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controlled by SSA therapy include aggressive, invasive measures such as surgical debulking of 
liver metastases and ablation of metastases via hepatic artery embolization.  Interferon injections 
have been used off label to palliate refractory diarrhea; publications caution to monitor for the 
toxicities associated with interferon.1  Dose escalation of SSA therapy can be attempted, but can 
result in pancreatic insufficiency, which in turn can lead to fat malabsorption and steatorrhea.  

The results of the primary efficacy analysis of Study LX301 revealed a difference between the 
Xermelo 250 mg TID arm and placebo in change from baseline in number of bowel 
movements/day averaged over 12 weeks of -0.8 (CI: -1.3, -0.3), p<0.001 (based on Hodges-
Lehmann estimates).  The results were statistically persuasive, but there were questions raised 
about the clinical meaningfulness of these results.  The Clinical Outcomes Assessment (COA) 
reviewers analyzed data from various anchor measures that were captured in the clinical trial and 
concluded that the observed impact of Xermelo on bowel movement frequency in this trial 
resulted in a clinically meaningful within-patient change in Study LX301.  Although the group 
mean change relative to placebo was not dramatic, it must be recognized that serotonin is not the 
sole cause of diarrhea in carcinoid syndrome. An exploratory analysis of proportion of patients 
who experienced various reductions of stool frequency (e.g., -1, -2, -3, etc.) revealed that 33% of 
patients on Xermelo 250 mg experienced a mean reduction of bowel movement frequency of 
2/day, compared to only 4% of placebo arm patients. The higher Xermelo dose studied, 500 mg 
TID, was associated with efficacy similar to that observed in the lower dose arm [500 mg = -0.7 
(CI:-1.2, -0.2)], and there was no clear benefit associated with the higher dose relative to the 
lower dose. 

The most common adverse reactions associated with Xermelo 250 mg in Study LX301, which 
occurred in at least 5% of Xermelo group patients (and exceeded placebo) were nausea, 
headache, elevated gamma glutamyl transferase and ALT, depression (when depression and 
depressed mood and disinterest are combined), peripheral edema, flatulence, decreased appetite 
and pyrexia.  In the Xermelo 250 mg arm of the second trial (Study LX303), abdominal pain, 
constipation, abdominal distension, edema, pyrexia and fatigue occurred in at least 5% and 
exceeded placebo. 

The incidence of abdominal pain (“abdominal pain” plus “upper abdominal pain”) was higher in 
the Xermelo 500 mg arm than in the 250 mg arm in Study LX301.  Incidence of “upper 
abdominal pain” was higher in the 500 mg arm than the 250 mg arm of Study LX303.  In Study 
LX301, there was also a higher incidence of nausea, vomiting, fatigue, elevated ALT, fatigue, 
and hypokalemia associated with 500 mg compared to 250 mg. In Study LX303 and in the 
combined datasets from the randomized, controlled trials, there was a higher incidence of 
constipation associated with Xermelo compared to placebo.  Constipation only occurred as a 
TEAE in Study LX301 at the 500 mg dose level; however, it occurred at both Xermelo dose 
levels in Study LX303, which enrolled patients with a lower baseline stool frequency than in 
Study LX301.  It is possible that patients with a stool frequency of <4/day may be more 
susceptible to developing constipation on Xermelo; however, the NDA did not include a trial that 
provided a within-study comparison of this risk between the two populations (we are limited by 
the limitations of cross study comparisons), and the sample sizes are too small to make definitive 
conclusions regarding increased risk for constipation with lower baseline stool frequency.   

1 Singh S. et al.  Cancer treatment Reviews.  2016; 47: 32-45.  
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Patients were treated with only the Xermelo 500 mg dose level in an extension study, and 10/115 
in the extension phase experienced constipation; one developed intestinal perforation and one 
developed obstruction. All constipation SAEs associated with Xermelo (n=6; one in Study 
LX301 and the remainder in the extension study) occurred at the 500 mg dose level.  

 the lack of higher efficacy associated with the higher 500 mg TID Xermelo dose level, 
and the higher incidence of some adverse reactions associated with that dose level,  

 The product label will include a Warning and Precaution, 5.1 
Constipation that describes the constipation (in 4/25 patients) associated with the 250 mg dose 
level (the recommended dose in the product label) in a trial that enrolled patients with a stool 
frequency of <4 bowel movements/day, as well as the constipation associated with a Xermelo 
dose higher than recommended dose in patients with 4 or more bowel movements/day 
(constipation TEAEs in 2/45 in this population).  The Warning will specifically describe the 
different baseline stool frequencies in the trials.  Furthermore, 5.1 will state:

“Given that patients with metastatic carcinoid tumors may have impaired integrity of the 
gastrointestinal tract wall, monitor for the development of constipation and/or severe, 
persistent, or worsening abdominal pain in patients taking Xermelo.  Discontinue 
Xermelo if severe constipation or severe persistent or worsening abdominal pain 
develops.”

Subgroup analyses of safety and efficacy revealed no clear evidence that patients ≥65 years of 
age respond differently to Xermelo or have a different adverse reaction profile compared to 
patients <65 years of age. Similarly, subgroup analyses by sex revealed no clear differences 
between males and females. The integrated safety analysis of the two phase 3 trials suggested 
that females may experience more experience more hypokalemia with Xermelo than men, 
including at the 250 mg dose; however, the sample sizes in the subgroups are small, which 
makes it impossible to draw firm conclusions regarding these results. 

The identified risks associated with Xermelo, an oral medication taken TID, are acceptable in a 
population of patients with metastatic carcinoid tumor and severe diarrhea associated with 
carcinoid syndrome, whose diarrhea symptoms are not controlled by somatostatin analog 
therapy.  The reduction of bowel movements/day observed in Study LX301 was persuasively 
statistically significant and there was evidence, based on analysis of patient reported anchor data, 
that the within-patient change observed in the trial was clinically meaningful. There are currently 
no approved drugs for this indication and the available alternative treatments are 
invasive/surgical interventions or a drug (interferon) associated with significant toxicities. The 
risks can be adequately managed through labeling.  No REMS is necessary.  PMRs will be 
required to evaluate the carcinogenicity of the product, its interaction with transporters and its 
interaction with CYP enzymes.

Additionally, a PMC was requested to address a knowledge gap related to whether co-
administration with an acid reducing drug, such as a proton pump inhibitor, would result in 
reduced bioavailability of telotristat ethyl and reduced efficacy.  (Xermelo reduced solubility of 
at pH’s >3, which could be achieved with drugs that inhibit gastric acid production.)  
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See Sections 4 and 5 of this review, or the approval letter, for the wording of the PMRs and the 
PMC.   

In summary, the benefits of Xermelo outweigh the risks in patients with adult patients with 
carcinoid syndrome associated diarrhea that is inadequately controlled on SSA therapy.  
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2. Background

Telotristat ethyl is a first-in-class new molecular entity.  It is the ethyl ester prodrug of the 
active moiety, telotristat. Metabolism of telotristat ethyl to the active metabolite, telotristat, 
occurs through the activity of carboxylesterases.  Both telotristat ethyl and telotristat are 
inhibitors of tryptophan hydroxylase. Tryptophan hydroxylase is the rate-limiting enzyme in 
the biosynthesis of serotonin from tryptophan.  Neuroendocrine tumors, such as carcinoid 
tumors, excessively produce serotonin; high systemic levels of serotonin stimulate intestinal 
secretion and motility resulting in secretory diarrhea.  The product is intended to treat diarrhea 
associated with carcinoid syndrome in patients with metastatic neuroendocrine tumors. The 
drug was granted orphan designation for this indication on July 8, 2009.  As stated in the 
OSE/DRISK review, a publication by Yao2, et al, estimated the prevalence of neuroendocrine 
tumors in 2004 in the US to be 103,312 cases. Carcinoid tumors represent approximately half 
of those tumors,3 and it is estimated that 10% of patients with carcinoid tumors develop 
carcinoid syndrome.  Of the patients who develop carcinoid syndrome, approximately ¾ have 
diarrhea as a manifestation.  

Telotristat ethyl is not expected to be effective for treatment of non-diarrhea carcinoid 
syndrome symptoms such as flushing, valvular heart disease and abdominal pain. An impact 
on flushing would not be expected, as this sign/symptom is not associated with tumor 
production of serotonin.  Flushing is related to kallikrein/bradykinin and histamine production.

As noted in the Clinical review, secretory products of carcinoid tumor cells other than 
serotonin, including the vasoactive molecules kallikrein/bradykinin, prostaglandin, tachykinins 
and histamine, may also produce diarrhea.  For this reason, a drug that targets production of 
serotonin would not necessarily be expected to significantly reduce diarrhea associated with 
carcinoid syndrome.  

