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I.  SUMMARY

The purpose of this addendum is to update the clinical review of NDA 208,794 dated 
January 12, 2017.  The updated issues are listed as follows:

 Upon extensive review of the literature, a role of tryptophan hydroxylase in 
niacin synthesis was not identified.  Therefore, we conclude that inhibition of 
this enzyme by Xermelo does not cause niacin deficiency in patients with 
carcinoid tumors.  

 Detailed information in the risk/benefit framework is also provided.

II.  ADDENDUM

1) Niacin Deficiency

Background:
We commented in the previous NDA review that “The potential risk of Xermelo in 
causing niacin deficiency-induced diarrhea was not studied.” 
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Tryptophan is an essential amino acid and a precursor of both serotonin (5-HT) and 
niacin biosynthesis.  The majority of dietary tryptophan is used for synthesis of secretory 
5-HT in patients with carcinoid tumors, causing niacin deficiency in some patients.  
Although Xermelo inhibits the rate limiting step of 5-HT synthesis catalyzed by 
tryptophan hydroxylase., we did not identify pellagra symptoms (result of niacin 
deficiency) including diarrhea, dermatitis, and dementia during the trials.

Addendum:
We conducted an extensive literature search and did not identify a role of tryptophan 
hydroxylase in niacin synthesis.  Therefore, we conclude that inhibition of tryptophan 
hydroxylase by Xermelo does not cause niacin deficiency.

2) Xermelo Risk/Benefit Framework
Analysis of Condition and analysis of Current Treatment Options
Disease Background and Scientific Rationale

1) Carcinoid Syndrome and Multi-mediator Diarrhea
Carcinoid syndrome (CS) occurs when carcinoid tumor cells secrete large amounts of 
serotonin and other vasoactive products into the systemic circulation. The secretory 
products include serotonin, kallikrein/bradykinin, prostaglandin, tachykinins, and 
histamine. In general, symptoms associated with CS include cutaneous flushing, 
diarrhea, wheezing, abdominal pain, and valvular heart disease. More than 90% of 
patients with carcinoid syndrome have hepatic metastases, usually from carcinoids of 
small bowel origin. When tumors are confined to the intestine, the bioactive substances 
released are metabolized to inactive forms by liver, a “first pass” effect similar to that on 
oral drugs. However, when tumors invade into hepatic non-portal region, the bioactive 
secretory products of tumor cells will be released directly into venous circulation and 
by-pass the “first-pass” effect. Thus, carcinoid syndrome is strongly associated with 
metastasis to liver.

It is estimated that 80% of symptomatic carcinoid patients present with diarrhea.  There 
are 2 types of CS diarrhea: (1) bioactive products released from carcinoid tumors 
stimulate secretory diarrhea; and (2) niacin deficiency induced malabsorption diarrhea. 

Carcinoid tumors have at least 5 types of bioactive secretory products that may 
associate with CS diarrhea:

 Serotonin: stimulates intestinal secretion, motility, and decrease of absorption, 
causing secretory diarrhea.

 Kallikrein/Bradykinin: dilates blood vessels, causing flushing, palpitations, low 
blood pressure, and diarrhea.

 Prostaglandin E, and F: cause diarrhea.
 Tachykinins: cause diarrhea and inflammation.
 Histamine: causes flushing and diarrhea.
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CS patients may also have niacin-deficiency diarrhea. Tryptophan is an essential amino 
acid for niacin synthesis. Normally, 1% of dietary tryptophan is converted to serotonin. 
In CS patients, 70% of dietary tryptophan is converted to serotonin, which limits the 
availability of tryptophan for niacin synthesis.  Clinically, niacin deficiency presents as 
pellagra (characterized by dermatitis, and mental disturbance) and diarrhea.

Because CS diarrhea is caused by multiple mediators, and the proportion of 5-HT 
diarrhea is unknown, “averaged daily BMs” as an endpoint may dilute the signal of 
Xermelo effectiveness.  The pre-specified supplemental endpoint “durable response 
analysis” should also be used to define the effectiveness of Xermelo.

2) Mechanisms of CS diarrhea
Mechanisms of CS diarrhea involve activation of electrolyte secretion by colonic 
epithelial cells.   The diarrhea mediators increase the intracellular concentrations of 
secondary messengers: cAMP, Ca2+, cGMP, protein kinase C (PKC), and calmodulin-
dependent kinase (CAMK). The secondary messengers, in turn, stimulate secretion of 
KCl and NaCl by activation of transport proteins in luminal (CFTR Cl- channels, K+ 
channels) and basolateral (Na+ - 2Cl--K+ co-transporter, K+ channels, Na+-K+-ATPase) 
membranes.  Therefore, CS diarrhea is a refractory diarrhea as compared to other types 
of diarrhea, such as malabsorption diarrhea, osmotic diarrhea, exudative diarrhea, and 
motility disorder diarrhea. 

3) Analysis of Current Treatment Options
Patients with carcinoid syndrome are treated with somatostatin analog octreotide, 150 
to 250 mcg subcutaneously three times daily or administered as a long-acting 
intramuscular depot formulation.  The treatment relieves CS diarrhea in 90% of patients 
for 1 year (Papadakis, 2015)1.  After that, many patients stop responding to octreotide.  
In selected patients with refractory carcinoid syndromes, resection of hepatic 
metastases may provide improvement.  Hepatic artery occlusion, liver-directed 
debulking procedures, and chemotherapy may also provide symptomatic improvement 
in patients with hepatic metastases.

4) Octreotide and Resistance
Octreotide, a 14-aminopeptide somatostatin analog, inhibits the release of 
gastrointestinal hormones and peptide from carcinoid tumor cells and inhibits carcinoid 
tumor cell growth.  However, 60% of CS patients develop resistance to Octreotide 
therapy after 3 months.  The potential mechanisms of drug resistance include: (1) 
increase of the number of drug resistant tumor cells under drug selective pressure, and 
(2) decrease of cell surface somatostatin receptors.  Somatostatin receptor is a G-

1 Papadakis, MA, McPhee, SJ, and Rabow, MW. Current Medical Diagnosis and Treatment. 54th Ed, 2015; 
Interstinal Carcinoid Tumors, p.1608 –1610
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protein-coupled receptor.  Prolonged stimulation by an agonist triggers desensitization 
through mechanisms involving internalization and recycling, or receptor degradation.  
As a result, carcinoid tumor cells become resistance to octreotide therapy.  The current 
medical treatment of octreotide-resistant carcinoid syndrome is surgical resection of 
hepatic carcinoid metastatic tumor mass.

Table 1: Summary of Commonly Used Agents for CS diarrhea

Clinical Benefit and Risk
1) Strengths and limitations of the clinical trials, and the clinical relevance of the 

endpoints
Strengths:  
The Applicant has provided substantial evidence of effectiveness to support the 
approval. The durable responder-analyses show that more than 20% of CS patients who 
had SSA-refractory diarrhea at baseline had greater than 30% reduction of the BMs/day 
for over 50% of the 12-week treatment period.  Although this was not the primary 
analysis and was not statistically valid  from 
the clinical reviewer standpoint, these results in treating drug-resistant diarrhea are 
clinically meaningful. 

Limitations:
 The primary analysis results show that the means of differences comparing to 

the control were -0.81 and -0.83 BMs/day for the 250 mg and 500 mg arms, 
respectively.   Numerically, the reduction of 0.8 BM per day, from baseline are 
small and do not appear to be clinically significant to the reviewer but are 
supported by supplemental analyses.  Considering CS diarrhea has multiple 
mediators, the reviewer relies on the non-pre-specified supplemental analysis, 
durable responder analysis, to further support efficacy and clinical 
meaningfulness.

 Serotonin is not the only mediator causing CS diarrhea.  Study LX301 shows that 
approximate 60% of the treated patients did not respond to Xermelo treatment.

4

Reference ID: 4062614

(b) (4)



 Carcinoid tumor is not a common malignancy with only <10% of patients with 
carcinoid tumor developing carcinoid syndrome.  Consequently, this NDA 
submission is based on clinical trials of limited sample sizes.

2) Adequacy of Safety Database
The primary safety database consisted of two phase 3 trials (LX301 and LX303 with 211 
CS patients).  

The integrated safety database includes 14 trials (508 subjects) as follows:
 9 completed phase 1 studies (N = 259 healthy subjects)
 2 completed phase 2 studies (N = 38 patients with CS)
 2 ongoing phase 3 studies (N = 211 patients with CS)

Because <10% of patients with carcinoid tumors have carcinoid syndrome, the safety 
database is small. 

3) Safety data from Individual Phase 3 Study
In the original clinical review of NDA 208,794 dated January 12, 2017, we reviewed the 
pooled safety database.  Because the phase 3 clinical trials play an important role in the 
regulatory approval, the relevant safety data of both Studies LX301 and LX303 are 
included in the Addendum to the clinical review.

Table 1: Summary of Treatment-emergent Adverse Events Experienced by ≥5% of Total 
Patients during Double-blind Treatment Period (Study LX301 Safety Population)

5

Reference ID: 4062614



(Continued)

From Table 12.2.2.1.1-1 of Study LX301 Report.

Table 2: Summary of Treatment-emergent Adverse Events Experienced by ≥5% of Total 
Patients during the Open-label Extension Period (Study LX301 Safety Population)
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(Continued) 

From Table 12.2.2.1.2-1 of Study LX301 Report.

Table 3: Summary of Treatment-emergent Adverse Events Experienced by ≥5% of Total 
Patients during Double-blind Treatment Period (Study LX303 Safety Population)
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(Continued)

From Table 12.2.2.1.1-1 of Study LX301 Report.

Table 4: Summary of Treatment-emergent Adverse Events Experienced by ≥5% of Total 
Patients during the Open-label Extension Period (Study LX303 Safety Population)
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(Continued) 

From Table 12.2.2.1.2-1 of Study LX301 Report.

Constipation Adverse Events
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 In Study LX301 double-blind phase, one patient had constipation SAE at 500 mg 
tid, and no constipation AE or SAE was observed at 250 mg tid.

o In Study LX301 open-label extension phase, 4 patients (500 mg tid) had 4 
constipation AEs.

 In Study LX303 double-blind phase, 4 patients had 5 constipation events at 250 
mg tid, and 3 patients had 3 constipation events at 500 mg tid.  No patient had 
constipation SAE.

o In Study LX303 open-label extension phase, 6 patients (500 mg tid) had 7 
constipation AEs. 

 In Studies LX301 and LX303 open-label extension phases, there were a total of 5 
patients who had constipation SAEs. 
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Because 5-HT is not the only bioactive secretory product released by carcinoid tumors, a pre-
specified supplemental efficacy endpoint “durable clinical response” was used to further 
characterize the primary endpoint.  The durable response was defined as ≥ 30% reduction in 
BMs/day for ≥ 50% of the 12 weeks of treatment period.  The results show that both Xermelo 
dose groups had larger proportions of responders as compared with the control group.  In 
Study LX301, the durable responders were 44.4% (p=0.011), 42.2% (p=0.020), and 20.0% for 
Xermelo 250 mg, Xermelo 500 mg, and the control, respectively.  Study LX303 had similar 
results.

The secondary efficacy analysis of the pivotal study (LX301) was based on the changes from 
baseline of urinary 5-HIAA (5-hydroxyindoleacetic acid) level compared with the control at 
Week 12.  The results show that Xermelo treatment reduced the levels of urinary 5-HIAA at 
Week 12 from baseline by 30.1 mg/24 hour and 33.8 mg/24 hour as compared to the placebo 
for Xermelo 250 mg and 500 mg groups, respectively (p<0.001 for each comparison).  Study 
LX303 had similar results.

