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Introduction: Acromegaly is a rare, serious endocrine disorder characterized by excess

growth hormone (GH) secretion by a pituitary adenoma and overproduction of insulin-like

growth factor I (IGF-I). Transsphenoidal surgery is the treatment of choice, although many

patients require additional interventions. First-generation somatostatin analogs (SSAs)

are the current standard of medical therapy; however, not all patients achieve control of

GH and IGF-I. Outcomes from a Phase IIIb open-label study of patients with uncontrolled

acromegaly on first-generation SSAs switching to pasireotide are reported.

Methods: Adults with uncontrolled acromegaly (mean GH [mGH] ≥1 µg/L from a five-

point profile over 2 h, and IGF-I >1.3× upper limit of normal [ULN]) despite ≥3 months’

treatment with maximal approved doses of long-acting octreotide/lanreotide received

open-label long-acting pasireotide 40 mg/28 days. Pasireotide dose could be increased

(maximum: 60 mg/28 days) after week 12 if biochemical control was not achieved, or

decreased (minimum: 10 mg/28 days) for tolerability. Patients who completed 36 weeks’

treatment could continue receiving pasireotide during an extension (weeks 36–72) when

concomitant medication for acromegaly was permitted. Primary endpoint was proportion

of patients with mGH <1 µg/L and IGF-I <ULN at week 36. Biochemical control was

also assessed during the extension. Safety was assessed throughout.

Results: One hundred and twenty-three patients were enrolled and received pasireotide;

88 patients continued into the extension. Overall, 18 [14.6% (95% CI: 8.9–22.1)] patients

achieved mGH <1 µg/L and IGF-I <ULN at week 36; biochemical control was achieved

in 42.9% with screening mGH 1.0–2.5 µg/L and 6.4% with screening mGH >2.5 µg/L.
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For patients who entered the extension, 14.8% (95% CI: 8.1–23.9), 12.5% (95% CI: 6.4–

21.3), 14.8% (95% CI: 8.1–23.9) and 11.4% (95% CI: 5.6–19.9) had mGH <1 µg/L and

IGF-I <ULN at weeks 36, 48, 60, and 72, respectively. During the overall study period,

most frequent investigator-reported drug-related adverse events were hyperglycemia

(41.5%), diabetes mellitus (23.6%), and diarrhea (11.4%).

Conclusions: Switching to long-acting pasireotide provided biochemical control in

some patients, which was sustained with continued treatment. Long-term safety and

tolerability of long-acting pasireotide was consistent with the known safety profile.

These data support long-acting pasireotide for some patients with acromegaly who are

uncontrolled on first generation SSAs.

Clinical Trial Registration: clinicaltrials.gov, identifier: NCT02354508.

Keywords: somatostatin, pasireotide, acromegaly, growth hormone, insulin-like growth factor I

INTRODUCTION

Acromegaly is a rare, debilitating, and chronic endocrine
disorder most commonly caused by excess secretion of growth
hormone (GH) from a pituitary adenoma and, subsequently,
hypersecretion of insulin-like growth factor I (IGF-I) (1).
Chronic exposure to elevated GH and IGF-I levels in patients
with acromegaly is associated with considerable comorbidities
such as metabolic dysfunction leading to an increased risk of
diabetes mellitus and, if left untreated, increasedmortality related
to cardiovascular, cerebrovascular, and pulmonary dysfunction
(2, 3). The aims of treatment are to normalize GH and
IGF-I (current guidelines recommend GH <1 µg/L and age-
normalized serum IGF-I levels) (4) to ameliorate the signs and
symptoms of the disease, as well as to reduce mortality (5, 6).
Early and successful treatment to control acromegaly could
reduce exposure to GH and IGF-I, thereby improving clinical
outcomes (2, 4, 7). Transsphenoidal surgery is recommended
as the primary treatment of choice for most patients with
acromegaly. Although surgical success is reported in many
cases, ∼50% of patients require additional interventions such as
medical therapy in order to achieve biochemical control (3).