5-HIAA is a metabolite of serotonin, and urinary 5-HIAA (u5-HIAA) elevations are detected 
in patients with carcinoid tumors, particularly midgut carcinoid tumors.  A correlation between 
u5-HIAA levels and severity of diarrhea has not been established.  

The products currently specifically approved to treat the symptoms of metastatic carcinoid 
tumors include various formulations of the somatostatin analog (SSA) octreotide.  Carcinoid 
tumors express somatostatin receptors.  Somatostatin inhibits GI hormone and peptide release 
through binding somatostatin receptors, resulting in agonist effects.  These effects include 
inhibition of release of serotonin and other tachykinins. Octreotide subcutaneous (SQ) or IV 
injection (100 to 600 mcg/day in 2-4 divided doses) is indicated “for symptomatic treatment of 
patients with metastatic carcinoid tumors where it suppresses or inhibits the severe diarrhea 
and flushing episodes associated with the disease.  Octreotide acetate injection studies were 
not designed to show an effect on the size, rate of growth or development of metastases.”  

2 Yao JC, et al. JCO. 2008, June 20; 26:3063-72.  
3 Tomassetti P, et al.  Annals of Oncology 2001; 12 (Supple. 2):S95-S99.  

7

Reference ID: 4062622



CDER Division Director Summary Review Template 2015 Edition
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

Octreotide LAR Depots (octreotide acetate for injectable suspension) is indicated for “long-
term treatment of the severe diarrhea and flushing episodes associated with metastatic 
carcinoid tumors….the effect….on tumor size, rate of growth and development of metastases, 
has not been determined.”  It is dosed (when switched from the SQ injection formulation) 20 
mg IM intragluteally Q 4-weeks for 2 months.  Octreotide SQ injections should continue for at 
least 2 weeks in the same dosage taken before the switch.  After 2 months, dosage may be 
adjusted based on symptom control.  The product label states, “Despite good overall control of 
symptoms, patients with carcinoid tumors…often experience periodic exacerbation of 
symptoms (regardless of whether they are being maintained on octreotide injection or 
octreotide LAR depot).  During these periods they may be given octreotide injection 
subcutaneously for a few days at the dosage they were receiving prior to switching to 
octreotide LAR depot.  When symptoms are again controlled, the octreotide injection 
subcutaneous can be discontinued.”  

The Clinical Studies section of the octreotide LAR depot product label describes the clinical 
trial results of a 6 month trial in 93 patients who were responsive to octreotide (short acting) 
injection; 67 were randomized at baseline to receive 3 dose levels of octreotide LAR depot and 
26 patients continued, unblinded on their previous octreotide injection regimen three times 
daily.  The label states, “In any given month after steady-state levels of octreotide were 
reached, approximately 35-40% of patients who received octreotide LAR Depot required 
supplemental subcutaneous octreotide injection therapy, usually for a few days, to control 
exacerbation of carcinoid symptoms.  In any given month, the percentage of patients 
randomized to subcutaneous octreotide injection who required supplemental treatment with an 
increased dose of octreotide injection was similar to the percentage of patients randomized to 
octreotide LAR depot.  Over the 6-month treatment period, approximately 50-70% of patients 
who completed the trial on octreotide LAR depot required subcutaneous octreotide injection 
supplemental therapy to control exacerbation of carcinoid symptoms although steady –state 
serum octreotide LAR depot levels had been reached.”  

The following table from the octreotide (depot) product label summarizes the stool frequency 
and flushing episodes on either short or long acting octreotide.

Table 1. Average Number of Daily Stools and Flushing Episodes in Patients with 
Malignant Carcinoid Syndrome 

Treatment Daily Stools 
(Average Number)

Daily Flushing 
Episodes 
(Average Number)

n Baseline Last Visit Baseline Last Visit
Sandostatin Injection S.C. 26 3.7 2.6 3.0 0.5
Sandostatin LAR Depot
10 mg 22 4.6 2.8 3.0 0.9
20 mg 20 4.0 2.1 5.9 0.6
30 mg 24 4.9 2.8 6.1 1.0
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In a 12 month extension study, 22% prematurely discontinued octreotide LAR depot due to 
disease progression or worsening of carcinoid symptoms.  

Lanreotide acetate injection for subcutaneous use, another SSA, does not currently carry a 
symptom treatment indication in the U.S. label.  The indication focuses on treatment of the 
tumor: “is indicated for the treatment of patients with unresectable, well- or moderately-
differentiated, locally advanced or metastatic gastroenteropancreatic neuroendocrine tumors to 
improve progression-free survival”.  (Carcinoid tumor is an example of a 
gastroenteropancreatic neuroendocrine tumor.) The lanreotide dose is 120 mg injected via deep 
SQ route Q 4 weeks.  Publications in the literature report lanreotide reduces signs and 
symptoms of carcinoid syndrome.  A 2016 publication of the Canadian consensus statement4 
on diagnosis and management of gastrointestinal neuroendocrine tumors (Singh S, et al) cited 
a placebo controlled trial that evaluated lanreotide for symptom control of carcinoid syndrome 
to support a recommendation that either octreotide or lanreotide were options for symptomatic 
carcinoid syndrome. The primary efficacy endpoint of this trial was percentage days rescue 
octreotide was used.  The authors reported an absolute difference between arms of -14.8% 
(95% CI: -26.8% to -2.8%)5.  

Loss of response to SSAs is hypothesized to be due to tachyphylaxis from desensitization or 
downregulation of somatostatin receptor numbers on the tumor cell surface, antibody 
formation to somatostatin analogue, or somatostatin receptor gene mutations.6  Time to onset 
has been reported in a range of as early as 3-12 months, while Toumpanakis, et al, reported a 
later median time to onset of 19-27 months.7, 8, 9, 10 Breakthrough symptoms are managed by 
increasing the dose of SSA, changing the frequency of depot injections, administering PRN 
subcutaneous injections, or switch to a continuous subcutaneous infusion via octreotide pump.  
Resistance to SSA may be managed by tumor debulking through surgical resection or 
nonsurgical ablation, such as hepatic artery embolization.  Off label use of interferon has also 
been used for management of refractory diarrhea associated with carcinoid syndrome.3  

The regulatory history of the drug’s clinical development is documented in the Clinical 
Review.  

3. Product Quality
The OPQ reviewers have recommended approval from an OPQ perspective, and I concur.  The 
Office of Process and Facilities (OPF) made a final overall “Approval” recommendation for 
the facilities involved in this application.  A Categorical Exclusion for the Environmental 
Assessment was granted.  During the course of the NDA review, the applicant agreed to 
include elemental impurities in the drug substance specification and agreed to include a test for 

4 Singh S, et al.  Cancer Treatment Reviews 2016; 47: 32-45.  
5 Vinik AI, et al.  Endocr Pract 2016 Sep; 22(9):1068-80.  
6 Toumpanakis C and Caplin ME. Semin Oncol 2013;  40:56-68.
7 Toumpanakis, et al.  Aliment Pharmacol Ther. 2009;30:733-40
8 Ruszniewski P, et al. Gut 1996; 39:279-83.
9 O’Toole D, et al.  Cancer. 2000; 88:770-6.
10 Khan MS.  Aliment Pharmacol Ther. 2011; 34:235-42.
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These drug interaction data, which were based on co-administration of short acting octreotide, 
raised concerns about the impact of rescue short acting octreotide administration on telotristat 
ethyl’s efficacy.  However, patients in the major phase 3 trial supporting approval, Study 
LX301, were all taking depot (long acting) SSA therapy at baseline and throughout the trial, 
and nearly ¾ of patients in the telotristat ethyl arm were taking depot octreotide every 3-4 
weeks.  Once approved, telotristat ethyl will be taken concomitantly with long acting SSA.  
Therefore, one might also ask how coadministration of long acting octreotide impacts 
telotristat exposures. To explore this, the octreotide Cmax exposures associated with short 
acting and depot long acting products were compared based on information in their labels. The 
octreotide acetate for SQ (or IV) injection label states that after SQ injection of 100 µg (half 
the dose studied in the DDI study), Cmax is 5.2 ng/ml, and given that the label states that 
Cmax increases dose proportionally up to and including a 500 µg dose, the 200 µg dose 
evaluated in the DDI study may be associated with a Cmax of approximately 10.4 ng/ml.  The 
Sandostatin (octreotide) LAR depot product label states the steady state concentrations in 
carcinoid patients after a 10 mg dose = 1.2 ng/ml; after a 20 mg dose = 2.5 ng/ml; after a 30 
mg dose = 4.2 ng/ml.  Therefore, the only depot dose that approaches the SQ 100 µg Cmax is 
the 30 mg dose, and that exposure should be less than half the octreotide exposure predicted to 
be associated with the DDI study’s octreotide dose. In Study LX301, nearly ¾ of patients in 
the telotristat ethyl 250 mg were taking a long acting octreotide dose of 30 mg (and ¾ were 
taking it on a q 4 week basis). The remaining patients taking octreotide depot were taking 
higher doses (N=5) or were taking octreotide via a subcutaneous infusion delivered by a pump 
(n=1).  In contrast, on the telotristat 500 mg arm, half the patients on octreotide depot were 
taking a 30 mg dose, while 6.7% were taking a 20 mg dose, and the remaining patients were 
taking a higher dose (N=5) or were using a subcutaneous infusion via pump (N=1).   Given 
that the mechanism for the DDI is healthy subjects is unclear, and may be due to impact on gut 
motility, the lower predicted octreotide exposure associated with the depot administration 
cannot assure that there is less risk of a DDI interaction with telotristat ethyl. However, 
efficacy was established in Study LX301 in patients taking concomitant depot SSA and there 
was no evidence of increased efficacy with increased telotristat ethyl dose.  

