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Purpose: Neuroendocrine tumors (NETs) associated with carcinoid syndrome (CS) over-
produce serotonin, mediated by tryptophan hydroxylase-1 (TPH1). The TPH inhibitor telo-
tristat ethyl (TE) reduces peripheral serotonin and relieves CS symptoms. We conducted
a real-world clinical practice study to explore the effects of TE on tumor growth in patients
with NETs and CS.

Patients and Methods: Single-arm, pre/post chart review study of patients with advanced
NETs who received TE for >6 months and had >2 radiological scans within 12 months before
and >1 scan after TE initiation. Linear regression and longitudinal analyses assessed changes
in tumor size controlling for background NET treatment.

Results: Two hundred patients were enrolled, most (61%) had well-differentiated gastrointest-
inal NETs (61%) and received TE for an average of 12 months (SD, 7.3). Mean reduction in
tumor size after TE initiation was 0.59 cm (p=0.006). Longitudinal analysis showed an 8.5%
reduction in tumor size (p=0.045) from pre- to post-TE periods. Documented NET treatment
prior to initiating TE and time between scans were not significant predictors of changes in tumor
size. Results were consistent in a subgroup of patients with the same documented NET treatment
before and after initiating TE.

Conclusion: TE may have antitumor effects consistent with serotonin overproduction in
tumor growth.

Keywords: neuroendocrine tumors, carcinoid tumor, malignant carcinoid syndrome,
telotristat ethyl, octreotide, lanreotide

Introduction
Secretory neuroendocrine tumors (NETs) that produce the carcinoid syndrome (CS) are
associated with overproduction of serotonin, a product of tryptophan metabolism,
which causes intestinal motility, excessive bowel movements and carcinoid syndrome
diarrhea (CSD).' Approximately 20-35% of patients with well-differentiated NETs
(mainly of small bowel origin) experience CS, many of whom (up to 70% in older
studies) may develop carcinoid heart disease from serotonin-driven development of
endocardial fibrotic plaques in the heart.*™®

In vitro studies have shown proliferative effects of elevated serotonin (5-hydroxy-
tryptamine; 5-HT) on NETs, and elevated serotonin has been associated with increased
1-year mortality for patients with NETs and CS.°'> Animal models have shown
increased levels of tryptophan hydroxylase 1 (TPH1), which synthesizes serotonin, to
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be correlated with tumor size and growth, and have suggested
that inhibition of TPH1 and peripheral serotonin may have
antitumor effects.'> '

The primary goals of treatment for advanced NETs are to
suppress tumor growth and relieve symptoms. Somatostatin
analogs (SSAs) have historically been the initial standard of
care for patients with NETs and have demonstrated antipro-
liferative effects in clinical trials and observational
studies.!” ' Pivotal data supporting the antitumor effects of
SSAs are from the PROMID and CLARINET randomized
controlled trials of octreotide (Sandostatin® LAR Depot,
Novartis Pharmaceuticals, East Hanover, New Jersey) and
lanreotide (Somatuline® Depot, Ipsen Biopharmaceuticals,
Inc., Cambridge, Massachusetts), respectively, including the
improved time to tumor progression after 6 months of octreo-
tide versus placebo (14.3 vs 6.0 months) and improved
progression-free survival with lanreotide versus placebo
(65% vs 33% at 24 months) among other outcomes.'”"'®
These trials were preceded by several single-arm and com-
parative prospective clinical practice studies and have since
been followed by retrospective database analyses.'®2*

The TPH inhibitor telotristat ethyl (TE; Xermelo™,
Lexicon Pharmaceuticals, Inc., The Woodlands, Texas)
reduces the production of peripheral serotonin and is
approved for the treatment of CSD in combination with
SSAs.*® In the TELESTAR pivotal trial, TE 250 mg reduced
levels of the serotonin marker 5-hydroxyindoleacetic acid
(5-HIAA) by a mean of 40.1 mg/24h after 12 weeks com-
pared with an increase with placebo of 11.5 mg/24h.?® While
the ability of TE to improve CSD and CS symptoms has been
demonstrated in clinical trials and real-world clinical practice
studies, the potential antiproliferative effects and associated
clinical outcomes of serotonin reduction from TE treatment
have not been investigated.”*** Similar to the early clinical
practice studies exploring the potential antiproliferative

1924 e conducted a medical chart

effects of octreotide,
review study to explore the potential antiproliferative effects
of TE on tumor size and growth in patients with advanced

NETs and CS.