First-generation somatostatin analogs (SSAs; long-acting
octreotide and lanreotide Autogel) are the current standard of
medical care for acromegaly (4, 8). However, studies have shown
that up to 70% of patients fail to achieve biochemical control with

first-generation SSAs (9–17). Pasireotide is a second-generation

multireceptor-targeted SSA with higher affinity for somatostatin

receptor subtype 5 than octreotide and lanreotide and similar
affinity for subtype 2, the two most prevalent receptors expressed

on somatotroph adenomas (18). A randomized, prospective,

24-week, Phase III study (PAOLA) showed that long-acting
pasireotide had superior efficacy (in achieving GH <2.5 µg/L

and IGF-I below the upper limit of normal [ULN]) vs. continued

treatment with long-acting octreotide or lanreotide in patients
with uncontrolled acromegaly despite ≥6 months of treatment
(19). In this 36-week, Phase IIIb study (clinicaltrials.gov ID:
NCT02354508), we evaluated the efficacy—according to the
strict criteria for biochemical control recommended in current
treatment guidelines (GH <1 µg/L and IGF-I <ULN) (4)—and

safety of long-acting pasireotide in patients with uncontrolled
acromegaly despite ≥3 months of treatment with maximal
approved doses of first-generation SSAs. To our knowledge, this
is the first prospective study of pasireotide to assess biochemical
control of acromegaly based on the more recent, strict criteria as
recommended by The Endocrine Society (4).

METHODS

Patients
Male and female patients aged ≥18 years with uncontrolled
acromegaly on first-generation SSAs [evidenced by mean GH
(mGH) ≥1 µg/L from a five-point profile over a 2-h period and
IGF-I >1.3 × the age- and sex-adjusted ULN] were enrolled.
Patients must have received long-acting octreotide (30 or 40
mg/28 days) or lanreotide Autogel (120 mg/28 days) for ≥3
months prior to screening. Patients were excluded if they had
received concomitant treatment with other medications known
to reduce GH or IGF-I levels within 3 months of screening.
Patients with poor glycemic control (glycated hemoglobin
[HbA1c] >8%), concomitant disease that could prolong the
QT interval, or risk factors for torsades de pointes were
excluded. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was reviewed and
approved by an institutional review board/independent ethics
committee/research ethics board before the start of the study. All
patients provided written informed consent to participate.

Study Design
This was a prospective, Phase IIIb, multicenter, open-label,
single-arm study comprising a 36-week core phase followed by
an optional 36-week extension phase (Figure 1). Patients treated
with octreotide 30mg from countries where octreotide 40mg
was approved received the higher dose during a 3-month run-
in period before being considered eligible to enter the core
treatment phase. Patients who achieved biochemical control
(mGH <1 µg/L and IGF-I <ULN) at the end of the run-in
period were considered screening failures and were not eligible
for the study. Patients treated with octreotide 40mg or lanreotide
120mg and patients treated with octreotide 30mg from countries
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FIGURE 1 | Study design. *Patients with uncontrolled acromegaly at screening (mean GH ≥1.0 µg/L and sex- and age-adjusted IGF-I >1.3 × ULN). FU, follow-up.

where octreotide 40mg was not approved at the time of screening
entered the core treatment phase directly.

Patients entering the core phase started on pasireotide 40
mg/28 days. Dose increases (maximum dose: 60mg) were
permitted at weeks 16 and 28 in patients who were uncontrolled
(mGH >1 µg/L and/or IGF-I >ULN) at weeks 12 and 24,
respectively, provided the lower dose was well-tolerated. The
dose could be decreased (minimum dose: 10mg) for tolerability
issues and the previous dose resumed once the issue was resolved.
The dose was also decreased in patients with IGF-I below the
lower limit of normal and mGH <1.0 µg/L; the lower dose was
maintained if biochemical control was achieved. Concomitant
medications for acromegaly were prohibited during the core
phase. Patients who completed the 36-week core phase could
enter an optional 36-week extension phase and continue with
the same dose of pasireotide. The dose could be increased
(maximum: 60mg) at weeks 40, 52, and 64 if patients were
biochemically uncontrolled. Concomitant medications used to
treat acromegaly were permitted during the extension based on
the investigator’s clinical judgment.

