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Abstract: Neuroendocrine tumors (NETs) are rare cancers with an associated prolonged
survival in some patients. A proportion of patients diagnosed with NETs will present with
carcinoid syndrome symptoms, characterized by diarrhea, flushing and/or wheezing. This
review summarizes the current treatment options for carcinoid syndrome, focusing on the
latest novel treatment option, telotristat ethyl. In addition, information on patient-reported
outcomes and impact of carcinoid syndrome on quality of life (QOL) and improvement of
following treatment with telotristat ethyl are reviewed. This article also provides an overview
of the current QOL questionnaires for patients with NETs and addresses unmet needs in this
field of patient-reported outcomes.
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Introduction

Neuroendocrine neoplasms (NENs) arise from enterochromaffin cells. Gastro-
entero-pancreatic (GEP) NENs are the most frequent origin (incidence rate of
3.56 per 100 000 population/year), followed by lung (incidence rate of 1.49 per
100 000) and unknown primary (incidence rate of 0.84 per 100 000).'*

NENSs can be classified according to different features (Table 1). Based on the
most updated WHO classification, NENs are divided into well-differentiated (neu-
roendocrine tumors (NET)) or poorly differentiated (neuroendocrine carcinomas)
based on morphology.3 In addition, they are categorized as grade 1 (<3%), grade 2
(3-20%) or grade 3 (>20%) according to the Ki67 proliferation index.” NENs can
also be classified as functioning or nonfunctioning based on their hormonal secre-
tion status.*

Carcinoid syndrome

Although a variety of hormone secretion-related syndromes are described, carcinoid
syndrome represents the most frequent one for NENs. Carcinoid syndrome comprises
a set of symptoms such as diarrhea, abdominal pain or abdominal cramping, flushing
episodes and bronchospasm (Figure 1). In addition, chronic complications such as
endocardial fibrosis, leading to carcinoid heart disease, and mesenteric fibrosis can
arise. Carcinoid syndrome affects approximately 18.6% of all patients with NETs,
according to the Surveillance, Epidemiology and End Results database, and most
commonly is associated with gastrointestinal and bronchopulmonary origin.> Most
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Table | Classification of NENs

Differentiation Grade | Ki 67 | Functioning
features status
Well-differentiated | <3% Functioning
(NE tumors)

2 3-20%

>20%

Poor-differentiated 3 >20% Non-
(NE carcinomas) functioning

Abbreviations: NE, neuroendocrine; NENs, neuroendocrine neoplasms.

patients with clinically evident carcinoid syndrome have liver
metastases. In contrast, patients diagnosed with lung NETs
may develop carcinoid syndrome in the absence of liver
metastases due to direct access of the hormones to the general
circulation, avoiding portal circulation and, ultimately, liver
metabolism.
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Figure | Carcinoid syndrome.

Serotonin has been identified as the main agent involved
in carcinoid syndrome symptoms; overproduction of seroto-
nin stimulates intestinal motility causing diarrhea and
abdominal pain, and also stimulates fibroblast growth factor
receptors, leading to heart valve and peritoneal fibrosis.
Carcinoid syndrome may also be due to secretion of other
hormones, such as substance P, neurotensin, prostaglandins,
tachykinins and kallikrein. The latter is a potent vasodilator,
and its presence has been linked to flushing.®’

The fibroblast growth factor pathway is highly activated
in NETs with carcinoid syndrome as a consequence of ser-
otonin release. This leads mainly to mesenteric and heart
valve fibrosis, with fibrosis of other areas reported less
frequently.®® The exact mechanism underlying carcinoid
heart disease is not completely understood.'® Chronic expo-
sure of cardiac endothelium to serotonin is the main hypoth-
esis; in fact, increased 5-hydroxyindoleacetic acid (5-HIAA),
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a metabolite of serotonin, levels have been correlated with
increased carcinoid heart disease severity.'"'? In addition,
the presence of tachykinins, neurokinin A or substance P has
also been associated with the development of carcinoid heart
disease.*'® Fibrosis of heart valves induces thickening and
retraction of the valve cusps, leading to insufficient coapta-
tion and regurgitation, especially of right heart valves. Due to
an increment of pressure in the right cavities, patients
develop right heart failure. Development of carcinoid heart
disease is a late event in patients with carcinoid syndrome,
and patients are usually asymptomatic until very advanced
stages when they present with right heart failure-related
symptoms. In order to increase awareness and early diagno-
sis, current guidelines suggest screening and follow-up of
patients with carcinoid syndrome for carcinoid heart
disease.**'*"'° It has been suggested that treatment inducing
a reduction of serotonin levels may stop and/or prevent heart
valve deterioration. Unfortunately, there is limited evidence
available regarding treatments with the capacity to change
the natural history of carcinoid heart disease.

Mesenteric fibrosis commonly develops around the
primary tumor, secondary to a desmoplastic reaction.
This fibrosis can lead to a complete obstruction or
a volvulus and less frequently to mesenteric ischemia.
The mechanism underlying this condition is presumed to
be similar to those underlying carcinoid heart disease;
thus, it is hypothesized that reduction in serotonin levels
may prevent this complication.®’

Patients diagnosed with NENs and carcinoid syndrome
are known to report worse quality of life (QOL) compared
to the general population as several surveys have
shown.'”° For patients with carcinoid syndrome, diar-
rhea and flushing seem to be the most limiting symptoms;
patients who reported a greater average number of bowel
movements per day or more flushing episodes had worse
scores in the QOL scales.'”!