In the 36-week PF phase of the pivotal Study LX301, both the patients who crossed over from 
placebo and the patients who continued on Xermelo received 500 mg tid per day in the 
presence of SSA therapy.  The results show that Xermelo treatment persistently reduced 
approximately 2 BMs/day from baseline throughout the open-label extension period.  For the 
patients who were crossed over from the placebo group, the baseline BMs was defined as the 
frequency of BMs at Week 12.  The PF phase of Study 303 had similar results. 

The Applicant proposed:
 Xermelo 250 mg three times daily;

 the increase of Xermelo dose from 250 mg tid to 500 mg tid in the controlled phase of 
Study 301 did not improve the primary efficacy results, while the 500 mg tid dosing regimen 
increased the number of patients who suffered from constipation as an SAE (serious adverse 
event) in both the controlled phase and the open-label extension phase  

   

The benefit-risk evaluation of Xermelo shows:
 Novel mechanism of action: Inhibition of the rate-limiting step of 5-HT synthesis is a 

unique approach in the treatment of CS diarrhea.
 Unmet medical need:  CS diarrhea refractory to somatostatin therapy has unmet 

medical need.  More than 20% of the CS patients with SSA-refractory diarrhea 
responded to Xermelo treatment in this submission.

Reference ID: 4040781

(b) (4)

(b) (4)

(b) (4)





Clinical Review
Wen-Yi Gao, MD, PhD 
NDA 208,794/000
Telotristat Tablet

CDER Clinical Review Template 2015 Edition 10

Benefit-Risk Summary and Assessment

The Benefit-Risk assessment shows favorable results to Xermelo therapy for the treatment of diarrhea in patients with metastatic carcinoid 
tumor and diarrhea refractory to SSA (somatostatin analog) therapy.  The product has a novel mechanism of action, and is the First-in-Class 
drug.  It is reported that 80% of patients with carcinoid syndrome (CS) have diarrhea.  Currently, the only approved treatment in the U.S. is 
somatostatin analog therapy (SSA).  However, most of the patients will develop refractory diarrhea to SSA therapy.  Studies LX301 and LX303 
show that more than 20% of the treated patients had reduction of ≥ 30% of BMs/day (at least 2 BMs reduction/day) for ≥ 50% of the 12-week 
treatment period.  The reduction of SSA-refractory diarrhea was correlated with reduction of urinary 5HIAA excretion and improvement of 
body weight gain.  Based on the two phase 3 studies, the treatment emergent risks included elevation in hepatic enzymes (predominantly 
gamma-glutamic transferase), depression, and constipation.

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Xermelo 250 mg tid and 500 mg tid
 Route of administration: oral
 Population: patients with metastatic carcinoid tumor had diarrhea ≥ 4 

BMs/day refractory to SSA therapy 

Novel mechanisms of action and first-in-class 
drug for unmet medical need.  80% of patients 
with CS have diarrhea; most of them 
developing refractory diarrhea to SSA therapy.

Current 
Treatment 

Options

 SSA therapy: Octreotide  or intravenous; and Lanreotide Patients with CS and diarrhea become 
refractory to SSA therapy in months.

Benefit

 80% of symptomatic carcinoid patients have diarrhea
 Most of CS patients develop diarrhea refractory to SSA therapy in 

months.
 Xermelo has a novel mechanism of anti-diarrhea action.  First-in-class 

drug for treating refractory diarrhea to SSA therapy.
 More than 20% of the CS patients with SSA-refractory diarrhea 

The product appears to be effective to 5-HT-
induced diarrhea refractory to SSA therapy.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

responded to Xermelo treatment, defined as ≥30% reduction of 
BMs/day from baseline for ≥50% of the 12-week double–blind 
treatment period.

 Xermelo treatment leads to weight gain at the end of Week 12 of the 
double-blind period due to improved diarrhea.

 Reduction of urinary 5-HIAA levels in a dose-dependent manner in the 
double-blind studies.

 Long-term studies show reduction of 2 BMs/day from baseline over 
48 weeks in CS patients with diarrhea refractory to SSA therapy.

Risk

 The most common adverse events included nausea, abdominal pain, 
decreased appetite, depression and constipation.

 No improvement of flushing and abdominal pain in the double-blind 
studies.

 More than 60% of CS patients with the refractory diarrhea did not 
show response to Xermelo treatment.

The product is ineffective in treating non-5-HT 
induced CS diarrhea.

Risk 
Management

 The proposed use should be directed to treatment of CS diarrhea 
refractory to SSA therapy.

 REMS (Risk Evaluation and Mitigation Strategy) is not required.  

A total of 239 CS patients with refractory 
diarrhea to SSA were treated.  The mean 
duration was 41 weeks and the highest dose 
was 500 mg tid.  There was no significant 
safety signal reported.
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causing secretory diarrhea.
 Kallikrein/Bradykinin: dilates blood vessels, causing flushing, palpitations, low blood 

pressure, and diarrhea.
 Prostaglandin E, and F: cause diarrhea.
 Tachykinins: cause diarrhea and inflammation.
 Histamine: causes flushing and diarrhea.  

CS patients may also have niacin-deficiency diarrhea.  Tryptophan is an essential amino acid for 
niacin synthesis.  Normally, 1% of dietary tryptophan is converted to serotonin.  In CS patients, 
70% of dietary tryptophan is converted to serotonin, which limits the availability of tryptophan 
for niacin synthesis.  Clinically, niacin deficiency presents as pellagra (characterized by 
dermatitis, and mental disturbance) and diarrhea.

Medical Officer Comments:
Because CS diarrhea is caused by multiple mediators, and the proportion of 5-HT diarrhea is 
unknown, “averaged daily BMs” as an endpoint may dilute the signal of Xermelo effectiveness.  
The pre-specified supplemental endpoint “durable response analysis” should also be used to 
define the effectiveness of Xermelo. 

2) Mechanisms of CS diarrhea
Mechanisms of CS diarrhea involve activation of electrolyte secretion by colonic epithelial cells.  
As shown in Figure 1, the diarrhea mediators increase the intracellular concentrations of 
secondary messengers:  cAMP, Ca2+, cGMP, protein kinase C (PKC), and calmodulin-dependent 
kinase (CAMK).  The secondary messengers, in turn, stimulate secretion of KCl and NaCl by 
activation of transport proteins in luminal (CFTR Cl- channels, K+ channels) and basolateral (Na+ -
2Cl--K+ co-transporter, K+ channels, Na+-K+-ATPase) membranes.  

Some important stimulatory mediators (most of them are also secreted by CF tumor cells) are 
shown in the left side of the figure, such as vasoactive intestinal polypeptide (VIP), 
acetylcholine (Ach), histamine, secretin, leukotrienes, serotonin, adenosine, and nitric oxide 
(NO).  Other bioactive secretory products, kallikrein/bradykinin, prostaglandin E and F, and 
tachykinins are also involved.  These secretory mediators are secreted in paracrine or autocrine 
fashion by tumor cells or are released from enteric nerves or immune cells (mast cells and 
lymphocytes) triggered by tumor bioactive products, or are transported by capillaries.
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Figure 1: Activation of electrolyte secretion in colon cells

From Kunzelmann, K and Mall, M. Electrolyte transport in the mammalian colon: Mechanisms and implications for 
disease. Pysiol. Rev. 82:245-289, 2002.

3) Octreotide and resistance
Octreotide, a 14-aminopeptide somatostatin analog, inhibits the release of gastrointestinal 
hormones and peptide from carcinoid tumor cells and inhibits carcinoid tumor cell growth.  
However, 60% of CS patients develop resistance to Octreotide therapy after 3 months.  In brief, 
the potential mechanisms of drug resistance include: (1) increase of the number of drug-
resistant tumor cells under drug selective pressure, and (2) decrease of cell surface 
somatostatin receptors.  Somatostatin receptor is a G-protein-coupled receptor.  Prolonged 
stimulation by an agonist triggers desensitization through mechanisms involving internalization 
and recycling, or receptor degradation (Figure 2).  As a result, carcinoid tumor cells become 
resistance to octreotide therapy.  The current medical treatment of octreotide-resistant 
carcinoid syndrome is surgical resection of hepatic carcinoid metastatic tumor mass.
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Table 2:  Phase 2 and 3 Clinical Studies in Patients with CS 
Trial 

Identity
Title/Design Treatment/Dosage/Duration Number of Patients Treated

Pivotal Phase 3 Study
LX301 A Phase 3, Randomized, Placebo 

controlled, Parallel-group, 
Multicenter, Double-blind Study to 
Evaluate the Efficacy and Safety of 
Telotristat Etiprate (LX1606) in 
Patients with Carcinoid Syndrome not
Adequately Controlled by 
Somatostatin Analog (SSA) Therapy

TE tablets (250 mg or 500 mg) or
placebo given tid; 12-week Double-Blind 
Treatment (DBT) Period (completed); 36-
week Open-label Extension (OLE) Period 
evaluating TE 500 mg tid (ongoing)

DBT Period
Planned: 105 patients on stable octreotide SSA 
therapy at study entry.
Enrolled: 136 patients
Randomized: 136 patients
Treated and Analyzed: 135 patients
(45 each in the TE 250 mg, TE 500 mg, and placebo 
groups); 103 patients were on octreotide and 32 
patients were on lanreotide at study entry)
Completed DBT Period: 117 patients
OLE Period
Enrolled: 115 patients (39 from the TE 250 mg 
group, 38 from the TE 500 mg group, and 38 from 
the placebo group)

Additional Phase 3 Studies
LX303 A Phase 3, Randomized, Placebo-

controlled, Multicenter, Double-blind 
Study to Evaluate the Safety and 
Efficacy of Telotristat Etiprate 
(LX1606) in Patients with Carcinoid 
Syndrome

TE tablets (250 mg or 500 mg) or
placebo given tid;
12-week DBT Period (completed);
36-week OLE Period evaluating TE 500
mg tid (ongoing).

DBT Period
Planned: 60 patients
Enrolled: 76 patients
Randomized and Analyzed: 76 patients (25 each in 
the TE 250 mg and TE 500 mg groups and 26 in the 
placebo group)
Completed DBT Period: 68 patients
OLE Period
Enrolled: 67 patients (22 from the TE 250 mg group, 
21 from the TE 500 mg group, and 24 from the 
placebo group

LX302 A Phase 3, Multicenter, Open-label, TE tablets (250 mg or 500 mg given tid); Long-term OLE Study
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Long-term Extension Study to Further 
Evaluate the Safety and Tolerability 
of Telotristat Etiprate (LX1606)

84 weeks (ongoing) Planned: up to 100 patients
Enrolled: 71 patients (10 from the TE 250 mg group 
and 56 patients from the TE 500 mg group; 5 other 
patients enrolled but had only completed the 
Baseline visit at the time of data extraction, and 
data were not available for these 5 patients)
Analyzed: 66 patients

Supportive Phase 2 Studies
LX202 A Phase 2, Multicenter, Randomized, 

Double-blind, Placebo-controlled, 
Ascending, Multidose Study to 
Determine the Safety and Tolerability 
of Orally Administered LX1606 in 
Subjects with Symptomatic Carcinoid 
Syndrome Refractory to Stable-dose 
Octreotide Long-acting Release 
Depot Therapy

TE capsules (150 mg, 250 mg, 350 mg, or 
500 mg) or placebo given tid; DBT Period 
(28 days); up to180-week OLE Period 
(completed).

Planned: 24 patients
Analyzed DBT Period (Core Phase): 23 patients
OLE Period: 19 patients

LX203 A Phase 2, Open-label, Multi-center, 
Serial Ascending-dose, Dose-finding 
Study to Evaluate the Safety and 
Tolerability of LX1606 in Subjects 
with Symptomatic Carcinoid 
Syndrome.

TE capsules (150 mg, 250 mg, 350 mg,
or 500 mg given tid);
Dose-escalation Period: 4 periods of 14 
days; 4-week Stable Dose Extension; up 
to 124-week OLE Period (completed).