Outcomes
The primary endpoint was the proportion of patients who
achieved biochemical control (mGH <1 µg/L and IGF-I <ULN)
at week 36. A supporting analysis assessed the primary endpoint
by mGH at screening (1.0–2.5 and >2.5 µg/L). Secondary
endpoints during the core and extension phases were: change
in mGH and IGF-I from baseline over time, the proportion of
patients with (i) mGH <1.0 µg/L and (ii) IGF-I <ULN over
time, change in health-related quality of life (HRQoL) and self-
reported signs and symptoms of acromegaly over time, and
assessment of safety and tolerability of long-acting pasireotide.

Assessments
Five-point mGH (collected over a 2-h period) and IGF-I levels
prior to study drug administration were assessed at a central

laboratory (Q2 Solutions, CA, USA) at weeks −20 (group 1
only, during screening run-in), −4 (screening), 12, 24, 36,
48, 60, and 72. GH samples were measured using a validated
chemiluminescent immunometric assay (Immulite R© 2000;
Diagnostic Products Corp). Serum IGF-I samples were measured
using a chemiluminescent assay (IDS-iSYS; ImmunoDiagnostic
Systems). HRQoL was assessed using the Acromegaly Quality-
of-Life Questionnaire (AcroQoL) (20) and a general health
status instrument (EuroQol Five Dimensions Five Levels [EQ-
5D-5L]) (21). Patients were assessed at baseline and weeks
12, 24, 36, and 72. The AcroQoL instrument comprised 22
questions divided into two scales evaluating physical aspects
(8 items) and psychological aspects (14 items). Each question
had a five-item Likert scale with final scores ranging from 0
(worst HRQoL) to 100 (best HRQoL). The EQ-5D-5L consisted
of a descriptive system (comprising mobility, self-care, usual
activities, pain/discomfort and anxiety/depression) and EuroQol
visual analog scale that could range from −0.281 (worst
imaginable health state) to 1 (best imaginable health state).
Standardized scores for each of the acromegaly symptoms
(ring size, headache, fatigue, perspiration, paresthesia, and

osteoarthralgia) were reported by the patient throughout (0 =

absent, 1 = mild, 2 = moderate, 3 = severe, 4 = very severe).

Diabetic status of patients was assessed as follows: diabetic,

patients taking antidiabetic medication or with a past medical
history of diabetes mellitus, HbA1c ≥6.5%, fasting plasma
glucose (FPG) ≥126 mg/dL, or 2-h plasma glucose during oral
glucose tolerance test (OGTT) at screening visit ≥200 mg/dL;
pre-diabetic, patients with FPG 100–<126 mg/dL, HbA1c

5.7–<6.5%, or 2-h plasma glucose during OGTT at screening
visit 140–<200 mg/dL; non-diabetic, patients not qualifying
as diabetic or pre-diabetic and with FPG <100 mg/dL, HbA1c

<5.7%, or 2-h plasma glucose during OGTT at screening visit
<140 mg/dL. Patients monitored their own FPG by fingerstick
at least three times a week for the first 4 weeks of pasireotide
treatment or when the dose of pasireotide was increased; if FPG
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N=175

Screened

n=20

Entered 3-month run-in phase

N=123

Enrolled in core phase

n=113

Completed 36-week core phase

n=75

Completed 72-week extension phase

n=88

Entered extension phase

n=52 not enrolled:*

•  Unacceptable laboratory value, n=26

•  Did not meet diagnostic/severity 

criteria, n=10

•  Unacceptable test procedure result, 

n=5

•  Unacceptable past medical 

history/concomitant diagnosis, n=5

•  Run-in failure, n=3

•  Patient withdrew consent, n=2

•  Intercurrent medical event, n=1

•  Other, n=2

n=10 discontinued:

•  Adverse event,† n=4

•  Unsatisfactory therapeutic effect, n=3

•  Patient withdrew consent, n=3

n=13 discontinued:

•  Unsatisfactory therapeutic effect, n=6

•  Physician decision, n=6

•  Patient withdrew consent, n=1

FIGURE 2 | Patient disposition. *More than one reason for screening failure could be specified for each patient;
†
Hyperglycemia (n = 3), ketoacidosis (n = 1), stress

cardiomyopathy (n = 1).

