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Introduction
Carcinoid tumors are a subset of functional neuroendocrine 

tumors which can develop in lungs, thymus, small intestine, 
ovary, thyroid glands [1]. The carcinoid syndrome, caused by 
an excessive production of serotonin, occurs in less than 10% of 
the neuroendocrine tumors and manifest with typical symptoms 
of diarrhea, abdominal pain and flushing. These tumors can also 
secrete other hormones such as growth hormone, insulin, glucagon, 
vasoactive intestinal peptide or parathyroide hormone related 
peptide. The incidence is increasing, in part due to accessibility to 
diagnosis and on physician awareness about these forms of tumors 
[1], but also to environmental factors, such as smoking or asbestos 
exposure [2-4] that have been recently linked to the development of 
the neuroendocrine tumors. The diagnosis is based on symptoms, 
biological markers (hormones, serotonin or metabolites), imaging 
identification and histologic confirmation. The WHO classification 
requires histology, mitotic count and proliferation index determined  

 
by the percent of cells staining positively with a monoclonal  
antibody directed against a nuclear antigen in the proliferating cells 
(KI-67/MIB-1) [5].

The evolution is slow and pauci-or even asymptomatic; most 
cases are diagnosed during the metastatic stage [6]. Surgical  
approach has curative potential, with limited efficacy in advanced  
(symptomatic) carcinoids [7]. Conservative therapies, currently, 
used in carcinoid tumors, are represented by somatostatin 
analogues, interferon, systemic chemotherapy, and tyrosin kinase 
inhibitors.
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To review the current knowledge of the pathophysiology of 

diarrhea in the carcinoid syndrome and of the therapeutic solution 
provided by tryptophan hydroxylase inhibitors for the symptomatic 
treatment of the carcinoid syndrome.
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Abstract

Carcinoid syndrome, characterized by symptoms such as diarrhea, flushing or wheezing, is caused by an excessive production of serotonin. 
Diarrhea and excessive bowel movement negatively affects the quality of life of these patients. Somatostatin analogues are efficacious but cannot 
optimally control symptoms. A review of clinical efficacy data in supporting the therapeutic indication for orphan drug designation is presented 
focused on the new approved drug, telotristat ethyl, an inhibitor of the tryptophan hydroxylase type I enzyme involved in the synthesis of serotonin. 
By depleting serotonin in the gastrointestinal tract, telotristat ethyl interrupts the pathological chain process of the diarrhea and demonstrated 
efficacy in patients with carcinoid syndrome.
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Pathophysiology of Diarrhea in the Carcinoid Syndrome
Diarrhea occurs in 80% of carcinoid patients explosive, non 

loody, watery, with or without abdominal cramping and flushing [8] 
that negatively affects several dimensions of the patients’ quality of 
life. Beside emotional and physical inconveniences, social and even 
occupational well-being is interfering. The gut could be considered 
a diffuse endocrine system, with 14 endocrine cells currently 
characterized producing at least 33 hormones and biogenic 
amines [9]. The histologic and functional similarities of these cells 
with the neural ones make them produce bioactive substances 
with endocrine, autocrine or paracrine transmitter function. 
Chromogranin-A is the best nonspecific marker of neuroendocrine 
tumors [10], but for the carcinoid syndrome diagnostic an elevated 
blood level of serotonin (5-HT) or of 5-hydroxiindolacetic acid (the 
serotonin metabolite) in a 24-hour urine are required.

The high level of 5HT in carcinoid syndrome plays a key role 
in the pathophysiology of diarrhea. Serotonin is synthetized from 
tryptophan in the neuroendocrine gut cells following chemical and 
mechanical induced stimulation. Tryptophan hydroxylase (TPH) 
catalyzes the initial and rate-limiting step in serotonin biosynthesis, 
the hydroxylation of L-tryptophan to 5-hydroxytryptophan. 
Human cells express 2 isoforms of tryptophan hydrolase, THP1 
and TPH2, encoded by genes located on different chromosomes. 
THP1 is expresses in many tissues, including the gut, while TPH2 
is neuro specific [11]. Apart from the increase in colonic lumen 
pressure and in the lumenal content THP1 expression regulators, 
the level of colon and blood 5HT is significantly influenced by the 
microbiota. In health, the spore forming bacteria promote colonic 
5HT biosynthesis in neuroendocrine cells by direct metabolic 
signals on TPH1 expression [12]. The microbiota is able to modify 
the luminal content of the short chain fatty acid; in mice colonized 
with human gut microbiota, the short fatty acid content influenced 
TPH1 expression in a concentration-dependent manner [13].