Within the population of patients with carcinoid syn-
drome, data suggest that the intensity of carcinoid symp-
toms is directly associated with QOL. Those patients with
4 or more bowel movements per day and those patients
with any flushing episode in a 2-week period are the ones
with a worse QOL.'”*' A recent survey assessing NET-
related QOL was developed by a patient association and
was answered by a total number of 1928 patients diag-
nosed with NETs. Results confirmed that the most frequent
symptoms were fatigue, diarrhea, abdominal pain/cramp-
ing and flushing. Most patients (71%) reported a moderate
to substantial negative impact of the disease on their daily

life. Energy levels, emotional health, ability to participate
in leisure activities and social life and ability to care for

family or finances were particularly affected.?***

Treatment of refractory carcinoid

syndrome

Due to the impact on patients' long-term complications and
QOL, it is important to achieve adequate control of carci-
noid syndrome. Symptomatic control of diarrhea with
antidiarrheal agents, such as loperamide, codeine or atro-
pine/diphenoxylate, has been used with variable efficacy.
Ondansetron, a serotonin receptor agonist usually
employed for the treatment of chemotherapy-related nau-
sea and vomiting, has been explored in carcinoid syn-
drome because of its action mechanism. There are some
studies with promising results, but the number of patients
included is too small to draw definitive conclusions.***>

In addition to the symptomatic management mentioned
above, somatostatin analogs (SSA) are the first-line treat-
ment recommended by international guidelines for patients
with advanced functioning NETs, especially for those with
carcinoid syndrome.”® Two long-acting SSAs are available,
octreotide LAR and lanreotide Autogel. In addition, there are
short-acting octreotide formulations that can be employed as
“rescue” treatment to help with symptomatic control.

The rate of improvement of carcinoid syndrome-related
symptoms with SSAs has been reported to be high: around
70% for unselected populations®'%272 (symptoms control
rates of 74.2% for octreotide and 67.5% for lanreotide
have been described in a pooled data analysis)*’, and around
50% for patients with “highly functioning” carcinoid
syndrome.''*°>* The converse of this is that some patients
have limited or no benefit from SSAs in symptom improve-
ment, thus requiring alternative strategies (primary resistance).
Moreover, a proportion of patients may develop worsening
symptoms despite initial response to SSAs and would there-
fore also benefit from additional treatment (secondary resis-
tance). Resistance mechanisms to SSAs are not completely
understood. Several mechanisms have been described, such as
tachyphylaxis as a consequence of downregulation of soma-
tostatin receptors (SSTRs), mutations in the SSTR or in reg-
ulatory proteins (amphiphysin IIb), antibody formation against
SSAs, alternative pathways activation and truncated SSTR
variants.>* ¢

Strategies for management of refractory carcinoid syn-
drome can be divided into two main groups: local and sys-

temic approaches. Figure 2 provides an overview of the
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Figure 2 Overview of available treatment options for refractory carcinoid syndrome. Level of recommendation is classified as strong (positive) when there is literature available
showing positive results and improvement of patient symptoms; weak (negative) if literature has shown no benefit on management of carcinoid syndrome; middle (unclear) if
controversy exists. Level of evidence is classified as follows: Level A: there exists a meta-analysis of high standard or several randomized trials with consistent results; Level B: if
randomized studies (level BI), therapeutic trials, quasi-experimental trials, or comparisons of populations (level B2) provide consistent results when considered together; Level C:
there exist studies, therapeutic trials, quasi-experimental trials, or comparisons of populations, of which the results are not consistent when considered together; Level D: if either
scientific data do not exist or there is only a series of cases; expert agreement: data do not exist but the experts are unanimous in their judgment.

Note: 1, Increased.

Abbreviations: SSA, somatostatin analogs; PRRT, peptide receptor radionuclide therapy, INFa, alpha-interferon.

evidence supporting each one of these potential treatment
options.

Local strategies with the aim of reducing liver disease
burden (ie debulking surgery or liver arterial embolization)
for symptomatic relief can be pursued in selected patients.'=**

Systemic alternatives have been investigated as follows:

e In SSA refractory carcinoid syndrome, dose escalation
or shortening the interval between injections could be
an alternative, even though supporting evidence is of
limited quality.*”>° The development of novel SSAs
to date (ie pasireotide) has been disappointing in this
scenario. Standard SSAs target mainly SSTR subtype 2
(SSTR2); on the contrary, pasireotide is a novel SSA
with high binding affinity to four of the five known
SSTR subtypes (1, 2, 3 and 5). This was the rationale
for testing pasireotide in patients with refractory NETs.
Unfortunately, results have not shown a significant
improvement in either symptomatic relief***' or
tumor growth control,*** and its development is cur-
rently on hold in this indication.

e Alpha-interferon is an immunomodulatory drug that
has been used in patients with NETs for many years.