Materials and Methods

Study Design and Participants

The TELEACE study is a retrospective, single-arm, pre-post
physician panel-based chart review of patients who received
TE for at least 6 months. Participating physicians were
recruited by a professional recruiting organization (Dynata,
Plano, TX, USA). Physicians had to have treated > 1 patient

with TE who had been diagnosed with advanced (unresect-
able, locally advanced or metastatic) NET and documented
CS according to the patient’s medical record within the past
12 months. Physicians also had to have available records of
the tumor size and tumor response before and after TE
initiation for each eligible patient. Participating physicians
were blinded to the identity of the study sponsor and the
study sponsor was blinded to participating physicians. This
retrospective chart review maintained the anonymity of
patients’ medical records that were abstracted for review
and analysis. The New England Independent Review
Board® (https:/neirb.com) reviewed the study protocol and
electronic case report form and determined the study to be
exempt from IRB review due to the retrospective observa-
tional nature of this medical chart review study, with a waiver
of participant consent for records research. The study was
conducted in compliance with the principles set forth by the
Declaration of Helsinki and further actions were taken to
ensure patient privacy and confidentiality. A randomization
scheme was implemented during chart abstraction where
a random sequence of letters was generated to determine
the selection of each medical chart for review; the letters
were not retained or recorded. An automatically generated
date shift (addition or subtraction of a randomly generated
number of days) was assigned to each patient to further
preserve the de-identification of collected data.

Adults (> 18 years) who received TE treatment after
a confirmed advanced NET diagnosis and documented CS
in the medical record were eligible for participation.
Patients had to have received TE for > 6 months and had
to have > 2 radiological scans in the 12 months prior to TE
initiation and > 1 scan after TE initiation. Patient records
also had to have treatment information related to NET and
CS for > 6 months after TE initiation or until death.
Eligible patients could not have a histologically poorly
differentiated NET based on grade (G3) or Ki67 index >
20%, mixed tumor types according to physician notes, or
documented enrollment in any clinical trial during the 6
months following TE initiation.

Outcomes

The primary endpoint was change in tumor size between pre-
and post-TE periods, defined as the sum of the longest
diameters of target lesions as reported from radiological
scans reported on separate dates in the patient’s medical
record. Radiological scans were compared directly at the
time of the last scan. The scan technique and quality modality
were to remain constant; different radiologists may have
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performed the scans. Tumor size was calculated for patients
with > 2 radiological scans during the pre-TE period and > 1
scan during the post-TE period (Figure 1). Target lesion and
radiological scan information were based on that provided in
the patient’s medical record. Secondary outcomes included
physician-assessed tumor response (“improved”, “stayed the
same”, or “worsened”). Physician assessment of tumor
response based on the radiology report has been shown to
be an effective assessment of tumor burden in real-world
medical chart review studies where the information required
for the Response Evaluation Criteria in Solid Tumors
(RECIST) is not typically available.”’ Changes in urinary
5-hydroxyindoleacetic acid (5-HIAA) were measured pre-TE
treatment and from available post-TE follow-up samples.

Statistical Analysis

A sample size of 95 patients was required based on
a 2-sided Wilcoxon signed-rank test with 80% power to
detect a 3 percentage point change in tumor size measure-
ments between pre- and post-TE periods. Descriptive sta-
tistics were used to summarize the difference in tumor size
between the radiological scan performed immediately
before TE initiation and the last radiological scan per-
formed after TE initiation, as well as physician-assessed
tumor responses and changes in urinary 5-HIAA before and
after TE initiation. Linear regression was used to assess
change in tumor size after TE initiation, controlling for
SSA treatment and additional non-SSA NET treatment
(background treatment) before TE initiation. Longitudinal
analyses of changes in tumor size used a generalized esti-
mation equation with a log link and unstructured covariance
matrix to model the repeated tumor scans in the pre- and
post-TE periods, controlling for background NET and CS
treatment: log(yij) = fo + pitij + fSSA_pre;; + f3Additional
tx_pre;; + f4Post_TE;; (Where y;; = tumor size for patient i at
time j; t;; = months since first tumor scan for patient i at time
J; SSA_pre;; = indicator for the presence of documented
SSA treatment during pre-TE initiation period for patient

i at time j; additional tx_pre;; = indicator for the presence of
documented additional non-SSA NET treatment during pre-
TE initiation period for patient i at time j; post TE; =
indicator for post-TE period for patient i at time j).
Confirmatory analyses were conducted in a subgroup of
65 patients who had the same background NET treatment
before and after TE initiation to isolate the effect of TE. All
analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