Serotonin can be degraded only by intracellular enzymes and 
needs an active serotonin-selective reuptake transporter (SERT) 
in epithelial cells removing the 5-HT from the extracellular space. 
The 5-HT that escapes degradation enters the circulation via the 
capillary of the lamina propria and is taken up by platelets. If platelet 
have a dysfunctional SERT [14] or if their capacity is overpassed, 
5HT is detected in the portal circulation, reaches the liver, where 
it is partially metabolized (and inactivated) by glucuronidation. 
The glucuronide-5-HT metabolite is hydroxylated by bacterial 
β-glucuronidase, gaining its biological activity and conferring an 
additional role of 5HT enhancement to the microbiota [15].

Conventional and non-conventional actions of 5-HT in the gut 
have been described [16]. Among the first, motility, secretion and 
vasodilatation are the best characterized. However, recent research 
gave new perspectives on these mechanisms. For example, in normal 
individuals, the 5-HT release is no more considered the initiator 
of the peristaltic reflex [17], still having and important role in the 
segmentation process and in the integration of the stretch reflexes 
with the propulsive motility [18]. Serotonin initiates the secretion 
process that contributes to the dilution and neutralization of the 
luminal content. The mechanism involves the stimulation of the 

afferent neurons from the myenteric plexus; through interneuron 
connections, acetylcholine is released and secretoneurons from 
the submucosal plexus are activated; the axons of these neurons 
reach both the vilous and the crypts regions, stimulate water, 
sodium, chloride and bicarbonate secretion in crypts and inhibit 
the nutrient independent salt absorption in villi [19]. Serotonin 
also increases the intracellular calcium content in the epithelial 
intestinal cell, inhibiting sodium absorption, in a proteinkinaze 
C-dependent manner. Activation of proteinkinaze C inhibits the 
intestinal sodium/hydrogen exchanger 3 (NHE3) by stimulating 
the endocytosis of NHE3 from the brush border; reducing the 
membrane number of molecules of NHE3 significantly diminishes 
the neutral sodium absorption [20]. The third conventional action 
of serotonin is vasodilatation. Aside the systemic effect, clinically 
expressed by flushing, 5-HT exerts influence on local gut circuits 
by activation of the submucosal and myenteric plexus reflexes 
[21]. All conventional actions participate to the pathogenesis of the 
diarrhea.

The non-conventional effects of 5HT emerged from various 
experimental data. In deficient mice models, 5-HT had a regulatory 
role in the development and the survival of enteric neurons [22] and 
in preserving the integrity of the interstitial cells of Cajal [23]. All 
together, these 5HT biological actions contribute to the coordinated 
reflexes that regulate the intestinal transit.

The balance between the pro-inflammatory and the anti-
inflammatory effects of 5HT is an open field of investigation. In 
inflammation sites, extracellular 5-HT reduces cAMP in lymphocyte 
T cells, modeling the activation process and acts as a transmission 
signal in the immune synapse mechanism, by which communication 
is established between the antigen presenting and the lymphocyte 
cells. Dendritic cells express 5HT7 receptor [24] and SERT. They 
regulate T-cells differentiation by several processes, one of which is 
the serotonin uptake and shuttle from activated T-cells to the naive 
one [25]. Another important target for 5HT in dendritic cells is the 
Nf-kB pathway, with consequent impact on T-cell activation [26]. 
Immune cells have positive feedback on 5HT secretion, maintaining 
the pro-inflammatory status [27]. Even if there are more arguments 
for the pro-inflammatory effect, an anti-inflammatory activity of 
5HT was also proposed. For example, in experimentally induced 
colitis, the activation of 5HT4 receptors enhances the intestinal 
epithelial cell proliferation and resistance to oxidative stress [28]. 
Findings related to irritative and inflammatory bowel diseases 
cannot be extrapolated to neuroendocrine tumors, even if the 
association of these clinical entities with carcinoid syndrome is 
more frequent than expected from data in general population 
[29]. As non-conventional 5HT effects might indirectly affect 
bowel movements and diarrhea by interfering the balance of the 
immune system of the gut, the effects of high levels of 5HT on the 
immunologic function of patients with carcinoid syndrome needs 
an in depth, specific evaluation.

