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Opinion statement

Carcinoid syndrome (CS) is a complex disorder caused by functional neuroendocrine
tumors (NETs). This debilitating disease is characterized by hyper-secretion of biologically
active substances eliciting major hormonal symptoms burden and fibrotic changes that are
often challenging for management. There have been a number of insights that have
substantially advanced treatments since the introduction of somatostatin analogs (SSAs).
Second-line treatments are needed in a substantial proportion of patients with advanced
disease that have uncontrolled hormone secretion on the highest labeled doses of SSAs.
International guidelines suggest several available options including dose escalation of
SSAs, interferon alpha, everolimus, radionuclide therapy, liver-directed therapies, and the
novel tryptophan hydroxylase 1 inhibitor, telotristat ethyl. The clear preference of one
second-line therapy over the other is not stated since their relative and long-term efficacy
are largely unknown, and standardized approach of hormonal response assessment is
lacking in the literature. In the clinical setting, the treatment of CS is guided in conjunc-
tion with patients’ performance status, tumor origin, grade, stage, and growth rate, with
regard to both anti-hormonal, as well as anti-proliferative effect. There is an unmet need
for further well-designed randomized placebo-controlled and head-to-head studies that
systematically assess CS symptom control and biochemical response following a specific
intervention.
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Introduction

Carcinoid syndrome (CS) is the most frequent of the
hormonal syndromes described in association with neu-
roendocrine tumors (NETs) [1]. The CS comprises a
constellation of hormonal symptoms manifested by ab-
dominal pain, increased bowel movements, episodic
facial flushing, bronchoconstriction, venous telangiecta-
sia, niacin deficiency-related symptoms, and long-term
complications, such as mesenteric fibrosis and carcinoid
heart disease (CHD) [1-5].

The recent US epidemiological study reported an
estimated CS prevalence of 19% in a population of
9512 patients with NET diagnosis. The data analysis
demonstrated a clear CS association with female gender,
non-Hispanic white race, advanced tumor stage, lower
grade, and tumor origin [4e].

Over 40 humoral substances were identified as being
potentially involved in pathogenesis of CS. The main
mediator appears to be serotonin (5-HT), which is con-
sidered the primary marker associated with the syn-
drome, as well as histamine, prostaglandins, and
tachykinins [6, 7].

The symptomatic occurrence of CS is predominantly
associated with NETs of the small intestine origin in the
setting of extensive liver metastases, as the secreted va-
soactive substances have to bypass liver inactivation and
directly enter the systemic circulation. In smaller per-
centages, CS may present in lung carcinoids, NETs of
pancreatic and ovarian origin, and in metastatic small
bowel NETs with extrahepatic disease [4, 5].

Serotonin is thought to be particularly important in
mediating diarrhea in carcinoid syndrome, through its
effect on gut motility and secretion [8-10]. In CS pa-
tients, chronic diarrhea occurs with a frequency of 60—
80% and has a major detrimental impact on the general
health status, along with emotional and social well-
being [11-13]. Chronic secretory diarrhea in CS patients
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may lead to dehydration, renal insufficiency, electrolyte
imbalances, and malabsorption, as a consequence of
absorptive and secretory imbalance in the gut [11]. A
recent study of 2822 CS patients demonstrated that
patients with diarrhea had almost a 2-fold higher risk
of disease-related hospitalizations that was reflected in
1.5-fold higher total healthcare spending [13].

Elevated serotonin levels are implicated in the
pathogenesis of fibrotic complications in the mesen-
tery as well as cardiac valves [14-17, 18ee]. Patients
with carcinoid heart disease (CHD) have higher uri-
nary excretion rates of 5-HIAA and higher plasma
levels of neurokinin A, activin A, substance P, atrial
natriuretic peptide, N-terminal pro-brain natriuretic
peptide, chromogranin A, and connective tissue
growth factor (CTGF) than patients without CHD,
although the individual substance contribution in
pathogenesis of fibrosis remains unclear [14, 19].

In many patients, the treatment of CS is challenging
owing to the difficult control of carcinoid syndrome
symptoms in parallel with tumor progression. The de-
velopment of multiple treatment options assists in op-
timizing the personalized therapy in CS patient popula-
tion, with regard to the patient’s performance status,
tumor grade, stage, and primary location.