The reviewers noted that most patients enrolled in the major randomized, controlled trials used 
rescue short acting SQ octreotide infrequently.  (The recommended daily dose is 100-600 
mcg/day in 2-4 divided doses. The maximum baseline frequency of short acting SSA 
administration reported for any patient in the clinical trials on the telotristat 250 mg arm was 
3/day and 4/day on the telotristat 500 mg arm). There were only 9 patients on the placebo arm, 
5 patients on the telotristat 250 mg arm and 4 patients on the telotristat 500 mg arm who 
administered more than one SQ octreotide dose daily; the timing of octreotide administration 
relative to telotristat administration is unknown. The sample size and absence of information 
of the timing of doses of prn octreotide relative to telotristat limited the ability to explore an 
efficacy impact of the drug drug interaction between the short acting product and telotristat 
ethyl. The reviewers recommended that labeling should state that “it is advisable to stagger the 
administration of telotristat ethyl and octreotide such that administration of telotristat ethyl is 
at least 30 minutes prior to octreotide injection”.  Section 7.2 of the label will state: “If 
treatment with short-acting octreotide is need in combination with Xermelo, administer short-
acting octreotide at least 30 minutes after administration of Xermelo.”  Section 2 Dosage and 
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Administration contains a similar statement.  The reader will also be referred to Section 14 
Clinical Studies, which includes the following statement regarding available evidence on the 
impact of the drug interaction: “In the subgroup of patients who received short-acting 
octreotide injections, observed reductions in the number of bowel movements per day and 
treatment differences were generally consistent with the reductions and differences observed in 
patients who did not receive rescue therapy, and were similar to the overall data presented in 
Table 2 above.”  

An in vitro study revealed that telotristat ethyl inhibited P-glycoprotein, but at clinically 
relevant concentrations telotristat did not. An in vivo study revealed that telotristat ethyl 
induced CYP3A4; the midazolam mean Cmax and AUC0-inf were lowered by 34% and 48%, 
respectively, with coadministration. The applicant attributed this reduction to decreased 
midazolam absorption instead of induction of CYP3A4 because a metabolite of midazolam, 
1’-hydroxymidazolam was also decreased.  The Clinical Pharmacology reviewers disagreed 
and considered that the concurrent decrease in both midazolam and 1’-hydromidazolam is 
likely due to the induction of both metabolism of midazolam via CYP3A4 and subsequent 
glucuronidation of the metabolite, 1’-hydroxymidazolam. The Clinical Pharmacology 
reviewers recommended that the effects of Xermelo on CYP3A4 be included in the label and 
that a post-marketing study to evaluate the effects of Xermelo on the induction of UGT be 
conducted.  

The reviewers concluded that the potential for telotristat ethyl, telotristat and LP-951757 (a 
major metabolite of telotristat ethyl) inducing and inhibiting CYP enzymes had not been 
adequately characterized, and LP-951757’s potential for inhibition of major transporters had 
not be adequately characterized.  The approval letter will include the following PMR studies 
under 505(o):

3152-2 In vitro drug interaction study(ies) to evaluate potential inhibition of CYP2C9 
by telotristat ethyl, inhibition of CYP2B6 and CYP2C8 by telotristat, and 
inhibition of major CYP enzymes (1A2, 2B6, 2C8, 2C9, 2C19, and 2D6) by 
LP-951757, a major metabolite of telotristat ethyl.

The timetable you submitted on February 24, 2017 states that you will conduct 
this study according to the following schedule:

Final Protocol Submission: 06/2017
Study Completion:  09/2017
Final Report Submission: 11/2017

3152-3 In vitro drug interaction study(ies) to evaluate potential induction of CYP1A2, 
CYP2B6, and UGT by telotristat ethyl and its major metabolites, telotristat and 
LP-951757.

The timetable you submitted on February 24, 2017 states that you will conduct 
this study according to the following schedule:
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Reference ID: 4062622



CDER Division Director Summary Review Template 2015 Edition
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

Final Protocol Submission: 06/2017
Study Completion:  09/2017
Final Report Submission: 11/2017

3152-4 In vitro drug interaction study(ies) to evaluate potential inhibition of major 
transporters (BCRP, OAT1, OAT3, OCT2, OATP1B1, and OATP1B3) by LP-
951757, a major metabolite of telotristat ethyl.

The timetable you submitted on February 24, 2017 states that you will conduct 
this study according to the following schedule:

Final Protocol Submission: 06/2017
Study Completion:  09/2017
Final Report Submission: 11/2017

In addition, the lack of telotristat ethyl PK data with co-administered acid reducing drugs was 
considered an important knowledge gap, from a efficacy standpoint, given that telotristat 
ethyl’s solubility is pH-dependent, i.e., solubility at neutral pH is >1000 X lower than at pH 1.  
The Clinical Pharmacology review states that telotristat ethyl has low solubility at a pH>3, 
which is achievable with PPI administration. PPIs, H2 blockers and antacids were not 
prohibited in the major clinical trial supporting this application, and 11% of placebo subjects, 
22% of telotristat ethyl 250 mg subjects, and 29% of telotristat ethyl subjects reported use of 
omeprazole.  The applicant conducted an exploratory analysis to compare efficacy between the 
subgroup of patients who used acid-reducers vs. the subgroup of patients who did not.  The 
efficacy between groups appeared similar, however, there were questions raised regarding the 
adequacy of this analysis as it was not clear whether patients had reported use of all acid 
reducing therapy (the diary did not prompt capture of this information). To address this 
knowledge gap, the following postmarketing commitment (PMC, to address efficacy), under 
506B, will be included in the approval letter:

3152-6 Evaluation of concomitant gastric acid reducers on the pharmacokinetics of 
Xermelo (telotristat ethyl).

The timetable you submitted on February 24, 2017 states that you will conduct this 
study according to the following schedule:

Final Protocol Submission: 05/2017
Study Completion:  02/2018
Final Report Submission: 04/2018

QT assessment.  A tQT study was conducted using a single 1500 mg dose of telotristat ethyl.  
The study included placebo and moxifloxacin 400 mg.  No significant QTc prolongation was 
detected associated with telotristat ethyl.  The largest upper bound of the 2-sided 90% CI for 
the mean differences between telotristat ethyl and placebo was below 10 ms.  The following 
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Study LX301 Study LX303

Population Patients with Carcinoid 
Syndrome and average ≥4 
BMs/day during run-in period, 
on a stable dose of 
somatostatin* analog therapy

Patients with Carcinoid Syndrome 
(CS), 2 groups:

On a stable dose of somatostatin analog 
(SSA) therapy and with <4 BMs/day 
and  with ≥1 sign/symptom of CS

OR

Not on SSA therapy and with 
≥1sign/symptom of CS

Primary 
Endpoint

Change from baseline in the 
BM frequency/day averaged 
over a 12-week period

% change from baseline in 24 hour u5-
HIAA levels at Week 12. 

Secondary 
Endpoint

Change in u5-HIAA levels in 
24 hours at Week 12. 

(included in multiple testing 
procedure)

Change from baseline in BM 
frequency/day averaged over a 12-
week period 

(not included in multiple testing 
procedure; one of 6 secondary 
endpoints)

Screening/Run-
in Period of at 
least 3 weeks, 
in which no 
change is made 
to stable dose 
of 
Somatostatin 
analog therapy

Yes Yes

(if not on SSA at baseline, remained off 
of SSA) 

Somatostatin 
analog (SSA) 
therapy on 
study 

Baseline use of depot remains 
unchanged; rescue use of 
short-acting SSA allowed 

Baseline use of depot remains 
unchanged; rescue use of short-acting 
SSA allowed

Number 
randomized 
1:1:1

136 76

Number 
completing 12 
weeks

117 (86%) 68 89.5%)
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Study LX301 Study LX303

Psychometric 
study for 
purposes of 
defining 
clinical 
meaningful 
change

yes no

*Long acting release (LAR) or Depot SSA therapy or a continuous SQ infusion via pump received 
at the same dose level and frequency for at least 3 months prior to entering the run-in period.  
Rescue short-acting SSA injections were also permitted.  