Another rare, but possible mechanism of diarrhea in carcinoid 
syndrome is the interference of the bile acid flow. Carcinoid 
tumors are rarely located in the biliary tree [30]; progressively, 
they obstruct the biliar flow and lead to lipid malabsorption and 
steatorrhea. Another possible factor is the distal ileon resection 
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of more than 100cm during the surgical treatment of intestinal 
carcinoids. The large reduction of the reabsorption area interrupts 
the entero-hepatic circuit of the biliary acids and make them reach 
the colon, where they are able to stimulate salt and water secretion 
[31], determining the cholegenic diarrhea. Carcinoid tumors also 
secrete bradykinin, substance P, and prostaglandins, all of which 
are secretory stimuli in the intestine. Liver metastasis, frequently 
present at diagnosis, reduce the hepatic clearance of these 
substances, contributing to the symptoms severity.

Tryptophan Hydroxylase Inhibitors as Novel Therapy of 
Carcinoid Related Diarrhea

Conservative therapies currently used in carcinoid tumors 
are represented by somatostatin analogues, interferon, systemic 
chemotherapy, and tyrosin kinase inhibitors with an unpredictable 
and rather modest efficacy on diarrhea, except for somatostatin 
analogues. The latter class, despite being regarded as the therapeutic 
mainstay in symptomatic carcinoid tumors can be associated with 
tachyphylaxis and with the risk of side-effects due to the use of 
overdoses needed to achieve symptomatic control [32]. Systemic 
chemotherapy is represented by 5-flourouracil, cisplatin, and 
streptozocin, either administered alone or in combination yields 
rather modest rates of therapeutic responses ranging from 5% with 
monotherapy to 30% with combinations [33]. Interferon-alpha was 
investigated in combination with chemotherapy in patients with 
intestinal carcinoids, yet its efficacy as a stand-alone therapy is not 
known Several investigational therapies are currently in late stages 
of clinical development for the treatment of carcinoid syndromes, 
most of them being antiangiogenic agents that act as tyrosin kinase 
inhibitors for various growth factors such as VEGF: bevacizumab, 

ziv-aflibercept or regorafenib have been so far studied for their 
antitumor activities in carcinoid tumors [34,35].

Another therapeutic class is represented by tryptophan 
hydroxylase inhibitors. Such compounds are currently under 
development for irritable bowel syndrome and for intestinal 
carcinoids and include telotristat etiprate (LX1032, LX1606, (S)-
ethyl 2-amino-3-(4-(2-amino-6((R)-1-(4-chloro-2-(3-methyl-
1H-pyrazol-1- yl) phenyl)-2,2,2-trifluoroethoxy) pyrimidin-4-yl) 
phenyl) propanoate), which is currently known as telotristat ethyl 
[36]. This novel therapy was evaluated in different clinical studies, 
granted and recommended by U.S.A. Food and Drug administration 
(FDA) and European Medicines Agency, and recently approved by 
these authorities for carcinoid related diarrhea syndrome [37-38].

The initial evidence that mice lacking TPH1 had very low blood 
serotonin levels, no serotonin synthesis in enterochromaffin cells 
into the guts, and preserved serotonin-dependent pathways in 
the nervous system prompted the discovery of TPH1 inhibitors, a 
Th1 inhibitor called LP-533401 (pro-drug for LX 1032) exhibited 
a potent inhibitory effect in vitro, and in vivo, on rat’s models [10], 
due to its intracellular activation, via hydrolization, the IC50 being 
0.7µM [39-41]. Telotristat ethyl binds to the TPH1 and competing 
with tryptophan. The direct effect is to block the rate limiting step 
of the 5HT synthesis [40]. Pharmacokinetics analysis for LX1031, 
parent compound of LX1032, in healthy volunteers, reported a half 
time of elimination about 20hours irrespective of the dose, with a 
Cmax of 84.4-384ng/mL, and multiphasic plasmatic elimination 
[42] In humans, 5HT levels decrease after 4-5 days after the 
initiation of the treatment and reach up to 20-40% of the initial 
level after 2 weeks of 1500mg/daily dose [43].