It has a role in the relief of carcinoid symptoms, by
reducing both diarrhea and flushing.**>° This benefit
seems to correlate with a reduction in urinary 5-HIAA
levels. Benefit for tumor growth control has also been
reported.”’ The toxicity profile includes flu-like symp-
toms, depression, tiredness and leukopenia.

e The role of targeted therapies such as everolimus®* > or
sunitinib®” in the treatment of carcinoid syndrome has
not been confirmed in prospective studies, and their use
for symptomatic management remains controversial. In
addition, due to the limited response to chemotherapy in
patients with intestinal well-differentiated NETs, che-

motherapy has limited activity in this setting.”®

Currently, the most promising alternatives in the treatment
of carcinoid syndrome include peptide receptor radionuclide
therapy (PRRT)®*“° and inhibitors of serotonin synthesis (ie
telotristat ethyl). A QOL analysis from the pivotal trial with
PRRT reported that the overall time to deterioration (TTD)
of symptoms was significantly longer in the PRRT arm
compared with the octreotide arm with 22.7-month differ-
ence in median TTD between both arms (HR=0.41), includ-
ing time to worsening diarrhea (HR=0.473).%°
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Table 2 provides more information about the efficacy
of these treatments in the control of carcinoid syndrome as
well as their impact on the QOL.

The remaining of this review will be focused on the
role of telotristat ethyl for management of carcinoid
syndrome.

Metabolism of serotonin

L-tryptophan, precursor of serotonin, is sequentially pro-
cessed by two enzymes: tryptophan hydroxylase (TPH)
and aromatic amino acid decarboxylase. Catalyzation by
TPH is the rate-limiting step in serotonin synthesis. This
TPH1
(expressed mainly in enterochromaffin cells in the gastro-

enzyme is encoded by two different genes:

intestinal tract, and in the pineal gland) and TPH2 (present
in the central nervous system and in the enteric nervous
system).®¢ %

Serotonin regulates gut function including bowel moti-
lity and secretion; it also controls satiety and nausea. In
addition, it participates in other multiple body homeostasis
mechanisms (Figure 3) including but not limited to platelet
aggregation, erythropoiesis, immune response, tempera-
ture regulation, circadian rhythmicity and mood. It also
influences insulin regulation, bone mass control, adipocyte
differentiation, liver regeneration and fibrosis.®®®” Up to
90% of serotonin levels come from the gastrointestinal
system, from where serotonin is released into the blood-
stream and stored inside platelets. Excess serotonin is
degraded into 5-HIAA; this serotonin metabolite is predo-
minantly excreted in the urine.*®®’ Therefore, overproduc-
tion of serotonin by NETs results in elevated systemic
levels of serotonin and can be identified by measuring
the 5-HIAA urine metabolite. Measurement of SHIAA in
blood (plasma or serum) is also possible.®’

Telotristat ethyl

Telotristat ethyl is an orally administered prodrug, which
is converted into its active metabolite: telotristat etiprate
(or LP-778902). Telotristat etiprate is a potent inhibitor of
serotonin synthesis, by inhibiting TPH function, which
results in a reduction of the serotonin bloodstream levels.
Due to the high structural similarity between both TPH
isoforms, TPH1 and TPH2, telotristat etiprate has a similar
affinity for both. Telotristat etiprate’s high molecular
weight prevents it from crossing the brain—blood barrier,
thus acquiring a “physiological” selectivity for TPHI.
Therefore, telotristat etiprate produces a significant reduc-
tion of serotonin concentrations in the intestine’® without

affecting the function of TPH2 isoform, thus without com-
promising levels of serotonin in the central nervous

system.“”71

Safety profile of telostristat ethyl

Phase I studies in healthy volunteers demonstrated that
ethyl
decreased urinary 5-HIAA, with an adequate safety pro-

telotristat reduced serotonin production and
file. Depression and other psychiatric syndromes were
considered adverse events of special interest in these stu-
with
inhibitors;”* with telotristat ethyl, no neurologic or psy-

dies due to previous experience serotonin
chiatric side effects were observed.”*”*

Two phase II clinical trials explored the safety of
telotristat ethyl in patients diagnosed with refractory car-
cinoid syndrome. Both trials shared a similar design: sin-
gle-arm, open-label, dose escalating studies. Overall,
treatment was well tolerated, with the most frequently
reported adverse events being mild gastrointestinal symp-
toms and mild hepatic impairment. Only one case of
depression was reported in a patient with a previous diag-
nosis of anxiety disorder.”>’® This favorable toxicity pro-
file was confirmed in phase III studies.””"”®

Pivotal phase III trials confirmed this favorable safety
profile of telotristat ethyl. More frequently reported
adverse events were related to the gastrointestinal tract
(diarrhea, nausea, vomiting, constipation, abdominal dis-
tension, abdominal pain, dyspepsia) and were mainly clas-
sified as mild or moderate grade. Increase in hepatic
enzymes, especially in gamma-glutamyl transferase, was
reported mainly in telotristat ethyl arms. Although depres-
sion incidence in the TELECAST trial was similar across
groups, in the TELESTAR, more cases were reported in
telotristat ethyl 500-mg group compared with the placebo
and 250-mg groups.’*”’

The incidence of treatment discontinuation secondary
to adverse events was 6.7% in each telotristat ethyl group
in the TELESTAR trial and 8% in the TELECAST trial.
Two deaths in the telotristat ethyl groups and three in the
placebo group were reported in the TELESTAR trial (in
the setting of advanced disease), whereas none were
reported in the TELECAST trial.

