7) 7 (43.8)

>5–10×ULN 41 (25.3) 5 (31.3)

>10×ULN 20 (12.3) 1 (6.3)

Serum cortisol

Baseline
measurement, n

162 16

Median, nmol/l
(range)

691 (291–1710) 668 (291–1189)

ACTH

Baseline
measurement, n

162 16

Median, pmol/l
(range)

13 (0–109) 10 (3–25)

Baseline UFC was calculated if ≥3 samples were collected. Baseline
tumour volume was calculated for patients with a measurable pituitary
tumour on MRI. Normal ranges: UFC, 30–145 nmol/24 h; ACTH,
0–10 pmol/l
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(95% CI: –89.0, –41.9) at month 12 and –81.8% (95% CI:
–89.8, –67.4) at month 60 (Fig. 1).

At month 60, 11/16 (68.8%) patients had controlled
mUFC (mUFC ≤ULN), 2/16 (12.5%) patients had partially
controlled mUFC (mUFC>ULN but ≥50% decrease from
core baseline), and 3/16 (18.8%) patients had uncontrolled
mUFC. Of the 11 controlled patients at month 60, eight
were previously controlled, one was partially controlled,
and two were uncontrolled at month 12. Individual mUFC
levels decreased gradually over time in the two patients who
were controlled at month 60 but uncontrolled at month 12
(Supplementary Fig. 2a); neither of these patients had
received prior pituitary irradiation. Two other patients with
controlled mUFC at month 60 had undergone pituitary
irradiation >10 years prior to study start; mUFC levels were
controlled in both of these patients within 1 month of
pasireotide treatment. One patient with uncontrolled mUFC
at month 60 had also undergone prior pituitary irradiation.

Two patients who were controlled at month 12 were
partially controlled at month 60 (Supplementary Fig. 2b).

For one of these patients, mUFC was only marginally above
ULN at month 60 (152 nmol/24 h; ULN, 145 nmol/24 h)
and had returned below ULN at the next assessment (116
nmol/24 h [month 63]) without an increase in dose.

Serum cortisol and plasma ACTH

Decreases from baseline in median serum cortisol and
plasma ACTH levels were apparent at month 3 and were
sustained up to month 60 (Fig. 1). In patients who reached
month 60, the median percentage change from baseline in
serum cortisol was −28% (95% CI: −34.1, −6.4) at month
12 and –25% (95% CI: −41.6, 3.8) at month 60; the median
percentage change from baseline in plasma ACTH at
months 12 and 60 was −34.7% (95% CI: −45.5, 26.7) and
−8.3% (95% CI: −33.3, 50.0), respectively (Fig. 1).

Clinical signs and tumour volume

Clinically relevant decreases in SBP, DBP, weight, and
BMI were observed within the first 6 months of pasireotide
treatment (Fig. 2). These improvements were sustained up
to month 60. Median changes from baseline to month 60 for
the 16 patients who remained on pasireotide treatment were:
SBP, −4.3 mmHg (95% CI: −17.3, 5.3); DBP, −1.7 mmHg
(95% CI: −10.3, 3.3); weight, −6.2 kg (95% CI: −9.3,
−1.8); and BMI, −2.3 kg/m2 (95% CI: −3.5, −0.6)
(Fig. 2). Six of the 16 patients who reached month 60 were
receiving antihypertensive drugs at study baseline. A further
two patients initiated antihypertensive medication after
starting pasireotide.