Clinical Efficacy Studies of Telotristat Ethyl

Table 1: Clinical efficacy data from phase II and III studies with telotristat ethyl in treatment of carcinoid syndrome.
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An overview of the clinical studies [44-47] evaluating the 
efficacy of telotristat in carcinoid syndrome is provided in Table 
1. The first 4 weeks randomized placebo controlled phase II 
study evaluating the clinical efficacy assessed in the first dose-
ascending phase, four cohorts of 4 patients, 1 receiving placebo 
and 3 receiving ascending doses of 150mg, 250mg, 350mg and 
500mg three times a day (tid) telotristat ethyl were enrolled [44]. 
In the expansion phase of the study, other 7 patients (6 receiving 
the active drug and one placebo) were evaluated, at maximum 
tolerated or at maximal study dose. Inclusion criteria consisted in 
the presence of biopsy-proven neuroendocrine tumor, in metastatic 
stage, and disease-related diarrhea, uncontrolled by octreotide. 
The exclusion criteria included poor performance status, diarrhea 
due to other causes, concomitant therapy with other compounds 
which could influence intestinal motility. 28% clinical responders 
were in pooled telotristat group, with complete response, at the 4th 
week compared to 0 in placebo arm, with adequate relief reported 
by 46 % patients treated with teloristat and none in placebo group 
(p=0.019). A reduction in stools frequency for ≥2 weeks was 
reported in 12 (75%) patients of telotristat group versus 1 (20%) 
patient receiving placebo. Telotristat exerted no significant effect 
on rescue octreotide use, stool consistency, urgency to defecate, 
abdominal pain, flushing frequency as compared to placebo [44]. 
The second open-label phase II, dose-escalating, study performed in 
Germany and United Kingdom included 15 patients with carcinoid 
syndrome and neuroendocrine tumors in metastatic stage, in 
the presence of ≥4 stools/day, irrespective of the existence of the 
therapy with somatostatin analogues in the current therapeutic 
regimen [45].

Severe patients (Karnofsky index ≤70, hemodynamic instability 
due to blood volume loss, the presence of other causes of diarrhea, 
severe hepatic impairment) were excluded. Telotristat was given 
at 150mg tid for 2 weeks. If dose limiting toxicity (DLT) was not 
detected, the dose was progressively ascended, every two weeks, 
to 250mg tid, 350mg, and, finally, 500mg tid for 2 weeks, with a 
total duration of dose- ascension of 8 weeks. The completion 
rate was 93% (14 patients), while the dose escalation up to 
500mg tid was possible in 12 patients (80%). DLT was defined by 
constipation manifested by absent stools for >3 consecutive days 
and with hepatic impairment (an increase in aminotransferases, 
in total bilirubin or in alkaline phosphatase). An extra 124 week 
study extension phase was available with 11 patients entering this 
phase, with 13 (87%) receiving long-acting SSAs at the time of 
enrollment. The number of flushing episodes, abdominal pain and 
nausea severity scores were also reported to be reduced by week 
12. The efficacy analysis consisted in decreased frequency of stools 
by 43.5%, consistency score (19.5% reduction, p<0.001), with no 
influence by the concomitant somatostatin analogues (SA) therapy, 
excepting one patient [45]. Two other phase III studies conducted 
with telotristat ethyl in carcinoid syndrome were TELESTAR [46] 
and TELECAST [47]. TELESTAR study enrolled adults aged at least 
18 year-old, with neuroendocrine tumors of well-differentiated 
histological type in an advanced (metastatic) stage, with at least 
four stools daily and use of stable doses, during at least 3 months 
prior to study screening [46]. Exclusion criteria were severe 

diarrhea, associated with volume loss or enteric infection, poor 
performance status, short bowel syndrome, significant hepatic 
impairment, concomitant use of other antitumor therapy.