During the OLE period, overall adverse events and
incidence of treatment discontinuation were similar,
regardless of the increased exposure to telotristat ethyl
due to crossover from placebo to telotristat ethyl and due
to the increased dose of telotristat ethyl from 250 mg to

500 mg.”*
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Figure 3 Serotonin: metabolism and function. L-tryptophan is processed by the tryptophan hydroxylase (TPH?) and aromatic amino acid decarboxylase (AADC®) becoming
in serotonin. Serotonin is released into bloodstream and distributed to the different organs where participates in the regulation of several functions as temperature, mood,
circadian rhythm and appetite control, gut secretion and motility, insulin secretion, adipocyte differentiation and bone mass regulation, platelet aggregation, vascular tone and

immune response. More details are provided in the figure.

In addition, a post-hoc meta-analysis of patients included
in both trials was performed to examine the efficacy and
safety of telotristat ethyl in combination with lanreotide. The
median duration of treatment was similar across treatment
groups, being treatment withdrawal rate secondary to
adverse events low. Although 60% and 80% of treatment-
related adverse events rates were reported in the telotristat
ethyl 250 and 500 mg groups , respectively.”

Efficacy of telostristat ethyl

Efficacy of telotristat ethyl was assessed in two pivotal
phase IIT clinical trials: TELESTAR and TELECAST.””’®
These multicenter, randomized, placebo-controlled trials
included patients with uncontrolled carcinoid syndrome.

Patients were randomized (1:1:1) to receive placebo or
telotristat ethyl 250 mg or 500 mg 3 times per day. The
main characteristics of the design of these two clinical trials
are summarized in Table 3. Both studies had a 12-week
double-blind treatment period followed by a 36-week open-
label extension, followed by an expansion phase:
TELEPATH study. The primary objective of TELEPATH
was to assess the long-term safety of telotristat ethyl; sec-
ondary objectives included the impact on patients’ QOL.
Final results have not been reported yet.*

Both the TELESTAR and TELECAST studies recruited
patients with refractory carcinoid syndrome, but definition of
7178 The

TELESTAR clinical trial recruited patients with a minimum

“refractory” differed between these studies.
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of 4 bowel movements per day, despite adequate SSAs, thus
focusing on refractory carcinoid syndrome-related diarrhea.
In contrast, the TELECAST study allowed the recruitment of
patients with carcinoid syndrome (diarrhea, flushing, abdom-
inal pain, nausea or elevated uS-HIAA) with <4 bowel move-
ments per day on SSAs (or >l symptom or >4 bowel
movements per day, if not on SSAs).

The TELESTAR clinical trial reported a significant
reduction in daily bowel movements in those patients treated
with telotristat ethyl, with a daily bowel movement reduction
equivalent to 30% from baseline (Table 4) (absolute mean
reduction in number of daily bowel movements from base-
line (mean 6.09) to week 12 (mean 4.24) was —1.7 with
telotristat ethyl 250 mg three times per day), together with
a significant reduction of urinary 5-HIAA levels.”” This led
to the approval of telotristat ethyl for refractory carcinoid
syndrome-related diarrhea.”” The study failed to show
a statistically significant improvement in flushing (p-value
0.39 with telotristat ethyl 250 mg three times per day) which
is likely explained as follows: 1) the study was not properly
powered for identifying differences in terms of flushing; 2)
the low rate of patients (total of 38.5% of the whole popula-
tion recruited into the TELESTAR study) who reported >2
episodes of flushing/day limited even further the power to
identify such differences; and 3) flushing is known not be
driven by serotonin alone but by a combination of other
hormones such as substance P, prostaglandins, tachykinins
and kallikrein,®' ™ therefore serotonin production decrease
may not be enough to control flushing in all the patients with
carcinoid syndrome.

The TELECAST study provided confirmatory data
about efficacy and safety of telotristat ethyl in a different
scenario, as mentioned above. In addition, a significant
reduction in urinary 5-HIAA levels and number of daily
bowel movements was identified. Patients randomized to
500 mg telotristat ethyl experienced an improvement in
stool consistency. No statistically significant improvement
was seen in flushing, abdominal pain or requirement of
rescue SSAs.”®

Impact of telotristat ethyl on carcinoid

heart disease and mesenteric fibrosis

There are little data available regarding the impact of
telotristat ethyl on carcinoid heart disease and mesenteric
fibrosis. Two of the patients recruited into the TELESTAR
clinical trial with known carcinoid heart disease had no
worsening of fibrosis of heart valves on follow-up

echocardiograms.”'® No data on the impact of mesenteric
fibrosis are available.

Clinical benefit from telotristat ethyl
Symptom improvement and QOL have been end points of
special interest in the telotristat ethyl clinical trials, espe-
cially in phase III studies. These parameters have been
assessed through different methods such as interviews,
diaries and questionnaires, being the main rationale to
understand the impact of reduction of bowel movements
on patients' QoL.