Planned: up to 16 patients
Analyzed (Core Phase): 15 patients
OLE Period: 11 patients

From Summary of Clinical Efficacy, Section 2.7.3; DBT=double-blind treatment, OLE=open-label extension, TE= Telotristat Etiprate (LX1606).
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consecutive weeks in an out-patient environment.  A blinded titration was performed during 
the first 7 days for patients assigned to 500 mg tid.  During the titration, all patients were to 
take 2 tablets tid (1 × 250-mg telotristat etiprate tablet and 1 placebo tablet or 2 placebo 
tablets). After 7 days, patients were to receive their assigned treatment and dose level for the 
remaining 11 weeks of the DBT Period.

Upon completion of the DBT Period, patients continued to an OLE Period in which all patients 
received active study drug at the 500 mg tid dose level.  A blinded titration occurred during the 
first 7 days of the OLE Period (Week 13).  During the titration, patients initially assigned to 
placebo were to take 2 tablets tid as 1 × 250-mg Xermelo tablet and 1 placebo tablet.  Patients 
initially randomized to 250 or 500 mg tid took 2 tablets tid as 2 × 250-mg telotristat etiprate 
tablets.  After 7 days, all patients received open-label Xermelo at the 500 mg tid dose level for 
the duration of the OLE Period.

A Data Safety Monitoring Board (DSMB) reviewed the safety data at specified time points 
throughout the study and ad hoc at the discretion of the DSMB or the Sponsor (e.g., in the 
event of unexpected SAEs) to review data and report its recommendations to the Sponsor.

The treatment schema is summarized in the following figure.

Figure 5: Treatment Schema of Study LX301

From the Study Report of LX301
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Table 3:  Schedule of Assessments (4-week SSA Administration)

 

From Study Report of LX301, NDA 208794.
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Inclusion Criteria (Study LX301)
Patients must meet all of the following criteria to be considered eligible to participate in the 
study:

1. Patients ≥18 years of age
2. Histopathologically confirmed, well-differentiated, metastatic NET documented by 

computed tomography, magnetic resonance imaging, or radionuclide imaging
3. A documented history of CS, and were currently experiencing an average of ≥4 BMs/day 

during the Run-in Period.
4. Currently receiving a stable-dose SSA therapy.  Stable-dose SSA therapy is defined as 

LAR or Depot SSA therapy or a continuous subcutaneous infusion via a pump.  Patients 
must have been receiving the same dose level and frequency for at least 3 months 
before entering the Run-in Period.

5. Minimum dose of LAR or Depot SSA therapy.  Somatostatin analog therapy must have 
been approved for use in CS in the patient’s country of residence or prescriber’s country 
of practice.

a. Octreotide LAR at 30 mg every 4 weeks, or
b. Lanreotide Depot at 120 mg every 4 weeks, or
c. Patients who could not tolerate SSA therapy at a level indicated above were 

allowed to enter at their highest tolerated dose.
6. Patients of childbearing potential must have agreed to use an adequate method of 

contraception.
7.   Ability and willingness to provide written informed consent prior to participation in any 

study-related procedure

Exclusion Criteria (Study LX301)
Patients who met any of the following criteria were excluded from participating in the study:

1. Presence of diarrhea attributed to any condition(s) other than CS (including, but not 
limited to, fat malabsorption or bile acid malabsorption)

2. Presence of more than 12 watery BMs/day associated with volume contraction, 
dehydration, or hypotension compatible with a “pancreatic cholera”-type clinical 
syndrome, as judged by the Investigator

3. Positive stool examination for enteric pathogens, pathogenic ova or parasites, or 
Clostridium difficile at Screening

4. Karnofsky Performance Status ≤60% (Note: Requires assistance and medical care)
5. Clinical laboratory values for hematology (at Screening):

a. Absolute neutrophil count ≤1500 cells/mm3; orb. 
b. Platelets ≤75 000 cells/mm3; or
c. Hemoglobin ≤9 g/dL for males and ≤8 g/dL for females

6.   Hepatic laboratory values (at Screening) such that:
a.   AST, or ALT:
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o ≥5.5 × ULN if patient had documented history of hepatic metastases; or
o ≥2.5 × ULN if patient did not have documented history of hepatic metastases

b.   Total bilirubin >1.5 × ULN (unless patient had a documented history of Gilbert’s 
Syndrome); or

c.   ALP ≥5 × ULN, if total bilirubin was >ULN
o No upper limit on the ALP value if the total bilirubin was ≤ULN

7. Serum creatinine ≥1.5 × ULN
8. Treatment with any tumor-directed therapy including, but not limited to, interferon, 

chemotherapy, mTOR inhibitors <4 weeks before Screening; or hepatic embolization, 
radiotherapy, radiolabeled SSA, and/or tumor debulking <12 weeks before Screening

9. Major surgery defined as procedures requiring general anesthesia or major regional 
anesthesia within 8 weeks before Screening Visit

10. A history of short bowel syndrome
11. Pregnant or nursing (lactating) women
12. Positive pregnancy test
13. Life expectancy <12 months from the Screening Visit
14. Presence of any clinically significant findings at Screening medical history, or physical 

examination (relative to patient population) that, in the Investigator’s or Medical 
Monitor’s opinion, would have compromised patient safety or the outcome of the study

15. Any other clinically significant laboratory abnormality at Screening that would have 
compromised patient safety or the outcome of the study

16. Clinically significant cardiac arrhythmia, bradycardia, or tachycardia that would have 
compromised patient safety or the outcome of the study

17. A history of substance or alcohol abuse within 2 years before Screening
18. Administration of any investigational agent within 30 days of Screening or 

investigational therapeutic protein or antibody within 90 days before Screening
19. Previous exposure to telotristat etiprate
20. Patients who were currently committed to an institution

Study Endpoints and Supplemental Analyses 

Primary Efficacy Endpoint (Study LX301)
To measure the reduction of daily bowel movements (BMs) from baseline averaged over the 
12-week double-blind treatment period (DBT Period) of the study in patients not adequately 
controlled by current SSA therapy.

Secondary Efficacy Endpoints (Study LX301)
To measure the change from baseline in urinary 5-HIAA levels at Week 12; the daily number of 
cutaneous flushing episodes averaged across all time-points; and abdominal pain averaged 
across all time-points.
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Supplemental Efficacy Analyses (LX301)
To assess:

 Proportion of patients with durable response, defined as the proportion of responders 
with ≥30% reduction in daily number of BMs for ≥50% of time over the DBT Period of 
the study

 Change from Baseline in overall and domain scores of the EORTC QLQ-C30 and 
Gastrointestinal Symptoms of Carcinoid Neuroendocrine Tumors (GI.NET21) averaged 
across all time-points and at each study visit where collected

 Change from Baseline in the daily number of cutaneous flushing episodes averaged at 
each study week

 Change from Baseline in abdominal pain averaged at each study week
 Change from Baseline in BM frequency averaged at each study week
 Change from Baseline in stool consistency averaged across all time-points and averaged 

at each study week
 Proportion of weeks in which patients reported adequate relief of CS symptoms 

associated with GI symptoms
 Proportion of patients that reported adequate relief of CS symptoms associated with GI 

symptoms at each study week
 Change from Baseline in subjective global assessment of CS symptoms on an 11-point 

numeric rating scale (NRS) averaged across all time points and at each study week
 Proportion of days where urgency/immediate need to defecate was reported
 Proportion of days with reports of nausea
 Change from Baseline in the sensation/severity of nausea averaged across all time 

points and at each study week
 Proportion of days with ≥30% reduction in number of BMs from individual Baseline 

mean
 Proportion of days with ≥1.5 reduction in number of BMs from individual Baseline mean
 Time to first ≥30% worsening in BM frequency, defined as time to the first day of 2 

consecutive weeks with a mean BM frequency at least 30% above the individual 
Baseline mean

 Time to first sustained ≥30% improvement from Baseline in BM frequency, defined as 
time to the first day of 2 consecutive weeks with a mean BM frequency at least 30% 
below the individual Baseline mean

 Time to a 3-point reduction in the weekly global assessment of severity of CS symptoms 
sustained for at least 50% of the subsequent weeks (evaluated in patients with at least 4 
weeks of data from the week where they responded)

 Change from Baseline in u5-HIAA averaged across all time-points and at Week 6
 Change from Baseline in plasma levels of 5-HIAA averaged across all time-points and at 

each study week
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 Relationship of change from Baseline in BMs to changes from Baseline in stool 
consistency, adequate relief, nausea, urgency, and abdominal pain

 Relationship of changes from Baseline plasma and u5-HIAA levels to changes from 
Baseline in number of BMs, subjective global assessment, time to first improvement in 
BM frequency, time to first worsening in BM frequency, and change in symptoms 
(abdominal pain, stool consistency, urgency to defecate, and reports of nausea) over the 
DBT Period

 Correlation between 5-HIAA levels in urine and plasma over time
 Change in the frequency of rescue short-acting SSA used to treat bowel-related CS 

symptoms averaged across all time points and at each study week

Open-label Extension Period (Study LX301)
No statistical analyses were pre-specified for this period.

Statistical Analysis (Study LX301)

The ITT, PP, and Safety Populations are presented in the following table.  The study randomized 
136 patients (104 octreotide patients, and 32 lanreotide patients); intent-to-treat (ITT) 135, and 
per protocol (PP) 120 patients.  There were 117 patients who completed the DBT Period, and 
115 patients who participated the OLE Period.

Table 4:  Analysis Populations for the Double-blind Treatment Period

Protocol Amendments (Study LX301)

There were 6 versions of amendment.  All the changes were reviewed.  In Version 3 of the 
amendment, the Applicant modified the additional endpoint describing durability.  The 
threshold was increased from 25% to 30%, based on the review of new data from completed 
phase 2 studies.
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Table 5: Patient Disposition for Double-Blind Treatment Period (Study LX301)

Study LX301 Report Table 10.1.1-2

Table 6: Patient Disposition for the Open-Label Extension Period (Study LX301)

Reference ID: 4040781



Clinical Review
Wen-Yi Gao, MD, PhD 
NDA 208,794/000
Telotristat Tablet

CDER Clinical Review Template 2015 Edition 35

Protocol Violations/Deviations (Study LX301)

Protocol deviations were captured during monitoring visits or identified during clinical review of 
the data.  Before the database extraction was performed and unblinding occurred, the 
Applicant reviewed all protocol deviations and determined their classification (i.e., major or 
minor) and whether or not they were significant protocol deviations (i.e., those that would 
impact the patient’s evaluability in the per protocol analysis).  

Significant protocol deviations during the DBT Period occurred in 17 patients (12.6%) in the
Safety Population: 4 patients (8.9%) in the Xermelo 250 mg group, 6 patients (13.3%) in the 
Xermelo 500 mg group, and 7 patients (15.6%) in the placebo group.  Sixteen of the significant 
deviations involved study drug; of these, all but 2 were related to study drug compliance <75% 
during the DBT Period.  The remaining study drug deviations occurred in patient 1205-001 
(placebo group), who never returned study drug bottles or patient diaries, as such compliance 
was unable to be confirmed, and patient 2212-002 (placebo group), who used the wrong 
blinded titration wallet (i.e., the Week 1 wallet rather than the Week 13 wallet) from a 
replacement kit during the second titration.  One deviation involved safety reporting; 
specifically, the blinded titration wallets were exchanged in error and the patient (1201-002, 
250 mg group) received the wrong wallet (i.e., received the Week 13 wallet on Day 1 and 
received the Week 1 wallet at Week 13).

Eleven patients had protocol deviations regarding consent that were not considered significant 
as they did not result in exclusion from the Per Protocol Population.  These patients did not 
provide initial consent for the pharmacogenomic substudy; however, samples were collected 
on Day 1 and stored.  This error occurred because the pharmacogenomic sampling tubes were 
automatically included in the Day 1 laboratory kits for Visit 1, and the sites unintentionally 
failed to remove them if the patient did not provide consent.  No testing was done on any of 
the samples, and subsequently, patients were either consented for the pharmacogenomics 
substudy or the samples were destroyed.  All appropriate authorities were notified as required.