Given the differences in the inclusion criteria for bowel movement, the median BM frequency 
in Study LX-301 was higher than Study LX-303: 5.3 BMs/day vs. 2.3 BMs/day.  
The primary endpoint in Study LX-301 was measured and analyzed as follows:  Patients 
recorded daily the number of daily BMs in an electronic diary (in response to the question: 
“How many bowel movements have you had in the last 24 hours?”).  The average, based on 
observed data, was calculated based on number of days in which there were valid, non-missing 
data.  If a patient had ≥4 days of missing data in a week of diary entries, the week was 
considered missing.  If a patient had >6 weeks of missing data, their change from baseline was 
imputed as zero.  

Study LX301.  The following table, reproduced from the Clinical review, summarizes the 
patient disposition across arms in Study LX301.  The most common causes of early 
discontinuation were adverse event and death.  

Table 4. Study LX301 - Patient disposition in the double-blind treatment period.
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The following table summarizes the baseline SSA therapy in Study LX301.  Most of patients 
entered the study on a Q 4-week SSA schedule, and most were taking octreotide. The schedule 
of SSA therapy (3 week vs 4 week) was identical between the placebo and telotristat ethyl 250 
mg arms.  There were two patients on the placebo arm and one patient in each of the telotristat 
ethyl arms who were on an octreotide pump. A higher proportion of patients in the placebo 
arm was on lanreotide than on the telotristat ethyl arms. As noted earlier in this review, 
lanreotide does not carry an indication for reduction of signs and symptoms of carcinoid 
syndrome in the U.S. The lack of approval in the US and the imbalance potentially favoring 
the telotristat ethyl arms (particularly the 250 mg arm) should be considered when interpreting 
the efficacy results. However, the similar mean number of injections of rescue SSA at baseline 
among arms suggests similar disease control by background long acting SSA therapy.  Like 
octreotide, lanreotide is a SSA.  It is approved in the US for treating carcinoid tumors, and it is 
mentioned in published treatment guidelines for carcinoid syndrome.  I don’t have concerns 
that this baseline imbalance influenced the observed outcome. 

Table 5.  Study LX301 Summary of SSA therapy at baseline.
Placebo Telotristat ethyl 

250 mg
Telotristat ethyl 

500 mg
N=45 N=45 N=45

SSA therapy schedule at 
entry
     3-week 11 (24.4%) 11 (24.4%) 17 (37.8%)
     4-week 34 (75.6%) 34 (75.6%) 28 (62.2%)
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Placebo Telotristat ethyl 
250 mg

Telotristat ethyl 
500 mg

N=45 N=45 N=45
SSA therapy schedule at 
entry
SSA therapy
     octreotide 30 (66.7%) 40 (88.9%) 33 (73.3%)
     lanreotide 15 (33.3%) 5 (11.1%) 12 (26.7%)
Rescue short-acting SSA 
use
Mean Injections/day

0.47 0.45 0.51

The median number of bowel movement per day at baseline was similar among treatment arms 
(5.5 and 5.4 on the two telotristat arms vs. 5.1 on placebo).  The median number of flushing 
episodes per day at baseline was numerically higher on the telotristat ethyl arms than on the 
placebo arm (2.8 and 2.7 vs. 1.8 on placebo). Approximately 27% of patients in the study had 
a urinary 5-HIAA level ≤ULN at baseline, and approximately 16% had unknown values.  

The Statistical reviewers confirmed the applicant’s prespecified primary analysis results of 
Study LX301. The applicant’s sensitivity analyses exploring impact of missing data resulted in 
conclusions that were consistent with the results obtained with the prespecified primary 
analysis methodology. These results were also confirmed by the Statistical reviewers. There 
was a baseline imbalance in BM frequency in Study LX301; the baseline BM frequency in the 
placebo arm was nominally statistically lower (p<0.04) than in the telotristat ethyl 250 mg 
arm. (The baseline mean number of BMs/day in the placebo arm vs. the telotristat ethyl arm 
was 5.2 vs. 6.1, whereas the median was 5.1 vs. 5.5, respectively.)   The nominal p value for 
the comparison of baseline BM/day in the placebo and telotristat ethyl 500 mg arms revealed a 
trend to a higher number in the telotristat ethyl 500 mg arm as well (p<0.09).  (A nominally 
statistically significant difference or a trend to lower BM counts/day in the placebo arm at 
baseline was not observed in Study LX303; however, the sample size in that trial was smaller 
than in Study LX301, and the baseline entry criteria called for a BM frequency<4, if already 
on SSA treatment, and the baseline bowel movement frequency was approximately half that of 
the patients enrolled in Study LX301.)  The applicant presented an exploratory analysis of 
Study LX301in the NDA that adjusted for baseline bowel movement frequency as a covariate.  
The results of the analysis still revealed a statistically significant difference between the 
telotristat arms and placebo in change from baseline in the number of bowel movements 
average over the double blind period.   

The p value for the primary efficacy analysis of Study LX301 was sufficiently persuasive to 
allow the trial to stand as a single trial to support efficacy for this endpoint. Although the 
primary endpoint of Study LX301 had also been evaluated as a secondary endpoint in the 
second phase 3 trial submitted in the NDA (Study LX303), the Statistical reviewers 
recommended that the efficacy findings for change in BM frequency in the latter trial could 
not be used to “formally replicate the primary efficacy findings….in Study LX301”.  (See 
further discussion below.)  
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The following table will be presented in Section 14 Clinical Studies of the product label.  Note 
that it only includes the primary efficacy analysis from Study LX301 and its 250 mg arm.  The 
efficacy results for the 500 mg telotristat ethyl arm will not be presented as there was no 
persuasive evidence in the NDA that the higher dose resulted in increased efficacy relative to 
the 250 mg dose level (and there was some evidence of higher adverse reactions associated 
with the higher dose level). Telotristat ethyl 500 mg results relative to placebo were -0.7 (-1.2, 
-0.2). 

Table 6. Change from baseline in bowel movements/day averaged over 12 weeks in adult patients 
with carcinoid syndrome diarrhea [Study LX301]

Parameter
Xermelo 

250 mg three 
times daily

Placebo

Number of Patients 45 45Bowel 
Movements/Day 
At Baselinea 

Baseline Mean (SD)
Median (Min, Max)

6.1 (2.1)
5.5 (3.5, 13.0)

5.2 (1.4)
5.1 (3.5, 9.0)

Change Averaged over 12 
Weeks: Mean (SD)
Median (Min, Max)

˗1.4 (1.4)
-1.3 (-6.1, 1.6)

˗0.6 (0.8)
-0.6 (-2.7,0.8)

Change From 
Baseline In Bowel 
Movements/Day 
Averaged Over 12 
Weeks

Estimate of Treatment 
Difference (97.5% CL)b

˗0.8c 
(˗1.3, ˗0.3) ---

CL=confidence limit; SD=standard deviation.
a Baseline Bowel Movements/Day was assessed over the 3-4 week screening/run-in period.
b Statistical tests used a blocked 2-sample Wilcoxon Rank Sum statistic (van Elteren test) 

stratified by the u5-HIAA stratification at randomization.  CLs were based on the Hodges-
Lehmann estimator of the median paired difference.

c p<0.001

The Clinical reviewer reported in his review that an exploratory analysis evaluating mean 
percent reduction in bowel movement frequency at Week 12 yielded a 27.5% reduction in the 
telotristat ethyl arm vs. an 18.5% reduction in the placebo arm.  Changes in rescue short acting 
SSA therapy were also explored.  The mean change from baseline in SSA injections/day 
during the double blind period of Study LX301 was: placebo = +0.18, telotristat ethyl 250 mg 
= -0.11, and telotristat ethyl 500 mg = +0.03.  A secondary analysis of number of cutaneous 
flushing episodes averaged across 12 weeks revealed no statistically significant difference 
between telotristat ethyl and placebo.  

Evaluation of clinical meaningfulness of observed changes in bowel movement frequency 
in Study LX301.  A key review issue in this NDA was whether the average change from 
baseline in BM frequency observed in this trial relative to placebo (-0.8; 97.5% CI = -1.3, -
0.3), though statistically significant, actually reflected a clinically meaningful change at the 
patient level.  The presubmission regulatory history related to this issue is summarized below:
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April 11, 2012 end of phase 2 meeting:   FDA told the sponsor that it “should provide 
data to justify the use of your propose primary endpoint, ‘reducing the number of 
bowel movements over the 12-week double blind portion of the study’ and your 
durability definition of proportion of responders with ≥25% reduction in daily number 
of BMs for ≥50% of time over the double-blind portion of the study.”  