The use of somatostatin analogs as the first-line treat-
ment is recommended by international guidelines |20,
21]. Second-line options include SSA dose increase, in-
terferon alpha (IFN-a), locoregional therapy, everoli-
mus, telotristat ethyl, or peptide receptor radionuclide
therapy (PRRT) using radiolabeled SSAs, without a clear
consensus regarding sequencing of the available options
[20, 21]. This absence of agreement results from mostly
non-standardized approach in evaluating the symptom-
atic response rates throughout retrospective and pro-
spective studies (Fig. 1).

Nutrition and lifestyle

* Nutritional status should be routinely assessed and malnutrition should
be addressed accordingly.

* Supplementation of common deficiencies may be required including
pancreatic enzymes, vitamins B3 (niacin), B12, and fat-soluble vitamins.
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Fig. 1. Carcinoid syndrome management proposed algorithm. *See the “Nutrition and lifestyle” section; %increase in SSAs dose,
decreased injection interval, and switching to the alternative SSA; >peptide receptor radionuclide therapy; “carcinoid heart disease.

* Alcohol, spicy food, tryptophan rich food, and physical exertion may
exacerbate the symptoms of CS.

Malnutrition has been reported in 14 to 25% of gastrointestinal NET pa-
tients reaching rates up to 40% in association with extensive and/or progressive
disease, under somatostatin analog therapy and with exocrine pancreas insuf-
ficiency [22, 23]. Regular screening of nutritional status and interventions is
required [24].

For patients experiencing provoked episodes of flushing and diarrhea, life-
style adjustments should include avoiding alcohol, spicy foods, and strenuous
exercise. In CS, the diarrhea is secretory and usually is not responsive to food
restrictions. Assessment of diarrhea in CS patients requires consideration of a
broader differential diagnosis including steatorrhea due to exocrine pancreatic
insufficiency caused by SSAs therapy, bacterial overgrowth, and postoperative
malabsorption [25-27].

Tryptophan is the common precursor of serotonin and niacin. In CS pa-
tients, the majority of tryptophan is metabolized to serotonin and may lead to
niacin (vitamin B3) deficiency in 28-45% of patients [28]. Niacin deficiency
can result in pellagra, manifested as dermatitis, diarrhea, and dementia. Regular
screening for deficiencies and appropriate supplementation should include
niacin, vitamin B12 in patients after resection of the terminal ileum and in
patients with long-term SSAs therapy or PPI therapy, and pancreatic enzyme
and fat-soluble vitamins supplementation in patients with long-term SSAs
therapy [29].

Pharmacologic treatment

Somatostatin analogs (SSAs)

* Somatostatin analogs (SSAs) provide substantial symptom relief in CS
patients and are recommended as first-line treatment.
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» All approved analog formulations seem to offer similar efficacy and are
usually well tolerated.

* Loss of hormonal symptom response to standard SSA doses can occur due
to tachyphylaxis and/or tumor progression and may respond to SSA dose
escalation or require additional second-line therapy.

Somatostatin is a cyclic peptide acting as a neuromodulator in the brain and
a paracrine hormone in the gastrointestinal (GI) tract. It exerts predominately
inhibitory effects on endocrine and exocrine function of the GI tract and has an
anti-proliferative effect by binding and activating its G protein-coupled recep-
tors (somatostatin receptors 1 to 5 (SSTR 1-5)) [30].

Somatostatin anti-tumor action is mediated through various mechanisms,
either directly inducing cell cycle arrest and apoptosis in special instances by
binding predominantly to SSTR subtype 2 expressed on the tumor cells, or
indirectly affecting tumor proliferation by inhibition of angiogenesis and
immunomodulation [31].

For several decades, since the first introduction of SSAs, their therapeutic
effect has been extensively studied and is considered the first-line treatment in
nonresectable and/or metastatic disease [21, 22, 32].

The short-acting analog octreotide may be administered subcutaneously at a
dose of 50-500 mcg three times a day, whereas the long-acting formulations
include octreotide long-acting release (LAR), an intramuscular injection at a
dose of 30 mg every 28 days, and lanreotide autogel, a deep subcutaneous
injection at a dose of 120 mg every 28 days [33].

