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Background: Inadequately controlled symptoms incur a substantial burden on patients with
neuroendocrine tumors and carcinoid syndrome (CS). The effectiveness of telotristat ethyl
(TE) with a somatostatin analog for uncontrolled CS diarrhea has been demonstrated in
clinical trials and observational studies. TELEPRO-II was a prospective observational study
evaluating TE’s effectiveness in clinical practice over the first 3 months of treatment.
Methods: Patients initiating TE in 2018 participated in an optional nurse support
program reporting CS symptoms during interviews at baseline and 1, 2, and 3 months
after TE initiation. Eligible patients received TE for >3 months and reported symptom
burden at baseline and >1 follow-up visit within the first 3 months. Daily bowel move-
ment (BM) frequency and flushing episodes were reported as events/episodes per day.
Stool consistency, nausea severity, urgency severity, and abdominal pain were reported on
a severity scale (1-10). Symptom changes were evaluated using paired-sample #-tests and
Wilcoxon signed-rank tests. Analysis of symptoms based on achievement of <30% or
>30% reduction in daily BM frequency was conducted using a cumulative distribution
function.

Results: A total of 684/1603 (43%) patients were eligible for analysis. At baseline, patients
reported a mean of 6.3 BM/day, nausea severity of 8.4/10 and stool urgency of 8.2/10.
Significant improvements in all CS symptoms were observed after 3 months of TE. Mean
daily BMs were reduced 64% after 3 months of TE (mean reduction [SD], —3.99 [3.8];
P<0.0001). Most patients (74%, n=503) reported >30% reduction in daily BM frequency;
these patients also reported improvements in other symptoms (76—-87%). Patients with <30%
reduction in daily BMs also reported improvements in nausea severity (62%, n=24), daily
flushing episodes (66%, n=98), abdominal pain (50%, n=60), urgency severity (38%, n=64),
and stool consistency (24%, n=44).

Conclusion: Patients treated with TE in a real-world setting experienced significant,
clinically meaningful improvements in CS symptoms.
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Plain Language Summary

Over the first 3 months of treatment, patients with neuroendocrine tumors and carcinoid
syndrome diarrhea who received telotristat ethyl experienced significant and clinically mean-
ingful improvements in carcinoid syndrome symptoms.
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Introduction

Carcinoid syndrome (CS) symptoms incur a substantial
burden on the health and quality of life of patients with
secretory neuroendocrine tumors and CS.'™ One-fifth or
more of patients with well-differentiated neuroendocrine
tumors are likely to have carcinoid syndrome symptoms, '~
many of whom may also develop carcinoid heart disease.’
CS diarrhea and flushing are the most common and dis-
ruptive symptoms of CS, with CS diarrhea having
a substantial negative impact on quality of life.” Patients
with CS diarrhea are hospitalized more often and incur
higher overall healthcare costs than those without CSD,”*
and experience impairment in work productivity and indir-
ect costs,” reinforcing the need for more effective manage-
ment of CS.

The efficacy, safety and tolerability of the tryptophan
hydroxylase inhibitor telotristat ethyl (TE; Xermelo®,
TerSera Therapeutics, Lake Forest, IL, USA) to treat
inadequately controlled CS diarrhea in combination with
a somatostatin analog for patients with CS diarrhea were
demonstrated in the randomized TELESTAR and
TELECAST clinical trials,'®!" which supported the US
FDA approval of TE in 2017. TE treatment, together
with a long-acting somatostatin analog, is currently also
recommended for inadequately controlled CS diarrhea by
the National Comprehensive Cancer Network (NCCN).'?
To further evaluate the real-world use and effectiveness of
TE in US clinical practice, a patient registry for patients
receiving telotristat ethyl (RELAX) was established in
2017 (NCT03223428). Early analyses from the RELAX
registry suggested that the majority of patients treated with
TE experienced improved control of diarrhea and non-
diarrhea symptoms of CS, as well as improvements in
health- and wellness-related outcomes such as weight
and activities of daily living.'*'* A second study, the
prospective observational TELEPRO-I study, was also in
initiated in 2017 to evaluate TE’s effectiveness in clinical
practice in the first 3 months of treatment, when it was first
approved in the US in 2017. This study provided further
evidence of improvements in CS diarrhea and other CS
symptoms associated with TE treatment; improvements in
this study were observed independently of the frequency
of baseline daily bowel movements.'>'°

TELEPRO-II was a follow up study to TELEPRO-I,
and evaluated TE effectiveness in a patient cohort initiat-
ing TE in the second year of its availability in the US. The
study was conducted using similar methodology to

TELEPRO-I, with the goal of further evaluating patient
experience with TE in a large study population and to
validate the TELEPRO-I findings. We present the follow-
ing article in accordance with the STROBE reporting
checklist.

