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Abstract

Introduction Pasireotide, a multi-somatostatin receptor (SSTR)-ligand with high affinity for SSTR5 was recently approved
for acromegaly treatment.

Patients and methods A retrospective multicenter study investigating the efficacy and safety of long-acting (LAR) pasir-
eotide treatment in 35 patients (20 males) with active acromegaly (28 macroadenomas).

Results Mean baseline insulin-like growth factor-1 (IGF-1) at diagnosis was 3.1 + 1.3 x ULN. All but five patients have
undergone pituitary surgery and six received sellar radiotherapy. All remained with active acromegaly despite first-
generation somatostatin analogue (SSA) treatment. Immediately before pasireotide-LAR initiation, eighteen patients were
under SSA monotherapy and one with pegvisomant. The remaining patients received combination therapy with SSA and
pegvisomant, n =9 (two received cabergoline also); SSA and cabergoline, n = 4; pegvisomant and cabergoline, n = 1. Two
were untreated. Mean IGF-1 was 1.76 £ 0.9 ULN before pasireotide. Pasireotide-LAR starting dose was 40 mg/4 weeks in
most patients. IGF-1 normalized in 19 patients, IGF-1 between 1-1.2 x ULN was reached in five, and in additional two
patients IGF-1 was significantly suppressed. No effect was seen in nine patients. Pasireotide dose was reduced by 20 mg in
six patients with excellent response, with preserved IGF-1 control in five. Severe headaches in six patients disappeared or
improved with pasireotide. Side effects consisted of symptomatic cholelithiasis in one patient and deterioration of glucose
control in 22 patients, requiring initiation or intensification of antidiabetic treatment in seventeen. One patient developed
diabetic ketoacidosis.

Conclusions In the real-life scenario ~54% of patients with acromegaly resistant to first-generation SSA, may normalize
IGF-1 with pasireotide; however, 63% experienced glucose control deterioration.
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Introduction

Acromegaly is a rare condition caused by elevated circu-
lating growth hormone (GH) and insulin-like growth factor-
1 (IGF-1) levels. The disease is secondary to GH over-
secretion from a pituitary adenoma in almost all cases [1].
Uncontrolled acromegaly is associated with high morbidity
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and mortality rates [2]. However, treatment mediated nor-
malization of GH and IGF-1 levels may restore mortality
rates of patients with acromegaly to those of the healthy
population [2]. Transsphenoidal surgery by an experienced
neurosurgeon is recommended as first-line therapy in most
cases [3], but up to 50% of operated patients will experience
persistent or recurrent disease, requiring medical treatment
to achieve hormonal remission [4].
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Long-acting somatostatin analogues (SSAs) are con-
sidered first-line medical treatment following unsuccessful
surgery, or when surgery is not suitable [3]. Somatostatin
analogues have been shown to normalize GH and IGF-1 in
approximately 50% of patients, in addition to tumor volume
reduction, with consequent improvement of cardiovascular
and metabolic comorbidities [5]. However, half of the
patients fail to achieve biochemical control with the first-
generation SSAs, octreotide, or lanreotide [6], with high
affinity for SSTR,. The GH-receptor antagonist, pegviso-
mant, may be given to patients who remain uncontrolled
with SSA, as monotherapy or in combination with SSA.
Pegvisomant given as daily injection normalized IGF-1
levels in 63% of patients treated in a real-life scenario [7].
Consistent with its mechanism of action, pegvisomant does
not control tumor volume and GH secretion.

Pasireotide, a second-generation somatostatin receptor
ligand, has higher affinity for SSTRs than SSTR,, and
moderate binding to SSTR;, and SSTR; [8]. In two large,
randomized, controlled phase III studies (RCT), long-acting
pasireotide (LAR) was superior to long-acting octreotide
and lanreotide in providing hormonal control in both
medically naive [9] and SSA resistant acromegaly patients
[10]. Pasireotide was approved by the FDA and EMA in
2014 for the treatment of patients with active acromegaly.

We present herein results of a retrospective multicenter
study that investigated the efficacy and safety of
pasireotide-LAR treatment given in a clinical setting to
patients resistant to SSA.