While these significant deviations could have impacted treatment efficacy and/or safety in the
DBT Period, the Applicant did not believe these deviations had an impact on the overall study 
results.

Medical Officer Comment:
I agree with the investigator that the deviations had no major impact on the overall study 
results.     
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Table of Demographic Characteristics (Study LX301)

Demographics and baseline characteristics for the Safety Population were primarily similar 
across the 3 treatment groups.  The exceptions included (1) a higher proportion of patients in 
the Xermelo 250 mg group (88.9%) received SSA therapy with octreotide at study entry 
compared to the placebo group and the Xermelo 500 mg group (66.7% and 73.3%, 
respectively), and (2) a higher proportion of patients in the Xermelo 500 mg group (37.8%) 
received SSA therapy every 3 weeks at study entry compared to the Xermelo 250 mg and 
placebo groups (24.4% each)

Table 7:  Demographics and Baseline Characteristics Prior to the Double-blind Treatment Period 
(Study LX301, Safety Population)
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Table 7 (Continued):  Demographics and Baseline Characteristics Prior to the Double-blind 
Treatment Period
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Other Baseline Characteristics (Study LX301)

Other key baseline characteristics included u5-HIAA, bowel movements, flushing, abdominal 
pain, nausea, and stool consistency.  They are listed in the following table.

Table 8:  Baseline Data for Symptoms and Conditions Associated with Carcinoid Syndrome 
Before the Double-blind Treatment Period

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

The overall mean compliance was 91.2% in Study LX301.  The compliance of the two Xermelo 
treatment groups was similar:  87.0% in the placebo group, 95.4% in the Xermelo 250 mg 
group, and 91.2% in the Xermelo 500 mg group.  Most (>86% in each group) patients were in 
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the compliance category of 75% to 125% (Table 9).

Table 9:  Treatment Compliance over the Double-blind Treatment Period (Safety Population)

Concomitant Medication at Baseline (Study LX301)
All 135 patients (100%) in the Safety Population reported ongoing SSA usage at the time of 
study entry; octreotide formulation was reported in 103 patients (76.3%) and lanreotide 
formulation was reported in 32 patients (23.7%).  The following table summarizes SSAs by 
generic name and dosage/formulation at baseline (Day 1).

Table 10:  Concomitant SSA Therapy by Dose at Baseline (Study LX301, Safety Population)

Rescue Short-Acting SSA (Study LX301)
The mean usage of rescue short-acting SSA at baseline (injections counts/day) was comparable 
across the treatment groups: 0.470 injections/day (placebo), 0.450 injections/day (Xermelo 250 
mg), and 0.505 injections/day (Xermelo 500 mg).  The median values showed that a fair number 
of patients had no such injections over baseline period.  There was evidence that the usage of 
these injections was reduced over the course of the DBT period for the Xermelo groups 
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compared to placebo, and in particular, for the Xermelo 500 mg group.  Results from the 
primary analysis of mean change from baseline averaged across the 12 week DBT period was 
not significant, but the supplemental analysis showed that Xermelo 500 mg compared to 
placebo resulted in an average reduction in the use of these injections of 75.9%, p=0.011.  The 
average reduction in the Xermelo 250 mg group compared to placebo was 47.5%, p=0.27.  
Findings from the supplemental analysis were based on use of a GLM (negative binomial).

Concomitant Medications During Double-blind Treatment Period (Study LX301)
Table 11 summarizes the concomitant medications taken by ≥10% of patients in Study LX301: 

 Pituitary and hypothalamic hormones and analogues (100%, SSA per inclusion criteria); 
 Analgesics (55.6%); 
 Antidiarrheals, Intestinal anti-inflammatory/anti-infective agents (46.7%); 
 Drugs for acid related disorders (43.7%); 
 Digestives, including enzymes (37.8%); 
 Vitamins (37.0%); Mineral supplements (32.6%); 
 Antianemic preparations (25.9%); and 
 Antithrombotic agents (24.4%). 

The use of these medications was generally similar across groups with the exception of 
Analgesics, Antidiarrheals, intestinal anti-inflammatory/anti-infective agents and Drugs for acid 
related disorders, which were used by larger proportion of patients in the Xermelo treatment 
groups compared to the placebo group.

Table 11: Concomitant Medications Taken by ≥10% of Patients Overall during the Double-blind 
Treatment Period, by Preferred Term (Study LX 301, Safety Population)
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Note: In the DB Period, concomitant medications were defined as medications that were taken on or after the first 
dose date of double-blind study medication.
Abbreviations: ATC = Anatomical Therapeutic Chemical; LX1606 = telotristat etiprate; NOS = not otherwise 
specified
Notes: Analgesics: Paracetamol, oxycodone, tramadol, acetylsalicylic acid, metamizole, fentanyl, and morphine.

Efficacy Results – Primary Endpoint (Study LX301)

The primary endpoint was “the change from Baseline in the number of BMs/day averaged over 
the 12-week DBT Period”.  The results show that the net differences comparing to the control in 
arithmetic means were -0.81 and -0.83 BMs/day for the 250 mg and 500 mg arms, respectively.   
At baseline, the averaged numbers of BMs were 5.2, 6.1 and 5.1 BMs/day for placebo (SSA 
only), Xermelo 250 mg tid, and Xermelo 500 mg tid, respectively.  The total changes during the 
DBT Period were -0.6, -1.4, and -1.5 BMs/day for SSA only, 250 mg Xermelo, and 500 mg 
Xermelo, respectively. 

The efficacy of Xermelo was demonstrated through significantly greater reductions in daily 
bowel movement frequency averaged over 12 weeks in both doses compared to placebo 
(p<0.001). 

Based on exit interviews from patients completing Study LX301, a reduction of at least two 
bowel movements per day was considered clinically meaningful, with 33% of the patients who 
received Xermelo 250 mg achieving this level of improvement compared to 4% of placebo.

Table 12:  Analysis of Bowel Movement (counts/day) During the Double-blind Treatment Period 
(ITT Population)
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Medical Officer Comments:
The reduction of BMs, -0.8 BM per day, from baseline during the 12-week controlled period, 
does not appear to be clinically significant to the reviewer.  Because CS diarrhea has multiple 
mediators, it becomes necessary to examine each individual response.  
To evaluate drug activity in a system of multi-factorial diarrhea, the responder rate analysis 
appears to be better than the analysis of averaged frequency of daily BMs. 

Data Quality and Integrity – Reviewer’s Assessment 

The clinical reviewer examined all 133 individual profiles submitted to Study LX301 (Xermelo 
250 mg arm 43 subjects, 500 mg arm 46 subjects, and placebo arm 44 subjects).  In general, 
there were three types of responses to Xermelo treatment among the 89 treated subjects as 
follows:
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 Type 1 response:  There were approximate 30% - 40% of the 89 subjects who had 
reduction of BMs.  The reduction was correlated with the decrease of u5-HIAA.  An 
example is shown in the following figure (Patient ID LX301-0115-002).  The patient had a 
reduction of BM of up to 7 BMs/day, and the reduction was correlated with a decrease 
of u5-HIAA.

Reference ID: 4040781



Clinical Review
Wen-Yi Gao, MD, PhD 
NDA 208,794/000
Telotristat Tablet

CDER Clinical Review Template 2015 Edition 44

 Type 2 Response:  There were approximate 50% of the 89 subjects who did not have 
consistent reduction of BMs.  However, u5-HIAA was reduced.  An example is show in 
the following figure (Patient ID LX301-0801-001).  The patient did not have the trend of 
reduction of BMs, while the levels of u5-HIAA were decreased.

Medical Officer Comments:
This profile supports the hypothesis that (1) Non-5HT mediated diarrhea may play a 
predominant role in these individuals; (2) Carcinoid tumor may be originated from Foregut, and 
histamine instead of serotonin may be the secretory product; or (3) Malabsorption diarrhea 
caused by niacin-deficiency may play a role. 
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 Type 3 Response:  There were approximate 10% of the 89 subjects who did not have 
consistent reduction of BMs.  However, u5-HIAA was not changed, or was even 
increased.  An example is show in the following figure (Patient ID LX301-0103-001).  The 
patient did not have the trend of reduction of BMs, and the levels of u5-HIAA were 
increased.

Medical Officer Comments:
Lack of inhibition by Xermelo against tryptophan hydroxylase suggests that (1) the first-pass 
effect may prevent Xermelo to reach sufficient concentrations at the target organs.  And (2) 
tryptophan hydroxylase of tumor cells may overcome the inhibitory effect of Xermelo. 

Supplemental Analysis of the Primary Efficacy Endpoint (Study LX301)

The most important supplemental analysis was “the proportion of durable response, defined as 
the proportion of responders with ≥30% reduction in daily number of BMs for ≥50% of time 
over the DBT Period of the study”.  At the pre-submission meeting on 10/9/2013, the Division 
agreed to use the 50% rule as a measure of durability for the primary endpoint.  Also, the 
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Division suggested conducting analysis of the 30% response as the threshold.  The Applicant 
invited experts in the field, and determined the 30% threshold to be appropriate.   

The results show that the proportions of patients with durable response to the treatment of 
Xermelo plus SSA were 20.0%, 44.4% (p=0.024), and 42.2% (p=0.040) for placebo (SSA alone), 
250 mg of Xermelo tid plus SSA, and 500 mg tid of Xermelo plus SSA, respectively. 
The odds ratio for 250 mg tid was 3.49 (p=0.011, 95% CL 1.33, 9.16) and for 500 mg tid was 3.11 
(p=0.020, 95% CL 1.20, 8.10), relative to placebo.  

Table 13:  Durable Responder Analysis:  Proportion of Patients with Responses (Study LX301)
SSA control 250 mg 500 mg
n=45 n=45 n=45

Durable Responder 20.0% 44.4% 42.2%
p-Value for responder rate N/A p=0.024 p=0.040
Odds Ratio N/A 3.49 3.11
p-Value for odds ratio N/A P=0.011 P=0.020
From Study Report of LX301; N/A=not applicable

Efficacy Results – Secondary and other relevant endpoints (Study LX301)

Secondary endpoints:
1. Change from baseline in urinary 5-HIAA levels at Week 12 during the double-blind 

treatment period
The means of baseline u5-HIAA were 80.9, 92.6, and 89.5 mg/24 hours for placebo, Xermelo 
250 mg, and 500 mg groups, respectively.  There were numerical reductions in u5-HIAA values 
from baseline at Week 12 for both the Xermelo 250 mg and 500 mg groups compared to 
placebo (Table 14).  The Applicant used Hodges-Lehmann Estimator to calculate the treatment 
difference (Xermelo minus placebo) from baseline, and concluded statistical significances.  

However, from the clinical reviewer standpoint, the statistical significance of urinary 5-HIAA 
data is unknown, because the urinary 5-HIAA level was confounded by the 5-HIAA component 
that results from viable hepatic cells that are directly degraded from 5-HT to u5-HIAA, prior to 
the 5-HT component being able to mediate CS diarrhea (First pass effect); this effect may also 
be variable on the individual patient level.  Despite the potential confounding, the trend of 
decreasing u5-HIAA by Xermelo was apparent, suggesting that the clinical response in 
improvement of BMs was likely through reduction of 5-HT mediated CS diarrhea. 
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Table 14:  Analysis of Urinary 5-HIAA Levels (mg/24 hours) at Week 12 During the Double-blind 
Treatment Period (Study LX301, ITT Population)

2. Change from baseline in number of cutaneous flushing episodes averaged across all 
time points during the double-blind treatment period (Study LX301) 

The results in differences in cutaneous flushing show that the Xermelo groups and placebo 
group were not statistically significant compared to baseline, respectively.  The H-L estimate of 
the treatment difference (Xermelo minus placebo) was 0.036 counts/day (97.5% CL: ˗0.230, 
0.330) for Xermelo 250 mg (p=0.39) and 0.000 (97.5% CL: ˗0.345, 0.209) for Xermelo 500 mg 
(p=0.84).  The mean Baseline values for cutaneous flushing averaged over the Run-in period 
(counts/day) were 1.791, 2.788, and 2.712 for placebo, Xermelo 250 mg, and Xermelo 500 mg 
groups, respectively. 

