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Abstract

Neuroendocrine tumours (NETS) are rare and heterogeneous neoplasms that can present with functional syndromes due to the
hypersecretion of peptides. Somatostatin analogues (SSAS) have been used since the 1980s for the treatment of neuroendocrine
tumours, with the aim of controlling the symptoms of functioning tumours and improving patients’ quality of life. Data from preclinical
studies offer evidence of both direct and indirect mechanisms by which SSAs can exert antitumour effects. The activation of somatostatin
receptors by SSAs leads to the activation of phosphotyrosine phosphatases, which control downstream apoptotic and antiproliferation
signalling pathways. Also, the suppression of secretion of several growth factors and inhibition of antiangiogenic activity by SSAs
indirectly inhibits tumour cell proliferation in vitro. Previous uncontrolled studies had shown tumour shrinkage and disappearance in
response to the SSA octreotide. Recent results from the randomised and placebo-controlled PROMID trial have demonstrated that
octreotide has antitumour activity in patients with metastatic mid-gut NETS. This article examines recent data providing evidence of the

antitumour activity of somatostatin analogues.
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Neuroendocrine tumours (NETS) are rare neoplasms that arise from
neuroendocrine cells which are present throughout the body. NETS
may be classified as functioning or non-functioning and are further
differentiated based on the site of primary origin, histologic grade
(low, intermediate or high) and proliferation rate." Functioning
NETs are characterised by excessive hormone production and
release, and cause hormonal syndromes (outlined in Table 1), while
non-functioning NETS are not associated with a distinct hormonal
syndrome - although they can secrete hormones and peptides at
subclinical levels. Approximately 60-70 % of NET patients are
diagnosed with disseminated metastatic disease.? Even though many
patients have indolent disease, some patients present with overtly
aggressive tumours. Due to this heterogeneity, treatment is often
individualised and may involve several modalities, such as
cytoreductive surgery, non-surgical liver-directed therapies,
somatostatin analogues, chemotherapy and, more recently, targeted
agents.’ These treatments are used with two major objectives: to
control the symptoms of hormone hypersecretion and to control
tumour growth. The aim of this article is to review the antitumour
effects of somatostatin (STS) analogues in the treatment of NETS.

Somatostatin

STS is a peptide produced by intestinal paracrine cells and plays a
major role in inhibition of gastrointestinal (Gl) endocrine secretion.**
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STS acts as a paracrine, autocrine or neuronal regulatory molecule
to inhibit glandular secretion, neurotransmission, smooth muscle
contractility and absorption of nutrients, regulating the functioning
of activated immune cells.*” STS exerts control over several
neurophysiological functions, and is a pan-inhibitory agent for all
known Gl tract hormones.® In the Gl tract, STS promotes reduction
of liver and splanchnic blood flow, inhibits GI and pancreatic
secretions, inhibits gallbladder contractility and bile flow, slows Gl
transit, inhibits absorption of glucose and amino acids and inhibits
tissue growth and proliferation.®

STS is a cyclic peptide. Its two biological molecular forms are
somatostatin-14 (S-14) and somatostatin-28 (S-28), which are both
expressed throughout the Gl tract. STS is synthesised as part of a
large precursor molecule that is cleaved, enzymatically processed
and released by endocrine and nerve cells.” STS binds to five different
STS receptor subtypes (numbered 1-5) present at the surface of
different endocrine cell types.

Somatostatin Analogues

Initially, the clinical use of native STS was limited because of the very
short half-life of the peptide (less than three minutes in the
circulation) and the need for continuous intravenous administration.
As a result, formulations of somatostatin analogues (SSAs) with
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Table 1: Clinical Features of Functioning Neuroendocrine Tumours

Tumour Type Hormone Produced Symptoms

Insulinoma Insulin, proinsulin
Gastrinoma Gastrin

VIPoma Vasointestinal peptide (VIP)
PPoma Pancreatic peptide (PP)
Somatostatinoma Somatostatin

Glucagonoma Glucagon or enteroglucagon

Hypoglycaemia, confusion, sweating, dizziness, weakness, coma, relief with eating

Severe peptic ulceration and diarrhoea (Zollinger-Ellison syndrome)

Profuse watery diarrhoea, hypokalaemia, achlorhydria (Verner-Morrison syndrome)

Weight loss, jaundice, abdominal pain

Gallstones, weight loss, diarrhoea, diabetes

Necrolytic migratory erythema, anaemia, hyperglucagonaemia, weight loss, diabetes, diarrhoea

Source: reprinted from Clinical Oncology, vol 24, KE Oberg, The Management of Neuroendocrine Tumours: Current and Future Medical Therapy Options, 282-93,% copyright (2012) with

permission from the Royal College of Radiologists.