Subjects and methods
Patients and study design

Patients with acromegaly treated with at least two con-
secutive monthly injections of pasireotide-LAR were iden-
tified in seven medical centers in Israel. Patients with
clinical, biochemical, and hormonal data available before
and during pasireotide treatment were included in the study.
A retrospective analysis including patients starting pasir-
eotide treatment since 2016, as part of the national health
system in Israel, was conducted. Patients previously treated
with pasireotide as part of the randomized phase III clinical
studies [9, 10] or under a compassionate treatment program
were excluded. The study was conducted according to best
clinical practice directives after being approved by the local
ethical review board. The cohort included 35 patients, who
were resistant or partially resistant to the commercially
available SSAs, octreotide-LAR, or lanreotide autogel.
Thus, when treated for 6 months or longer with SSAs as
monotherapy, they did not achieve IGF-1 normalization.
Nine of these patients continued with SSA injections, while

pegvisomant treatment was added, some achieved now
hormonal remission. Pasireotide was started following SSA
and pegvisomant discontinuation. Pasireotide initiation and
dose adjustments were performed at the treating endocri-
nologist’s discretion. Antidiabetic medications were intro-
duced or augmented as required, according to current
antidiabetic treatment recommendations of the American
Diabetes Association.

Information on pituitary imaging, laboratory tests at
diagnosis and during treatment with acromegaly directed
therapeutic modalities, and starting date, dose, hormonal
response, adverse events, and glycemic control during
pasireotide treatment were collected from clinical records
by the treating endocrinologist in each participating center.

GH and IGF-1 evaluation

Serum GH and IGF-1 levels were measured in the morning
following an overnight fast, using chemiluminescent
immunometric assays (Immulite 2000; Siemens) in most
patients. The GH assay has a sensitivity of 0.05 ng/ml, an
intra-assay coefficient of variation (CV) of 4.6% for a GH
concentration of 3.7 ng/ml and an inter-assay CV of 5.7%.
The intra-assay and inter-assay CVs for an IGF-
Iconcentration of 380 ng/ml are 2.9% and 7.4%, respec-
tively. Some patients had their IGF-1 levels measured by
the Liaison chemiluminescence immunoassay (DiaSorin,
Italy). IGF-1 levels are presented based on the upper limit of
normal range (ULN; IGF-1 value divided by the sex-
specific and age-specific upper normal limit), comparing
values along the follow-up of each patient. Hormonal levels
were measured by the same laboratory using the same
hormonal assay before and during pasireotide-LAR treat-
ment in each patient.

Hormonal control

Hormonal control under pasireotide-LAR treatment was
defined by achieving normal sex and age adjusted IGF-1
levels throughout the follow-up treatment. Patients were
considered partially controlled if IGF-1 levels under treat-
ment were between 1-1.2 x ULN. Patients were considered
to have pasireotide associated improvement when IGF-1
levels decreased >50% relative to baseline levels, but not
below 1.2 x ULN. As only random morning GH levels were
available before and while on pasireotide treatment, GH
levels were not used to define remission.

Statistical analysis
Descriptive analysis was performed and results are expres-

sed as mean+SD and median, as appropriate.
Mann—Whitney test was used to analyze hormonal and
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Table 1 Baseline (at diagnosis) clinical characteristics of 35 resistant to SSA treatment, up to octreotide LAR doses of
acromegaly patients in the cohort 30mg every 3 or 4 weeks, and lanreotide autogel
Age at diagnosis (years) 40.8+13.3 120-160 mg every 4 weeks or 120 mg every 3 weeks (Table
Gender (M/F) 20/15 1). Pegvisomant and cabergoline doses reached up to

Macroadenoma (%) 85

Baseline IGF-1 (xXULN) 31+1.3
IGF-1prior to pasireotide therapy 1.76 £0.9
(xULN)

Pituitary surgery (n) 30
Radiotherapy (n) 6

DM prevalence (%) 314
Acromegaly medication before pasireotide
SSA monotherapy () 18
Pegvisomant monotherapy 1

SSA and pegvisomant 9 (2 with cabergoline)
SSA and cabergoline 4
Pegvisomant and cabergoline 1

No treatment immediately before 2
pasireotide

SSA treatment

Octreotide LAR (n, dose) 23 (40 mg/month, n =2; 30 mg

—18, 20 mg —3)

Somatuline autogel (n, dose) 12 (160 mg/month, n =2;
120 mg — 10)

Pegvisomant (n, dose) 11 (30 mg/day, n = 3; 20 mg —4;
15 mg -3)

SSA first-generation somatostatin analogue

biochemical parameters prior and subsequent to pasireotide
treatment initiation. A p-value <0.05 was considered of
statistical significance.