3. Change from baseline in number of abdominal pain  episodes averaged across all time 
points during the double-blind treatment period (Study LX301) 

To assess abdominal pain, patients were asked to record in the daily eDiary the level of 
abdominal pain using an 11-point numeric rating scale.  The results did not show significant 
differences in abdominal pain between the treatment groups and the control. 

Other Supplemental Analyses (Study LX301):
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Change from baseline in: overall and domain scores of the European Organization for Research 
and Treatment of Cancer (EORTC) QLQ-C30 and Gastrointestinal Symptoms of Carcinoid 
Neuroendocrine Tumors (GI.NET21) averaged across all time points
Patients receiving Xermelo 250 mg experienced an improvement in diarrhea scores compared 
with placebo (Hodges-Lehman estimator; 95% CL) of -16.67 (-16.667, 0.000; p=0.039) while 
patients receiving Xermelo 500 mg experienced change versus placebo of 0.00 (-16.667, 0.000; 
p=0.051), which did not reach the statistical significance.

There was no statistically significant change from baseline by Xermelo treatment in the mean 
scores of the EORTC QLQ-C30 of Global HealthStatus/QOL.  Also, there was no statistically 
significant change from baseline in the mean scores of individual domain of physical 
functioning, role functioning, emotional functioning, cognitive functioning, social functioning, 
fatigue, nausea and vomiting, pain, dyspnea, appetite loss, constipation, and financial 
difficulties.

There was no clinically meaningful change from baseline in the individual subscale of insomnia 
of the Xermelo 250 mg and 500 mg groups. 

Change of Bowel Movement Frequency:  Time to First Occurrence of Sustained ≥30% Reduction 
in BM
This endpoint was defined as time to the first day of 2 consecutive weeks with a mean BM 
frequency at least 30% below the individual baseline mean.  The median times to first 
occurrence of sustained ≥30% improvement were 19 days (n=45) and 27 days (n=45) for 
Xermelo 250 mg and 500 mg treatment groups, respectively.  The median time to improvement 
during the 84-day DBT Period could not be estimated for the placebo group because less than 
half of the patients (19/45=42.2%) achieved sustained ≥30% improvement.  A test of the hazard 
ratios indicated statistically significant differences in time to event between each Xermelo 
treatment group and placebo (p≤0.004).  The following figure presents Kaplan-Meier curves of 
time to first occurrence of sustained ≥30% improvement from baseline in BM frequency during 
the DBT Period.
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Figure 6:  Kaplan-Meier Curves of Time (in Days) to First Occurrence of Sustained ≥30% 
Improvement from Baseline in Bowel Movement Frequency during the Double-blind Treatment 
Period (Study LX301, ITT Population)

Additional Analyses Conducted on the Individual Trial

Bowel Movement Frequency by Week

Analysis of bowel movements per week was performed to explore the changes from baseline in 
average BM frequency.  Results are shown in the following figure.
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Figure 7:  Mean Change from Baseline in the Number of Daily Bowel Movements (counts/day) 
Averaged at Each Week during the Double-blind Treatment Period (Study LX301, ITT 
Population)

Change from Baseline at Week 12 in BMs
At Week 12, mean percent reductions in BM frequency were 34.3 % in the Xermelo 500 mg 
treatment group, versus a 27.5% reduction in the Xermelo 250 mg treatment group, and 18.5% 
in the placebo group.

The following figure represents the percentage change from baseline at Week 12 in the number 
of BMs/day by patient for the ITT Population.  Patients receiving Xermelo were generally less 
likely to worsen and more likely to experience substantial reductions in BM frequency across a 
wide range of response.
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The percentage change from baseline at Week 12 of u5-HIAA by patient was presented as 
Waterfall plots (panel A: 250 mg, panel B: 500 mg).  The greatest reductions were seen in 
patients in the Xermelo 500 mg treatment group; no patients in this treatment group 
experienced increased u5-HIAA levels at Week 12.

Figure 9:  Percentage Change from Baseline at Week 12 in the Urinary 5-HIAA Levels (mg/24 
hours) at Patient Level (Study LX301, ITT Population)
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Urgency to Defecate (Study LX301)
The results show that patients taking Xermelo 500 mg had a smaller proportion of days with 
urgency to defecate compared to those taking placebo.  The mean proportions of days with 
urgency to defecate were 0.665 and 0.603 for Xermelo 250 mg (n=45) and 500 mg (n=45) 
treatment groups, respectively, compared with placebo at 0.753 (n=45) for the overall DBT 
Period in the ITT Population.  In the primary analyses of these data (using the WRS statistic), the 
differences were statistically significant for Xermelo 500 mg compared with placebo (H-L 
estimate = -0.129, p=0.006), but not for Xermelo 250 mg compared with placebo (H-L estimate 
= -0.024, p=0.35).  

Patients who experienced at least a 30% reduction in BM frequency reported less urgency to 
defecate than those who experienced no reduction in BM frequency.

Stool Consistency (Study LX301)
The mean changes from baseline in stool consistency (Bristol Stool Form Scale) averaged across 
all time-points for the DBT Period were ˗0.264 (n=45) and ˗0.361 (n=45) for Xermelo 250 mg 
and 500 mg treatment groups, respectively, compared with placebo ˗0.216 (n=45).  The 
differences in stool consistency between the Xermelo treatment groups and placebo were not 
statistically significant.  However, there was a trend towards greater reductions in stool form 
scores among patients receiving Xermelo 500 mg as compared to placebo.  Across all treatment 
groups, patients who experienced at least a 30% reduction in BM frequency were reported to 
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have greater mean improvement in stool consistency than those who experienced no reduction 
in BM frequency.

Rescue Short-Acting SSA (Study LX301)
The mean usage of rescue short-acting SSA at baseline (injections counts/day) was comparable 
across the treatment groups: 0.470 injections/day (placebo), 0.450 injections/day (Xermelo 250 
mg), and 0.505 injections/day (Xermelo 500 mg).  Comparing to the placebo, the usage of these 
injections as measured by arithmetic means was numerically reduced over the course of the 
DBT period for the Xermelo 250 mg: -0.29, Xermelo 500 mg: -0.15, respectively.  The results 
were not statistically significant.   

Exit Interview Substudy
Following the completion of the Exit Interview Substudy and the unblinding of the study data 
for this interim report, the baseline characteristics of the interview participants were 
summarized.  The participants were similar in age, sex, Baseline bowel movement frequency, 
and average BM reduction over the 12 weeks DBT to those of the overall clinical trial 
population.

Patients described that high bowel movement frequency was the most important symptom of 
CS to treat.  During the clinical trial 21 out of 35 patients interviewed noted a reduction in 
bowel movement frequency.  In 20 cases, the reduction in BM frequency was described as 
meaningful by the patient.  Patients explained why their reductions were meaningful.  They 
described a sense of freedom from the bathroom and reported being better able to enjoy life 
and participate in physical and social activities.

Among the 35 interview participants, 33 answered a question on satisfaction with the ability of 
blinded study drug to treat CS.  There were 12 patients who were “very satisfied”, and all of 
them were on Xermelo.  The proportions of patients who were “very satisfied” (among those 
answering the satisfaction question) were 0/9 (0%) on placebo, 5/9 (56%) on 250 mg tid 
Xermelo, and 7/15 (47%) on 500 mg tid Xermelo.

Among the interview participants, 9 met durable response criteria during the double-blind 
treatment period.  These included 8 patients on Xermelo, and all 8 of them were “very 
satisfied” with the ability of study drug to treat CS.  There was 1 interview participant who 
experienced a durable response on placebo, and he did not report satisfaction with treatment.

Quality of life: EORTC QLQ-C30 Scores
In evaluation of all visits across the domain, the averaged values were not statistically 
significant for the treatment differences regarding the mean changes for the EORTC QLQ-C30 
scores for Global Health Status/QOL and the individual domain scores of physical functioning, 
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 Change from baseline in stool consistency, as measured by the Bristol Stool Form Scale 
averaged across all time points

 Change from baseline in the number of cutaneous flushing episodes
 Change from baseline in abdominal pain averaged across all time-points
 Change from baseline in the frequency of rescue short-acting SSA used to treat CS 

symptoms
 Change from baseline in the number of daily BMs averaged over the 12-week DBT 

Period and at each study week, among patients who were not receiving an SSA at 
baseline

Other Efficacy Supplemental Analyses:  To evaluate the effect of Xermelo versus placebo over 
the DBT Period of the study in all randomized patients and specified subgroups for the 
following measures:

 Pharmacodynamic effects of Xermelo on u5-HIAA over time versus baseline
 Change from baseline averaged at each study week, where collected, in: BM frequency; 

stool consistency, as measured by the Bristol Stool Form Scale; abdominal pain; 
subjective global assessment of CS symptoms on an 11-point numeric rating scale (NRS)

 Change from baseline averaged across all time-points and at each study week, where 
collected, in: the European Organization for Research and Treatment of Cancer (EORTC) 
Quality of Life Questionnaire QLQ-C30 and the module specific for gastrointestinal (GI) 
symptoms of carcinoid neuroendocrine tumors (GI.NET21), diarrhea assessment; the 
sensation/severity of nausea; plasma levels of 5-hydroxyindoleacetic acid (5-HIAA)

 Proportion of: patients who reported adequate relief of CS symptoms associated with GI 
symptoms at each study week; days with ≥30% reduction in number of BMs from 
individual baseline mean; days with ≥1.5 reduction in number of BMs from individual 
baseline mean; patients with durable response, defined as responders with ≥30% 
reduction in daily number of BMs for ≥50% of the time; weeks in which patients 
reported adequate relief of CS symptoms associated with GI symptoms; days where 
urgency/immediate need to defecate was reported; days with reports of nausea

 Time to: first ≥30% worsening in BM frequency, defined as time to the first day of 2 
consecutive weeks with a mean BM frequency ≥30% above the individual baseline 
mean; first sustained ≥30% improvement from baseline in BM frequency, defined as 
time to the first day of 2 consecutive weeks with a mean BM frequency ≥30% below the 
individual Baseline mean; a ≥30% reduction in the weekly global assessment of severity 
of CS symptoms sustained for ≥50% of the subsequent weeks (evaluated in patients with 
≥4 weeks of data from the week where they responded)

 Relationship of change from baseline in BMs to changes from baseline in stool 
consistency, nausea, urgency to defecate, abdominal pain, and adequate relief

 Change from baseline in overall and domain scores of EORTC QLQ-C30 and GI.NET21, 
and the relationship of change from baseline in BM frequency to change in EORTC QLQ-
C30 and GI.NET21 scores.
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 Relationship of baseline and changes from baseline in plasma 5-HIAA and u5-HIAA levels 
to changes from Baseline in: number of BMs; subjective global assessment; symptoms 
(abdominal pain, stool consistency, urgency to defecate, and nausea); time to first 
improvement in BM frequency; time to first worsening in BM frequency.

 Correlation between 5-HIAA levels in urine and plasma over time

Additional Safety Objective:
To evaluate overall safety through assessment of the changes from baseline in clinical 
laboratory results, vital sign results, electrocardiogram (ECG) findings, and physical examination 
results.

Trial Design (LX303)

This was a confirmative phase 3, randomized, active controlled, multicenter, double-blind study 
in patients with CS to evaluate 2 oral dose Xermelo, 250 mg and 500 mg tid, versus placebo.