Both phase II trials collected symptoms daily through
an interactive voice system (IVS).”>¢ Kulke et al phase II
assessed weekly patient relief perception, via IVS as well,
with the question: “In the past 7 days, have you had
adequate relief of your carcinoid syndrome bowel com-
plaints such as diarrhoea, urgent need to have a bowel
movement, abdominal pain or discomfort?”.”® Interviews
have been employed in patients from these phase II trials
as well

Both phase III studies, TELESTAR and TELECAST,
578 interviews® and QOL

questionnaires. Symptom assessment focused on the most

employed electronic diaries,

relevant carcinoid syndrome-related symptoms such as diar-
rhea (bowel movements per day) and flushing and also on
other aspects of interest such as stool consistency (graduated
by Bristol Stool form Scale), urgency to defecate, abdominal
pain and nausea. In addition, other subjective parameters
exploring the impact of treatment on subjective global
assessment of symptoms associated with carcinoid syn-
drome, adequate relief of gastrointestinal symptoms of car-
cinoid syndrome and need to self-administer short-acting
SSA rescue therapy were also explored.”””®

Symptom relief with telotristat ethyl: patient
interviews

In addition to the predefined diaries for collection of objec-
tive measures such as number of bowel movements, alter-
native data collection tools were required to assess
subjective aspects. Interview format for symptom assess-
ment was used as an attempt to optimize symptom capture
and their impact on patients’ daily life. The first approach
included 11 patients from the above mentioned phase II
clinical trials.®* Only 4 out of these 11 patients were receiv-
ing telotristat ethyl at the time of the interview (the rest had
already stopped the treatment); thus, low recall accuracy and
bias cannot be completely excluded in this scenario due to
the long gap between treatment and interview.
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At a later stage, a study with a similar design, based on
telephonic interviews, was performed. This study included
patients from the TELESTAR trial, and interviews were per-
formed at the end of the trial (2 weeks after the end-of-
treatment visit, approximately). This design reduced the risk
of recall bias and also included a larger sample size (35
patients).®

These interviews provided a reflection on the health
problems experienced by patients with carcinoid syndrome,
together with the impact of these on their lives. These inter-
views reported that the number of bowel movements per day
was an adequate end point for clinical trials exploring carci-
noid syndrome, which was highlighted as the most bother-
some symptom and, therefore, the most important symptom
to relieve.*** In addition, urgency was another of the most
commonly reported symptoms.***> Fatigue was an impor-
tant issue too, which was graded as severe in most of the
cases. Even though it was associated with the disease itself,
some participants perceived that sleep interruptions related to
diarrhea also influenced their energy levels.®

Abdominal pain or cramps and flushing episodes were
frequently reported, but were not considered as relevant as
diarrhea-related problems by patients.®* This did not match
with previous data reported by Pearman and colleagues
exploring health-related QOL in NET patients, in which
the presence of flushing episodes was a significant concern
for patients, and the greater the number the episodes, the
poorer the QOL.?' This discrepancy is likely to reflect
variability in personal experience, since the impact of flush-
ing depends significantly on the lifestyle and working envir-
onment of each patient, while the impact of diarrhea may
affect every patient in a more homogeneous way.

Lately, weight loss is a frequent concern in patients with
carcinoid syndrome, and it was evaluated as an exploratory
analysis in the TELESTAR trial. At 12 weeks, weight gain
>3% was achieved in both telotristat ethyl groups. This
increase was statistically significantly superior to the weight
gain in the placebo group. Furthermore, patients who put on
weight also had an improvement in nutritional parameters
and patient-reported outcomes.*

Patients perception of symptom improvement with
telotristat ethyl

One of the phase II studies collected patient-reported data
regarding “adequate relief of symptoms” on a weekly basis
during the 4-week active treatment period.”® Data were
available for 80 of the 92 weekly patient assessments.
During this period, 56% of the patients on treatment with

telotristat ethyl reported adequate relief at least in one or
more of the weekly time points, whereas no patients in the
placebo arm did so. At the end of the blinded treatment
period (week 4), 6 of the 13 patients (46%) on telotristat
ethyl who completed the “adequate-relief” assessment
reported substantial relief of symptoms.

Impact of telotristat ethyl on QOL: QOL
questionnaires

The TELESTAR and TELECAST clinical trials employed
the European Organisation for Research and Treatment of
Cancer (EORTC) QLQ-C30 questionnaire (combined with
the EORTC QLQ-GI.NET21 questionnaire) as the QOL
assessment tool.”>’® The EORTC QLQ-C30 questionnaire
was designed for patients with cancer and is useful for
most of the cancer subtypes. In contrast, it may not be
adequate for patients with a NET diagnosis.®” To address
this issue, the EORTC QLQ-GILNET21 (specifically
designed for patients with a NET diagnosis) was also
employed. Unfortunately, these two questionnaires com-
bined only provide 1 question regarding diarrhea and 3
regarding other abdominal symptoms (pain, flatulence,
bloating); thus, information collected is likely to be limited
in patients for whom diarrhea, stool consistency and
urgency are of relevance.

The TELESTAR study employed the EORTC QLQ-
C30/QLQ-GI.NET21 questionnaire. According to this
questionnaire, only modest improvements in overall QOL
were reported in patients classified as responders, com-
pared with nonresponders in all three treatment arms.
When the diarrhea subscale was explored in detail, sig-
nificant improvements in both arms randomized to telotri-
stat ethyl compared to the placebo arm were identified.
The TELECAST trial QOL results have not been reported
yet.””-”® The TELEPATH trial (NTC02026063) is expected
to provide more information regarding the impact of telo-
tristat ethyl in terms of QOL, especially in the long term.