Results
Patients’ characteristics

The study cohort consisted of 35 patients (20 males, 15
females) with acromegaly treated in seven medical centers
in Israel. Mean age was 40.8 £ 13.3 years (median, 39
years; range, 20—71) at diagnosis (Table 1), and 48.7 4 14.1
years (median, 46 years; range, 25-81) at the start of
pasireotide therapy. There were 28 macroadenomas, three
microadenomas, one patient with McCune-Albright syn-
drome and two adenomas with unknown size. Mean IGF-1
at diagnosis was 3.1 = 1.3 x ULN (median; 2.93 x ULN) for
age and gender (Table 1). Two patients presented with PRL
co-secretion and two with TSH co-secretion. All patients
except five underwent pituitary surgery, while six have
previously undergone sellar radiotherapy (one patient,
3 months following pasireotide initiation; the others,
1047 months before pasireotide). All patients were
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30 mg/day and 2 mg/week respectively, alone or in combi-
nation. Immediately before pasireotide-LAR initiation,
eighteen patients were under SSA monotherapy and one
subject was treated with pegvisomant. The remaining
patients received combination therapy with SSA and peg-
visomant, n =9 (two of them received also cabergoline);
SSA and cabergoline, n = 4; pegvisomant and cabergoline,
n=1. Two patients were untreated immediately before
pasireotide initiation (Table 1), but were found resistant to
SSA in the past. Thirty patients were uncontrolled under
their respective medical regiments. Five patients had normal
IGF-1 levels under combined treatment of SSA and peg-
visomant before pasireotide, but four of them continued to
experience severe headaches unresponsive to several pain
management strategies. Their treatment was modified to
explore if pasireotide could be more effective in headache
control. Mean IGF-1 was 1.76+0.9 x ULN (median,
1.59 x ULN) before switching to pasireotide-LAR. Mean
HBA,C was 6.1% (median, 5.9%) and the prevalence of
diabetes mellitus was 31.4% before pasireotide initiation.

Response to pasireotide

Pasireotide-LAR starting dose was 60 mg/4 weeks in six
patients and 40 mg/4 weeks in the remaining cohort. IGF-1
normalization was achieved in 19 patients (54%), partial
control (IGF-1 between 1-1.2 x ULN) was reached in five
(in four of them, <1.05 ULN), and two additional patients
experienced significant improvement in disease control
(IGF-1 suppression >50% but still above 1.2 x ULN) (Fig.
la). Biochemical response to pasireotide was based on
repeated normal IGF-1 measurements (median, 3 measure-
ments of normal IGF-1/patient). Pasireotide had no effect in
nine patients (Figs. la and 2). Altogether, 26 out of 35
patients (74%) in the cohort benefited from pasireotide
treatment. Out of four uncontrolled patients under combined
SSA/ pegvisomant treatment, pasireotide normalized IGF-1
in three (Fig. 1b). Three other patients switched from
combination SSA/pegvisomant therapy to pasireotide
experienced a significant biochemical deterioration (Fig.
1b). The exclusion of five patients controlled by combina-
tion therapy did not change the overall results of the study
(IGF-1 normalized in 17/30 uncontrolled patients, 56.6%).
Among patients who normalized IGF-1 with pasireotide and
after excluding 11 patients who received pagvisomant (with
or w/o SSA), median random GH before pasireotide was
1.9 ng/ml. Three of the responders continued with caber-
goline. Baseline IGF-1 level at diagnosis of acromegaly or
IGF-1 before pasireotide initiation did not predict
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Fig. 1 IGF-1 levels presented as IGF-1 x ULN before (black bars) and
following pasireotide treatment (gray bars): a in each of the 35 patients
included in this study. *patients treated with SSA combined with
pegvisomant before being switched to pasireotide; b in 9 patients on

biochemical responsiveness, as 6/13 patients with severe
disease and IGF-1 above 3 x ULN at diagnosis and 4/9
patients with >2 x ULN before being switched to pasireotide
achieved remission.