July 9, 2013 meeting:  The applicant proposed that “an overall reduction in bowel 
movements per day of approximately 30% is clinically important to patients, and is 
anticipated to improve their quality of life.”  The FDA responded, “In general, it 
appears that your use of reduction in BM frequency would be acceptable, and a 30% 
reduction may be acceptable for defining a meaningful response; however, we need to 
have the SEALD team review your data to determine if your instrument is appropriate. 
We may send additional recommendations based on the SEALD evaluation. 
Furthermore, you need to justify the adequacy of the proposed 50% rule (a patient daily 
response occurs at least 50% of the time over the double-blind portion of the study) to 
determine durability of the primary efficacy endpoint. Provide rationale and data to 
support that this is clinically meaningful.”  The sponsor had proposed the durability of 
response definition as a secondary endpoint.  

October 9, 2013 teleconference:  The sponsor proposed an exploratory endpoint of 
durability of response. FDA agreed “using the 50% rule as a measure of durability for 
the primary endpoint of reduction in the number of daily bowel movements compared 
to baseline over the 12 week treatment period of the trial.”  FDA recommended further 
analyses of the phase 2 trial (LX1606.1-202-CS, or Study 202) to evaluate the 
proposed 30% response threshold for stool counts, and warned that an insufficiently 
specific threshold might compromise the ability to detect a difference if there is an 
unexpected placebo response in the phase 3 trial.  

The applicant proposed a meaningful change threshold for Study LX301 based on information 
obtained in an exit interview (double blind) substudy of subjects in Study LX301 who had 
either completed the trial or withdrawn from the trial, and based on responses to anchor 
questions. The COA staff were consulted to evaluate whether these data supported the 
observed changes were meaningful to patients. The COA staff reviewed the results of the 
Study LX301 substudy in which exit interviews were completed in 35 subjects (across 16 
study sites and 5 countries). The baseline characteristics of the substudy subjects, which are 
summarized in the table below (reproduced from the COA Statistical review), were 
comparable to those of the overall Study LX301 population (particularly baseline BM 
frequency and average reduction in BM frequency over 12 weeks). 

Table 7.  Comparison of Baseline Characteristics of the exit interview subgroup vs. the overall 
Study LX301 population.  
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Patient Characteristics
Exit Interview 
Subpopulation 

(n = 35)

Study 301 Overall
Population
(n = 135)

Age (mean) 62 64
Female (%) 51 48
White (%) 97 90a

Baseline Body Mass Index (BMI)b 26 25
Baseline BM Frequency (BM/day) 5.76 5.70
Average BM Frequency Reduction Over 12
Weeks (BM/day) -1.11 -1.17

Source: Reviewer’s table (modified based on applicant’s Table D-1 of Patient Reported Outcome 
Substudy.pdf of the Study 301 CSR)
a Race data were missing for 11 out of 135 overall patients.
b Baseline BMI data were missing for 4 out of 35 exit interview patients and 17 out of 135 overall patients.

The COA reviewers had concerns that the same data used to establish efficacy were used by 
the applicant to evaluate meaningful change threshold, which is generally not recommended 
by FDA due to generalizability concerns (the threshold may only be relevant to that set of 
patients.) However, the review team felt compelled to exercise flexibility in this regard, as 
carcinoid syndrome is a rare disease, and there were no other data available to assist in 
determining whether the mean population change observed in Study LX301 was clinically 
meaningful.

In the Study LX301 substudy interviews, the participating patients reported their experience of 
carcinoid syndrome symptoms before starting the trial and the impact on their lives.  The COA 
staff noted that 17 patients reported diarrhea was the single most important symptom to treat 
and rated frequency or urgency as the single most important aspect of diarrhea they wished to 
improve.  Too frequent bowel movements, followed by urgent bowel movements, were the 
most commonly reported symptoms that impacted their life activities. 

The applicant utilized daily bowel movement frequency and 6 tools as anchor measures to 
explore clinical meaning threshold change in Study LX301. These six tools included 3 PROs 
that were administered to all patients in the overall study population, plus 3 (two PROs and a 
clinician reported outcome) that were collected in the Exit interview sub-study.  The three 
PROs administered to the entire study population were:

1) EORTC QLQ-C30 Version 3.0 ( a 30 item questionnaire that measures health 
related quality of life in patients with cancer) which includes 15 domains: global 
quality of life, physical function, role function, emotional function, social function, 
cognitive function, pain, fatigue, N/V, appetite loss, constipation, diarrhea, 
dyspnea, insomnia, and financial difficulties.  

2) EORTC GI.NET21
3) Adequate relief of CS symptoms associate with GI symptoms – a single item 

with recall period of 7 days, with a binary response option of yes/no.  “In the past 7 
days, have you had adequate relief of your carcinoid syndrome bowel complaints 
such as diarrhea, urgent need to have a bowel movement, abdominal pain, or 
discomfort?”  Note that this question is not limited to diarrhea symptoms.  
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The COA statistical reviewer noted that the reliance on the two EORTC tools was “limited by 
score interpretability and the broad concepts measured by the instruments.”  

The three tools administered to the exit interview substudy population were:
1) Patient perception of Change in BMs – a single item PRO that asked patients to 

report their perception of the number of BMs since they started the study 
medication.  Response options included “a great deal better”, “much better, “a little 
better,” “the same,” “a little worse,” “ much worse, “ and “a great deal worse.”

2) Patient Satisfaction with Study medication – relief of CS symptoms – a single 
PRO measure in which patients were asked to report their overall satisfaction with 
how the study medication relieved their CS symptoms.  Response options ranged 
from “very satisfied” to “very dissatisfied”.  

3) Clinician rated patient reported meaningful change in BMs.  In a semi-structured 
interview patients were asked about symptom changes, including their perception 
of the clinical relevance of a reduction in BM frequency.  There were no 
prespecified response options.  Patients responded using their own words.  Based 
on the patient’s response the interviewer interpreted and provided a score of either 
“yes” or “no”.

The COA statistical reviewer determined that only 4 of these 6 measures could be considered 
as a potential anchor for determining a clinically meaningful change in frequency of BMs, and 
concluded that only the subjective global assessment of adequate relief of carcinoid syndrome 
symptoms associated with GI symptoms measure was a reasonable standalone anchor. The 
COA statistical reviewer did not come to the same conclusion as the applicant regarding the 
change in number of bowel movements that is clinically meaningful. The applicant stated in 
their psychometric report of Study LX301 that a change of at least -0.87 BMs/day from 
baseline was potentially meaningful to patients.  The COA statistical reviewer concluded that 
the meaningful change threshold is a reduction of at least -2 BMs/day in overall average BM 
frequency from baseline.  The COA statistical reviewer noted the following:

1. “for the subjective global assessment of adequate relief anchor, the median change 
suggests a reduction of ….at least 2 BMs/day is meaningful to patients who 
reported adequate relief at Week 12”.  

2. “For patient perception of change in BMs, a …reduction of at least 2 BMs/day is 
meaningful to patients who reported ‘a great deal better’.”

3. “For patients who reported ‘very satisfied’ [to question regarding satisfaction with 
study medication – relief of CS symptoms anchor] …a reduction of at least 2 
BM/day is meaningful to patients.”  

The following table, reproduced from the COA statistical review, summarizes the mean and 
median changes in BMs that were associated with various response categories for 4 of the 
proposed anchors (three PROs, and one ClinRO).

Table 8. Summary of number of BM change thresholds associated with anchor response 
categories from 4 proposed anchors.
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The COA statistical reviewer commented that the applicant’s proposed threshold of -0.87 
BM/day was selected based on effect size and corresponded to the “much better” category for 
patient perception of change in BMs; however, the reviewer noted that there were only 4 
patients in this category of response to the anchor question. The reviewers noted that when 
either definition (COA reviewers’ or applicant’s) is used to define the meaningful threshold, 
there was a clear separation between the treatment arm and placebo; this suggested that the 
difference between arms observed in this trial was meaningful.  

The COA statistical reviewer also explored relative (or percent) change from baseline in BM 
frequency as threshold for clinically meaningful change.  The applicant had proposed a 30% 
reduction as the threshold for clinically meaningful change.  Ultimately, based on the 
percentage reduction in BMs associated with responses to the 4 anchors utilized for the 
mean/median change in number of BMs described above, the COA statistical reviewer 
concluded a reduction in daily BMs in the range of 25% to 40% appeared to be a clinically 
relevant change.  Separation between the telotristat ethyl and placebo arms could be seen with 
either of the thresholds (30% and 25%-40%).  The following table, reproduced from the COA 
statistical review, summarizes the relative change (%) in BMs  associated with various 
response categories for 4 of the proposed anchors (three PROs, and one ClinRO).
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Table 9. Summary of relative BM change thresholds associated with anchor response categories 
from 4 proposed anchors

Based on these exploratory analyses, the COA, Clinical and Statistical reviewers concluded 
that the change in BM frequency observed over 12 weeks in Study LX301 resulted in a 
clinically meaningful within-patient change in Study LX301.  I concur that these analyses 
support that telotristat ethyl is efficacious for treatment of carcinoid syndrome in combination 
with SSA therapy in adults inadequately controlled by SSA therapy.   