Results

Study Population

A total of 114 physicians participated in the study, predomi-
nantly from community care settings (62%); nearly all (98%)
were oncologists. Medical charts for 200 patients who
initiated TE during the study period were included, with
a mean of 1.8 charts per physician. The mean age of patients
was 61 years and 57% were men; most patients had well-
differentiated NETs (61%) with a gastrointestinal primary
tumor site (61%; Table 1). Patients received TE for an aver-
age of 12 months (SD, 7.3) and a median of 9 months (IQR,
6.8—15.2). Most patients (82%, 163/200) were still receiving
TE treatment at the time of data collection. Nearly all patients
with recorded SSA treatment information received long-
acting octreotide or lanreotide prior to and concurrently
with TE treatment (Table 1). A subgroup of 65 patients
with the same documented pre- and post-TE NET treatment
had a mean duration of TE treatment of 11.4 months (SD, 7.0;
median, 7.7) and mean duration of post-TE NET treatment of
12.4 months (SD, 7.9; median 8.1).

Patients had a mean of 2.3 (SD, 0.7) documented
radiological scans during the 12 months before TE treat-
ment and 1.2 (SD, 0.6) after TE initiation (median, 2.0 and
1.0, respectively). The mean time from the first scan to TE
initiation was 5.6 months (SD, 4.7) and from TE initiation
to the last scan was 7.2 months (SD, 6.3; Figure 1). Most
scans were based on computed tomography, followed by
%8Ga-DOTATOC somatostatin receptor positron emission

Scan Scan TE Scan
D1 D2 Initiation D3
4 - hd ~ o [
N v

D1 to D2 (n=200)
Mean (SD): 4.1 (3.7) months
Median (IQR): 3.1 (0.7, 6.7) months

! D1 to Index (n=200)

Mean (SD): 5.6 (4.7) months
Median (IQR): 5.9 (0.6, 10.1) months

Index to D3 (n=200)
Mean (SD): 7.2 (6.3) months
Median (IQR): 5.7 (3.2, 9.4) months

Figure | Radiological scans during pre- and post-TE treatment periods (overall population).
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Table | Patient Demographic and Clinical Characteristics Table | (Continued).
Patients (n = 200)
Patients (n = 200)
Age at TE initiation, mean (SD) 60.6 (10.2)
Male, n (%) 13 (57) Radiological scans performed, n (%) (n=450) (n=241)
CcT 256 (57) 135 (56)
Race, n (%) SSTR-PET 117 (26) 62 (26)
White 148 (74) MRI 62 (14) 22 (9)
Black or African American 35 (18) Somatostatin receptor scintigraphy (eg, 47 (10) 30 (12)
Asian 13 (7) Octreoscan™)
Native American or American Indian 3(2) Fluorodeoxyglucose (FDG)-PET CT 14 (3) 94
Unknown/not sure 3(2) Ultrasound 12 3) 6 (3)
Endoscopic ultrasound 7() 2(1)
Ethnicity, n (%) Other® 3(1) 2(1)
Hispanic 24 (12)
Non-Hispanic 176 (88) Notes: Percentages may not sum to 100% due to multiple treatments per patient
or due to rounding. 2Gastrointestinal tumor sites included: appendix, cecum, colon,
NET histologic differentiation, n (%) duodenumb, ileum, jejunum, rectum, small bowel, small bowel mesentery, and
Well differentiated 122 (61) stomach. “Other therapies-in‘cluded peptide-receptor radionuFIide Fherapy (Lu-
177), external beam radiation, and peptide-receptor radionuclide therapy
Moderately differentiated 78 (39) (yttrium-90). “Other types of radiological scans included “bone scan” and
“unknown type of scan” pre-TE and “bone scan” and “femur plain films” post-TE.
. . o
Primary site of tumor, n (%) Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging;
Gastrointestinal tract® 121 (61) NET, neuroendocrine tumor; PET, positron emission tomography; SD, standard
Pancreas 52 (26) deviatior-u sSA, somatostatin analog; SSTR-PET, somatostatin analog receptor posi-
Lung, bronchus, larynx, trachea, other 19 (10) tron emission tomography.

respiratory organ

Unknown primary origin 8 (4)

ECOG performance status, n (%) tomography (SSTR PET), and magnetic resonance ima-