levels remained <100 mg/dL, monitoring could be decreased to
two times a week between weeks 4 and 12 and once a week for
the rest of the study, and then at the discretion of the investigator
during the extension phase. HbA1c was assessed at weeks −4
(screening), 0 (baseline), 12, 24, 36, 48, 60, and 72. Safety was
assessed by monitoring adverse events (AEs). AEs were defined
using the Medical Dictionary for Regulatory Activities version
20.1 and graded according to Common Terminology Criteria
for Adverse Events version 4.03. The relationship of AEs to
study drug was at the judgment of the investigator. Serious AEs
(SAEs) were defined according to standard reporting criteria as
any undesirable sign, symptom or medical condition that has
one or more of the following characteristics: life threatening
or fatal; necessitates/prolongs existing hospitalization; results
in persistent or significant disability/incapacity; constitutes a
congenital anomaly or birth defect; is medically significant
(i.e., jeopardizes the patient or requires medical or surgical
intervention to prevent one of the above outcomes).

Statistical Methods
Sample size calculation was based on the primary endpoint. A
sample size of 100 was selected to enable the estimation of the
proportion of patients who achieved biochemical control with
pasireotide at week 36 as 15%, with a precision of 7% for the
associated asymptotic two-sided 95% confidence interval (CI).
Considering a dropout rate of 10%, the sample size required
was 112. Efficacy analyses were performed using the full analysis
set (all patients who received ≥1 dose of pasireotide) for the

core study and for patients who continued beyond week 36
for the extension phase. Safety analyses were performed for
all patients who received ≥1 dose of pasireotide and had a
post-baseline safety assessment. No formal statistical hypothesis
testing was planned.

RESULTS

Study Population
Between 31 March 2015 and 12 April 2017, 175 patients were
screened and 123 were enrolled and entered the core study
(Figure 2). Twenty patients were receiving octreotide 30mg in
countries where the 40mg dose was approved and therefore
completed the 3-month run-in phase; of these, three patients
(15%) achieved biochemical control following up-titration to
octreotide 40mg and were classified as run-in failures and not
enrolled. Previous treatment received for 3–6 months prior to
study start was lanreotide 120mg (n = 41), octreotide 30mg (n
= 29), and octreotide 40mg (n = 53). Most enrolled patients
completed the 36-week core study (91.9%; n = 113); 77.9% (n
= 88) of these patients continued into the extension phase.

At baseline, most patients (76.4%; n = 94) had mGH >2.5
µg/L. Most patients also had diabetes (42.3%; n = 52) or
pre-diabetes (48.8%, n = 60; Table 1); 25.2% of all patients
were receiving antidiabetic medication prior to the start of the
study. Use of concomitant antidiabetic medications after the
start of the study was reported in 62.6% of all patients, most
commonly biguanides (52.0%; mainly metformin), dipeptidyl
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TABLE 1 | Baseline characteristics and demographics.

All patients (N = 123)

Median age, years (range) 43.0 (22.0–76.0)

Female, n (%) 62 (50.4)

Median time since diagnosis, months (range)* 51.7 (1.0–405.7)

Mean mGH, µg/L (SD)† 10.2 (22.2)

Screening mGH stratum, n (%)

1.0–2.5 µg/L 28 (22.8)

>2.5 µg/L 94 (76.4)

Missing 1 (0.8)

Mean IGF-I, x ULN (SD)† 2.7 (1.2)

Diabetic status, n (%)‡

Diabetic 52 (42.3)

Pre-diabetic 60 (48.8)

Non-diabetic 11 (8.9)

Treatment prior to enrollment, n (%)

Lanreotide 120mg 41 (33.3)

Octreotide 30mg 29 (23.6)

Octreotide 40mg 53 (43.1)

*Three patients were enrolled and received pasireotide, who had been treated with

octreotide or lanreotide for <3 months, noted as protocol deviations;
†
One patient had

missing mGH and IGF-I values at baseline; ‡Classification of patients as diabetic, pre-

diabetic, or non-diabetic was performed according to multiple criteria as stated in the

Methods. n, number of patients; SD, standard deviation.

peptidase 4 inhibitors (21.1%;mainly vildagliptin and sitagliptin),
and sulfonylureas (18.7%; mainly gliclazide).

For patients who entered the extension, baseline
characteristics were similar to those of the overall population
(Supplementary Table 1).