Selection of patients for treatment with

telotristat ethyl
Based on available phase III data, telotristat ethyl is approved
for treatment of refractory carcinoid-syndrome diarrhea.
According to clinical trial inclusion criteria, patients with
a minimum of 4 daily bowel movements would be the patient
population to benefit from this treatment.

The licensed dose of telotristat ethyl is 250 mg three
times daily. Dose adjustment is indicated in hepatic

. . (
1mpa1rment.7 )
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It is of critical importance to identify whether the
diarrhea that is intended to be treated is related to carci-
noid syndrome. Such diagnosis may be confirmed by the
presence of concomitant increased 5-HIAA, if other dif-
ferentials have been ruled out. However, it is important to
acknowledge that this was not a required criterion for
entry into the TELESTAR clinical trial, and that the pre-
sence of carcinoid syndrome in the absence of raised
5-HIAA has been described.***°

Hence, other causes for refractory diarrhea should be
excluded before starting treatment with telotristat ethyl.
This includes, but is not limited to fat malabsorption (includ-
ing SSA-induced pancreatic exocrine insufficiency),?® bile
acid malabsorption, enteric

pathogens (parasites or

Clostridium difficile), short bowel syndrome or malignancy.

Challenges for assessment of
symptoms and QOL in patients with

carcinoid syndrome

Interview studies previously detailed®*®> have shown how
interview-like tools are more likely to provide granularity on
symptom improvement, especially for scenarios such as car-
cinoid syndrome when symptoms and their impact on
patients’ daily activities are multifactorial and vary according
to patients characteristics. Unfortunately, such interviews
require adequate resourcing, which for large phase I1I studies
imply high cost, if the aim is to interview every patient
included within the study. Restricting these interviews to
a selected population may, however, introduce selection
bias and it is therefore likely not to solve this problem.
Therefore, access to more simple and user-friendly tools for
measuring the impact of treatment on patients QOL and daily
symptoms is required. Due to the complexity of carcinoid
syndrome, it may not be adequate to use the already available
questionnaires designed for patients with cancer or irritable
bowel syndrome, especially due to confounding factors such
as, other concomitant medications and their side effects. One
example may be SSA-induced steatorrhea, which is recorded
in the currently available QOL questionnaires, as diarrhea,
and in the setting of carcinoid syndrome, may be incorrectly
labeled as worsening carcinoid syndrome with lack of benefit
from treatment.?’

Patients' perceptions and discrepancies

with those of health care professionals
Patients' perceptions regarding the disease and its impact
are important factors to consider. Various patient surveys

explored different aspects of the diagnosis, treatment,
information and daily life in patients with NETs. Delayed
diagnosis and multiple doctor visits in the period of the
onset of symptoms were identified as frequent concerns. In
addition, patients describe difficulties in accessing centers
with NET expertise as well as reliable information
sources.* >

An additional significant issue is how health care pro-
fessionals perceive the disease/symptoms and what their
definition of adequate symptom control and satisfactory
QOL is. In a study by Goldstein et al patients, caregivers
and health care professionals (doctors) participated in
a survey and results reported a difference between the
physician and patient perception of the disease and its
impact on patient daily life and the patient experience.””
More than 50% of patients considered that it was hard to
live with symptoms of carcinoid syndrome, whereas less
than 25% of doctors thought this. A different perception
was also reported in the frequency and severity of symp-
toms. Patients and caregivers reported higher severity of
symptoms and increased frequency compared to health-
care providers’ assessments. These results highlight the
relevance of patient-reported outcomes and QOL measure-
ment in clinical trials, and the importance of these being
collected to provide insight regarding patient significant
aspects of the disease being studied.

QOL in patients with NETs: currently

available questionnaires and challenges

In general, QOL in patients with cancer is significantly
affected.”>** Such negative impact may be even more rele-
vant in patients with NETs, especially in the population of
patients with carcinoid syndrome (compared to nonfunction-
ing tumors). In a recent prospective observational study asses-
sing QOL at baseline in patients starting treatment with SSAs,
patients with functioning tumors had higher symptom severity
in all symptoms/scales (derived from EORTC QLQ-30/QLQ-
GLNET21), with the exception of constipation and treatment-
related symptoms, than patients with nonfunctioning NETs.*
In addition, patients with nonfunctioning tumors had higher
baseline global health status and functioning scores reflecting
a worse QOL in this second group of patients.?’ Other studies
have also shown similar findings.'” "

As mentioned above, QOL is already affected in
patients with carcinoid syndrome, and taking into account
the prolonged survival expected in this patient population,
new therapies to improve QOL are required.”>® Despite
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the increasing awareness of health-related QOL in drug
evaluation, QOL is usually considered a secondary end
point. Thus, studies are not appropriately powered for
this assessment. In addition, different QOL assessment
tools have been used in NET studies. Three systematic
reviews have addressed this issue and identified up to 29
different NET h, 79798
A summary of these is provided in Figure 4 and the

questionnaires  in researc
most relevant ones are discussed in this section.
The EORTC QLQ-C30 is the most widely employed
instrument. It was developed in 1997 based on
a modification of the original EORTC QLQ-C36, and it is
a generic tool for measurement of QOL in patients with
It has been validated
tumors.”>*”*%1% Tt comprises 30 items which are assessed

cancer. in the most common
on a 0-100 scale: five functional scales, nine symptom
scales and a global health status scale. Higher scores in the
global health scale and in the functional scales are associated

other scales means worse symptomatic control (Figure 5).
Despite the high level of evidence underlying this tool,
patients with NETs encounter specific clinical issues which
are not adequately assessed with this questionnaire.