Six patients had severe headaches that resolved (n =4)
or significantly improved (n = 2) with pasireotide. Four of
them achieved IGF-1 normalization, one had partial control,
but in one patient IGF-1 levels rose. Irrespective of their
hormonal response to pasireotide treatment, there was a

22 23 24 26 31

combination SSA with pegvisomant (black bars) and after being
switched to pasireotide (gray bars). IGF-1 normal range, <1 x ULN;
partial control, IGF-1<1.2 x ULN

significant decrease in headache frequency and intensity in
all of them.

In six patients with excellent response to starting dose of
pasireotide, monthly dose could be reduced by 20 mg with
continuous IGF-1 control in five (Fig. 3). Importantly, IGF-
1 normalization could be already detected in responding
patients as early as after one or two pasireotide injections.

Two patients with mixed GH-TSH co-secreting adeno-
mas normalized IGF-1 with pasireotide. However, one of
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Fig. 2 Percentage and numbers of acromegaly patients in remission
(IGF-1 normalization), achieving partial (IGF-1<1.2xULN) or
improved (IGF-1 decrease > 50% compared to baseline level) control,
or resistant to pasireotide treatment

mbaseline ostarting dose =decreased dose
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Patient No.

Fig. 3 IGF-1 levels presented as IGF-1 xULN in 6 patients with
excellent response to pasireotide. IGF-1 levels before switching to
pasireotide (black bars), under starting doses of pasireotide (gray bars),
and after 20 mg dose reduction (dark gray bars)

them remained with elevated thyroid hormone levels when
switched to pasireotide.

Currently six, nine, and three patients are well controlled
with pasireotide doses of 20mg, 40mg, and 60 mg
respectively. One of the responders discontinued treatment
due to symptomatic cholelithiasis. Among patients partially
controlled, three continue with 40 and two with 60 mg.

@ Springer

Twenty six of the 35 patients included in this cohort con-
tinue with pasireotide injections (mean treatment interval,
13.1 £5.3 months; median, 12 months), and seven dis-
continued due to inefficacy.

Safety

Mean fasting glucose levels were 109 + 28 mg/dl before and
138 £37 mg/dl after pasireotide initiation (p <0.0001).
Mean HBA;C levels increased from 6.1 +1.1% (median,
5.9%) to 6.7+ 1.3% (median 6.35%) (p =0.07) while on
pasireotide treatment. Eleven patients with normal glucose
metabolism did not experience deterioration and two others
with mild impaired fasting glucose improved without spe-
cific treatment. Seventeen patients required initiation or
intensification of antidiabetic treatment among the twenty-
two who experienced worsening of hyperglycemia. In four
patients HBA,C levels rose over 9%, requiring the addition
of insulin to the treatment regimen in two of them. Both
responding and non-responding patients developed hyper-
glycemia attributable to pasireotide. A 32-year-old
McCune—Albrigth female patient with previous normal
glucose levels, developed diabetes under pasireotide treat-
ment. Despite having interrupted the medication due to
inefficacy, she developed diabetic ketoacidosis two months
later, requiring hospitalization. It is possible that pasireotide
mediated inhibition of insulin secretion in this patient was
profound and prolonged, contributing to this unexpected
and unusual complication. Patients who had their pasireo-
tide dose decreased due to excellent IGF-1 response tended
to experience some improvement in glucose control.
Development of hyperglycemia/diabetes mellitus did not
lead to pasireotide discontinuation in any patient. One
patient developed symptomatic cholelithiasis, and another
had cholecystectomy due to cholelithiasis diagnosed pre-
viously while on lanreotide autogel treatment.