The reviewers agreed to include the following figure in the product label to facilitate health 
care provider’s interpretation of the population mean change in bowel movements reported in 
the label.  It shows the proportion of patients on the telotristat ethyl or placebo arm that 
experienced any given average reduction in BMs/day.   

Figure 1. Cumulative proportion of patients with carcinoid syndrome diarrhea reporting change 
in overall average bowel movement frequency.
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Secondary endpoints in Study LX301.  Study LX301 included the following prespecified 
secondary endpoints:

o Change from Baseline in u5-HIAA levels at Week 12
o Change from Baseline in the daily number of cutaneous flushing episodes averaged 

across all time points during the Double-blind Treatment Period
o Change from Baseline in abdominal pain averaged across all time points during the

Double-blind Treatment Period

The secondary analyses of number of cutaneous flushing episodes averaged across 12 weeks  
and change in abdominal pain revealed no statistically significant difference between telotristat 
ethyl and placebo. Although the applicant reported that the changes in u5-HIAA observed in 
the trial were statistically significant, the FDA Statistical reviewer did not agree that the data 
and analyses were interpretable, due to differences in baseline scores among arms and high 
variability in the data at all visits, including baseline.   

The applicant conducted an additional analysis, which was not included in the multiple testing 
procedure, to support the durability of reduction in bowel movement frequency.  Proportion of 
“durable response” was defined as the proportion of patients with ≥30% reduction in daily 
number of bowel movements for ≥50% of the time over the double blind study period.  The 
results for the placebo arm and telotristat ethyl 250 mg and 500 mg arms were 20.0%, 44.4%, 
and 42.2%, respectively.  The nominal p value (no alpha control) for the comparison of the 
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Study LX303 was 62.8 years (range 35-84 years). The proportion of non-White patients was 
too small to draw meaningful conclusions regarding the impact of race on efficacy.  

The subgroup analyses based on sex are summarized in the table below, which is reproduced 
from the Statistical review.  In Study LX301, the mean change from baseline was higher in 
females than males in all arms, including the placebo arm. However, the mean change relative 
to placebo in females on the telotristat arms was lower than the relative change in males.  The 
difference was slight in the telotristat 250 mg arm, whereas in the higher dose arm the mean 
reduction relative to placebo in females was nearly half that observed in males.  The small 
sample sizes of these subgroups and the higher placebo response in females must be 
considered when evaluating whether there is a meaningful expected difference in treatment 
response in males vs. females.  In Study LX303, again the change from baseline (reduction) 
was higher in females enrolled on the placebo arm than in males; however, the treatment 
difference relative to placebo was numerically higher in females compared to males in the 
telotristat ethyl 250 mg arm.  There is no clear evidence from these exploratory analyses that 
the drug should be expected to be less efficacious in females than males. 

Table 10. FDA reviewer’s subgroup analysis by Sex: Change in BM counts/day averaged over the 
12 week double-blind treatment period 

Placebo Telotristat ethyl 250mg Telotristat ethyl 500mg
Study LX301
Male N=24 N=21 N=25
Mean Change from
Baseline (SD)

-0.47 (0.83) -1.21 (1.07) -1.36 (1.06)

Hodges-Lehmann est. of
treatment difference -- -0.84 -0.85

Female N=21 N=24 N=20
Mean Change from
Baseline (SD) -0.80 (0.81) -1.63 (1.57) -1.57 (1.59)

Hodges-Lehmann est. of
treatment difference -- -0.73 -0.43

Study LX303
Male N=13 N=14 N=15
Mean Change from
Baseline (SD) 0.10 (0.43) -0.10 (0.49) -0.49 (0.60)

Hodges-Lehmann est. of
treatment difference -- -0.24 -0.58

Female N=12 N=11 N=10
Mean Change from
Baseline (SD) -0.01 (0.15) -0.90 (0.67) -0.75 (0.89)

Hodges-Lehmann est. of
treatment difference

-- -0.87 -0.47

SD= Standard Deviation;

Subgroup analyses of efficacy by age (< 65 years vs. ≥65 years) revealed a greater reduction 
from baseline in the placebo group in patients <65 years of age in both trials.  Reduction in 
BM frequency relative to placebo was observed in both age subgroups.  The treatment effect in 
the telotristat ethyl 250 mg arm was numerically greatest in patients ≥65 years of age in Study 
LX301; the reverse was observed in Study LX303.  The sample sizes in the subgroups are so 
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small that no definitive conclusions can be drawn.  The data are summarized in the table 
below, which is reproduced from the Statistical review.

Table 11. FDA reviewer’s subgroup analysis by Age: Change in BM counts /day averaged over 
the 12 week double-blind treatment period.  

Placebo Telotristat ethyl 250mg Telotristat ethyl 500mg
Study LX301
Age < 65 years N=25 N=26 N=22
Mean Change from
Baseline (SD) -0.75 (0.79) -1.32 (1.32) -1.48 (1.23)

Hodges-Lehmann est. of
treatment difference -- -0.58 -0.60

Age > 65 N=20 N=19 N=23
Mean Change from
Baseline (SD) -0.46 (0.86) -1.58 (1.44) -1.43 (1.41)

Hodges-Lehmann est. of
treatment difference -- -1.04 -0.82

Study LX303
Age < 65 years N=12 N=14 N=15
Mean Change from
Baseline (SD) 0.15 (0.25) -0.38 (0.78) -0.66 (0.87)

Hodges-Lehmann est. of
treatment difference -- -0.50 -0.60

Age > 65 years N=13 N=11 N=10
Mean Change from
Baseline (SD) -0.04 (0.37) -0.55 (0.58) -0.49 (0.46)

Hodges-Lehmann est. of
treatment difference -- -0.38 -0.48

SD= Standard Deviation;

8. Safety

As stated in the Clinical review, “The overall Xermelo safety database (both phase 2 and phase 
3 trials) enrolled 239 patients.  Among them, 148 (62%) patients had exposure to Xermelo for 
at least 24 weeks, and 74 (31%) had exposure for at least 48 weeks.”  Among the patients with 
at least 48 weeks exposure, “the mean and median durations of treatment exposure were 85 
and 72 weeks, respectively.”  Nearly half of the patients in the safety database were ≥65 years 
of age (45%).  Somewhat more than half were male (54%).  Approximately a third of patients 
were from North America.  The size of the safety database was considered adequate, given that 
carcinoid syndrome is relatively rare, and the product has orphan designation.  

There were 21 deaths reported in the initial NDA submission, of which 2 occurred during the 
screening period.  During the controlled portions of the two trials, there were numerically more 
deaths on placebo than on telotristat ethyl: 3 vs. 1.  There were 15 deaths that occurred during 
the open-label extension period.  Five additional deaths were reported in the 120 day safety 
update. After reviewing the patient narratives, the Clinical reviewer concluded the deaths were 
not treatment related.  One death secondary to acute liver failure was considered possibly 
related to study drug by the investigator; however, the Clinical reviewer concluded it was 
unlikely treatment related because the patient had extensive liver metastases (80% replacement 
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of liver) and a prior history of liver fibrosis. The patient died after 483 days on study. The 
reviewer concluded a death from acute renal failure (on Day 233) reported in the 120 day 
safety update) was also not secondary to study drug. 

The most common SAEs were gastrointestinal in nature, and in the combined dataset for the 
placebo controlled trials (Studies LX301 and LX303) the numerically higher proportion of GI 
SAEs was limited to the high dose telotristat ethyl arm: placebo = 2.8%; telotristat 250 mg = 
1.4%; telotristat 500 mg = 4.3%.  A psychiatric SAE occurred in one patient in the telotristat 
500 mg arm; none occurred in the other arms.  

The most common treatment emergent adverse event (TEAE) that led to discontinuation from 
a telotristat arm in the randomized controlled trials (Studies LX301 and LX303) was 
abdominal pain (4.3%). On my review of the Clinical Study reports for each trial, during the 
double blind portion of LX301 one patient on telotristat ethyl 500 mg arm discontinued due to 
a TEAE of abdominal pain and another, also treated in the 500 mg arm, discontinued due to 
chills.  In Study LX303, during the double blind period, one patient on the telotristat ethyl 250 
mg discontinued due to upper abdominal pain and one patient in the same arm discontinued 
due to diarrhea.  