A module to supplement the EORTC QLQ-C30 which
focuses on NET symptoms was thus created, called the
EORTC QLQ-GINET21.'°" It captures disease-specific
and treatment-related issues not adequately measured with
the QLQ-C30 questionnaire. The EORTC QLQ-GI.NET21
is a 21-item self-reported questionnaire which comprises
questions about disease symptoms (mainly endocrine and
gastrointestinal), treatment side effects, body image, dis-
ease-related worries, social functioning, communication
and sexuality (Figure 5). It provides an appropriate tool to
assess NET-related QOL. Unfortunately, patients with func-
tioning tumors such as glucagonomas, somatostatinomas
and VIPomas were not represented in the development
and validation samples of this questionnaire. Thus, this

with a better functioning level, whereas higher score in the tool may not accurately capture QOL in these
QOL general
questionnaires
Psychometric >
questionnaires NET-Specific 2 EQ-5D (EuroQol instrument)

questionnaires

BDI-II (Beck Depression Inventory- Il) |
HADs (Hospital Anxiety and Depression Scale) [
CES-D (Center for Epidemiologic Studies
Depression)
STAI Y1/2 (State- Trait Anxiety inventory Form Y) \
PAIS (Psychological Adjustement to lliness Scale)
LOT (Life Orientation Test)
|IES (Impact of Event Scale)

Other
Symptom-specific questionnaires

questionnaires

CASC (Comprehensive Assessment of

FACIT -D (Symptom-specific Satisfaction with Care)
Functional Assessment of Chronic
lliness Therapy-Diarrhea)
FACIT-Fatigue
QSD (Questionnaire for screening
Sexual Dysfunction)

CSSS (Carcinoid Symptom Severity
Score)

Liver Metastases)

EORTC QLQ-GINET.21 (EORTC
QOL Questionnaire for Patients with
Gastrointestinal NETs 21)
Norfolk QOL-NET

QLQ-LMC21 (QOL Questionnaire for colorectal

CQLI (Gastrointestinal QOL Index)
GSS (General Self-Efficacy Scale)
KPS (Karnofsky Performance Status)
ECOG (European Cooperative Oncology Group
Performance Status Scale)

PROMIS-29 (PRO measurement Information
System 29)

GHQ-12 (12-item General Health Questionnaire)
GHQ-30 (30-item General Health Questionnaire)
Nottingham Health Profile
SF-12 (12-item Short-Form Health Survey)
SF-36 (36-item Short-Form Health Survey)
VAS (Visual Analogue Scale for QOL)

Cancer-specific QOL
questionnaires

EORTC QLQ-C30 (European
Organization for Research and
Treatment of Cancer Quality of Life
Questionnaire-C30)
FACT-G (Functional Assessment of
Cancer Therapy-General)

Figure 4 Symptomatic assessment tools. The figure collects the different tools employed to evaluated quality of life in studies and trials of neuroendocrine tumors.
Abbreviations: BDI-lIl, Beck Depression Inventory-Il; HADs, Hospital Anxiety and Depression Scale; CES-D, Center for Epidemiologic Studies Depression; STAI Y1/2,
State-Trait Anxiety Inventory Fonn Y; PAIS, Psychological Adjustment to lliness Scale; LOT, Life Orientation Test; iES, Impact of Event Scale; FACIT-D, Functional Assessment
of Chronic lliness Therapy-Diarrhea; FACIT-Fatigue, Functional Assessment of Chronic lliness Therapy-Fatigue; QSD, Questionnaire for screening Sexual Dysfunction; CSSS,
Carcinoid Symptom Severity Score; EORTC QLQ-GINET.21, European Organisation for Research and Treatment of Cancer Quality of life Questionnaire — Gastrointestinal
Neuroendocrine Tumors; Norfolk QLQ-NET, Norfolk Quality of life Questionnaire for Neuroendocrine Tumors; EQ-5D, Euro-Quality of Life instrument; PROMIS-29, PRO
measurement information system; GHQ-12, 12-item General Health Questionnaire; GHQ-30, 30-item General Health Questionnaire; SF-12, 12-item Short-Form Health
Survey. SF-36: 36-item Short-Fonn Health Survey; VAS, Visual Analogue Scale for Quality of Life; EORTC QLO-C30, European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-C30; FACT-G, Functional Assessment of Cancer Therapy-General.
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EORTC QLQ/C30

* Global heallh status

* Functional scales:
Physical functioning
Role functioning

Flushing

Social functioning
* Symptom scales:

Appetite loss
Constipation
Diarrhoea

Financial difficullies

30 items

scores: 0-100

higher score in global health status
or functional scales=better QOL.
higher score in symptoms scales=
worse symptom control.

20 items

and QOL.