These preparations are usually well tolerated with the most frequently
occurring side effects being pain at the site of injection, nausea, abdominal
cramps, diarrhea, and less frequently glucose intolerance, cholelithiasis, and
bradycardia [32-36].

The anti-proliferative effect of these drugs was clearly demonstrated in
double-blind placebo-controlled trials. [32-36].

A recent meta-analysis summarized the treatment of CS patients with both
analogs, reporting achievement of CS symptom control in 66-70% of patients
and a decrease in 5-HIAA levels in 45-46% of CS patients [37¢].

Both, short- and long-acting analogs seem to offer similar efficacy in terms of
CS symptom control, although they have not been tested in head-to-head trials
to date.

Despite the clear efficacy of SSAs, loss of response can occur after prolonged
use. Downregulation of SSTRs on tumor cell surface and development of
antibodies to SSAs have been hypothesized to underlie tachyphylaxis, namely
time-dependent treatment resistance to SSAs.

Several studies explored dose escalation, decreased injection interval, and
switching to the alternative SSA, as a second-line treatment after usual dosages
of SSAs, and reported favorable results in terms of clinical, biochemical, and
tumor response. Overall, these interventions resulted in decreased bowel move-
ments frequency in 72% of patients and reduced flushing in 84% of subjects.
The biochemical response reported in these studies was 29% [37¢, 38-41].

Pasireotide, a SSA with affinity to SSTR subtypes 1, 2, 3, and 5, was tested in
patients with NETs in an attempt to overcome resistance to SSAs therapy.
However, a randomized phase III study of pasireotide LAR versus high-dose
(40 mg) octreotide LAR in patients with advanced GEP-NETs failed to show
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superiority of pasireotide LAR in comparison with first-generation SSAs at
maximum approved doses [42].

|
Interferon alpha

* Interferon alpha has a well-described anti-hormonal, as well as anti-
proliferative activity in CS patients.

* The safety profile of this drug limits its widespread use.

* It may be considered in patients with CS refractory to SSAs.

The anti-secretory effects of interferon alpha (IFN-«) in CS patients as well as
its anti-proliferative efficacy were well described [43-47]. It has cytostatic,
cytotoxic, anti-angiogenic, and immunomodulatory effect by inducing cell cycle
arrest, apoptosis, decreasing the expression of VEGF mRNA, and activating T
lymphocytes [30]. The recommended dose of IFN-a is 3-9 MU subcutaneously
every other day. Slow release formulation of 80-100 mg PEGylated IFN-« is
given subcutaneously once a week.

However, low tolerability of the drug due to its side effects (e.g., flu-like
symptoms, chronic fatigue, liver and bone marrow toxicity) has limited its use
[42]. In several single-arm prospective series, the reported response rates of IFN-
a monotherapy varied widely between 0-90% for clinical and 50-80% for
biochemical control [44-47]. A multicenter randomized controlled study in 39
CS patients combining IFN-a with SSAs did not demonstrate a significant
beneficial effect vs SSAs given alone [43].

-
Serotonin synthesis inhibitor-telotristat ethyl

* Oral inhibitor of serotonin synthesis-telotristat ethyl was recently ap-
proved in symptomatic, CS-related diarrhea refractory to SSAs therapy.

* The drug efficacy was demonstrated in phase 3 studies by reducing bowel
movement frequency, with response rates of 40-44%.

* As expected, flushing is usually not responsive to this therapy.

Serotonin (5-hydroxytryptophan) is considered the main contributor to the
clinical symptoms of CS [6, 7]. It is formed from tryptophan in a rate-limiting
process controlled by the enzyme tryptophan hydroxylase (TPH). TPH is found
in two isoforms: TPH1 distributed peripherally, particularly in GI system, while
TPH2 is active in the brain, as a neurotransmitter [48-50]. Para-
chlorophenylalanine, a non-selective inhibitor of TPH, was evaluated in the
past as a treatment for carcinoid syndrome, but its use was halted due to
increased frequency of depression in patients, presumably due to reduction in
brain serotonin [51].