Table 2: Characteristics of the Five Somatostatin Receptor Subtypes

Somatostatin Receptor Subtype

1 2
Position on the chromosome 14013 17024
Receptor-binding affinity (ICsy in mol/l):
e Somatostatin' 0.93 0.15
e Octreotide™ 280.00 0.38
e lanreotide™ >1,000 0.80

e Pasijreotide™ 9.3 1.0

Presence in normal tissues Brain, lungs, stomach,
jejunum, kidneys,
liver, pancreas

Induction of G1 cell cycle arrest Yes Yes
Induction of apoptosis - Yes
Distribution in GEP-NET (%):""*'

e Non-functioning tumour 80 100
e Insulinoma 33 100
e (astrinoma 33 50
e (Glucagonoma 67 100
e VIPOma 100 100
o All 68 86

Brain, kidneys

3 4 5

22013.1 20p11.2 16p13.3

0.56 1.50 0.29

7.10 >1,000 6.30

107 >1,000 5.20

1.5 >100 0.16

Brain, pancreas Brain, lungs Brain, heart, adrenals,
placenta, pituitary, small
intestine, skeletal muscle

- Yes Yes

Yes - -

40 100 60

33 100 67

17 83 50

67 67 67

100 100 100

46 93 57

ICs0 = half maximal inhibitory concentration (i.e., concentration required for a 50 % inhibition of the binding somatostatin or somatostatin analogue to the receptor subtype);
GEP-NET = gastroenteropancreatic neuroendocrine tumour; VIP = vasointestinal peptide. Source: adapted from Lamberts et al., 1996° and Strosberg and Kvols, 2010.”

longer half-lives have been developed. First, short-acting analogues
with 6-8 hour half-lives — such as octreotide (SMS201-995), vapreotide
(RC-160), lanreotide (BIM 23014) and seglitide (MK 678) — became
available. Later, long-acting formulations of octreotide (octreotide
long-acting release [LAR]) and of lanreotide (slow-release [SR]
lanreotide), with half-lives of almost 28 days, were developed.™"
Since the 1980s, SSAs have been the standard of care for NET
symptom control,” and they have well documented efficacy in
controlling functioning tumour symptoms.2" Adverse events
associated with SSAs are usually mild and include nausea, abdominal
discomfort, bloating, fat malabsorption and gallstone formation.®

Although native STS binds all the five receptor subtypes, the synthetic
analogues have different affinities for the STS receptors and exert their
actions mainly interacting with subtypes 2 and 5 (see Table 2).5""
More recently, pasireotide, a new SSA, has been developed and this
molecule demonstrates higher affinity for subtypes 1, 2, 3 and 5.

Somatostatin Receptors

The STS receptor is a G protein-coupled receptor present in the
membranes of cells from various organs such as the endocrine and
exocrine pancreas, Gl tract, anterior pituitary and various regions of
the brain.” There are five known STS receptor subtypes, and these
subtypes may have different expression levels and functions
depending on their location throughout the body (see Table 2).

EUROPEAN ENDOCRINOLOGY

Although these receptors are similar in their binding to S-14 and S-28,
the binding affinity of each subtype is different for the SSAs.”®

All STS receptor subtypes are coupled to adenylate cyclase through an
inhibitory G protein, causing a reduction in intracellular cyclic
adenosine monophosphate (CAMP) concentration when activated.’
Furthermore, activation of the receptor may result in ion channel
activation, decreasing the influx of calcium to the cell.® There is
evidence that the STS receptors can change ligand-binding affinity and
receptor internalisation through agonist-induced dimerisation.”
Additionally, STS receptors can interact and form heterodimers with
other families of receptors, and thus alter receptor signalling and
provide novel molecular pathways for cell proliferation and survival.?

