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/ABSTRACT

The carcinoid syndrome represents a set of signs and symptoms
associated with neuroendocrine tumors (NETs) that occur
primarily when metastases are developed in the liver, resulting
inthe worsening of quality of life. Serotonin playsacentral rolein
the physiology of carcinoid syndrome by promoting intestinal
motility. Somatostatin analogs (SSAs) have widely demon-
strated their efficacy as symptomatic relievers of carcinoid
syndrome, but this control is ephemeral, being reduced by
approximately 50% within the first year. The exact mecha-
nisms of resistance to SSAs are not fully understood, but it is
believed that serotonin might be involved. Patients with
carcinoid syndrome present with a significant increase in
serotonin plasma levels and, consequently, in the soluble
urinary metabolite 5-hydroxyindole acetic acid. Telotristat

etiprate is a potent inhibitor of tryptophan hydroxylase,
a rate-limiting enzyme in the synthesis of serotonin, that has
demonstrated in the phase Il TELESTAR clinical trial a signif-
icant improvement in the control of bowel movements in
patients with NETs who have carcinoid syndrome and who
have progressed to an SSA. Based on these results, telotristat
etiprate has emerged as a potential new option in the treat-
ment algorithm of symptomatic control of functioning NETs.
However, some issues need to be clarified, such as the safety
profile of the drug outside clinical trials, the benefit in quality of
life, and the possible impact on tumor growth, as well as its role
within sequencing or combination treatment strategies with
pre-existing drugs effective in NET treatment. The Oncologist
2016;21:701-707

Implications for Practice: This article reviews the literature about carcinoid syndrome, which affects patients diagnosed with
neuroendocrine tumors. Few articles have been published about this syndrome and its pathophysiology. Somatostatin analogs
provide symptomatic relief; however, patients may become refractory to this strategy, usually within the first year of treatment. In
this context, as an agent with an innovative mechanism of action, telotristat etiprate has demonstrated activity in a phase Ill trial,

and findings may offer a path to an improve quality of life and prolonged survival for certain patients.

INTRODUCTION

Neuroendocrine tumors (NETs) represent a complex and het-
erogeneous group of malignancies arising from the diffuse
endocrine cells and other cells derived from the neural crest.
According to the Surveillance, Epidemiology, and End Results
program, the incidence of NETs has increased from 1.09 cases
per 100,000 inhabitants in 1973 to 5.25 cases per 100,000
inhabitants in 2004 [1-3]. Locally advanced or metastatic
disease is observed in more than one third of patients at the
time of diagnosis. These tumors are characterized by a wide
variability in clinical syndromes at presentation, depending on
hormonal and vasoactive peptide release.

One of the most important peptides related to the de-
velopment of carcinoid syndrome is serotonin. Depending on the

origin of the primary tumor, approximately 8%—35% of
patients with NETs develop carcinoid syndrome and suffer
mainly from diarrhea and flushing episodes. Other clinical
signs and symptoms are hypertension in pheochromocytomas,
hyperglycemia in insulinomas, or adrenocorticotropic hormone-
producing tumors or watery diarrhea in Verner-Morrison syn-
drome, among others [4—6]. Therefore, the inhibition of the
peripheral synthesis of serotonin represents a promising target
in the field of symptom control in patients with functioning NETs.

MATERIALS AND METHODS
A systematic search of PubMed databases and abstracts from
the European Society for Medical Oncology up to September
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2015 was performed. The search terms considered were
“telotristat etiprate,” “serotonin,” “carcinoid syndrome,”
“resistance to somatostatin analogs,” and “serotonin re-
ceptors” for the identification of relevant and English-
language studies on the physiopathology and management
of carcinoid syndrome. In addition, ClinicalTrials.gov and cancer-
focused congresses were searched to identify relevant studies
evaluating therapies in carcinoid syndrome management.