The oral TPH inhibitor telotristat ethyl was shown to have equivalent affinity
to both isoenzymes; however, it does not cross blood-brain barrier thus de-
creasing the risk of CNS adverse events related to TPH2 inhibition [52].
Telotristat ethyl is metabolized to its active metabolite, telotristat, by
carboxylesterases. Compared with the telotristat ethyl, telotristat has an inhib-
itory potency of about 28- and 34-fold greater for TPH1 and TPH2, respectively.
Following oral administration of telotristat ethyl at a dosage of 500 mg three
times daily, the peak plasma concentrations of telotristat ethyl and telotristat are
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achieved within 0.5-2 h and within 1.5-3 h, respectively. Most common side
effects are mild abdominal pain and nausea, possibly related to slowing of the
gastric motility [53, 54].

Telotristat ethyl was evaluated in double-blind randomized phase 3 clinical
trials (TELESTAR and TELECAST) designed for patients with either 4 or more
stools per day or less than 4 stools per day on SSA therapy, aiming to explore the
efficacy and safety of the drug in patients with uncontrolled CS. A reduction in
bowel movement was shown in 40-44% of patients treated with telotristat
ethyl, compared with 0-20% of patients treated with placebo. In patients with
four or more stools per day, placebo reduced daily stool frequency by 0.9,
whereas telotristat ethyl 250 mg tid or 500 mg tid reduced daily stool frequency
by 1.7 and 2.1, respectively. As expected from the known actions of serotonin,
flushing was not significantly reduced [55, 56¢].

Mammalian (mechanistic) target of rapamycin (mTOR) inhibitor-everolimus

* Everolimus combined with SSAs for functionally active NET is routinely
used in clinical practice as anti-tumor agent, although it is not approved for
specifically hormonal control.

The abnormal activation of the serine/threonine protein kinase named
mTOR upregulates several cellular processes such as cell growth, proliferation,
and survival in many cancers including NETs. The inhibition of mTOR by
rapamycin and its analogs such as everolimus was shown to have an anti-
proliferative effect and lead to the approval of everolimus in treatment of NETs
of pancreatic, lung, and intestinal origin [57, 58].

Of note, the combination of everolimus and SSAs is often used in patients
with progressive NETs and seems to have a synergistic effect. However, the side
effects of everolimus, such as stomatitis, rash, diarrhea, fatigue, weight loss,
hyperglycemia, and pneumonitis, may be challenging, with around 60% of
patients requiring dose reduction and up to 19% requiring therapy withdrawal
[59].

A double-blind, placebo-controlled phase III trial RADIANT-2 assessed
everolimus 10 mg daily in combination with long-acting octreotide 30 mg
q28d in advanced NET patients and a history of symptomatic carcinoid syn-
drome with a progression-free survival as a primary end point. A significant
reduction in u5HIAA (p < 0.0001) was observed in the everolimus arm com-
pared with the placebo arm (both with concurrent administration of long-
acting octreotide 30 mg q28d) although the control of symptoms associated
with carcinoid syndrome was not assessed [60].

Peptide receptor radionuclide therapy (PRRT)

* PRRT with radiolabeled SSAs is registered for progressive small intestine
NETs.

» Several sub-analyses in CS patients within the prospective series demon-
strated the beneficial impact on hormonal symptoms, presumably due to
treatment cytoreductive effect.

PRRT in NET patients with progressive disease relies on overexpression of
somatostatin receptors by neuroendocrine tumors. The available radionuclide
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options include 90Yttrium (90Y) or 177Lutetium (177Lu) labeled SSAs [61].
This targeted radiation treatment yields an objective radiological response in up
to 20-30% of NET patients [62, 63].

The randomized prospective phase 3 trial NETTER-1 demonstrated that
177Lu-Dotatate therapy markedly prolongs progression-free survival compared
with high-dose octreotide alone, in patients with metastatic and progressing
small intestinal NET [64ee]. In addition, the same study reported a significant
quality-of-life benefit in '“Lu-Dotatate arm compared with octreotide [65].

PRRT is usually well tolerated, with self-limiting acute side effects of nausea
and vomiting (attributed mainly to amino acid infusions performed concur-
rently with PRRT). Transient bone marrow suppression occurring 2-6 weeks
after treatment (rarely Grade 3 or 4 neutropenia (1%), thrombocytopenia
(2%), or lymphopenia (9%)), myelodysplastic syndrome (MDS) and leukemia
(< 5%) and renal function deterioration are rarely reported. The potential
exacerbation of hormonal syndromes leading to carcinoid crisis during/after
PRRT (1%), although rare, must be acknowledged; therefore, the patients with
CS must be carefully selected, prepared, and monitored [63].