Discussion

The results of this retrospective study suggest that a con-
siderable number of acromegaly patients resistant to first-
generation SSA may benefit from treatment with monthly
injections of pasireotide. In this cohort over 50% of patients
achieved normalization of IGF-1 levels. Furthermore, 83%
of responders were well controlled with low dose pasireo-
tide (20-40mg monthly injections). Interestingly, six
patients exhibited over-responsiveness to pasireotide, with
suppression of IGF-1 levels below the lower limit of normal
range or to the lower range, thus requiring dose reduction
that did not compromise disease control in most of them.
The phenomenon of hormonal over-response to pasireotide
has been previously reported in patients naive to SSA
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treatment [9] and also after switching patients from
octreotide to pasireotide therapy [11].

The rate of IGF-1 normalization found in our study is
higher than previously reported. In a large, phase III RCT,
patients with acromegaly naive to medical treatment were
assigned to receive either octreotide-LAR (n=182) or
pasireotide-LAR (n = 176) for twelve months [9]. Patients
given pasireotide achieved a higher rate of IGF-1 normal-
ization compared to those treated with octreotide (38.6%
versus 23.6%). This could reflect the higher affinity of
pasireotide for SSTRs, but the pituitary-directed effect of
pasireotide and octreotide evaluated as GH reduction, was
comparable in this study [9]. Other factors, such as a
reduction of IGF-1 levels mediated by a stronger inhibition
of insulin secretion by pasireotide compared to octreotide
may partially explain these clinical findings. Patients with
inadequate biochemical control at the end of the core study
were eligible to switch from octreotide-LAR to pasireotide-
LAR. IGF-1 normalization was achieved in 27% of these
patients [12]. Another 24-week, phase IIl RCT (PAOLA)
evaluated the efficacy of pasireotide-LAR treatment (40 or
60 mg/4 weeks; n =65, in each group) in patients resistant
to first-generation SSA. The control group consisted of
patients that continued treatment with octreotide-LAR or
lanreotide autogel (active control group; n = 68) despite
being inadequately controlled by these analogues [10]. As
expected, no patients in the active control group achieved
IGF-1 normalization, compared with 25% of pasireotide
treated patients [10]. In a phase II study with pasireotide-
LAR (20-60 mg) conducted in 33 Japanese patients with
acromegaly, medically naive, or inadequately controlled by
SSA or dopamine agonists, 27% of patients achieved nor-
mal IGF-1 levels after 12 months of treatment [13].

A recent Dutch study explored the therapeutic yield of
switching acromegaly patients who were well controlled
(IGF-1 £ 1.2 x ULN) by combined first-generation SSA and
pegvisomant treatment, to pasireotide [14]. According to
their response to an initial reduction in pegvisomant dose,
patients were assigned to pasireotide monotherapy (60 mg/
4 weeks) or combined with pegvisomant. It is not stated
whether these patients were initially resistant to SSA
monotherapy. Although 73.8% of patients were controlled
after 12 weeks of the assigned treatment, and pegvisomant
dose could be reduced by 66%, one cannot conclude from
this study the efficacy of pasireotide alone.

Taken together, approximately 39% of naive and 25% of
patients resistant to SSA achieved disease control with
pasireotide treatment in previous studies. A higher rate of
pituitary surgery in our cohort may be one of the explana-
tions for this difference in disease control rates. In the
present study, 86% had undergone previous pituitary sur-
gery, in comparison to only 40% in the head to head study
comparing octreotide-LAR with pasireotide-LAR in

acromegaly patients naive to medical treatment [9]. After
stratification, disease control was 50.7% and 30.5% in naive
patients with or without previous pituitary surgery, respec-
tively [9]. Taken that our cohort comprised of patients
resistant to previous treatment, the more appropriate com-
parison is with the PAOLA study that showed a 25% IGF-1
normalization under pasireotide-LAR 60 mg/4 weeks, of
which only 63% had undergone previous surgery [10].
Thus, less patients in these two large prospective RCTs had
the benefit of prior surgical debulking that has been shown
to increase responsiveness to medical therapy [15].

Moreover, mean IGF-1 level before starting pasireotide
was 1.76 £ 0.9 x ULN in the current study, compared to 2.6-
2.8 x ULN in the PAOLA study [10].