Change in mGH and IGF-I During the Core
Study
In the core study, patients received pasireotide for a median
of 36.0 weeks; the mean ± SD pasireotide dose was 50.0
± 7.2 mg/month. Of patients who started treatment with
40mg pasireotide, 90 (73.2%) were up-titrated to 60mg after
weeks 12 or 24. At week 36, 18/123 patients (14.6%; 95% CI:
8.9–22.1) achieved both mGH <1.0 µg/L and IGF-I <ULN
(Figure 3A). Response rates were similar between patients
who were previously treated with long-acting octreotide 30mg
(13.8%; 95% CI: 3.9–31.7), octreotide 40mg (15.1%; 95% CI:
6.8–27.6), and lanreotide 120mg (14.6%; 95% CI: 5.6–29.2).
Biochemical control at week 36 was achieved by a greater
proportion of patients with screening mGH 1.0–2.5µg/L (42.9%;
95% CI: 24.5–62.8) than >2.5 µg/L (6.4%; 95% CI: 2.4–13.4%;
Figure 3A). A greater proportion of patients in the lower
screening mGH stratum achieved mGH <1.0 µg/L (Figure 3B)
and IGF-I ≤ULN (Figure 3C), separately, at week 36. Mean
mGH and IGF-I levels progressively decreased from baseline up
to week 36 in all prior first-generation SSA treatment groups
(Figures 4A,B).

Change in mGH and IGF-I During the
Extension Phase
Patients who completed the core and extension phases of
the study received pasireotide for a median (range) of 71.9
(12–76) weeks; mean ± SD pasireotide dose was 52.5 ± 9.1
mg/month. Of the 88 patients who entered the extension phase,
70 were up-titrated to pasireotide 60mg at any time during the
study. Biochemical response rates were sustained throughout the
extension (Table 2). Mean mGH and IGF-I levels were stable
from week 36 to 72 in all prior first-generation SSA treatment
groups (Figures 5A,B). In total, 12 patients received concomitant
medication for their acromegaly (cabergoline [n = 10; 0.25–
0.5mg], pegvisomant [n = 1; 10mg], and bromocriptine [n = 1;
10mg]) during the extension phase. At week 72, none achieved
both mGH <1 µg/L and IGF-I <ULN, although two patients
(16.7%; 95% CI: 2.1–48.4) achieved IGF-I <ULN only.

Changes in HRQoL and Signs and
Symptoms of Acromegaly
At core baseline, mean ± SD AcroQoL score was 58.6 ± 19.2 (n
= 123), which increased to 63.2 ± 4.6 (n = 110) at week 36. For
patients who entered the extension phase, mean ± SD AcroQoL
score was 64.0 ± 19.3 (n = 88) at extension baseline, which
increased to 65.1± 18.7 (n= 74) at week 72. Mean± SD EQ-5D-
5L index score was 0.8± 0.2 (n= 123) at core baseline and 0.9±
0.1 (n = 111) at week 36. For patients who entered the extension
phase, mean± SD EQ-5D-5L index score was 0.9± 0.1 (n= 86)
at extension baseline and 0.9± 0.1 (n= 74) at week 72. Relevant
changes in symptoms of acromegaly were not reported during
the study. The majority of patients without symptoms at baseline
continued without symptoms post-baseline. Of patients included
in the core phase, the proportion of patients without symptoms
at baseline vs. post-baseline, respectively, was similar: headache
(41.5% vs. 36.6%), fatigue (36.6% vs. 26.0%), perspiration (43.1%
vs. 37.4%), osteoarthralgia (33.3% vs. 26.8%), and paresthesia
(54.5% vs. 47.2%). The proportion of patients without symptoms
of acromegaly at extension baseline vs. post-extension baseline
were also similar: headache (69.3% vs. 46.6%), fatigue (56.8% vs.
51.1%), perspiration (68.2% vs. 54.5%), osteoarthralgia (52.3% vs.
43.2%), and paresthesia (79.5% vs. 67.0%).