Most patients had the same or an improved severity score
for facial rubor, cutaneous striae, bruising, and dorsal and
supraclavicular fat pads at month 60 compared with base-
line values. Muscle strength scores remained the same in
most patients from baseline to month 60 (Supplementary
Fig. 3). There were no significant changes seen from
baseline to month 60 in median lean body mass (−2.1 kg
[95% CI: −5.4, 0.6]), total body fat (−3.5 kg [95% CI:
−10.0, 1.9]) and BMD: lumbar vertebrae, 0.0 mg/cm3 (95%
CI: −0.1, 0.1); left proximal femur total hip, 0.0 mg/cm3

(95% CI: −0.1, 0.0); and left proximal femur neck, 0.0 mg/
cm3 (95% CI: −0.1, 0.0). No significant changes were seen
from baseline to month 60 in blood lipids: total cholesterol,
−1.3 mmol/l (95% CI: −1.6, 0.0); low-density lipoprotein
cholesterol, −0.7 mmol/l (95% CI: −1.0, 0.5); high-density
lipoprotein cholesterol, −0.2 mmol/l (95% CI: −0.7, 0.1);
and triglycerides, −0.3 mmol/l (95% CI: −0.6, 0.0).

Six of the 16 patients who reached month 60 had an
evaluable tumour assessment at baseline. Median percentage
change in tumour volume from baseline to last available
assessment was –3.5% in those patients who reached month

Fig. 1 Median a mUFC, b serum cortisol and c ACTH levels from
baseline up to month 60. Error bars show 95% distribution-free con-
fidence limits for median values. Numbers of patients with evaluable
measurements are shown beneath each time point for the overall
population. Dashed lines represent ULN for UFC (145 nmol/24 h) and
ACTH (10 pmol/l). Data for the overall population (n= 162) have
previously been reported up to month 12 [7] and month 24 [8]
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60. Changes in tumour volume for individual patients who
reached month 60 are shown in Supplementary Table 1.

Long-term safety

Almost all patients who entered the core study (98.1%; 159/
162) experienced ≥1 AE while receiving pasireotide
(Table 2). The most common AEs (occurring in ≥30% of
the overall population) from baseline up to study end were
diarrhoea (58.6%), nausea (53.7%), hyperglycaemia
(41.4%), cholelithiasis (32.7%), and headache (30.9%)
(Table 2). A similar safety profile was seen for patients who
reached month 60 (Table 2). When AE terms were grouped
(e.g., all terms relating to elevations in blood glucose),
75.3% (122/162) of patients in the overall population and
93.8% (15/16) of patients who reached month 60 experi-
enced at least one AE related to hyperglycaemia. Of the
overall patient population and those who reached month 60:
37.7% (61/162) and 62.5% (10/16) experienced a gall-
bladder/biliary-related AE; 15.4% (25/162) and 25.0% (4/

16) experienced a bradycardia-related AE; and 17.3% (28/
162) and 18.8% (3/16) experienced a liver-safety-related
AE, respectively.

In total, 36 (22.2%) patients discontinued the study
because of an AE. Of these discontinuations, 26 (72.2%)
occurred before month 12; 29 (80.6%) and 35 (97.2%)
occurred before months 24 and 36, respectively. The most
common AEs that led to discontinuation (≥1% of patients)
were diabetes mellitus (3.7%), diarrhoea (3.7%), hypergly-
caemia (3.7%), elevated gamma-glutamyltransferase
(3.1%), elevated alanine aminotransferase (1.2%), chole-
lithiasis (1.2%), fatigue (1.2%), and nausea (1.2%). No
deaths were reported during the study.

Annualised rates of first-reported AEs related to brady-
cardia (22.5%), hyperglycaemia (88.5%), the gallbladder/
biliary tract (47.5%), and the liver (27.9%) were highest
during the first 6 months of pasireotide treatment (Fig. 3).
Steady decreases in annualised rates were seen after month
6 up to month 72.

Fig. 2 Median a SBP, b DBP, c weight, and d BMI from baseline up to month 60. Error bars show 95% distribution-free confidence limits for
median values. Data for the overall population (n= 162) have previously been reported up to month 12 [7] and month 24 [8]
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In the overall population, the majority of AEs related to
bradycardia, the gallbladder/biliary tract, hyperglycaemia,
and the liver were CTCAE grade 1 or 2 at first occurrence.
In most cases, the CTCAE grade of these AEs did not
worsen at any time after first occurrence (Supplementary
Table 2). For those patients who reached month 60, no
increases in CTCAE grade were reported at any time after
first occurrence for AEs related to bradycardia and liver
safety. Increases in CTCAE grade were reported for 3/10
gallbladder/biliary-related AEs and 7/15 hyperglycaemia-
related AEs; two and three AEs, respectively, worsened to
CTCAE grade 3 (Table 3).