Antiproliferative Mechanisms

Based on many different in vitro and in vivo experimental models, the
antitumour activity of SSAs has been demonstrated and is mediated
through direct and indirect mechanisms.?#% The activation of STS
receptors can cause cytostatic and pro-apoptotic effects by direct
activation of phosphotyrosine phosphatases (PTPs).?# PTPs control
downstream signalling molecules such as the mitogen-activated
proteins (MAPs) extracellular signal-regulated kinase (ERK)1
and ERK2, and ultimately induce antiproliferation by upregulation of
cyclin-dependent kinase inhibitors.? The STS receptor subtypes 2
and 3 are involved with the pro-apoptotic mechanisms through the
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Table 3: Antiproliferative Activity and Principal
Transducing Systems Regulated by Somatostatin
Receptors According to Subtype

Somatostatin Receptor Subtype

1 2 3 4 5
Antiproliferative Activity
Cell cycle progression g NA N2 ™~ ¥
Apoptosis - T T - -
CAMP Production
Adenylyl cyclase g 4 ¥ g ¥
lon Currents
Voltage-sensitive Ca++ g NE - - +
K+ current 1t T T T T
GIRK activity - ™~ 1t T T
MAP Kinases
ERK 1 and 2 v N + T ¥
p38 T - T
JNK - 4, - - /r
Tyrosine Kinases
Src T T
Jak2 T T
Phospholipid Kinase
PI3K NN NN
Nitric Oxide Synthases
nNOS - Mt ¥
eNOoS N2 ¥ Nz
Na+/H+ Exchanger
NEH1 ¥ N - T

A = activation; 4 = inhibition, - = no effect; Ca++ = calcium, CAMP = cyclic adenosine
monophosphate; eNOS = endothelial nitric oxide synthase, ERK = extracellular signal-regulated
kinase; GIRK = G protein-gated K+ channel; Jak2 = Janus kinase 2; INK = c-Jun N-terminal
kinase, MAP = mitogen-activated protein; NEH1 = sodium/hydrogen exchanger 1,

nNOS = neuronal nitric oxide synthase, PI3K = phosphatidylinositol 3-kinase;

Src = proto-oncogene tyrosine-protein kinase.

Source: republished with permission of Frontiers in Bioscience from Molecular mechanisms
of the antiproliferative activity of somatostatin receptors (SSTRs) in neuroendocrine tumors,
T Florio, vol 13, 2008),* permission conveyed through Copyright Clearance Center, Inc.

activation of pro-apoptotic genes such as p53 and bcl-2 (subtype 3),”
the inhibition of the antiapoptotic effects of MAP kinase (subtype 2)®
and the sensitisation of death receptors (subtypes 2 and 3).*' In
addition to direct effects, SST and SSAs exert a number of indirect
antiproliferative, antiangiogenic and immunomodulatory effects.™#
These include: inhibition of the release of hormones and growth
factors that aid tumour growth, such as insulin-like growth factor (IGF)
and vascular endothelial growth factor (VEGF); reduction of tumour
blood flow due to the suppression of endothelial cell proliferation; and
arrest of monocyte migration (see Table 3).

Results from Previous Trials and Case Reports
More than 30 cases of partial tumour regression following octreotide
administration, with or without other therapies, have been reported in
the literature.®* Qctreotide treatment of a patient with metastatic
vasointestinal peptide (VIP)oma induced a reduction in the number
and size of liver secondary tumours, as evidenced by computerised
axial tomography,® and a similar finding has been reported in a
patient with gastrinoma.* In addition, several case reports have
documented complete histological regression of metastatic tumours
after treatment with octreotide.®**