The following table, reproduced in part from the Study LX301 Clinical Study report, presents 
the TEAEs reported in that study experienced by ≥5% and for which the incidence on the 
telotristat arms exceeded the placebo arm. Telotristat ethyl 250 mg was associated with a 
higher incidence of the following TEAEs relative to placebo: nausea (slight numerical 
increase), flatulence, pyrexia (slight numerical increase), GGT and ALT increase, decreased 
appetite (slight numerical increase), headache, and dyspnea.  The telotristat 500 mg dose arm 
had a higher incidence of TEAEs than the 250 mg arm (and placebo arm) for the following: 
nausea, vomiting, abdominal pain, fatigue, increased ALT, increased alkaline phosphatase, 
decreased appetite, hypokalemia, dizziness, depression, confusional state, dyspnea, cough, and 
epistaxis. 

Table 12. Study LX301: Summary of treatment emergent adverse events experienced by ≥5% of 
patients in any treatment group and higher in the telotristat arms than placebo; by system organ 
class and preferred term during the double-blind treatment period (safety population); modified 
applicant study report table 12.2.2.1.1.-1

Category
Placebo

N=45
Telotristat ethyl 

250 mg
N=45

Telotristat ethyl 
500 mg
N=45

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients with any TEAE 39 (86.7) 146 37 (82.2) 171 42 (93.3) 222
Gastrointestinal disorders 22 (48.9) 49 19 (42.2) 34 25 (55.6) 58

Nausea 5 (11.1) 10 6 (13.3) 8 14 (31.1) 20
Abdominal pain 8 (17.8) 10 5 (11.1) 5 10 (22.2) 10
Vomiting 4 (8.9) 5 2 (4.4) 2 5 (11.1) 8
Abdominal pain upper 0 0 2 (4.4) 2 5 (11.1) 6
Flatulence 1 (2.2) 1 3 (6.7) 3 2 (4.4) 2
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Category
Placebo

N=45
Telotristat ethyl 

250 mg
N=45

Telotristat ethyl 
500 mg
N=45

General disorders and administration 
site conditions

16 (35.6) 19 16 (35.6) 23 12 (26.7) 14

Fatigue 4 (8.9) 4 4 (8.9) 4 7 (15.6) 7
Pyrexia 2 (4.4) 2 3 (6.7) 4 0 0

Investigations 7 (15.6) 7 11 (24.4) 17 9 (20.0) 16
Gamma-glutamyltransferase 
increased

0 0 4 (8.9) 5 4 (8.9) 4

Alanine aminotransferase increased 0 0 1 (2.2) 1 3 (6.7) 4
Blood alkaline phosphatase increased 0 0 0 0 3 (6.7) 3

Metabolism and nutrition disorders 11 (24.4) 12 12 (26.7) 16 11 (24.4) 19
Decreased appetite 2 (4.4) 2 3 (6.7) 3 7 (15.6) 7
Hypokalaemia 3 (6.7) 3 3 (6.7) 3 5 (11.1) 6

The following table, reproduced in part from the Study LX303 Clinical Study report, presents 
the TEAEs experienced by ≥5% and for which the incidence on the telotristat arms exceeded 
the placebo arm. Telotristat ethyl 250 mg was associated with a higher incidence of the 
following TEAEs relative to placebo: abdominal pain (including when “upper abdominal pain” 
is added to the term “abdominal pain”), constipation, abdominal distension, peripheral edema, 
and pyrexia. The telotristat 500 mg dose arm had a higher TEAE incidence than the 250 mg 
arm (and placebo arm) for the following: upper abdominal pain, decreased appetite and 
musculoskeletal pain.  
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Category Placebo
N=45

 

Telotristat ethyl 
250 mg

N=45

 

Telotristat ethyl 
500 mg

N=45
Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Nervous system disorders 9 (20.0) 12 8 (17.8) 9 15 (33.3) 21
Headache 2 (4.4) 2 5 (11.1) 5 4 (8.9) 5
Dizziness 2 (4.4) 2 0 0 4 (8.9) 6

Psychiatric disorders 5 (11.1) 6 6 (13.3) 9 11 (24.4) 13
Depression 3 (6.7) 3 2 (4.4) 2 6 (13.3) 6
Confusional state 0 0 0 0 3 (6.7) 3

Respiratory, thoracic and mediastinal 
disorders

3 (6.7) 4 5 (11.1) 5 11 (24.4) 17

Dyspnoea 0 0 2 (4.4) 2 4 (8.9) 4
Cough 1 (2.2) 1 1 (2.2) 1 3 (6.7) 4
Epistaxis 0 0 0 0 3 (6.7) 3
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Table 13. Study LX303:  Summary of treatment emergent adverse events experienced by ≥5% of 
patients in any treatment group and higher in the telotristat arms than placebo; by system organ 
class and preferred term during the double-blind treatment period (safety population); modified 
applicant study report table 12.2.2.1.1-1

Placebo
N=26

Telotristat ethyl 
250 mg
N=25

Telotristat ethyl 
500 mg
N=25

System Organ Class
Preferred Term

Patients 
n (%)

Events 
n

Patients 
n (%)

Events 
n

Patients 
n (%)

Events 
n

Patients with any TEAE 21 (80.8) 84 25 (100) 95 21 (84.0) 51

Gastrointestinal disorders 15 (57.7) 28 16 (64.0) 35 9 (36.0) 14

Abdominal pain 4 (15.4) 5 8 (32.0) 11 0 0

Constipation 1 (3.8) 1 4 (16.0) 5 3 (12.0) 3

Abdominal pain upper 3 (11.5) 3 1 (4.0) 2 2 (8.0) 2

Abdominal distension 0 0 3 (12.0) 3 1 (4.0) 1

General disorders and administration site 
conditions 6 (23.1) 6 7 (28.0) 15 4 (16.0) 4

Oedema peripheral 0 0 2 (8.0) 3 1 (4.0) 1

Pyrexia 0 0 3 (12.0) 5 0 0

Decreased appetite 0 0 0 0 2 (8.0) 2

Musculoskeletal and connective tissue 
disorders 4 (15.4) 5 1 (4.0) 1 5 (20.0) 6

Musculoskeletal pain 0 0 0 0 2 (8.0) 2

Comparison of the two trials’ TEAE profile reveals some differences between trials. These 
differences may just reflect the small sample sizes.  Data from Study LX301 (which enrolled a 
more refractory carcinoid syndrome associated diarrhea population, in terms of stool 
frequency, than in Study LX303) suggest that the telotristat ethyl 250 mg dose level is 
associated with more nausea, flatus, elevated GGT and ALT, headache and dyspnea than 
placebo; however, in Study LX303 the increase in those TEAEs relative to placebo were not 
observed.  In Study LX 303, which enrolled patients with less refractory carcinoid syndrome 
associated diarrhea population, the telotristat ethyl 250 mg arm was associated with more 
abdominal pain, constipation, abdominal distension and fever than the placebo control arm.  It 
is possible that the drug’s impact on bowel movement frequency in a group of patients with a 
relatively lower stool frequency may result in more adverse events associated with slowing 
motility, i.e., constipation/distension/abdominal pain.  The higher telotristat ethyl dose level in 
that population was also associated with more constipation/distension than placebo, with an 
incidence similar to the 250 mg arm.  

Comparison of the telotristat ethyl 500 mg and 250 mg dose levels between the two trials 
revealed there were more TEAEs associated with the higher dose for the following in Study 
LX301: nausea/vomiting, abdominal pain, fatigue, hypokalemia, depression, decreased 
appetite.  In the less refractory population in Study LX303, the higher incidence associated 
with the higher dose level was limited to upper abdominal pain and decreased appetite.  

33

Reference ID: 4062622



CDER Division Director Summary Review Template 2015 Edition
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

The Clinical Reviewer reported that in the combined randomized, controlled safety data, 
constipation was reported in a higher proportion of patients in the telotristat ethyl arms relative 
to placebo:  placebo = 3%; telotristat ethyl 250 mg = 6%, telotristat ethyl 500 mg = 7%.  In the 
safety update, the applicant identified one additional patient with a TEAE of constipation that 
occurred during the double blind study period, in the telotristat ethyl 250 mg arm of Study 
LX303, which resulted in an increase of the proportion in that dose group from 6% to 7% 
(equal to the telotristat ethyl 500 mg arm). In Study LX301 (patients had baseline stool 
frequency of ≥4 bowel movements/day), there were 2/45 patients that developed constipation 
TEAEs; both occurred in the telotristat 500mg arm. One of those patients had a constipation 
SAE.  In Study LX303 (patients had baseline stool frequency <4 bowel movements/day), 
constipation TEAEs occurred at both dose levels: 250 mg =4/25 and 500 mg = 3/25.  
However, there was no constipation SAE in the latter trial.  It is possible that patients with a 
stool frequency of <4/day may be more susceptible to developing constipation on Xermelo; 
however, this NDA did not include a trial that provided a within-study comparison of this risk 
between the two populations (we are limited by the limitations of cross study comparisons), 
and the sample sizes are too small to make definitive conclusions regarding increased risk for 
constipation with lower baseline stool frequency.   There were 10 patients that developed 
constipation during the extension trial (on 500 mg dose), and 5 were constipation SAEs.  One 
of those patients in the extension study also experienced an SAE of small bowel obstruction, 
and one patient also developed a perforation. The SAEs related to constipation in the safety 
database submitted in this NDA were limited to the 500 mg dose level.   