Blood glucose changes

Changes in median HbA1c and FPG from baseline through
to month 24 have previously been reported for the overall
population [7, 8]; increases in median HbA1c and FPG were
seen by month 6, after which levels plateaued. In patients
who reached month 60, median HbA1c increased from 5.5%
(95% CI: 5.2, 6.0) at baseline to 6.6% (95% CI: 5.9, 7.5) at
month 6 and 6.3% (95% CI: 5.8, 7.2) at month 60. In these
patients, median FPG increased from 93.7 mg/dl (95% CI:

82.9, 117.1) at baseline to 111.7 mg/dl (95% CI: 79.3,
129.7) and 117.1 mg/dl (95% CI: 91.9, 142.3) at months 6
and 60, respectively (Fig. 4).

Two of the 16 patients who reached month 60 were
receiving antidiabetic medication at study baseline. A further
11 patients initiated one or more antidiabetic drugs after
starting pasireotide; median time from study start to first
antidiabetic medication was 52 weeks (range: 1‒226). For
those patients who initiated antidiabetic therapy during the
study, median HbA1c levels increased from baseline (5.2%
[95% CI: 5.1, 6.2]) to month 6 (6.7% [95% CI: 6.0, 7.7]) and
then plateaued through to month 60 (6.4% [95% CI: 5.8, 7.3]).

Discussion

In the longest-running prospective clinical trial of a medical
therapy for Cushing’s disease to date, pasireotide treatment
reduced median mUFC and improved disease-related clin-
ical signs. These beneficial effects were sustained for up to
5 years in the subgroup of patients who remained on
treatment. No new safety signals were identified during
long-term treatment.

Table 2 AEs (regardless of
study drug relationship)
occurring in ≥10% of the 162
patients who received
pasireotide

Preferred term Overall population
(N= 162)

Patients reaching month 60
(N= 16)

Grades 3/4 All grades Grades 3/4 All grades

n (%) n (%) n (%) n (%)

Diarrhoea 5 (3.1) 95 (58.6) 0 7 (43.8)

Nausea 4 (2.5) 87 (53.7) 2 (12.5) 11 (68.8)

Hyperglycaemia 21 (13.0) 67 (41.4) 2 (12.5) 9 (56.3)

Cholelithiasis 3 (1.9) 53 (32.7) 1 (6.3) 8 (50.0)

Headache 3 (1.9) 50 (30.9) 1 (6.3) 7 (43.8)

Abdominal pain 4 (2.5) 41 (25.3) 1 (6.3) 8 (50.0)

Diabetes mellitus 14 (8.6) 36 (22.2) 2 (12.5) 8 (50.0)

Fatigue 3 (1.9) 36 (22.2) 1 (6.3) 8 (50.0)

Nasopharyngitis 0 24 (14.8) 0 6 (37.5)

Alopecia 0 21 (13.0) 0 3 (18.8)

Hypercholesterolaemia 0 20 (12.3) 0 4 (25.0)

Abdominal pain upper 0 19 (11.7) 0 6 (37.5)

Asthenia 4 (2.5) 19 (11.7) 0 3 (18.8)

Dizziness 2 (1.2) 19 (11.7) 0 3 (18.8)

ALT increased 4 (2.5) 18 (11.1) 0 2 (12.5)

Gamma-glutamyltransferase increased 6 (3.7) 18 (11.1) 0 2 (12.5)

HbA1c increased 1 (0.6) 18 (11.1) 0 1 (6.3)

Hypertension 0 18 (11.1) 0 2 (12.5)

Hypoglycaemia 3 (1.9) 18 (11.1) 0 3 (18.8)

Decreased appetite 0 17 (10.5) 0 2 (12.5)

Myalgia 1 (0.6) 17 (10.5) 1 (6.3) 8 (50.0)