Patients with histopathologically confirmed, well-differentiated NET and a documented history 
of CS were screened for this study.  This companion study to the LX301 study was designed to 
enroll patients receiving SSA therapy who had <4 BMs/day with ≥1 signs/symptoms of CS or 
patients who were not receiving SSA therapy with ≥1 signs/symptoms of CS.  

Patients entered Screening/Run-in Period of at least 3 weeks to establish baseline symptoms.  
During the Run-in Period, no changes to SSA therapy occurred.  Patients receiving SSA therapy 
continued to receive stable-dose SSA therapy and those not currently receiving SSA therapy 
remained without SSA therapy.  Stable-dose SSA therapy was defined as LAR or depot SSA 
therapy or a continuous subcutaneous infusion via a pump at the same dose level and 
frequency for at least 3 months before the Run-in Period.  In addition, therapy with rescue 
short-acting SSA was permitted.  Only patients who completed the Screening/Run-in Period and 
were ≥75% compliant with diary entries were considered eligible for the DBT Period of the 
study.  Patient diaries were completed at the end of each study day.  In the daily diary, patients 
recorded the number of BMs over a 24-hour period, consistency of each BM based on the 
Bristol Stool Form Scale, abdominal pain, nausea, frequency of rescue SSA use, number of 
flushing episodes, and presence of urgency to defecate.

After the Screening/Run-in Period, eligible patients were randomly assigned (1:1:1 ratio) on Day 
1 to receive 1 of 2 oral dose levels of Xermelo (250 or 500 mg) or placebo given tid for 12 
consecutive weeks.  A blinded titration occurred during the first 7 days for patients assigned to 
the 500 mg tid dose group.  During the titration, all patients took 2 tablets tid (1 × 250-mg 
Xermelo tablet and 1 placebo tablet or 2 placebo tablets).  After 7 days, patients received their 
assigned treatment and dose level for the remaining 11 weeks of the DBT Period.  No changes 
or initiation of SSA therapy were to be permitted during the DBT Period.
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Upon completion of the placebo-controlled DBT Period, patients continued in an OLE Period in 
which all patients received active study drug at the 500 mg tid dose level.  A blinded titration 
was to occur during the first 7 days of the OLE Period (Week 13).  After 7 days, all patients were 
to receive open-label Xermelo 500 mg tid for the duration of the OLE Period.

Downward dose level adjustment of Xermelo was to be permitted if evidence of intolerability 
emerged during the OLE Period.  Patients who experienced intolerability at the 250 mg tid dose 
level must have been discontinued from the study.  Patients whose dosage was down-titrated 
to 250 mg tid may have resumed 500 mg tid dosing (2 × 250-mg Xermelo tablets tid).

A Data Safety Monitoring Board (DSMB) was to review safety data quarterly and ad hoc at the 
discretion of the DSMB or the Sponsor.  The treatment schema is summarized in the following 
figure.

Number of patients enrolled:  76 patients
 Randomized: 76 patients; 
 Analyzed: 76 patients (DBT Period, 25 patients in the Xermelo 250 mg tid treatment 

group, 25 patients in the Xermelo 500 mg tid treatment group, and 26 patients in the 
placebo treatment group); 67 patients participated in the OLE Period.

Figure 10: Treatment Schema of Study LX303

Main Inclusion Criteria (Study LX303)
Patients must have met all of the following criteria to be considered eligible to participate in 
the study:

1. Patients ≥18 years of age at the time of the Screening Visit
2. Histopathologically confirmed, well-differentiated, metastatic NET confirmed by 

computed tomography, magnetic resonance imaging, or radionuclide imaging.
3. Documented history of CS, and met 1 of the following 2 criteria:
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 If currently receiving LAR/depot/infusion SSA therapy for the treatment of 
CS, must have been currently receiving a stable dose, averaging <4 BMs/day, 
and must have had ≥1 of the following signs/symptoms of CS:

o Daily stool consistency ≥5 on the Bristol Stool Form Scale (Appendix D 
of the protocol) for ≥50% of the days during the Run-in Period, or

o Average daily flushing frequency of ≥2, or
o Average daily rating of ≥3 for abdominal pain, or
o Nausea present ≥20% of days, or
o u5-HIAA >ULN

 If not currently receiving SSA therapy, must have had ≥1 of the following 
signs/symptoms of CS:

o Daily stool consistency ≥5 on the Bristol Stool Form Scale for ≥50% of 
the days during the Run-in Period, or

o Average daily flushing frequency of ≥2, or
o Average daily rating of ≥3 for abdominal pain, or
o Nausea present ≥20% of days, or
o u5-HIAA >ULN, or
o Currently averaging ≥4 BMs/day

Main exclusion Criteria (Study LX303)
Patients who met any of the following criteria were to be excluded from participating in the 
study:

1. Presence of diarrhea attributed to any condition(s) other than CS, including, but not 
limited to, fat malabsorption or bile acid malabsorption

2. Presence of >12 watery BMs/day associated with volume contraction, dehydration, 
or hypotension compatible with a “pancreatic cholera”-type clinical syndrome, as 
judged by the Investigator

3. Positive stool examination for enteric pathogens, pathogenic ova or parasites, or 
Clostridium difficile at Screening

4. Karnofsky Performance Status ≤60%
5. Clinical laboratory values for hematology (at Screening):

 Absolute neutrophil count ≤1500 cells/mm3, or
 Platelets ≤75 000 cells/mm3, or
 Hemoglobin ≤9 g/dL for males and ≤8 g/dL for females

6.   Hepatic laboratory values (at Screening) such that:
 Aspartate aminotransferase (AST) or alanine aminotransferase (ALT): 

o ≥5.5 × ULN if patient had documented history of hepatic metastases; or
o ≥2.5 × ULN if patient did not have documented history of hepatic 

metastases
 Total bilirubin >1.5 × ULN (unless patient had a documented history of Gilbert’s 

syndrome); or
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 Alkaline phosphatase (ALP) ≥5 × ULN, if total bilirubin was >ULN
o No upper limit on the ALP value if the total bilirubin was ≤ULN

 Serum creatinine ≥1.5 × ULN
 Treatment with any tumor-directed therapy including, but not limited to: 

interferon, chemotherapy, mTOR inhibitors <4 weeks before Screening; or 
hepatic embolization, radiotherapy, radiolabeled SSA, and/or tumor debulking 
<12 weeks before Screening

 Major surgery defined as procedures requiring general anesthesia or major 
regional anesthesia within 8 weeks before Screening

 A history of short bowel syndrome
 Current complaints of constipation or history of chronic or idiopathic 

constipation within 2 years before Screening
 Positive pregnancy test, pregnant or nursing (lactating) female patients only
 Life expectancy <12 months from the Screening Visit
 Presence of any clinically significant findings at Screening medical history or 

physical examination (relative to patient population) that, in the Investigator’s or 
Medical Monitor’s opinion, would have compromised patient safety or the 
outcome of the study

 Any other clinically significant laboratory abnormality at Screening that would 
have compromised patient safety or the outcome of the study

 Clinically significant cardiac arrhythmia, bradycardia, or tachycardia that would 
have compromised patient safety or the outcome of the study

 A history of substance or alcohol abuse (Diagnostic and Statistical Manual of 
Mental Disorders, 5th Edition Criteria for Substance-Related Disorders) within 2 
years before Screening

 Administration of any investigational agent within 30 days of Screening or 
investigational therapeutic protein or antibody within 90 days before Screening

Concomitant Therapy (Study LX303)
All concomitant medications taken by patients during the study were recorded in the eCRF.  
Treatment with prescription or over-the-counter antidiarrheal therapy, bile acid sequestrants, 
or pancreatic enzyme was not prohibited; however, the use of these concomitant therapies had 
been associated with a documented history of disease (e.g., fat malabsorption, bile acid 
malabsorption, or steatorrhea).  The use of all concomitant medications was to have remained 
stable during the Run-in Period and the DBT Period.  An addition or change in dosage or dose 
regimen of concomitant medications during these periods was to be discouraged unless the 
patient was placed at undue safety risk.

Treatment with any tumor-directed therapy including, but not limited to, hepatic embolization, 
interferon, chemotherapy, radiotherapy, radiolabeled SSA, or tumor debunking during the DBT 
Period was not to be permitted and may have resulted in discontinuation of the patient.
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Study Endpoints (Study LX303) 

Primary Efficacy Endpoint
To measure the percent change from baseline in 24-hour urinary 5-HIAA levels at Week 12.

Secondary Efficacy Endpoints
To evaluate the effects of Xermelo versus placebo over the DBT Period of the study on:

 Change from baseline in: the number of daily bowel movements (BMs) averaged over 
the 12-week DBT Period;

 Stool consistency, as measured by the Bristol Stool Form Scale averaged across all time 
points;

 The number of cutaneous flushing episodes; 
 Abdominal pain averaged across all time points; 
 The frequency of rescue short-acting somatostatin analog (SSA) used to treat carcinoid 

syndrome (CS) symptoms; and 
 The number of daily BMs averaged over the 12-week DBT Period and at each study 

week, among patients who were not receiving an SSA at Baseline

Main Supplemental Analyses (Study LX303)
To assess:

 Proportion of patients with durable response, defined as the proportion of responders 
with ≥30% reduction in daily number of BMs for ≥50% of time over the DBT Period of 
the study; 

 Change from baseline averaged at each study week, where collected, in: BM frequency; 
stool consistency, as measured by the Bristol Stool Form Scale; abdominal pain; 
subjective global assessment of CS symptoms on an 11-point numeric rating scale (NRS)

 Change from Baseline averaged across all time-points and at each study week, where 
collected, in: the European Organization for Research and Treatment of Cancer (EORTC) 
Quality of Life Questionnaire QLQ-C30 and the module specific for gastrointestinal (GI) 
symptoms of carcinoid neuroendocrine tumors (GI.NET21), diarrhea assessment; the 
sensation/severity of nausea; plasma levels of 5-hydroxyindoleacetic acid (5-HIAA)

 Proportion of: patients who reported adequate relief of CS symptoms associated with GI 
symptoms at each study week; days with ≥30% reduction in number of BMs from 
individual Baseline mean; days with ≥1.5 reduction in number of BMs from individual 
Baseline mean; patients with durable response, defined as responders with ≥30% 
reduction in daily number of BMs for ≥50% of the time; weeks in which patients 
reported adequate relief of CS symptoms associated with GI symptoms; days where 
urgency/immediate need to defecate was reported; days with reports of nausea
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Statistical Analysis (Study LX303)

The ITT, PP, and Safety Populations are presented in the following table.  The ITT and Safety 
Populations consisted of 25 patients in each Xermelo treated groups, and 26 patients in the 
placebo group.  Overall, 12 patients were excluded from the Per Protocol Population due to the 
u5-HIAA samples not being collected or analyzed (7 of patients in the Xermelo 500 mg group, 2 
patients in the 250 mg group, and 1 patient in the placebo), and the study drug compliance (2 
patients in the Xermelo 250 mg group).

Table 15:  Analysis Populations for the Double-blind Treatment Period of Study LX303
Statistical Populations Placebo

n (%)
Xermelo 250 mg

n (%)
Xermelo 500 mg

n (%)
Total
n (%)

Randomized 26 25 25 76
Safety Population 26 (100) 25 (100) 25 (100) 76 (100)
Intent-to-treat Population 26 (100) 25 (100) 25 (100) 76 (100)
Per-protocol Population 25 (96.2) 21 (84.0) 18 (72.0) 64 (84.2)
From Study Report of LX303

Protocol Amendments (Study LX303)

There were 3 versions of protocol amendments.  All the changes were reviewed.  
 The protocol amendment 1 was dated May 22, 2013.  The amendment modified the 

methodology of protocol by adding a blinded titration period to the first 7 days of the 12 
week treatment period.

 The protocol amendment 2 was dated February 1, 2014.  The amendment revised the 
wording of the primary endpoint to correctly reflect that planned analysis will be 
evaluate individual dose groups versus placebo for a percent change in urinary 5-HIAA 
from baseline value and incidence of treatment emergent adverse events.