Materials and Methods

TELEPRO-II used a similar design as TELEPRO-I,
reported previously.'> TELEPRO-II collected information
from patients initiating TE in 2018 who opted in to parti-
cipate in a nurse support program. Patient responses were
collected during monthly telephone interviews before initi-
ating TE (baseline) and at 1, 2, and 3 months after initiat-
ing TE. Patients could discontinue participation in the
nurse support program at any time. The analytic sample
reported here included patients participating in the nurse
support program who remained on TE for at least 3
months (determined by delivery of TE by the specialty
pharmacy) and reported CS symptom burden at baseline
and at least one post-baseline timepoint. Patients who did
not report bowel movement frequency at baseline (or
reported zero BM/day) and at least one post-baseline fol-
low-up visit were excluded.

Patients were asked to provide basic demographic
information and clinical information related to their CS
symptoms, including gender, age, type of health insurance,
years since diagnosis of CS, somatostatin analog treatment
history, and burden of CS symptoms. In reporting CS
symptom burden, the frequency of daily bowel movements
and flushing episodes were reported as the number of
events or episodes per day, consistent with measures in
clinical trials.'®"" Stool consistency was reported on
a scale of 1 (“very hard”) to 10 (“watery”). Nausea,
urgency, and abdominal pain were reported on a severity
scale of 0 (“no/not at all”) to 10 (“worst imaginable/very
urgent”). Changes in CS symptoms were evaluated overall
and in subgroups of patients who did or did not experience
a >30% reduction in daily bowel movement frequency.

Statistical Analysis

Descriptive statistics were used to analyze baseline demo-
graphics and disease burden. Post-baseline changes in CS
symptoms were evaluated using paired-sample f-tests and
Wilcoxon signed-rank tests. Improvement in symptoms was
determined by lower reported bowel movement frequency and
lower CS symptom ratings in post-baseline follow-up visits.
Each patient served as their own control. Analysis of patients
experiencing 30% improvement in daily bowel movement
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frequency was conducted using a cumulative distribution
function. The >30% cutoff was based on the threshold for
clinical meaningfulness reported by TELESTAR participants
and approved by the US Food and Drug Administration as an
acceptable threshold for clinical effect.'”'® Missing data were
computed using the last observation carried forward metho-
dology based on the latest post-baseline reported value for
each outcome measure. All analyses were conducted using
SAS software version 9.4 (SAS Institute, Cary, NC).

Human Subjects Statement

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and
resolved. This study was conducted in accordance with the
Declaration of Helsinki in a de-identified dataset with no
patient identifiers, and determined to be exempt from
Institutional ~ Review  Board (Advarra®,

Columbia, MD).

oversight

Results

Out of 1603 eligible patients initiating TE before
December 31, 2018, 1318 (82%) opted in to the nurse
support program, of whom 387 (29%) discontinued TE
within the first 3 months. Of the 931 patients who received
TE for 3 months, 247 (27%) did not have both a baseline and

Patients initiating TE in 2018 (N=1603)

at least one post-baseline value for reported bowel move-
ment frequency, and were excluded from this analysis.
A total of 684 (43%) patients receiving TE for at least 3
months participated in the nurse support program and had
both a baseline and at least one post-baseline measure of
bowel movement frequency (Figure 1). Approximately half
of included patients were women (54%) and >65 years old
(49%); patients tended to have commercial (43%) or
Medicare (37%) insurance coverage (Table 1). The mean
time from neuroendocrine tumor diagnosis to initiation of
TE was 6.8 (SD, 8.5) years. Baseline characteristics were
similar between patients enrolled in the nurse support pro-
gram, those who were also eligible for analysis, and those
who discontinued TE within the first 3 months. Patients
reported a substantial burden of CS diarrhea (mean 6.3
bowel movements per day) and other CS symptoms, parti-
cularly nausea (mean, 8.4/10) and urgency (mean, 8.2/10).