” o«

RESULTS

Carcinoid Syndrome

Although carcinoid tumors were first reported at the end of
the 19th century, carcinoid syndrome was described in 1954
by Thorson et al. when they identified a series of signs and
symptoms consisting of heart valve disease, peripheral vasomo-
tor symptoms, and bronchoconstriction in a patient diagnosed
with a metastatic intestinal NET [7]. From a pathophysiologic
point of view, the tumor secretion of various substances into
systemic circulation, including serotonin as the most pre-
dominant released vasoactive peptide, and also histamine,
prostaglandins, tachykinins, and kallikrein, causes the carcinoid
syndrome [8].

Carcinoid syndrome has been reported to be present in
8%—35% of patients with NETs and is characterized by a wide
range of symptoms, such as flushing episodes, diarrhea,
abdominal pain, intermittent bronchial wheezing, telangiectasia,
heart valve disease, mesenteric fibrosis, and pellagra [5, 9-11].
Carcinoid crisis is considered an immediate life-threatening
complication of carcinoid syndrome due to a massive release of
vasoactive peptides from the tumor. This crisis can occur under
conditions of stress, anesthesia, chemotherapy, or surgery [12].

Serotonin seems to play a central role in the development
of the acute and chronic manifestations by acting directly on
the cell membrane receptors of the enteric neurons or by
enhancing peristalsis and secretory reflexes [2, 13, 14]. Indeed,
serotonin is also involved in the development of secondary
heart valve disease and mesenteric fibrosis because it may
stimulate fibroblast growth and proliferation and synthesis of
extracellular matrix (fibrogenesis) [15, 16].

Serotonin seems to play a central role in the devel-
opment of the acute and chronic manifestations by
acting directly on the cell membrane receptors of
the enteric neurons or by enhancing peristalsis and
secretory reflexes.

Serotonin Synthesis and Physiology
Serotonin is a neurotransmitter that mainly acts at the
gastrointestinal tract and central nervous system (CNS) level
[17]. Approximately 95% of total serotonininthe human body
is released within the gastrointestinal tract: approximately
10% by the enteric neurons and 90% by the enterochromaffin
cells.The remaining 5% exerts its action in the brain, crossing
the blood-brain barrier [18].

The synthesis of serotonin has its substrate in the essential
amino acid tryptophan and needs two enzymatic steps. The
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first step is mediated by tryptophan hydroxylase (TPH). This
enzyme is essential because it is considered the rate-limiting
step of the systemic and neuronal synthesis of serotonin. TPH
has two isoforms: TPH2 (located only in the brain) and TPH1
(located in the peripheral tissues with no presence in the CNS
and encoded by a different gene) [18, 19]. .-Amino acid
decarboxylase is the catalyzed enzyme involved in the second
step of serotonin synthesis [20, 21] (Fig. 1). Once the serotonin
is produced, it accumulates in vacuoles in the enterochromaf-
fin cells until the cell releases the serotonin to the bloodstream
or to the surrounding enteric tissue.

There, serotonin binds to serotonin-receptors that con-
sist of seven types (5-HT1 to 5-HT7) and several subtypes, each
of which is from a different location in the body and has
different functions. All the serotonin receptors are G-coupled-
protein receptors except 5-HT3, which is an ion channel re-
ceptor. Three main types of primary coupling to G protein
receptors have been described. The 5-HT1 and 5-HT5 recep-
tors activate G;/G, proteins, the 5-HT2 receptors activate
G, proteins, and the 5-HT4, 5-HT6, and 5-HT7 activate G;
proteins [22-24]. (Fig. 1)

The activity performed by these G-coupling proteins is
different depending on the activated receptor subtype. G4 and
G, proteins activate different intracellular pathways that lead
to the increase of transcriptional mechanisms in the nucleus.
Gi/G, proteins exhibit inhibitory activity, lowering intracel-
lular cyclic adenosine monophosphate levels and repressing
transcriptional factors [24-26].