Safety
Most patients (93.5%; n = 115/123) experienced at least one AE
during the overall study period; 82.9% (n = 102/123) of patients
had at least one AE that was suspected to be study drug related
(Table 3). The most common investigator-assessed drug-related
AEs (≥10% of patients) were hyperglycemia (41.5%), diabetes
mellitus (23.6%), and diarrhea (11.4%), most of which were grade
1 or 2. No grade 4 drug-related AEs were reported, and no patient
died during the study. AEs leading to study drug discontinuation
were hyperglycemia (n = 3; 2.4%), ketoacidosis (n = 1; 0.8%),
and stress cardiomyopathy (n = 1; 0.8%), all of which occurred
during the core phase of the study.

In total, 12 patients experienced at least one SAE; each
SAE was reported in only one patient, with the exception
of adrenal insufficiency (n = 2) and cholelithiasis (n = 2;
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FIGURE 3 | Percentage (95% CI) of patients with (A) mGH <1.0 µg/L and IGF-I <1.0 × ULN, (B) mGH <1.0 µg/L, and (C) IGF-I <1.0 × ULN at week 36, in all

patients and by screening mean GH level.

FIGURE 4 | Mean ± SE (A) mGH and (B) IGF-I by visit during the core phase,

in all patients and by previous first-generation SSA treatment. Reference line is

(A) 1.0 µg/L and (B) ULN. SE, standard error.

Supplementary Table 2). Of these 12 patients, four experienced
SAEs that were suspected to be related to pasireotide and
one patient discontinued the study as a result: one patient

TABLE 2 | Summary of biochemical response rates in the extension study for

patients who entered the extension (N = 88).

Patients, n (%) [95% CI]

Week 36* Week 48 Week 60 Week 72

mGH <1.0 µg/L

and IGF-I <ULN

13 (14.8)

[8.1–23.9]

11 (12.5)

[6.4–21.3]

13 (14.8)

[8.1–23.9]

10 (11.4)

[5.6–19.9]

mGH <1.0 µg/L 19 (21.6)

[13.5–31.7]

21 (23.9)

[15.4–34.1]

19 (21.6)

[13.5–31.7]

18 (20.5)

[12.6–30.4]

IGF-I <ULN 30 (34.1)

[24.3–45.0]

29 (33.0)

[23.3–43.8]

33 (37.5)

[27.4–48.5]

29 (33.0)

[23.3–43.8]

*End of core study/extension baseline.

had grade 3 abdominal pain and grade 3 adrenal insufficiency,
both of which resolved with drug interruption and concomitant
medication; one patient experienced grade 3 abdominal pain and
cholelithiasis, both of which resolved with drug interruption and
concomitant medication; one patient had grade 3 hyperglycemia
and ketoacidosis, which led to study drug discontinuation; one
patient experienced grade 3 cholelithiasis and biliary dilation,
which remained unresolved with concomitant medication.

The most frequently reported AEs of special interest (>10%
of patients overall, regardless of study drug relationship) were
hyperglycemia related (n = 94/123; 76.4%), gallbladder/biliary
related (n = 16/123; 13.0%), and low blood cell count
related (n = 18/123; 14.6%). Most of the hyperglycemia- and
gallbladder/biliary-related AEs were suspected by the investigator
to be related to study drug; however, this was not the case for the
majority of AEs related to low blood cell count.

At baseline, most patients had FPG levels 100–<126 mg/dL (n
= 82; 66.7%), which increased to ≥126 mg/dL at the last post-
baseline measurement in 43 patients (52.4%; Table 4). Overall,
7/28 patients (25.0%) with FPG <100 mg/dL at baseline had
increases to ≥126 mg/dL at the last post-baseline measurement
(Table 4). Most patients had HbA1c levels ranging from 5.7% to
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FIGURE 5 | Mean ± SE (A) mGH and (B) IGF-I by visit during the extension, in

all patients and by previous first-generation SSA treatment. Reference line is

(A) 1.0 µg/L and (B) ULN.

<6.5% at baseline (n = 68, 55.3%), which increased to ≥6.5%
in 33 patients at the last post-baseline measurement (48.5%;
Table 4). Of patients still in the study at week 36, 46 were
classified as pre-diabetic (n = 31 [67.4%] were pre-diabetic at
baseline) and 56 as diabetic (n = 20 [35.7%] were pre-diabetic at
baseline) according to study criteria (see Methods). At week 72,
24 patients were classified as pre-diabetic (n = 15 [62.5%] were
pre-diabetic at baseline) and 43 as diabetic (n = 11 [25.6%] were
pre-diabetic at baseline).