CS Symptom Changes from Baseline

Patients receiving TE for at least 3 months who had base-
line and >1 follow-up value reported significant improve-
ments in CS diarrhea and all CS symptoms. Included
patients had follow-up symptom ratings through 3 months.
Mean (SD) daily bowel movements were reduced 64%
after 3 months of TE treatment, from 6.3 (3.3) at baseline
to 2.3 (2.8) per day (mean reduction, —3.99 [3.8];

~

Patients enrolled in nurse support program,
n=1318 (82%)

Did not enroll in nurse support program, n=285 (18%)

~

Patients receiving TE for 3 months, n=931 (71%)

A 4

Discontinued TE within 3 months, n=387 (29%)
Patient deceased (n=24)
Patient or prescriber decision (n=93)
Lost to follow-up (n=72)
Side effect/adverse event (n=52)
Other reason (n=146)

A 4

Missing data required for analysis, n=247 (27%)

Patients contributing evaluable data for analysis,
n=684 (73%)

Figure | Patient eligibility for the TELEPRO-II analytic sample.
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Table | Baseline Demographic and Clinical Characteristics

Patients, n (%) Unless Noted Otherwise All TE Patients (n=1318) Analysis Cohort (n=684) Discontinued TE (n=387)
Gender, female 713 (54) 367 (54) 223 (58)
Age, y
<44 82 (6) 39 (6) 24 (6)
45-64 568 (43) 304 (44) 162 (42)
265 659 (50) 334 (49) 201 (52)
Not reported 9( 7(1) 0
Health insurance type
Commercial 568 (43) 285 (42) 180 (47)
Medicare 489 (37) 244 (36) 152 (39)
Medicaid 62 (5) 37 (5) 13 (4)
Other or unknown 199 (15) 118 (17) 42 (1)
Somatostatin analog treatment
Immediate release 91 (7) 62 (9) 26 (7)
Long-acting, octreotide 738 (56) 437 (64) 236 (61)
Long-acting, lanreotide 302 (23) 186 (27) 88 (23)
CS symptom burden, mean (SD)*
Daily bowel movement frequency 5.1 (3.8), n=1318 6.3 (3.4), n=684 6.1 (3.2), n=387
Daily flushing episodes 3.0 (3.2), n=862 3.1 (3.3), n=538 3.0 (3.0), n=321
Stool consistency (1-10) 6.6 (2.0), n=1075 6.5 (1.8), n=68I 6.7 (2.3), n=381
Nausea severity (0-10) 8.4 (2.9), n=223 8.4 (2.9), n=165 8.6 (3.1), n=56
Abdominal pain (0-10) 6.5 (3.2), n=726 6.8 (3.2), n=461 5.9 (3.1) n=264
Urgency severity (0—10) 8.2 (2.3), n=1034 8.3 (2.2), n=661 7.9 (2.3), n=369
Notes: *0-10 scale: 0=R“no symptoms”, 10="“worst imaginable symptoms”; 110 scale: I1="very hard”, 10="watery”.
Abbreviations: CS, carcinoid syndrome; SD, standard deviation; TE, telotristat ethyl.
P<0.0001; Figure 2A). Other CS symptoms with the high- Discussion

est baseline burden, nausea severity and urgency severity,
respectively, were reduced 73% (8.4/10 [2.9] to 2.2/10
[4.1]; mean reduction, —6.16 [4.4]; P<0.0001) and 66%
(8.2/10 [2.3] to 2.9/10 [3.9]; mean reduction, —5.42 [4.1];
P<0.0001; Figure 2B). Patients also reported significant
3-month reductions in stool consistency and abdominal
pain, 55% and 73%, respectively. Daily flushing episodes
were reduced 73% from 3.0 (3.2) to 0.9 (2.0) per day
(mean reduction, —2.23 [3.3]; P<0.0001; Figure 2C).