 The protocol amendment 3 was dated January 14, 2015.  The amendment modified the 
eligibility criteria based on QT study in healthy volunteers.  

These modifications did not change the integrity of the trial or the reviewer’s interpretation of 
the results.

Data Quality and Integrity: Sponsor’s Assurance

The Applicant assured the data quality and integrity of Studies LX301 and LX303.  The study was 
conducted in accordance with Good Clinical Practice (GCP) as required by the International 
Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH) 
guidelines.
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Table 16: Patient Disposition for Double-Blind Treatment Period (Study LX303)

Table 17: Patient Disposition for the Open-Label Extension Period (Study LX303)

Protocol Violations/Deviations (Study LX303)
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Twelve significant protocol deviations during the DBT Period occurred in 12 patients (15.8%) in 
the ITT Population:  1 patient in the placebo group, 4 patients in the Xermelo 250 mg group, 
and 7 patients in the Xermelo 500 mg group.  Ten of the deviations were related to u5-HIAA 
samples not being collected or analyzed, or being collected late.  Two significant deviations 
among patients in the Xermelo 250 mg group were related to issues with study drug 
compliance.  Patient 0603-502 had a study drug compliance of <75% and Patient 2701-509 
received the Week 13 double-blinded study drug wallet at Week 10 and then was entered into 
the OLE Period early.

The Applicant does not believe that the deviations have had an impact on the overall study 
results.   
  

Table of Demographic Characteristics (Study LX303)

Demographics and Baseline characteristics for the Safety Population, including age, sex, 
ethnicity, race, weight, height, BMI, SSA therapy name, SSA schedule at study entry, and u5-
HIAA stratum at randomization, were generally balanced across the 3 treatment groups.  The 
exceptions included: 

 A lower proportion of patients in the Xermelo 500 mg group received SSA therapy every 
4 weeks at study entry compared with patients in the Xermelo 250 mg and placebo 
groups (48.0% [12/25] versus 64.0% [16/25] and 76.9% [20/26], respectively)

 A higher proportion of patients in the Xermelo 250 mg (n=3) and 500 mg groups (n=6) 
were not receiving any SSA therapy (categories of “Unknown” or “Not Applicable”) at 
study entry compared with no patients in the placebo group (12.0% and 24.0%, 
respectively, versus 0%)

 A lower proportion of patients in the placebo group were receiving SSA therapy with 
octreotide at study entry as compared with patients in the Xermelo 250 mg and 500 mg 
groups (46.2% [12/26] versus 68.0% [17/25] and 64.0% [16/25], respectively)

o Similarly, a higher proportion of patients in the placebo group (14/26) were 
receiving SSA therapy with lanreotide at study entry compared with patients in 
the Xermelo 250 mg (5/25) and 500 mg groups (3/25); 53.8% versus 20.0% and 
12.0%, respectively

 Two-thirds of patients had baseline u5-HIAA levels above the ULN
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Table 18:  Demographics and Baseline Characteristics Prior to the Double-blind Treatment 
Period (Safety Population, Study LX303)
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Table 18:  Demographics and Baseline Characteristics Prior to the Double-blind Treatment 
Period (LX303), Continued
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Other key baseline characteristics included u5-HIAA, bowel movements, flushing , abdominal 
pain, nausea, and stool consistency.  They are listed in the following table.

Table 19:  Baseline Data for Symptoms and Conditions Associated with Carcinoid Syndrome 
Before the Double-blind Treatment Period (Study LX303, Safety Population)

A summary of the patients’ eligibility for the study is shown in the following table.
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Table 20:  Eligibility by Patient Based on Carcinoid Signs/Symptoms and the Use of Baseline 
Somatostatin Analog Therapy (All Enrolled Patients, Study LX303)

Treatment Compliance, Concomitant Medications, and Rescue Medication Use (Study LX303)

The mean compliance overall was 93.8%, and compliance in the 2 Xermelo groups was similar 
(92.1% and 92.6% in the Xermelo 250 mg and 500 mg groups, respectively) compared with 
96.5% in the placebo group.  Most patients (89.5% [68/76]) were in the compliance category of 
75% to 125%.  A total of 7 patients (9.2%) were in the category of <75% compliance:  4 patients 

Reference ID: 4040781



Clinical Review
Wen-Yi Gao, MD, PhD 
NDA 208,794/000
Telotristat Tablet

CDER Clinical Review Template 2015 Edition 70

(16.0%) in the Xermelo 250 mg group, 3 patients (12.0%) in the Xermelo 500 mg group, and no 
patients in the placebo group.

Table 21:  Treatment Compliance over the Double-blind Treatment Period (Safety Population, 
Study LX303)

Table 22:  Concomitant SSA Therapy by Dose Taken by All Patients at Baseline (Safety 
Population, Study LX303)
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Table 25 summarizes the concomitant medications taken by ≥10% of patients overall during the 
DBT Period.  The most commonly reported medications were in the following Anatomical 
Therapeutic Chemical (ATC) Level 2 Codes: Pituitary and hypothalamic hormones and analogs 
(88.2%); Analgesics (44.7%); Agents acting on the renin-angiotensin system (34.2%); Drugs for 
acid-related disorders (32.9%); Antithrombotic agents (30.3%); Lipid-modifying agents (28.9%); 
Beta blocking agents (27.6%); Psychoanaleptics (25.0%); and Vitamins (25.0%).

Table 23: Concomitant Medications Taken by ≥10% of Patients during the Double-blind 
Treatment Period (Study LX303, Safety Population)
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Abbreviation: ATC = Anatomical Therapeutic Chemical
Note: Concomitant medications during the Double-blind Treatment Period were defined as 
medications that were taken on or after the first dose date of double-blind study medication 
but before the start of the Open-label Extension Period, including those that started before the 
first dose date of double-blind study medication but continued into the Double-blind Treatment 
Period.  Patients were only counted once in each category.  Concomitant medications were 
coded using the World Health Organization Drug Dictionary version September 2012.

Efficacy Results – Primary Endpoint

The primary endpoint of Study LX 303 was “the percent change from baseline at Week 12 in u5-
HIAA levels”.  The results show that there was a statistically significant reduction in u5-HIAA 
levels from baseline as compared with the placebo control by Hodges-Lehmann estimator of 
treatment difference:  -29.800 (95% CL: -78.800, -9.200) mg/24 hours and -40.600 (95% CL: -
96.400, -28.700) mg/24 hours for the Xermelo 250 mg and 500 mg, respectively.
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Table 24:  Change from Baseline in Urinary 5-HIAA Levels (Study LX303)

Medical Officer Comments:
(1) There were large variations of u5-HIAA levels at baseline:  (a) it may reflect the 

Heterogeneity of carcinoid origins:  Foregut carcinoids (jejunum and ileum) lack the 
decarboxylase enzyme required for synthesizing the precursor of 5-HT, resulting in minimal 
to no elevation in urinary 5-HIAA levels.  Hindgut carcinoids (rectal and cecum) rarely 
produces excess 5-HT or 5-HIAA.  In contrast, most midgut carcinoids (small intestine, 
appendix, and proximal colon) secrete 5-HT; and (b) it may be due to the Size of carcinoid 
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tumor:  The more carcinoid tumor cells, the more 5-HT and u5-HIAA are produced.

(2) Regarding disproportionate reduction of u5-HIAA as compared to the reduction of BMs by 
Xermelo treatment:  It is most likely due to the confounding first-pass effect:  (a) If the 
metastatic carcinoid tumor cells are located at portal tracts area (Zone 1) or surrounded by 
viable hepatocytes, like most orally administered drugs, the secretory product 5-HT is 
subject to metabolism (inactivation) by hepatic enzymes (monoamine oxidase) before 5-HT 
can enter systemic circulation (First-pass effect).  This proportion of metabolites (5-HIAA) is 
produced before stimulating diarrhea, and that the reduction has nothing to do with the 
anti-diarrheal activity of Xermelo.  (b) On the other hand, if the metastatic carcinoid cells 
are located at the areas of terminal hepatic veins (Zone 3), or tumor cells invaded hepatic 
veins and no surrounding viable hepatocytes, the secretory product 5-HT can directly enter 
systemic circulation, and stimulates CS diarrhea.  Only the reduction of this part of u5-HIAA 
is proportionate to the BMs.

(3) Regarding the prescribing information in label:  It appears that the trend of changes by 
Xermelo treatment can be presented descriptively in the label. 

  

Efficacy Results: Secondary Endpoint

 Change from baseline in the number of daily bowel movements averaged over the 12-
week DBT Period

At baseline of Study LX303, the number of daily BMs was 2.1, 2.5, and 2.7 for placebo, Xermelo 
250 mg, and 500 mg groups, respectively.  The mean change from baseline over the 12 week 
study period was 0.05, -0.45, and -0.59, for placebo, Xermelo 250 mg, and 500 mg, respectively.  
The Hodges-Lehmann estimater of the treatment difference (Xermelo minus placebo) was -
0.452 (95% CL: -0.719, -0.173) BMs/day for the Xermelo 250 mg comparison (blocked WRS test 
p=0.004) and -0.535 (95% CL: -0.793, -0.254) BMs/day for the Xermelo 500 mg comparison 
(p<0.001).
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Table 25:  Analysis of Bowel Movements (counts/day) During the Double-blind Treatment 
Period (Study LX303, ITT Population)

An analysis of the weekly change of average BM frequency from baseline was performed to 
explore the difference between each Xermelo group and placebo.   Results are displayed in the 
following figure.

At Week 2, the Xermelo 500 mg group was associated with a HL estimator of treatment 
difference of -0.464 BMs/day relative to placebo (95% CL: -0.790, -0.116); this difference at 
Week 2 reached statistical significance (p=0.007).  At Week 4, both Xermelo groups were 
associated with statistically significant reductions in BM frequency.  The HL estimates of the 
treatment differences for Xermelo minus placebo were -0.545 (95% CL: -1.057, -0.130) BMs/day 
and -0.593 (95% CL: -1.033, -0.192) BMs/day for the Xermelo 250 mg and 500 mg groups, 
respectively.  The differences were also statistically significant for both Xermelo groups 
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compared with placebo (p≤0.011).  There was a general trend toward greater mean reductions 
over time, with larger reductions in the Xermelo 500 mg group compared with the Xermelo
250 mg group at most weeks.

Figure 11:  Mean Change from Baseline in the Number of Daily Bowel Movements (counts/day) 
Averaged at Each Week during the Double-blind Treatment Period (Study LX303, ITT 
Population)

The following figure shows the percentage change from baseline at Week 12 in the number of 
BMs/day by patient for the ITT Population.  Patients receiving Xermelo were generally less likely 
to worsen and more likely to have substantial reductions in BM frequency across a wide range 
of response.
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 Change from baseline in the number of cutaneous flushing episodes; and Change from 
baseline in the abdominal pain

There were no statistical meaningful differences in cutaneous flushing and abdominal pain from 
baseline over the DBT Period between the treated and control groups.

Efficacy Results:  Supplemental Analyses (Study LX303)

 Proportion of Patients with Durable Response Over the Double-blind Treatment 
Period

As a measure of the durability of the BM changes over the 12 weeks, “durable response” was 
defined as a ≥30% reduction in daily number of BMs for ≥50% of the time over the DBT Period.  
The mean numbers of BMs of Study LX303 at baseline were smaller than Study LX301:  2.5, 2.8, 
and 2.2 BMs/day for Xermelo 250 mg, 500 mg, and placebo, respectively.  The results showed 
that there were 10/25 (40.0%) responders in the Xermelo 250 mg group, 10/25 (40.0%) 
responders in the Xermelo 500 mg group, and none in the placebo group.