  

The Clinical reviewer noted in his review that in the combined randomized, controlled safety 
data set, nausea was reported as an adverse event in 13% of placebo arm and telotristat ethyl 
250 mg arm patients. A numerically higher proportion of patients treated on the telotristat 
ethyl 500 mg arms experienced nausea AEs, i.e., 23%.

A higher proportion of patients treated with telotristat in the two randomized, controlled trials 
experienced increases of ALT, AST, GGTP and alkaline phosphatase than on the placebo arm.  
However, no patient had laboratory values that met Hy’s Law criteria.  

Given telotristat ethyl’s mechanism of action via serotonin synthetic pathway, the Clinical 
reviewer carefully evaluated the depression adverse events reported in the placebo controlled 
trial safety data base.  He found a similar proportion of patients among treatment arms reported 
depression adverse events, although a numerically higher proportion was reported on the 
highest telotristat dose level (500 mg):  placebo = 7.0%; telotristat ethyl 250 mg = 5.7%; 
telotristat ethyl 500 mg = 11.4%.  The investigators graded these events as mild to moderate in 
severity.  However, the only event that met DSM IV criteria for major depressive disorder 
occurred in a patient treated with telotristat ethyl 250 mg, and this patient had no clinical 
history of major depression.  The event resolved with drug discontinuation.  

Safety evaluation by demographic subgroup.  The applicant presented analyses of safety by 
demographic subgroup.  In the combined placebo controlled TEAE safety dataset, they found 
that patients ≥65 years of age had a higher incidence of nausea and vomiting than younger 
patients.  However, review of the data by treatment arm revealed that the incidence was also 
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higher in the older age subgroup in the placebo arm, suggesting that older patients with 
carcinoid tumor and syndrome are more likely to have nausea and vomiting than younger 
patients.  The applicant also reported that females had a higher incidence of abdominal pain, 
constipation and nausea (as well as hypokalemia, fatigue and headache) than males. Review of 
the data from the two phase 3 trials showed that with the exception of hypokalemia, females in 
the placebo arm also had a higher incidence of these treatment adverse events than men. The 
integrated safety analysis of the two phase 3 trials suggested that females may experience more 
experience more hypokalemia associated with telotristat ethyl treatment than males, including 
at the 250 mg dose; however, the sample sizes in the subgroups are small, which makes it 
impossible to draw firm conclusions regarding these results.  In summary, there was no clear 
evidence of safety differences related to age or sex.  

Labeling. The most common adverse events table in Section 6 of the product label will be 
limited to the data from the Study LX301, which is the only trial for which efficacy data will 
be presented in Section 14 Clinical Studies, and only the safety data from the telotristat 250 
mg and placebo arms will be presented,   The 
following table is reproduced from Section 6 of the label:

Table 14. Percent Common Adverse Reactionsa by Treatment Group at 12-Weeks in a Double-
Blind Placebo-Controlled Clinical Trial of Patients with Carcinoid Syndrome Diarrhea

Adverse Reaction Xermelo
250 mg Three Times 

Daily, N=45
 (%)

Placebo,
N=45
 (%)

Nausea 13 11
Headache 11 4
Increased gamma-
glutamyl-
transferase (GGT) 

9 0

Depressionb 9 7
Peripheral edema 7 2
Flatulence 7 2
Decreased appetite 7 4
Pyrexia 7 4
a incidence of at least 5% in the Xermelo group and at an incidence greater than placebo
b including depression, depressed mood and decreased interest

Section 6 will also describe in narrative form the abdominal pain and constipation reported in 
patients treated in Study LX303, and will describe the lower baseline stool movement 
frequency in that trial (<4 bowel movements/day).  There will be a Warning and Precaution 
(Section 5) about constipation (describing the difference in incidence between the two trials  

, and noting the differences in baseline stool frequency between the trial 
populations).  The SAEs of intestinal perforation and obstruction observed in the extension 
trial will be described, and the healthcare provider will be instructed to monitor for 
development of constipation and/or severe, persistent, or worsening abdominal pain, and to 
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discontinue the drug if severe constipation or severe persistent or worsening abdominal pain 
develops.  

The Clinical team met with the reviewers from OSE and agreed with DRISK’s 
recommendation that a REMS is not necessary to ensure the benefits of telotristat outweigh its 
risks.  The DRISK reviewers noted that the potential risks of constipation, elevated 
transaminases , nausea and depression will be included in product labeling, and that the label 
will recommend monitoring for signs and symptoms of constipation and severe, persistent, or 
worsening abdominal pain.  They noted that the healthcare providers who treat carcinoid 
syndrome are familiar with the risks of depression, GI symptoms and abnormal transaminases 
and are “aware of the importance of patient monitoring”.  The only PMRs 505(o) that will be 
included in the approval letter were summarized earlier in this review, in Section 4 Nonclinical 
Pharmacology/Toxicology and Section 5 Clinical Pharmacology.  

The GI SAEs were observed at the 500 mg telotristat ethyl dose,   
The benefit/risk is favorable for the 250 mg dose level, particularly for a population of patients 
with metastatic carcinoid who have poorly controlled carcinoid syndrome related diarrhea on 
SSA. Telotristat ethyl is an oral treatment option for these patients, whose diarrhea treatment  
alternatives include invasive procedures (surgical or hepatic artery embolization) or 
unapproved therapies with associated significant toxicities, such as interferon. I concur with 
the OSE reviewers’ conclusion that the risks of the drug in this patient population can be 
managed through labeling.  

9. Advisory Committee Meeting  
There was no advisory committee convened to discuss this application because the application 
did not raise significant public health questions on the role of the drug in the diagnosis, cure, 
mitigation, treatment, or prevention of a disease and outside expertise was not necessary.

10. Pediatrics

The Maternal Health Team from the Division of Pediatrics and Maternal Health worked with 
the Pharmacology/Toxicology and Clinical reviewers from DGIEP to review the product 
labeling and made recommendations to assure that the Pregnancy and Lactation Labeling Rule 
(PLLR) requirements were met.  No data were submitted to the NDA regarding the presence or 
absence of telotristat ethyl or telotristat in human or animal milk.  DPMH recommended that a 
breastfeeding risk/benefit statement should be included in Section 8.2 of product labeling, 
along with advice to monitor the breastfed infant for symptoms of constipation; these 
recommendations were incorporated.

Telotristat ethyl received orphan drug designation for the indication treatment of carcinoid 
syndrome on July 8, 2009.  Given the orphan drug designation, the application is exempt from 
PREA requirements.  
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11. Other Relevant Regulatory Issues

Office of Scientific Investigations – Four clinical sites and the sponsor were inspected.  The 
OSI reviewer concluded that the trials were conducted adequately and that the data generated 
appear acceptable to support the indication.  One domestic site and two foreign sites had VAI 
classifications; however, the violations cited were not considered to have an impact on data 
integrity.  

Financial Disclosure –  The clinical review states that 568 investigators participated in 6 
clinical trials submitted in this NDA. None were employees of the applicant. Among the 
investigators who did provide Disclosure Statements, there were no disclosable financial 
interests/arrangements reported. Twenty two investigators (of 568) did not provide a 
Disclosure Statement, Form FDA 3455. The Clinical reviewer determined that the applicant 
had shown due diligence in attempting to obtain Disclosure Statements from those 22 
investigators. Of the 22 investigators, 18 participated in Study LX301 and 2 participated in 
Study LX303. The 18 investigators in Study LX301, who participated at 6 sites enrolled 13 
patients. One site, which enrolled a total of 4 patients, had 10 investigators who did not 
respond to the request to provide Disclosure Statements. There was one other site with two 
investigators who didn’t provide Disclosure Statements that enrolled 4 patients. One additional 
site (two investigators who didn’t report) enrolled two patients. The remaining investigators 
were at sites that enrolled a single patient in total. Even if there was a disclosable financial 
interest/arrangement at one or more of these sites that didn’t report, it is unlikely that the small 
number of patients treated at the site impacted the observed overall trial outcomes.   

Orphan Drug Designation – approved on July 8, 2009.  

12. Labeling

DMEPA found the proposed proprietary name, Xermelo, acceptable.  
DMEPA and OPDP labeling recommendations were incorporated during the review process.  

13. Postmarketing

 Postmarketing Risk Evaluation and Mitigation Strategies – None necessary.

 Other Postmarketing Requirements and Commitments – See approval letter and 
Sections 4 and 5 above
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