The receptors are located at different sites. Some, such as
5-HT5, 5-HT6, and 5-HT7, have a single central location. The
remaining receptors are spread throughout peripheral loca-
tions in enteric neurons, enterochromaffin cells, hepatocytes,
and smooth-muscle cells. In fact, 5-HT3 and 5-HT4 receptors
are crucial in the regulation of intestinal motility and the
peripheral peristaltic reflex. This action is performed by the
release of serotonin by enterochromaffin cells to intrinsic
and extrinsic efferent neurons [20, 23, 29-31] (Fig. 2).

Serotonin is metabolized in the tissues by the activity of the
monoamine oxidase enzyme. In the intestine, as in the CNS,
there is a reuptake serotonin system to avoid its prolonged
effectin the synapse [36]. In peripheral circulation, serotoninis
metabolized in the liver and kidney by the monoamine oxidase
and aldehyde dehydrogenase enzymes that convert serotonin
to 5-hydroxyindole acetic acid (5-HIAA), which is eliminated by
the urine [20].

Resistance to Somatostatin Analogs
Somatostatin analogs (SSAs) represent the mainstay in the
treatment of NETs, based on the results obtained from more
than 20 years of research on the improvement of the symptoms
of the carcinoid syndrome [37]. Antiproliferative effects were
also demonstrated in phase Il trials such as the 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) and CLARINET trials by using octreotide long-acting
formulation (LAR) and lanreotide autogel, respectively [38, 39].
SSAs initiate their function by acting on a G-protein-
coupled somatostatin receptor (SSTR) family of five members.
The most commonly expressed SSTR in gastrointestinal NETs
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Figure 1. lllustration of biosynthesis of serotonin (blue arrows), the inhibitor action of telotristat etiprate on TPH (red X), conversion of
serotonin to 5-hydroxyindole acetic acid and urinary excretion (green arrows), and activating and inhibitory pathways [20, 24-28].
Abbreviations: 5-HT1-7, serotonin receptors 1 to 7; AC, adenylyl cyclase; cAMP, cyclic adenosine monophosphate; CREB, cyclic AMP
response element binding proteins; DAG, diacylglycerol; ERK, extracellular signal-regulated kinase; G, (G, G;), G-coupling proteins; IP3,
inositol triphosphate; NFkB, nuclear factor k-light-chain-enhancer of activated B cells; PKA, cyclic AMP-dependent protein kinase A; PLC,

phospholipase C; TPH, tryptophan hydroxylase.

(90%) and pancreatic NETs (80%) is SSTR2, to which SSAs bind
with higher affinity [40, 41].

SSAs have demonstrated efficacy in symptomatic
relief of both diarrhea and flushing episodes associated
with carcinoid syndrome. This effect was demonstrated
in a randomized study comparing subcutaneous short-
acting octreotide versus octreotide LAR.

Signaling is transmitted directly from a G-coupled SSTR
activation to interrupt the cell functions or indirectly by
inducing apoptosis with p53 and BAX upregulation, inhibiting
proliferation regulated by tyrosine kinases and activating SHP1
and SHP2 involved in cycle arrest or modifying other SSTR-
independent antiproliferative pathways, such as inhibition of
insulin growth factor 1, which reduces tumor gene transcrip-
tionvia RAS. Derived from thisindirect effect, SSAs also are able
to inhibit angiogenesis by the MAPK/ERK1-2 pathway and it
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is also postulated that this might modulate immune and
inflammatory reactions [32, 42, 43].

SSAs have demonstrated efficacy in symptomatic relief of
diarrhea and flushing episodes associated with carcinoid
syndrome.This effect was demonstrated in a randomized study
comparing subcutaneous short-acting octreotide versus
octreotide LAR. Symptom control, in terms of stool numbers
and flushing frequency, were reduced about 50% and 80%,
respectively, from baseline to week 24 in all patients treated
[37]. Moreover, symptom control disappears in about half of
patients during the first year of treatment with SSAs. However,
this symptomatic and proliferative control does not last forever
and some mechanisms of resistance to treatment have been
described, although the exact one is not yet known [32-35,
44-48] (Table 1).