DISCUSSION

Prolonged exposure to GH and IGF-I in patients with
acromegaly progressively induces many systemic complications.
The therapeutic goal in acromegaly is therefore to reduce
morbidity and mortality by restoring GH and IGF-I levels to
within the normal range as quickly as possible. This Phase IIIb,
open-label study assessed the efficacy and safety of pasireotide
in patients with acromegaly who had uncontrolled GH and
IGF-I levels for ≥3 months despite medical treatment with
first-generation SSAs. Following a revised consensus on the
definition of biochemical control (mGH <1.0 µg/L and IGF-I

TABLE 3 | Most common drug-related AEs (occurring in ≥5% of patients) during

the overall study period, by severity (all grades and grade 3/4).

All patients, N = 123

Adverse events All grades, n (%) Grade 3/4, n (%)

Any AE 115 (93.5) 29 (23.6)

Suspected to be drug

related

102 (82.9) 12 (9.8)

Any SAE 12 (9.8) 10 (8.1)

Suspected to be drug

related

4 (3.3) 4 (3.3)

Any AE leading to

discontinuation

4 (3.3) 2 (1.6)

Suspected to be drug

related

3 (2.4) 1 (0.8)

Deaths 0 0

Most common AEs suspected to be related to study drug (>5% based

on all grades)

Hyperglycemia 51 (41.5) 4 (3.3)

Diabetes mellitus 29 (23.6) 5 (4.1)

Diarrhea 14 (11.4) 0

Cholelithiasis 11 (8.9) 2 (1.6)

Abdominal pain 10 (8.1) 1 (0.8)

Alopecia 9 (7.3) 0

Sinus bradycardia 8 (6.5) 0

n, number of patients; only AEs occurring on or after the start of study treatment and no

more than 3 months (84 days) after the discontinuation of study treatment of pasireotide

are reported. Patients with multiple severity grades for an AE are only counted under the

maximum grade.

<ULN), this is the first prospective study to assess the efficacy
of pasireotide according to these strict criteria, with lower cut-
off values. Even with a lower cut-off value for mGH, nearly
15% of patients who were uncontrolled for a minimum of
3 months with maximal approved doses of first-generation
SSAs achieved biochemical control after the administration
of pasireotide at week 36. Furthermore, biochemical response
rates were sustained throughout the extension phase up to
week 72. Overall, both mGH and IGF-I levels rapidly declined
in the first 12 weeks and were then maintained in those
patients who continued pasireotide treatment. These findings
are clinically relevant as patients often require long-term or
lifelong medical therapy to control their acromegaly (22).
Lower GH levels at screening had a favorable impact on the
achievement of biochemical control. Further investigation into
biomarkers that could be used to predict responsiveness to
pasireotide treatment remains of interest to optimize outcomes
when considering switching patients from first-generation
SSAs (23).

Not only did the current study use the more stringent
recommendations for defining biochemical control than in the
previous Phase III PAOLA study (19), these recommendations
were also applied to the definition of patients with inadequately
controlled acromegaly enrolled in the study. As such, the current
study also included patients with mGH levels between 1.0 and
2.5 µg/L. Furthermore, the more rigorous IDS-iSYS assay was
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TABLE 4 | Shift in FPG and HbA1c from baseline to last reported value during the overall study period.

Last post-baseline value, n (%)

Baseline FPG, mg/dL* n (%) <100 100–<126 ≥126 Missing

FPG, mg/dL

<100 28 (22.8) 5 (17.9) 16 (57.1) 7 (25.0) 0

100–<126 82 (66.7) 2 (2.4) 37 (45.1) 43 (52.4) 0

≥126 12 (9.8) 1 (8.3) 0 11 (91.7) 0

Missing 1 (0.8)
†

0 0 1 (100) 0

Baseline HbA1c, %* n (%) <5.7 5.7–<6.5 6.5–<8.0 ≥8.0 Missing

HbA1c, %

<5.7 36 (29.3) 15 (41.7) 14 (38.9) 7 (19.4) 0 0

5.7–<6.5 68 (55.3) 6 (8.8) 28 (41.2) 29 (42.6) 4 (5.9) 1 (5.6)