ALT alanine aminotransferase
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At the end of the study, 16 patients had completed ≥5
years of treatment. Median mUFC decreased within the first
3 months of treatment for these patients and remained
suppressed up to month 60; median mUFC had decreased
from baseline by 82% at month 60. The proportion of
patients with controlled mUFC was similar at month 12
(n= 10/16; 62.5%) and month 60 (n= 11/16; 68.8%). Two
patients showed a gradual response to pasireotide treatment;
these patients had uncontrolled mUFC levels at month 12
but were subsequently controlled at month 60 (without
history of pituitary irradiation). Conversely, two patients
who were controlled at month 12 were only partially con-
trolled at month 60. For one of these patients, mUFC was
slightly elevated (<1.1×ULN) at month 60 and had
returned to within the normal range at the time of the next
assessment (month 63) without dose adjustment. Median
plasma ACTH and serum cortisol levels were also sup-
pressed below baseline levels during the 5-year treatment
period.

Compared with the enroled population, a similar pro-
portion of patients who remained on pasireotide treatment
for at least 5 years had baseline mUFC levels in the fol-
lowing ranges: ≤2×ULN, >2−5×ULN, and >5–10×
ULN. These findings demonstrate that pasireotide can
provide long-term benefit to a subgroup of patients with
varying degrees of hypercortisolaemia.

The reversal of clinical signs, symptoms and comorbid-
ities represents an important goal for the treatment of
Cushing’s disease [5]. Pasireotide treatment led to long-term
improvements in SBP, DBP, weight, and BMI, which may
mitigate the increased morbidity and mortality observed in
patients with untreated Cushing’s disease [4]. Clinical
improvements were sustained for up to 5 years. Other
clinical signs of Cushing’s disease, which can have pro-
found effects on patients’ quality of life [16] and include
facial rubor, cutaneous striae, bruising, fat pads, and poor
muscle strength, also improved during long-term pasireo-
tide treatment. Although most patients with Cushing’s dis-
ease harbour a pituitary microadenoma, control of tumour

Fig. 3 Annualised rates of first-reported AEs* related to a hypergly-
caemia, b the gallbladder/biliary tract, c the liver, and d bradycardia.
Data show annualised rates of first-reported AEs by time interval and
95% CI. During the first year of treatment, annualised rates were
estimated for 0–6 and >6–12 months. The numbers of patients who

experienced a first-reported AE (n) and the total number who were ‘at
risk’ (N; ongoing at start of interval and had not already experienced
the AE) are shown below each graph for each time interval. *Common
AE terms were grouped, for example, all terms related to hypergly-
caemia (e.g., elevated FPG/HbA1c and diabetes mellitus) or liver safety
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volume is an important clinical goal [5]. Pasireotide treat-
ment has been demonstrated to reduce tumour volume in
patients with Cushing’s disease [17]. In this study, tumour
volume remained controlled over 5 years of pasireotide
treatment. Given its antiproliferative effect, pasireotide may
be particularly beneficial in patients with a clinically rele-
vant tumour mass and/or tumour progression [18].

The safety profile of pasireotide was similar at the end of
the study to that previously reported after 12 and 24 months
of treatment [7, 8]; AEs were generally mild or moderate.
To assess potential changes in first-reported AE risk over
time, interval-specific rates were calculated for bradycardia-
related, gallbladder-related, hyperglycaemia-related and
liver-related AEs, all of which were most likely to emerge
during the first 6 months of pasireotide treatment, with
steady decreases in first-reported AE rates after this time. As
routine monitoring of patients was performed less fre-
quently after month 12, it is possible that some AEs could
be under-reported at later time points. As this analysis did
not take into account repeat episodes or prolongation of
AEs in individual patients, changes in the severity of these
AEs over time were also assessed. The severity of AEs
related to hyperglycaemia and the gallbladder/biliary tract

did not increase after first occurrence in over half of patients
on long-term pasireotide treatment, while the severity of
AEs related to bradycardia and the liver did not tend to
increase after the first reported event.