All these mechanisms, therefore, can modify the three-
dimensional configuration of the receptor and may cause
alteration in the binding process of SSA to SSTR, changing the
receptor regulation at the cell surface and increasing its
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Figure 2. Intestinal crypt that shows secretion of serotonin by
enterochromaffin cells (blue) into general circulation and efferent
neurons (green). Finally, serotonin reaches myenteric neurons,
resulting in increased gut motility (brown).

Abbreviation: 5-HT, 5-hydroxytryptamine.

internalization and desensitization with respect to the num-
ber of SSTRs at the cell surface, causing modification of the
ratio expression between different cell surface receptors,
alteringthe downstreamsignalingtriggered by the receptor,
causing up- or downregulation of the pre-existing intracel-
lular pathways, and even creating new intracellular signal-
ing pathways by the formation of homo- and heterodimers
between different receptor subtypes or other receptor su-
perfamily [33-35, 44-50].

Telotristat Etiprate

The inhibition of serotonin synthesis with parachlorophenyla-
lanine was initially tested in patients with carcinoid syndrome,
and demonstrated efficacy in reducing the levels of serotonin
and diarrhea frequency, but central side effects with behavioral
changes and depression halted further development of this
molecule in this context [51].

Several other drugs have been studied for the treatment of
carcinoid syndrome, but none has reached a phase Il clinical
trial until telotristat etiprate. Telotristat etiprate (formerly,
LX1606) is a new compound that inhibits TPH, the rate-limiting
stepinthesynthesis of serotonin.Telotristatetiprateisa prodrug
that is converted to its active drug by the esterase activity.
Telotristat etiprate has a 0.028-uM in vitro power on purified
human enzyme TPH2; therefore, it is a potent inhibitor of TPH,
bothinvitro and in vivo. As a result of the TPH inhibition, there is
a reduction in the peripheral, but not CNS, serotonin levels. In
one report, TPH knockout mice had a 94% reduction in serotonin
levels [52]. LX1031, an initial compound that also inhibits TPH,
reduced the serotonin concentration in the small intestine
and peripheral blood by approximately 90%, and decreased in-
flammation and the number of stools in patients with non-
constipating irritable bowel syndrome. Telotristat etiprate does
not distinguish between TPH1 and TPH2 but is not able to cross
the blood-brain barrier; therefore, it would not reach the CNS at
a high enough concentration to inhibit the TPH2 enzyme.
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Consequently, it does not diminish central serotonin levels, thus
avoiding the side effects that it would entail otherwise [27, 28,
52-55].

Based on the efficacy demonstrated in preclinical research,
two phase Il trials were performed. Kulke et al. [56] conducted
a randomized study of 23 patients who received telotristat
etiprate during 4 weeks (Table 2). Eighteen patients with NETs
and 5 healthy volunteers received the treatment at dose
escalation (range: 100-500 mg) and 5 patients received
placebo. Five of 18 patients (27.7%) in the experimental
treatment group achieved at least a 30% reduction in bowel
movements (BMs) for more than 2 weeks compared with no
reduction in the placebo group. Twelve of 16 patients (75%)
receiving telotristat etiprate had at least some reduction
in BMs for more than 2 weeks compared with only 1 patient
in the control group. Nine of 16 (56.2%) patients in the
telotristat etiprate group and none in the placebo group
achieved a 50% or more reduction in, or even normalization
of, the levels of urinary 5-HIAA. Tolerability of the drug was
acceptable and the main adverse effects were gastrointes-
tinal [56].