In addition to these case studies, several clinical studies have shown
results suggesting that octreotide and lanreotide have antitumour
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activity in patients with progressive NETS.** In a prospective study of
103 patients with metastatic NETS, 37 % of patients who had confirmed
tumour progression experienced stabilisation for at least three
months.” In the patient group who had stable disease prior to
octreotide treatment, 54 % continued to have stable disease with no
progression for over 12 months. A Phase Il trial of SR lanreotide (30 mg)
in 55 patients found that, of 31 assessable patients, 25 (81 %) achieved
disease stability,* while a second Phase Il trial comprising 39 evaluable
patients found that 19 (49 %) experienced stable disease.” The
administration of octreotide or lanreotide in regular doses has been
demonstrated to induce stabilisation of tumour growth in 45.2-52.0 %
and 32-81 % of patients, respectively.”* Unfortunately, the studies
included heterogeneous tumour types, none was placebo-controlled
and none evaluated only treatment-naive patients. The 2009 PROMID
(Placebo-controlled, double-blind, prospective, randomized study on
the effect of octreotide LAR in the control of tumor growth in patients
with metastatic neuroendocrine midgut tumors) study was designed to
address these shortcomings.

Results from the PROMID Study

PROMID was a randomised, double-blind, placebo-controlled trial
conducted in 18 German academic centres.”” A total of 85 patients
with locally inoperable or metastatic well-differentiated mid-gut NETS
or tumours of unknown primary origin (but believed to be of mid-gut
origin following exclusion of the presence of primary tumour within
the pancreas or chest) were randomly assigned 1:1 to octreotide LAR
30 mg or placebo until progression. The primary endpoint was time to
progression (TTP) assessed by computed tomography or magnetic
resonance imaging.

Patients were highly selected and their cases discussed at the local
institutional tumour boards prior to inclusion. Only previously
untreated patients not eligible for curative-intended surgery and able
to be observed without intolerable symptoms were included. The
baseline characteristics of the 1:1 random assignment of the two study
arms were well balanced for study centre, presence of metastases,
tumour functionality, Ki-67 index and age. Among the 85 patients, 58 %
had non-functioning tumours and 23 % had tumours of unknown
primary origin. The hepatic tumour burden was less than 10 % in 75 %
of all patients. Patients were randomised to octreotide LAR (n=42) or
placebo (n=43). Prior to tumour progression, seven patients withdrew
treatment consent (five from the octreotide LAR arm and two from
the placebo arm), one patient switched from the placebo arm to the
octreotide LAR arm and five patients withdrew from the octreotide
LAR arm due to adverse events. Hence there were 33 patients in the
octreotide LAR arm and 40 patients in the placebo arm.

After six months, a significant difference was seen in the numbers of
patients who had stable disease (66.7 % in the octreotide LAR arm
versus 37.2 % in the placebo arm). The confirmatory interim analysis
observed 26 and 40 progressions in the octreotide LAR and placebo
arms, respectively (hazard ratio [HR]=0.34; 95 % confidence interval [Cl]
0.20-0.59; p=0.000072) (see Figure 1). Octreotide greatly improved
the TTP: the median TTP was 14.3 and 6.0 months in the octreotide LAR
and placebo arms, respectively (HR=0.34). This study thus provided
evidence that octreotide LAR inhibits tumour proliferation in patients
with well-differentiated metastatic mid-gut NETS.

The major criticism for this study was the lack of progression status
prior to accrual. One of the great advantages of a prospective
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randomised study is the understanding of tumour natural history in
the placebo arm. In the placebo arm, 53 % of patients had progressed
by WHO criteria at six months; 79 % had progressed at 12 months;
and almost all had progressed at two years. The use of octreotide LAR
demonstrated a clear antiproliferative effect. In the treatment arm,
29 patients had disease control (one partial remission [PR], 28 stable
disease [SD]) versus 17 patients in the placebo arm (one PR, 16 SD)
(p=0079). As mentioned previously, the median TTP was 14.3 months
for octreotide LAR and 6.0 months for placebo. The difference in
tumour progression between the arms was 8.3 months. This is a
robust and significant result, but is the benefit clinically meaningful?