* Symptoms questions:

Abdominal
pain/discomfort

Emotional Appetite
functioning Bone/muscle pain
Cognitive * Treatment-related worries:
functioning Side-effects

Repeated injections
* Disease-related worries:

Interference in daily life

Fatigue Tumour spread
Nausea/vomiting Future heallh

Pain

Dyspnea * Body image: weight loss/gain
Insomnia * Sexuality

scores: 0-100
htgher scores = worse symptoms

Norfolk QLQ-NET
* Symptoms frequency and

severity : flushing, pain, peripheral
edema, wheezing, diarrhoea,
constipation, fatigue, coughing,
cyanosis, telangiectasia.

* Interference of symptoms in
daily activities : sleep-disturbance,
food-habits, bathing/showering,
dressing, walking.

* Interference of physical
/emotional status in daily activities,
work or social activities.

* Treatment-related worries

* Feelings scale.

72 items
scores: each item score:

except ttems 50-53 ("-2 2" and

item 54 {0-5)
htgher scores = worse symptom
control and QOL.

Figure 5 QOL assessment tools. This figure summarizes the main available tools for quality of life assessment in patients with NETs. The EORTC developed a questionnaire
to assess health-related quality of life in patient with cancer. Items included and corresponding scores are detailed above.'® The GINET.21 is a supplement of the EORTC
QLQ-C30 questionnaire elaborated to improve symptoms evaluation in patients with NETs. It comprises the items presented above.'® The Norfolk QLQ-NET is a broad

questionnaire, designed to assess health-related quality of life in patients with NETs only. The figure collected items included and scores.

103

Abbreviations: EORTC OLO/C30, European Organisation for Research and Treatment of Cancer Quality of life Questionnaire; GINET.21, Gastrointestinal Neuroendoaine
Tumours; Norfolk OLO - NET, Norfolk Quality of life Questionnaire for Neuroendoaine Tumours.

patients.”>*1"-19% The other limitation, as already men-
tioned, is that the combined EORTC QLQ-C30/QLQ-GI.
NET21 only includes 1 question regarding diarrhea and 3
regarding other abdominal symptoms; thus, its relevance for
applicability to carcinoid syndrome may be limited.

The Norfolk QLQ-NET was designed to specifically
assess QOL in patients with NETs. It was developed in
2004 with the objective of assessing symptoms and their
impact on physical and psychological functioning.'® Tt
encompasses eleven symptoms and measures the frequency
and severity of every one of them: flushing, rash, wheezing,
coughing, cyanosis, telangiectasia, diarrhea/constipation,
fatigue, joint/bone pain and other pain. It also measures
dysfunction in daily activities, work capacity, family life
and psychosocial activities (Figure 5).°%'%?

A direct comparison of these two scales (EORTC
QLQ-C30/GINET21 and Norfolk QLQ-NET) was per-
formed in a sample of 29 patients to assess the correlation
between both tools.”” Results showed a strong correlation
in the total scores and in all domains, except for the
cardiovascular domain. The Norfolk QOL-NET question-
naire seemed to assess better flushing and respiratory and
cardiovascular symptoms than the EORTC QLQ-C30/
GINET21. Despite this, EORTC QLQ-C30/GINET21

remains the tool of preference for clinical trials, one of

the reasons being that the Norfolk QLQ-NET is only

available in the English language.”%'%*

Future directions
Ongoing studies are likely to provide data on long-term
safety and efficacy from telotristat ethyl in patients with
carcinoid syndrome. In addition, the utility of telotristat
ethyl in the first-line setting will be explored concomitantly
with SSAs in patients with high functioning carcinoid syn-
drome with diarrhea (so-called the TELEFIRST s‘[udy).104
The role of telotristat ethyl for prevention/control of
carcinoid heart disease and mesenteric fibrosis remains
unknown, but may be clarified in the near future as we
gain further experience with telotristat ethyl. In addition,
the impact of telotristat ethyl in the management of other
symptoms, such as flushing and its role for patients with
less than 4 bowel movements per day remains unclear.
Mismatching information regarding the potential role of
serotonin as a pro-proliferative molecule is available. Even
though the effect of serotonin as a molecule involved
in proliferation has been reported in small cell lung cancer,
prostate cancer, bladder cancer,'® pancreatic cancer,'*® biliary
tract cancer'”” and NETs,!*>!1% 119 4n antitumor effect has
also been postulated in view of its vasoconstrictor effect.''" In
view of preliminary results supporting the antitumor effect of
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telotristat ethyl in cholangiocarcinoma,'®” an open-label phase
2 trial assessing the safety and efficacy of the combination of
chemotherapy (cisplatin and gemcitabine) plus telotristat
ethyl in first-line setting in a patient with locally advanced
unresectable or metastatic cholangiocarcinoma is ongoing
(NCT03790111). No evidence of antitumor effect of telotristat
ethyl in NETs is available as yet.

Conclusions

Current treatments available provide adequate control of car-
cinoid syndrome-related symptoms for the majority, but not
for all patients affected by this disease. Telotristat ethyl has
been shown to significantly reduce the number of daily bowel
movements in patients with a minimum of 4 bowel move-
ments per day, despite adequate treatment with SSAs. The
impact on QOL has resulted in an improvement in patient-
reported diarrhea, and a significant number of patients report
“adequate symptom relief”. Unfortunately, current tools for
capturing patient-reported outcomes in NETs have limitations.
Future studies will also aim to clarify the impact of telotristat
ethyl on carcinoid heart disease and mesenteric fibrosis.
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