Pavel et al. [57] studied the administration of telotristat
etipratein 15 patients (Table 2). All patients experienced some
reduction in BMs during the treatment period and 6 patients
(40%) had at least a 50% decrease from baseline, from 5.9 BMs
per day to an average of 2.6 BMs per day at the end of the
12 weeks of treatment. Urinary 5-HIAA levels progressively
decreased during treatment to a reduction of 74.2% compared
with baseline average. Telotristat etiprate was well tolerated;
gastrointestinal disorders were the most common side effect.
There were no reports of depression as an adverse event,
which is consistent with telotristat etiprate being unable to
cross the blood-brain barrier. The investigators reported one
episode of increased y-glutamyltransferase levels (Common
Terminology Criteria for Adverse Events grade 3) that was not
considered to be related to the study drug [57].

The results of the phase Ill pivotal study of telotristat
etiprate have been presented. The TELESTAR (Telotristat Etiprate
for Somatostatin Analogue Not Adequately Controlled Carcinoid
Syndrome) trial is a randomized, double-blind study with
3 treatment arms: placebo, telotristat etiprate at a dose of
250 mg, and telotristat etiprate at a dose of 500 mg 3 times
daily (45 patients in each arm) for 12 weeks. The primary end
point was the reduction in the number of daily BMs compared
with baseline. Patients included in this trial were previously
diagnosed with a well-differentiated metastatic NET and had
documented carcinoid syndrome, experiencing at least four
BMs per day despite a stable dose of SSA therapy.

Telotristat etiprate at the 250- and 500-mg doses re-
duced the number of BMs from baseline by 29% and 35%,
respectively. In the placebo group, there was also a 17%
reduction in the number of BMs from baseline. Duration of
response was defined as at least a 30% reduction in BM
frequency during at least 50% of the time on study. Duration
of response was 44% and 42% in the 250- and 500-mg groups,
respectively, which was significantly different from that seen
in the placebo group (p = .011 and p = .020, respectively).
Moreover, telotristat etiprate reduced the concentration
of urinary 5-HIAA by 40 mg per 24 hours in the 250-mg group
and 57 mg per 24 hours in the 500-mg group; these
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Table 1. Proposed mechanisms of resistance to somatostatin analogs [32, 34—35]

Mechanism

Observations

Different phosphorylation patterns

Type of B-arrestins

Homo/heterodimers

Antibody formation

In SSTR2, different phosphorylation patterns have been
described for four threonine residues (Thr353, Thr354,
Thr356, and Thr359) with octreotide and only two threonine
residues (Thr356 and Thr359) for pasireotide. This
phosphorylation is mediated by G-protein-coupled receptor
kinases 2 and 3, whose intracellular levels are variable. The
inhibition of these enzymes results in a reduction of
approximately 40% of SSTR2 phosphorylation.

There are two major subtypes of B-arrestins: A and B.
Replacement of SSTR2 on the cell surface depends on
B-arrestin (type B) internalization; once bound to the
phosphorylated endosomal vesicle, it produces rapid
receptor internalization. SSTR3 and SSTRS are also
B-arrestin-dependent receptors (type A), but their junction is
less stable, so the internalization is less efficient. On the
contrary, SSTR1 and SSTR4 are not dependent on this
molecule for internalization.

Different types of receptors coexist on the same cell surface,
enabling the formation of homo- and heterodimers between
them, such as the heterodimerization between SSTR5 and
SSTR1.

Creation of antibodies against somatostatin analogs,
decreasing their effectiveness

Abbreviation: SSTR, somatostatin receptor.

Table 2. Clinical studies conducted by Kulke et al. [56] and Pavel et al. [57]

Characteristic Kulke et al.

Pavel et al.

Study design Prospective, randomized study, dose escalation
during 4 weeks
Objective Assess the safety of telotristat etiprate and efficacy.

Prospective, multicenter, dose escalation
during 12 weeks

Safety of TE and efficacy in reducing
gastrointestinal symptoms in CS and
reducing urinary 5-hydroxyindole acetic acid

Inclusion criteria

Number of patients enrolled
Results

Safety

Metastatic neuroendocrine tumor and diarrhea
inadequately controlled (=4 BMs per day) by
octreotide therapy

23: 18 received TE and 5 received placebo.