The majority of patients reported >30% reduction in
daily bowel movement frequency after 3 months of TE
treatment (503/684, 74%). Nearly all of these patients also
reported improvements in other CS symptoms (range, 76—
87%; Figure 3). Of those who did not report >30%
improvement in bowel movement frequency, most patients
reported improvement (lower symptom severity scores) in
nausea severity (62%, n=24) and daily flushing episodes
(66%, n=98). This subgroup also reported improvements
in abdominal pain (50%, n=60), urgency severity (38%,
n=64), and stool consistency (24%, n=44).

This real-world study of patient-reported experience
demonstrated significant improvements in CS symptoms
in the first 3 months of TE initiation when added to
a somatostatin analog, and further supports findings from
the TELEPRO study. The baseline burden of CS symp-
toms was high in this population despite having received
SSAs, confirming the need for treatments that improve
symptoms of CS. Many patients who did not achieve
>30% reduction in daily bowel movement frequency still
experienced reductions in CS symptoms.

Our findings are consistent with the known effects of
reducing peripheral serotonin production on CS symptoms
and with previous observational studies of TE treatment in
clinical practice.'*'° Elevated serotonin is associated with
proliferative effects on fibroblasts in both the small bowel

1921 and with increased

mesentery and cardiac valves
l-year mortality for patients with CS.*? Serotonin has
further been associated with increased secretion, motility,

and inflammation in the gastrointestinal tract, contributing
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Figure 2 CS symptom mean changes from baseline. (A) Daily bowel movement frequency. (B) Stool consistency, nausea, abdominal pain, and urgency. (C) Daily flushing

episodes. *P<0.0001.

to CS diarrhea. TE is postulated to improve these symp-
toms by reducing tumoral production of serotonin.*®

Our findings are consistent with and confirm the find-
ings from TELEPRO-L'> TELEPRO-II included a larger
sample of TE patients (684 vs 369 in TELEPRO-I) with
generally similar proportions opting in to the nurse support

program (82% and 88%, respectively) and providing

evaluable data (73% and 62%, respectively). Both studies
showed a high burden of pre-TE bowel movement fre-
quency (mean of 6.3 per day in both studies), stool con-
sistency (means of 6.5 and 6.6/10 in TELEPRO-II and
TELEPRO-I, respectively), and daily flushing episodes
(means of 3.1 and 3.0, respectively). Improvements in
bowel movement frequency appeared generally greater in
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B >30% decrease

Urgency Severity Nausea Severity

100%

80%

60%

40%

Proportion of Patients (%)

20%

0%
230%
(n=491)

<30%
(n=170)

230%
(n=126)

<30%
(n=39)

Stool Consistency

84% '4'/ I ‘5/. .7/0

230%
(n=500)

<30% decrease

Abdominal Pain  Daily Flushing Episodes

<30%
(n=181)

230%
(n=341)

<30%
(n=120)

230%
(n=389)

<30%
(n=149)

Figure 3 Proportion of patients with improved CS symptoms (lower post-baseline symptom rating) by level of improvement in daily bowel movement frequency (230%

decrease or <30% decrease).

TELEPRO-II (3.99 fewer per day at Month 3 vs 2.1 in
TELEPRO-I), as did improvements in stool consistency
(3.7- and 1.4-point mean reductions, respectively) and
daily flushing episodes (2.2- and 1.3-point mean reduc-
tions, respectively). Scoring was changed from 100- to 10-
point scales for urgency, abdominal pain and nausea sever-
ity for TELEPRO-II, but patients reported improved symp-
toms across all timepoints in both studies.

Our study is the largest real-world analysis of patient-
reported improvements after TE treatment reported to date,
providing data on a large patient cohort with CS treated with
TE over 3 months. Of note, this was a single-arm observa-
tional study where patients served as their own controls, and
findings should be interpreted in this context. Additionally,
nurses administering the telephone interviews were
unblinded to patient treatment status. Patients declining to
participate in the specialty pharmacy nurse support program
(18%) and overall attrition of participants over time may
have contributed to potential selection bias that could not be
evaluated, though baseline characteristics were similar

across the TE treatment and discontinuation groups.

Conclusions

In summary, our study provides further evidence of signifi-
cant, clinically meaningful improvements in CS symptoms
among a large cohort of patients receiving TE in real-world

clinical practice. Further studies, with longer follow-up, are
warranted to explore the impact of reduced peripheral sero-
tonin on longer-term complications of CS including mesen-
teric fibrosis and cardiac valvular disease.
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