A meta-analysis of 156 patients with CS-specific outcomes treated with
either 177Lu-DOTATATE or 90Y-DOTATOC from four prospective phase 2,
single-center studies demonstrated a symptomatic improvement in 74% of 47
patients suffering from diarrhea or 64% of 56 patients with flushing, although,
the overall biochemical response was observed in only 17% of 177 patients
with available data [37e].

Liver-directed therapies

* Liver-directed interventions can result in tumor volume reduction, aiming
for both tumor and hormonal production control.

*  Good-quality data on this approach is lacking, as no randomized, pro-
spective studies are available.

Extensive data in the literature supports the notion that the clinical picture of
CS becomes evident when excessive amounts of the tumor-secreted mediators
reach the systemic circulation. In most cases, this is enabled by the presence of
liver metastases that circumvent the hepatic inactivation of bioactive substances
released into the portal circulation. Multiple liver-directed interventions have
been assessed including surgical resection, radiofrequency ablation, selective
internal radiotherapy, bland embolization, and chemoembolization. However,
most studies are single institution retrospective series characterized by poor-
quality data [66].

While many studies evaluated radiologic response and progression-free
survival, multiple series also included symptomatic and/or biochemical re-
sponse. In addition, the assessment of clinical and biochemical CS response
rate of the cytoreductive strategies is difficult, as the majority of patients received
simultaneous SSAs therapy [67-76].

In case of potentially resectable liver metastases, surgery may provide long-
term disease-free survival as well as symptomatic relieve from CS. However,
patients with CS often present with extensive liver involvement, which is rarely
amenable for complete surgical removal. The value of R2 surgical debulking
remains controversial, as the evidence from randomized, controlled studies is
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absent. In support of this approach, small retrospective series report a clinical
benefit in terms of symptom relief in the case of successful surgical debulking,
although potential patient selection bias may complicate the interpretation of
the results [67-70].

Trans arterial liver embolization, with or without chemotherapy, is often
considered for CS patients with inoperable liver metastases [71-75]. The role of
radiofrequency ablation (either with the ablation alone or as an adjunct to
surgery) in low volume liver disease to allow maximal debulking is yet to be
established [69-70]. For highly selected young patients with liver-only metas-
tases and resected primary tumor, liver transplantation may be an option, given
the reported recurrence-free survival of 20-30% at 5 years [77].

Special points
Carcinoid crisis prevention and treatment

* Carcinoid crisis is associated with a high mortality rate, usually elicited by
direct tumor manipulation during invasive procedures in CS patients.

*  Current recommendation for crisis prevention includes prophylaxis with
peri-procedural octreotide infusion.

Carcinoid crisis is a potential life-threatening condition usually manifested
by hemodynamic instability with predominant hypotension, tachycardia,
flushing, arrhythmias, and bronchoconstriction that is presumably elicited by
the release of biologically active substances. The potential risk of carcinoid crisis
is increased in CS patients undergoing invasive procedures (e.g., surgery,
embolotherapies), as well as, radionuclide therapy [78, 79]. While it is still
debated whether peri and intraoperative octreotide infusion prevents carcinoid
crisis, it is generally recommended for patients with CS undergoing invasive
procedures [80-82]. One recommendation on perioperative prevention of
carcinoid crisis is IV octreotide infused at a rate of 150 to 500 ug/h, 12 h pre-
operatively, continuously throughout the procedure and post-operatively until
stable. 100- to 200-ug boluses of IV octreotide can be administered and repeat-
ed as needed, if any manifestations of carcinoid crisis occur during the proce-
dure. Despite prophylactic measures, carcinoid crisis is not entirely preventable
and requires prompt recognition intraoperatively and aggressive treatment. A
recent prospective study suggests that the etiology of hypotension is consistent
with distributive shock responsive to treatment with intravenous fluids and
vasopressors, and that expeditious management decreases the rate of carcinoid
crisis—associated complications [83e].
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