Reduction of BM frequency by approximately 20%
in the TE group and 15% increase in placebo group

No serious AEs were described in placebo or TE
groups (vomiting and recurrence of squamous cell
carcinoma on the hand). Most reported adverse
events were mild and were gastrointestinal (nausea,
abdominal pain, abdominal distension, and

Metastatic, well-differentiated,
neuroendocrine tumors and CS with 4 BMs
per day with or without SSAs

15 received TE.

43.5% reduction of BM frequency. Flushing
decreased by 27% and abdominal pain
decreased by 29% from baseline.

Total of 14 patients completed 12 weeks of
treatment. Three patients had serious AEs
not related to study drugs; seven patients
reported AEs (principally gastrointestinal:
abdominal pain, nausea, and vomiting) and

vomiting).

Conclusions

observed in reduction of BMs.

TE presents favorable safety profile and
was well tolerated. Clinical benefit was

analytic alterations(hepatic enzymes and
increase in serum potassium).

TE was safe and well tolerated. Patients
experienced substantial improvement in
BMs, flushing, and abdominal pain.

Abbreviations: AE, adverse event; BM, bowel movement; CS, carcinoid syndrome; SSA, somatostatin analog; TE, telotristat etiprate.

concentrations were also significantly different than that
seen in the placebo group (p = .001).

Telotristat etiprate was safe and well tolerated. Grade 1
and 2 depression was described in three patients (6.7%) in the
placebo group, eight patients (17.7%) in the 500-mg dose
group, and two patients (4.4%) in the 250-mg dose group.
Treatment-related depression did not result in any telotristat
etiprate discontinuation, and all cases of grade 1 and 2 depression
resolved on the study. The most frequent adverse events were
gastrointestinal, with nausea being described in 19 treated
patients [58].
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There are several unknowns about telotristat. We do not
know the role of telotristat on tumor growth. Studies have not
included as a primary or secondary end point the reduction in
tumor lesions, and even if it is plausible to consider that the
inhibition of serotonin synthesis can impact tumor growth, we
need further research and clinical trials designed inthat regard.

We also do not know the safety profile of telotristat in
routine clinical practice. In TELESTAR trial, the incidence of
grade 1 and 2 depression was similar in the placebo group and
the telotristat etiprate 250-mg group, and it was slightly higher
in the telotristat etiprate 500-mg group. All instances were
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resolved during the study without requiring the withdrawal
of the study drug. Moreover, no severe grade of depression
was reported. Indeed, telotristat etiprate does not seem to
cross the blood-brain barrier, so it would not have depressant
effects on the central nervous system. For a better assessment
ofthelong-term safety profile of telotristat, we need to wait for
the results coming from the TELEPATH (Telotristat Etiprate-
—Expanded Treatment for Patients with Carcinoid Syndrome
Symptoms) trial [59]. Also, the activity in a broader population
would be evaluated in the TELECAST (Telotristat Etiprate for
Carcinoid Syndrome Therapy) trial [60].
Accordingtotheinclusion criteria of the phase Il TELESTAR
trial, treatment with telotristat etiprate would be started in
those patients who do not reach adequate symptom control
related to carcinoid syndrome with the maximum tolerated
dose of SSA. Moreover, the optimal dose of telotristat etiprate
is not clearly known. It seems that 250 mg obtains a significant
response with a better safety profile than the 500-mg dose, but
this issue was not an endpoint of the TELESTAR trial.
Adeeper knowledge of telotristat etiprate activity in terms
of duration of the responses, improvement of quality of life
associated with the treatment, and the prevention rate of the
development of mesenteric fibrosis and cardiac valve disease
are lacking. Last, new combination strategies of telotristat
with other active agents in the field of NETs, like everolimus,
pasireotide, sunitinib, or chemotherapy, might become syner-
gistic and prospective clinical trials have not yet started [61].

CONCLUSION

The carcinoid syndrome represents a group of signs and
symptomsthat dramatically interferes with the quality of life of
a considerable group of patients with NETs. The SSAs were the
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