Hyperglycaemia is a well-characterised side effect of
pasireotide treatment [19]. In this long-term study, hyper-
glycaemia was manageable with the use of antidiabetic
medication, which was permitted during this study. For
patients on long-term pasireotide treatment who initiated
antidiabetic medication during the study (n= 11/16),
median HbA1c levels increased soon after initiation of
pasireotide and plateaued at month 6 through to month 60.
However, given the small number of patients who reached
month 60, these results should be interpreted with caution.
Blood glucose levels should be monitored in patients treated
with pasireotide so that prompt action can be taken if levels
rise. No specific recommendations for treatment of hyper-
glycaemia were included in the study protocol. As such, it
was not possible to assess the effect of individual medica-
tions on glycaemic parameters. A clinical trial is ongoing to
evaluate the efficacy of various antidiabetic therapies in
controlling pasireotide-induced hyperglycaemia in patients

Table 3 CTCAE grade of AEs
related to hyperglycaemia, the
gallbladder/biliary tract, the
liver, or bradycardia at first
occurrence and worst value at
any time after first occurrence
for the 16 patients who reached
month 60

Shaded boxes indicate higher CTCAE grades at worst reported value compared with first occurrence
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with Cushing’s disease or acromegaly (clinicaltrials.gov
identifier: NCT02060383).

A number of other medical therapies have demonstrated
efficacy in patients with Cushing’s disease, which exert their
effects by inhibiting cortisol production at the adrenal
glands (adrenocortical steroidogenesis inhibitors), blocking
cortisol action at peripheral tissues (glucocorticoid receptor
antagonists), or inhibiting ACTH release from the pituitary
adenoma (dopamine receptor agonists) [20]. It is necessary
to understand the long-term efficacy—control of cortisol
excess, tumour proliferation and clinical sequelae of the
disease—and safety of each therapeutic option in order to
provide best possible outcomes for patients [18, 21].

Prospective data, which are more robust and less subject
to bias than retrospective data, on the long-term use of other
medical therapies used to treat Cushing’s disease are lim-
ited. In a retrospective study of 200 patients with Cushing’s
disease, 51 patients were treated with ketoconazole for at
least 24 months (mean, 109 months). At last assessment,
64.7% of these patients achieved normalised UFC, while
23.5% had at least a 50% decrease [22]. Discontinuation of
ketoconazole because of intolerance occurred in 20.5% of
patients. In a retrospective series of 195 patients with
Cushing’s syndrome, 38 patients were treated with metyr-
apone for a mean duration of 18 months; ≥64% achieved
normalisation of cortisol secretion [23]. Metyrapone was
generally well tolerated, and potential side effects of
hypokalaemia, hypertension, and hirsutism were rarely
reported. Unlike pasireotide, adrenal-directed agents cannot
reduce ACTH levels or influence pituitary tumour volume.
Finally, mifepristone is approved in the USA to control
hyperglycaemia secondary to hypercortisolism in patients
with Cushing’s syndrome who have type 2 diabetes melli-
tus/glucose intolerance and have failed/are not candidates
for surgery [5]. Mifepristone has been shown to provide

clinically significant weight loss in patients with Cushing’s
syndrome over 2 years of treatment [24]. Patients receiving
mifepristone should be closely monitored for increase in
circulating ACTH and cortisol levels and pituitary tumour
enlargement.

Conclusions

The chronic nature of hypercortisolism associated with
Cushing’s disease necessitates, in some patients, a durable
and effective medical treatment with a favourable safety and
tolerability profile. Patients who were benefiting from
treatment with pasireotide at month 12 of the core study
continued to derive long-term benefit, as evidenced in the
current study. Reductions in mUFC and improvements in
clinical signs of Cushing’s disease with pasireotide were
maintained for up to 5 years, with a safety profile similar to
that reported after 1 and 2 years of treatment. These data
represent the longest duration of treatment in a prospective
clinical trial of any medical therapy for Cushing’s disease
and support pasireotide as a viable long-term therapeutic
option for some patients.
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