0 61 (31) ging (MRI; Table 1).
| 111 (56)
2 26 (13 . . .
i (9 Change in Tumor Size and Serotonin
nknown/not sure 2(1)
- Levels

Pre-TE tumor response by physician assessment,

n (%) In the overall population, mean tumor size was 3.9 cm (SD,
Improving 61 (31) 2.2; median, 3.5 cm) during the pre-TE period and decreased
Stable 103 (32) by 0.59 cm after TE treatment (95% CI: —1.01, —0.17;
Worseni 33 (17 . L .

orsenne 7 P=0.006; Table 2). Regression analysis indicated that addi-

Treatment and radiological scans Pre-TE Post-TE tional non-TE NET treatment with or without SSA treatment

nitiation | Initiacion prior to initiating TE was not a significant predictor of post-

Patients with recorded SSA treatment (n=95) (n=160) TE reduction in tumor size (P=0.26 and P=0.79, respec-

information, n (%) tively). A confirmatory analysis in a subgroup of 65 patients
Octreotide, short-acting or rescue use 5(5) 15 (9)

Octreotide, long-acting release 66 (69) 95 (59) who had the same non-TE NET treatment before and after
Lanreotide 28 (29) 51 (32) TE initiation (including SSA and non-SSA treatment)
Pasireotide 0 300 yielded similar results as the primary analysis (mean tumor

Patients with recorded non-SSA NET (n=35) (n=52) size decrease of 0.63 cm, 95% CI: —1.24, —0.02; P=0.044).

treatment information, n (%) In the longitudinal analysis of tumor growth, tumor
Liver-directed therapy (non-surgical) 12 34) o (17 size decreased 8.5% in the post-TE period (95% CI: —
Surgery 12 (34) 13 (25)

Chemotherapy 10 29) 15 (29) 16.1%, —0.2%; P=0.045). Pre-TE SSA treatment, pre-TE

Targeted therapy 4(1) 13 (25) non-SSA NET treatment, and time since first radiological

Interferon 2(¢) 5(10) scan were not significant predictors of change in tumor
b

Other therapy 26 1009 size (All P > 0.05). A descriptive posthoc assessment of

(Continued) changes in tumor size by primary tumor site and type of
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Table 2 Change in Tumor Size After TE Initiation (Overall Population)
Parameter Estimate 95% CI P value
Estimated impact on post-TE tumor size
TE treatment -0.59 -1.01, -0.17 0.006*
SSA prior to TE initiation 0.25 -0.19, 0.68 0.263
Non-SSA NET treatment prior to TE initiation 0.08 -0.49, 0.65 0.793
Longitudinal analysis of change in tumor size from pre-TE to post-TE period
Difference in tumor size pre- vs post-TE —8.5% —16.1%, —0.2% 0.045*
Covariate estimates
Time since first scan, months 0.5% 0, I.1% 0.057
SSA prior to TE initiation —7.6% —-19.0%, 5.3% 0.235
Non-SSA NET treatment prior to TE initiation 9.4% —-8.9%, 31.5% 0.335

Note: *Statistically significant at the P < 0.05 level.

Abbreviations: Cl, confidence interval; NET, neuroendocrine tumor; SSA, somatostatin analog; TE, telotristat ethyl.

radiological scan was consistent with the primary findings
(Supplementary Table S1).

A small sample of patients (n=22) had urinary 5-HIAA
values available in both the pre- and post-TE treatment

periods. Mean urinary 5-HIAA levels decreased from
72.5 mg/24 hrs (SD, 98.0) before TE initiation to
43.6 mg/24 hrs (SD, 54.7) after TE initiation (P<0.001).

Physician-Assessed Tumor Response

Physician assessment of tumor response was favorable
during the TE treatment period (Figure 2). The majority
of tumors determined to have worsened in the pre-TE
treatment period were improved or stable (81%) after TE
initiation. Stable pre-TE tumors were nearly all improved
or stable after TE (94%), as were improved pre-TE tumors
(97%). Findings were similar in the subgroup of patients
with the same SSA or non-SSA NET treatment before and
after TE initiation, despite small sample sizes particularly
for the group of 6 patients with worsened pre-TE tumors.

Discussion
This retrospective chart review showed reductions in
tumor size among patients with advanced NETs and CS
receiving TE in US clinical practice. Post-TE changes in
tumor size were not attributable to other NET treatments,
including SSAs, or the timing of radiological scans used to
assess tumor size. Findings were similar in a subgroup of
patients with the same documented SSA or non-SSA NET
treatment before and after TE initiation, suggesting
a likely independent effect of TE on tumor size.