Two different dosages of telotristat ethyl (250mg respective 
500mg tid) were compared with placebo over 12 weeks. The 
placebo-controlled period was followed by an open label phase 
for patients willing to take teloristat for 36 weeks. Per protocol 
sample included 41 patients in the telotristat lower dose arm, 38 
patients in the telotristat higher dose arm and 38 patients in the 
placebo arm. Drug compliance to the scheduled doses was reported 
to be respectively 93.3%, 76% and 86.7%. When this data was 
drafted, the open label extension phase enrolled 115 patients, 56 
of them completing it. Compared to placebo, telotristat ethyl was 
able to decrease significantly the baseline daily stools frequency 
(p<0.001). Responders’ rates were 44%, 42% and 20%. The odds 
ratio to achieve a clinical response was 3.49 for telotristat lower 
dose and 3.11 for telotristat higher dose, versus placebo. The 
preliminary analysis reported a reduced stool frequency, with 
improved diarrhea score by 19.2 points in telotristat lower dose 
arm compared to placebo (p=0.039) and no significant therapeutic 
effect on flushing episodes, abdominal pain, nausea and vomiting 
subscale score [46]. TELECAST study had a similar design, included 
76 patients, who were randomized to receive telotristat 250mg tid, 
500mg tid and placebo for 12 weeks [47]. Patients experiencing at 
least one symptom or sign characteristic for carcinoid syndrome 
experienced at least every five days were eligible. The main efficacy 
endpoint was represented by the biochemical response of urine 
5 hydroxyindoleacetic acid change from baseline to week 12. 
Therapeutic effect was significant over placebo (p<0.001), with 
a decreased daily stool frequency versus placebo (p=0.004 for 
telotristat lower dose and p<0.001 for higher dose) [46].

Safety and Tolerability of Telotristat Etyl
Telotristat was found to be well tolerated over the whole drug 

escalation phase and during the extension phase, with transient 
elevation of hepatic enzymes (reported in both telotristat and 
placebo groups), severe nausea, recurrence of squamous cell 
carcinoma without any dose-response relationship in terms of 
incidence or severity of adverse events [44]. In the second phase 
study, performed in Europe, safety analysis reported mild adverse 
events (diarrhea, nausea, dysgeusia, inappetence), rare serious 
adverse events (hypertension, rhinitis and diarrhea respectively) 
and frequent gastrointestinal (66.7%) and nervous system disorders 
(40%) as the most common adverse events [45]. Safety analysis 
performed in TELESTAR study revealed comparable frequency of 
adverse events across study arms: nausea (31.1% with telotristat 
higher dosage, 13.3%with telotristat lower dosage and 11.1% with 
placebo), increased gamma-glutamyl transferase (4/8.9% patients 
in each telotristat arm), depression or depression-like symptoms 
(6.7% of patients in placebo and telotristat lower dosage versus 
15.6% in telotristat higher dosage) [46]. In TELECAST study, the 
rate of serious adverse events was greater in placebo arm (19.2%) 
versus telotristat lower and dose (4% and 8%), with a decreased 
rate of depressive symptoms in telotristat group (4%) versus 
placebo (7.7%) and increased gastrointestinal events (57.7% in 
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placebo arm, 64% in telotristat lower dose arm and 36% in higher 
dose arm [47].

The quality of life impact of telotristat ethyl was also assessed 
in the TELESTAR study; the treatment satisfaction directly 
correlated with the reduction in bowel movements frequency 
and was significantly higher in telotristat ethyl versus placebo 
patients [48]. Carcinoid syndrome has many future directions of 
research development, from exposure assessment [49] to new 
methodological approaches [50] or combined therapies to improve 
both symptoms and prognostic [51].

Conclusion
Inhibition of serotonin is an efficient therapeutic approach 

in carcinoid syndrome and telotristat ethyl is a promising novel 
therapy in carcinoid syndrome-related symptoms, reducing the 
severity of diarrhea and flushes in patients with advanced carcinoid 
tumors, with good tolerance and safety profile. The impact of 
telotristat on the survival rate is not yet known, and researchers 
will involve longer observational studies helpful for bronchial 
carcinoids in which diarrhea and asthma-like symptoms are the 
clinical hallmark of the disease.
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