6.5–<8.0 18 (14.6) 0 1 (5.6) 8 (44.4) 8 (44.4) 1 (5.6)

Missing 1 (0.8)
†

0 0 0 1 (100) 0

Includes data from the core and extension phase. Classification of patients as diabetic, pre-diabetic, or non-diabetic was performed according to multiple criteria as stated in the

Methods. *Baseline is defined as the last available value on or before the study drug start date;
†
One patient had missing mGH and IGF-I values at baseline.

used for measuring IGF-I (24), compared with the Immulite
assay used in the PAOLA study. Even so, our results corroborate
findings from the previous Phase III study in which long-acting
pasireotide provided biochemical control (according to the less
strict definition of biochemical control recommended in clinical
guidelines at the time: mGH <2.5 µg/L and IGF-I <ULN) (25)
in 15.4–20.0% of patients who were uncontrolled for ≥6 months
despite receiving first-generation SSAs (19).

Notably, during the run-in phase of our study, three patients
achieved biochemical control while receiving octreotide 40mg
and therefore did not enter the core phase of the study. This
highlights the role of dose optimization of first-generation SSAs
in patients with uncontrolled acromegaly. In addition to suitable
and timely titration of first-generation SSAs, for patients with
uncontrolled acromegaly, an earlier switch to pasireotide may be
considered in those who remain uncontrolled or do not tolerate
maximum approved doses of first-generation SSAs.

Improvements in biochemical control would be expected to
translate into improvements in HRQoL and signs and symptoms
of acromegaly, as previously shown in medically naïve patients
and those uncontrolled with first-generation SSAs (19, 26).
Despite a trend toward improving AcroQoL scores over time, the
improvement was small. Furthermore, there was no meaningful
improvement in EQ-5D-5L index score or acromegaly signs and
symptoms. This is likely a result of differences in the patient
populations enrolled in the present study vs. those enrolled
in the PAOLA study (19), a lower proportion of whom had
diabetes at baseline (although a larger proportion had pre-
diabetes), as well as lower mGH levels and therefore possibly less
severe disease.

The AEs that were reported throughout the study were
consistent with the known safety profile of long-acting
pasireotide, mostly grade 1 or 2 in severity, and similar to
those reported in previous Phase III studies (19, 26). The
majority of AEs were related to hyperglycemia. Impaired glucose

tolerance and diabetes are common comorbidities associated
with uncontrolled acromegaly (27). With many patients entering
the study with diabetes (42.3%) or pre-diabetes (48.8%), likely
as a result of inadequate biochemical control with high-
dose SSAs, hyperglycemia may have been exacerbated by
pasireotide treatment (28). Hyperglycemia is manageable with
proactive monitoring and early intervention with antidiabetic
medications as required (28, 29). There was a low rate of
patient discontinuations from the study because of AEs, with
no patients discontinuing for this reason during the extension
phase. This finding highlights that AEs, including those related
to hyperglycemia, can be effectively managed over time.

This study has a number of limitations that we acknowledge.
This was an open-label, single-arm trial in which only pasireotide
was evaluated with the aim of normalizing GH and IGF-I levels
in uncontrolled patients; alternative compounds were therefore
not evaluated or compared with pasireotide. However, since
the patients had previously been treated with first-generation
SSAs with insufficient therapeutic benefit, it was not known
whether pasireotide would be efficacious. The fact that a stricter
criterion was used to define biochemical control highlighted the
effect of pasireotide in these patients. It is also possible that
continued treatment with octreotide or lanreotide might have
induced biochemical control in a small proportion of patients
with longer-term treatment (30); however, this exploratory study
did not include a control group of patients. Furthermore, no
statistical tests were conducted owing to the exploratory nature
of the study. Exclusion of patients with poor glycemic control
may also have induced some selection bias. A recent expert
consensus statement recommends switching to pegvisomant
rather than pasireotide in patients with impaired glucose
metabolism and uncontrolled acromegaly on first-generation
SSAs (8).

In conclusion, the results of this Phase IIIb study support
the clinical benefit of long-acting pasireotide in some patients
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with acromegaly uncontrolled after a minimum of 3 months’
treatment with maximal approved doses of first-generation SSAs.
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