These findings are consistent with those from the early
studies exploring the potential antiproliferative effects of the

SSAs octreotide and lanreotide, though the early SSA stu-
dies tended to have smaller sample sizes and included many
patients with a lower prevalence of CS.'*%3% Aparicio et al
(2001) reported arrested tumor growth in 60% of patients
for a median of 11 months among 35 patients treated with
octreotide or lanreotide.* No difference in antitumor effect
was reported with higher doses or between SSAs. The
single-arm octreotide studies with >50 patients with
advanced, well-differentiated NETs reported stable discase
in 47-49% of patients treated for a median of 12-14
months,*'** and in 13% of those treated for > 6 months.*
The median TE treatment duration of 9 months in this study
corresponded to a majority of patients showing stable or
improved disease after TE initiation across all categories of
pre-TE tumor growth assessments (81-97%). This finding
remained consistent in the smaller subgroup of 65 patients
who had the same pre- and post-TE NET treatment.

The observed reduction in urinary 5-HIAA levels from
the pre- to post-TE treatment periods was consistent with the
known mechanism of serotonin reduction with TE, though
the subgroup with available laboratory values was small. It
should be noted that the effect of TE on tumor growth has not
been thoroughly evaluated in pancreatic NET cell lines. TE
has recently shown a reduction in tumor growth in cell lines
derived from colon cancer, liposarcoma, and
cholangiocarcinoma.®® Our findings in patients treated in
clinical practice are of interest when considering the potential
antiproliferative effects of TE in patients with NETs.

This medical chart review of patients in real-world US
clinical practice was not limited to the strict patient eligibility
criteria of experimental trials, though the observational nat-

ure of the study could not account for any potential influence
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64%

L 51%
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c

Q

2 36%

& 30%

18%
60
3% %
_
Pre-TE Improving Stable Worsening
Tumor Response (n=61) (n=103) (n=33)
B mImproved # Stayed the Same Worsened
77%
7
57%

S

2

8 39%

Ky % 33% 33% 33%

23%
4%
I ) 0%
Pre-TE Improving Stable Worsening

Tumor Response (n=23) (n=35) (n=6)

Figure 2 Post-TE physician assessment of tumor response by pre-TE assessment. (A) Overall population (n = 200). (B) Same SSA and NET treatment subgroup (n = 65).

of unmeasured variables. To enhance the external validity of
the study and to reduce confounding, a randomization
scheme was implemented during the chart abstraction pro-
cess. The pre-post design, where participants served as their
own controls, reduced the potential for confounding and
eliminated the challenge of selecting an appropriate control
group. Nevertheless, the retrospective, non-randomized
design may still have been affected by potential biases
including measurement error, non-random missing data,
and external validity. The use of TE in clinical practice was
observed in a variety of NET types beyond those typically
associated with CS. Data extraction from electronic medical
records with an average of 1.8 charts per physician did not
provide a comprehensive view of clinical practice patterns

for a given physician, including the use of SSA or TE, and
was limited to charts with documented radiological scan
reports. A self-selection bias may have been present among
the physicians who chose to participate and responded to the
online chart review invitation, and selection bias may have
been present as the proportion of eligible charts submitted by
each physician was unknown. The assessment of radiological
scans and assessment schedules across clinical sites and
physicians was heterogeneous, and complete data may not
have been available in all medical records. A RECIST-based
approach was unavailable for this real-world chart review
study, but a clinician-based assessment derived from the
medical charts and supported by the radiology report was
the most feasible method for characterizing tumor response
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and has been shown to be effective in assessing tumor burden
in real-world chart review studies.?’ The sample size was
adequate for the primary analysis of tumor size, but sub-
analyses included some small subgroups. The longitudinal
analysis evaluating the association between TE treatment and
change in tumor size utilized all radiological scans, lever-
aging as much information as possible although the follow-
up duration was short. The longitudinal analysis also
addressed variability in the time intervals between scans in
the pre- and post-TE periods.

This is the first investigation of antiproliferative effects
of TE in patients with advanced NETs and CS. While
additional prospective clinical studies are needed, these
exploratory findings are consistent with the known precli-
nical mechanisms of serotonin as a potential promoter of
tumor growth and the potential antiproliferative effects of
TPH inhibition. This real-world clinical practice study
showed a potential role for TE treatment to inhibit tumor
growth in patients with NETs.
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