Another possible explanation for the variable rates of
medical remission in these cohorts may stem from the
inherent different design of RCTs and retrospective studies.
The advantages of RCTs may be compromised by the fact
that the study population is highly selected by various
inclusion and exclusion criteria. Therefore, it is possible that
results obtained by highly controlled studies cannot be
translated to the real-life scenario. Although our study was
retrospective, this disadvantage may be, at least partially,
remediated by the fact that it included most, if not all
pasireotide treated acromegaly patients in Israel, since its
registration in 2016. Because the medication is reimbursed
by the national health system as second-line medical treat-
ment for uncontrolled acromegaly patients resistant to SSA,
and consequently largely available, the possibility of
selection bias is minimal. In addition, the exclusion of
patients previously treated with pasireotide in phase III
studies or as part of a compassionate treatment program
may be considered also as a potential selection bias. Pre-
vious radiation therapy is an additional factor that could
potentially affect response rates to treatment. In contrast
with the RCTs, in which previous radiation therapy was an
exclusion criterion, six patients included in our cohort had
received this treatment modality. Although three of them
entered medical remission, it seems improbable that pre-
vious radiation therapy could explain the very early
response of IGF-1 to pasireotide. The rapid IGF-1 sup-
pression, as early as after one or two injections of pasir-
eotide, has been recently reported by others [14]. This early
response in not characteristic of first-generation SSA, in
which, maximal therapeutic effect is expected only after
3-6 months of therapy.

An important, and to the best of our knowledge, as yet
unreported observation was the beneficial effect of pasir-
eotide in patients complaining of severe headaches, despite
treatment with SSA. The effect was no less than dramatic,
as patients previously incapacitated or with severely
impaired functioning reported complete resolution or sig-
nificant improvement in frequency and intensity of

@ Springer



454

Endocrine (2018) 62:448-455

headaches, shortly after pasireotide initiation, with a con-
sequent remarkable improvement in their quality of life. A
similar analgesic effect has been previously reported with
octreotide treatment, but the mechanism underlying this
effect is unknown [16]. It can be speculated, that at least in
these patients, signaling through SSTRs is superior to
SSTR; in relieving headache associated with acromegaly.

In line with the known deleterious effect of pasireotide
on glucose metabolism [9, 10, 13, 17], 63% of patients in
this cohort experienced worsening of hyperglycemia and
49% required initiation or addition of antidiabetic treatment
including insulin. This rate of glucose control deterioration
is higher compared to the reported efficacy rate of 54%.
However, treatment intensification resulted in good diabetes
control in most patients. Thorough investigations conducted
to underpin the wunderlying mechanisms mediating
pasireotide-induced hyperglycemia implicate reduction of
insulin secretion through binding to SSTR5 expressed on
islet cells [18], as well as inhibition of incretin secretion by
pasireotide [19]. Symptomatic colelithiasis that developed
in two patients is a well-known side effect of SSA treat-
ment. As our patients were not routinely referred for
abdominal imaging, the true prevalence of asymptomatic
cholelithiasis in our cohort is unknown.

Our study has several limitations. Its retrospective design
did not allow for complete collection of relevant informa-
tion, such as GH measurements and pituitary imaging
during pasireotide treatment. Further, not all IGF-1 and GH
measurements were performed using the same assay or
conducted in a central laboratory, possibly compromising
the accuracy of the results. Nevertheless, the use of ratios
relative to age adjusted upper normal IGF-1 levels, and the
fact that for each individual patient assays were performed
in the same laboratory, may partially reduce the weight of
this limitation. Another limitation is the relatively small
number of patients in this cohort.

Still, this is the largest study assessing pasireotide-LAR
efficacy as monotherapy in acromegaly patients resistant to
SSA, since the registration trials.

In conclusion, in our “real life” retrospective study, we
found that the majority of uncontrolled somatostatin resis-
tant acromegaly patients benefited from pasireotide-LAR
treatment, with a 54% rate of IGF-1 normalization, but with
the tradeoff of glucose control deterioration in 63% of the
cohort.
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