The expected survival for a low-burden asymptomatic mid-gut NET is
over seven years. Given this timeframe, the 8.3 month increase in TTP
in the octreotide LAR arm does not initially seem a significant
improvement; however, when studying the survival curve in the
treatment arm closely, it becomes apparent that 16 patients had no
progression and a long-lasting response for many years. Octreotide
LAR appears to be a truly targeted agent, and a durable response in
a third of the patient population is definitely clinically meaningful.
A low-toxicity intervention that induces a durable response and does
not preclude future new interventions is the optimal treatment strategy
for improving prognosis in NET patients. This is the main reason
why patients with well-differentiated mid-gut NET should be offered
SSAs independent of their tumour progression status or positivity on
octreotide scan (Octreoscan™). SSAs are now accepted as the new
standard treatment for patients with low-grade mid-gut NET.

In the PROMID study, median overall survival had not been reached in
the treatment arm after 77.4 months of follow-up. In the placebo
arm, the median overall survival was 73.7 months; however, this
estimation was not robust due to the low number of deaths (p=0.77).
Since cross-over could occur after the trial had been unblinded, 77 %
of the patients in the placebo arm received octreotide LAR, and
additionally some patients in the placebo arm were treated with
hepatic chemoembolisation, peptide receptor radionuclear therapy
and chemotherapy. These therapeutic interventions may have had an
undetermined effect, making the impact of octreotide LAR on patient
survival difficult to assess.

Future Directions for Somatostatin Analogues
Results from the PROMID trial have proven the benefit of octreotide
LAR treatment for patients with mid-gut NETS. The ongoing Controlled
study of lanreotide antiproliferative response in NET (CLARINET) trial
has been designed to examine the efficacy of lanreotide (autogel
120 mg) in the treatment of NETs. This trial is designed to assess
whether lanreotide autogel prolongs the time to disease progression
in patients with non-functioning NETS, including those of pancreatic
origin.”® Additionally, the activity of pasireotide as an antitumour agent
is currently being investigated in a Phase Il trial, whose goal is to
determine whether pasireotide LAR can shrink or slow the growth
of metastatic neuroendocrine carcinomas.”

Figure 1: Confirmatory Intention-to-treat Analysis of
Time to Progression or Tumour-related Death

- Placebo, 40 events (median time 6.0 months)
- Qctreotide LAR, 26 events (median time 14.3 months)

o [0

v | e
0.2 I\‘

t

18 24 30 36 42 48 54 60 66

Patients (proportion)

0 6 12 72 78

Time since random allocation (months)

No. of patients at risk
43 21 9 3 1 1 o o0 0o O o o o o
M 9 9 6 5 3 1 0

Placebo
Octreotide LAR 42 30 19 16 15 10

Log-rank test stratified by functional activity: p=0.000072, HR=0.34 (95 % CI 0.20-0.59)

Cl = confidence interval; HR = hazard ratio,; LAR = long-acting release.
Source: Rinke et al., 2009.”

Although SSAs are the first-line therapy for mid-gut NETS, the
combination of these agents with other therapies may be needed
in order to improve clinical outcomes. The potential synergy of the
mammalian target of rapamycin (MTOR) inhibitor everolimus with
octreotide was recently assessed in the Phase Il RADOO1 in advanced
neuroendocrine tumours (RADIANT)-2 trial.*® Treatment with octreotide
plus everolimus improved progression-free survival in patients with
advanced NETs compared with octreotide plus placebo (16.4 months
versus 11.3 months, respectively).

Conclusion

The antiproliferative effect of the SSA octreotide LAR in NET patients
was confirmed in the PROMID study, in which treatment with
octreotide LAR greatly improved the TTP (14.3 versus 6.0 months
in the placebo arm; HR=0.34). It is important to select patients with
low- or intermediate-grade NETS with good prognosis or slow-growing
disease to undergo this antiproliferative treatment strategy. NET
patients with more aggressive and poorly differentiated tumours — a
population not included in the PROMID study — should be treated by
other means. The SSA-mediated benefit of octreotide LAR in terms
of TTP is augmented by the long-lasting tumour control in a significant
proportion of patients with indolent disease. This durable response
is a clinically meaningful benefit of a low-toxicity treatment strategy
that does not preclude future treatment interventions. Preclinical
data demonstrate that SSAs have antitumour activity and this is
mediated by both direct and indirect effects. These effects serve
as the basis for developing new treatment combinations for NET
patients that include SSAs as antiproliferative drugs and not just
for symptomatic control. B
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