Table 26:  Proportion of Patients with Durable Response during the Double-blind Treatment 
Period (ITT Population, Study LX303)
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 Time to First Sustained ≥30% Improvement From Baseline in Bowel Movement 
Frequency During the Double-blind Treatment Period (LX303)

The other endpoints include “the time to the first sustained ≥30% reduction in BM frequency, 
defined as the time from the first dose of double-blind study drug to the first day of 2 
consecutive weeks with a mean BM frequency at least 30% below the individual Baseline mean.  
The median times to improvement were 34 days and 39 days for the Xermelo 250 mg and 500 
mg groups, respectively (n=25 for both groups).  The median time to improvement during the 
12-week DBT Period could not be estimated for the placebo group because less than half of the 
patients (6/26=23%) achieved sustained improvement of ≥30%.   Hazard ratios (Xermelo versus 
placebo) were 3.91 (95% CL: 1.59, 11.00) for the Xermelo 250 mg group and 4.17 (95% CL: 1.70, 
11.69) for the Xermelo 500 mg group.  The differences were statistically significant for both 
Xermelo groups compared with placebo (log-rank p ≤0.003 for each comparison).

The following figure presents Kaplan-Meier curves of the time to the first occurrence of 
sustained ≥30% improvement from baseline in BM frequency during the DBT Period.

Figure 13:  Kaplan-Meier Curves of Time (in Days) to First Occurrence of Sustained ≥30% 
Improvement from Baseline in Bowel Movement Frequency during the Double-blind Treatment 
Period (ITT Population, LX303)
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reduction in daily number of BMs for ≥50% of time over the DBT Period of the study”.  The 
reviewer conducted Post-Hoc analyses.  The results show that the pre-specified responder 
analysis can be used to characterize the activity of Xermelo.

The responder analysis of Study LX301 shows that Xermelo treatment increased the 
proportions of responders as compared with placebo control.  The proportions of patients with 
durable response were 20%, 44% (p=0.024), and 42% (p=0.040), respectively for placebo, 250 
mg, and 500 mg tid of Xermelo.  The odds ratio for 250 mg tid was 3.49 (p=0.011, 95% CL 1.33, 
9.16) and for 500 mg tid was 3.11 (p=0.020, 95% CL 1.20, 8.10), relative to placebo.

These values suggest significantly greater reductions in daily bowel movement frequency 
averaged over 12 weeks in both doses of Xermelo treatment as compared to placebo (p<0.001).  
Based on exit interviews in patients who completed Study LX301, a reduction of at least two 
bowel movements per day was considered clinically meaningful.  There were 33% of the 
patients who received Xermelo 250 mg achieved this level of improvement as compared to 4% 
of the placebo.

Similarly, Study LX303 shows that the responders of Xermelo groups were also higher than the 
placebo control.

Table 27:  Durable Responder Analysis:  Proportion of Patients with Responses Studies LX301 & 
LX303

SSA control 250 mg 500 mg
Study LX301
(Primary)

n=45 n=45 n=45

Durable Responder 20% 40% 42%
p-Value N/A p=0.011 p=0.020
Study LX303
(Confirmative)

n=26 n=25 n=25

Durable Responder 0 40% 40%
p-Value Not presented, because no responder in the placebo group.
From Study Reports of LX301 and LX303; N/A=not applicable

Studies LX301 and LX303 show that Xermelo improved the BM in patients both with very 
frequent (>4 BMs/day) and less frequent (<4 BMs/day) BMs.  This was associated with 
reductions of urinary 5HIAA.  The reductions were stable during the OLE Periods.

A Patient Exit Interview Substudy of LX301 confirmed that BM frequency was the most 
important CS symptom to treat.  Patients reported that the reductions in BM they experienced 
during the DBT Period were meaningful, allowing them to better enjoy life and participate more 
in social and physical activities.
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Figure 14 shows the Cumulative Distribution Function for the BM frequency at Week 12 from 
Study LX301.  The identified thresholds of clinically meaningful change (based on Adequate 
Relief and improvement in the EORTC QLQ-C30 Diarrhea response) and that the Xermelo 
treatment groups had higher rates of response than placebo.

Figure 14: Study LX301 Cumulative Distribution Function (CDF) of Change in Average Bowel 
Movement Frequency from Baseline at Week 12

From Section Summary of Clinical Efficacy, COS Report Figure 4, NDA 208794

Notes:  The primary efficacy endpoint of the pivotal study (LX303) was to measure the “urinary 
5-HIAA levels from baseline”.  It was reported that urinary 5-HIAA level is “an independent 
prognostic factor during follow-up for patients with a disseminated midgut carcinoid tumor” 
(van der Horst-Schrivers, 2007).

Medical Officer Comments:
5-HT is the major mediator of CS diarrhea in patients with midgut carcinoid.  Based on the 
report by van der Horst-Schrivers that urinary 5-HIAA was an independent prognostic factor for 
patients with disseminated midgut carcinoid tumor, urinary 5-HIAA was suggested as an 
important surrogate marker.  However, the relationship between improved survival from 
disseminated tumor and the CS diarrhea is not clear.  The Applicant did not explain why the 
primary efficacy endpoint was switched from average daily BMs to 24 hour u5-HIAA in Study 
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The other key endpoints were “change from baseline in BM frequency averaged at each study 
week”, and “time to first sustained ≥30% improvement from baseline in BM frequency”. 

The clinical data and analyses were presented at Section 6.1 Study LX301.  The summary of 
assessment is listed below:

 Xermelo significantly reduced the u5-HIAA levels at Week 12.  The differences between 
Xermelo groups versus placebo were -30.1 (-56.0, -8.1) mg/24 hour for 250 mg and -
33.8 (-66.2, -14.6) mg/24 hours for 500 mg (H-L estimator; 97.5% CL, p<0.001). 

 There were no significant differences between treatment groups for secondary 
endpoints of flushing and abdominal pain.

 The figures of reducing BM by week and time to first sustained ≥30% improvement from 
baseline in BM frequency show apparent differences between Xermelo treatment and 
placebo groups (Section 6.1 Study LX301).

 At the end of the double-blind period, among the interviewed patients, the proportions 
who were “very satisfied” were 0/9 (0%) on placebo, 5/9 (56%) on 250 mg tid and 7/15 
(47%) on 500 mg Xermelo groups.  Among the Xermelo treated patients, 8 experienced 
a durable response all of which reported they were “very satisfied”. 

The key secondary endpoints of LX303 were “change from baseline in: the daily stool 
consistency, as measured by the Bristol Stool Form Scale averaged across all time-points; the 
number of cutaneous flushing episodes; abdominal pain averaged across all time-points.”  
The other key endpoints were “change from baseline averaged at each study week, in: BM 
frequency; proportion of: patients with durable response, defined as responders with ≥30% 
reduction in daily number of BMs for ≥50% of the time; time to: first sustained ≥30% 
improvement from Baseline in BM frequency, defined as time to the first day of 2 consecutive 
weeks with a mean BM frequency ≥30% below the individual Baseline mean.

The clinical data and analyses were presented at Section 6.2 Study LX303.  The summary of 
assessment is listed below:

 Xermelo significantly increased the proportion of responder in both the 250 mg and 500 
mg groups to 40% respectively as compared with 0% for placebo.  The responder was 
defined as ≥30% reduction of daily BM for 50% of the 12 week treatment.

 The Kaplan-Meier curves of the time to the first occurrence of sustained ≥30% 
improvement from baseline in BM frequency during the DBT Period show apparent 
difference between the Xermelo treated and placebo groups (Section 6.2 Study LX303).

 Xermelo 500 mg improved the daily stool consistency as measured by Bristol Stool Form 
Scale.  The difference between the Xermelo 500 mg treated versus placebo was -0.392 (-
0.824, -0.124; p=0.009).  There was no difference in stool consistency in Xermelo 250 
mg group.

 There were no significant differences between treated and placebo groups in cutaneous 
flushing and abdominal pain.
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mean body mass index of 25.6 kg/m2 for the placebo group and 25.2 kg/m2 for the Xermelo 
group.

Table 32:  Summary of Demographic and Baseline Characteristics for Placebo-controlled Safety 
Patients (Studies LX301 and LX303)

Demographics and Baseline Characteristics for Overall and Long-term Safety (Phase 2 and
Phase 3 Trials)
For Overall Safety (N=239), the mean age was 63 years, and more than half of the patients were 
<65 years of age (56.1%), and predominantly white (92.9%). The mean body mass index was 
25.6 kg/m2.
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Table 34:  Summary of All Deaths in the Clinical Development of Xermelo and Deaths During the 
Screening Period

Double-blind TreatmentStudy Period
Placebo Xermelo

Open-label
Extension

Screening

Number of deaths 3 1 15 2
 
The 2 deaths reported as possibly related to study drug by the Investigators, but not the 
Applicant, are described briefly as follows:  

Patient 0104-004, a 60 year old white female with carcinoid tumor of GI tract and bone 
metastases, was randomized to Xermelo 500 mg tid (Study LX301), and died of cardiac arrest on 
study Day 13.  A CT scan 27 days prior to randomization showed progressive disease (worsening 
peritoneal carcinomatosis, increased metastatic disease at lung bases and abdominal wall, and 
increased metastatic lymphadenopathy in bilateral inguinal and external iliac lymph nodes).  
The patient was hospitalized on study Day 4 for confusion diagnosed as toxic metabolic 
encephalopathy secondary to opioid overdose, dehydration and acute kidney injury.  She was 
discharged after 4 days, and she died 5 days later.  Concomitant medications included 
octreotide acetate, Vicodin, morphine sulfate.  Her long-acting opioid analgesics were adjusted 
twice within the 2 weeks before her death, with the last adjustment made 1 day before her 
discharge.  According to the death certificate, the immediate cause of death was cardiac arrest 
as a consequence of respiratory distress and carcinoid cancer of multiple organ systems.  The 
cardiac arrest was reported as “possibly related to study drug” by the Investigator, but as 
“unlikely related” by the Applicant due to the probable contribution of pain management 
difficulties to this event.

Medical Officer Comments:
Agree with the Applicant that the cardiac arrest appears to be due to the respiratory distress 
associated with morphine overdose and the underlying metastatic carcinoid tumor.  There was 
no sufficient evidence to support a causal relationship to Xermelo treatment.   

Patient 0001-004, a 64 year old white male with NET, was originally enrolled in Study LX203, 
died of acute liver failure on study Day 483 after enrolling in the extension study (Study LX302).  
At the time of death, he had taken Xermelo for approximately 3 years and 10 months across 
both studies.  Approximately 1 month prior to death, the patient had experienced SAEs of 
(increasing) diarrhea, increased blood creatinine, and general physical health deterioration.  He 
had underlying metastatic NET with extensive liver metastasis (80% replacement) and 
preexisting liver fibrosis possibly due to alcohol.  Laboratory results near the time of death did 
not suggest drug induced liver injury.  The acute liver failure was reported as possibly related to 
study drug by the Investigator, but as unlikely related by the Applicant due to the patient’s 
known extensive liver replacement by tumor tissue and preexisting liver fibrosis.  
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Table 35:  Treatment-emergent Serious Adverse Events by System Organ Class for Placebo-
controlled Safety Patients (Studies LX301 and LX303)

The most frequently reported SAEs for Overall Safety in patients treated are presented in the 
table below.  A total of 82 (34%) patients in the Overall Safety analysis experienced SAEs (mean 
duration of exposure 41.1 weeks).  The most frequently reported SAEs in Overall Safety analysis 
was in the SOC of Gastrointestinal Disorders.  The most frequently reported SAE by MedDRA 
Preferred Term was abdominal pain.
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At baseline, greater than 70% of patients in all treatment groups had normal levels of ALT or 
AST at baseline.  Less than half of patients in either active treatment group had normal levels of 
GGT at baseline.  A few (<9%) patients experienced increases in AST or ALT values from normal 
at baseline to > 3x ULN in the 250 mg tid and 500 mg tid groups.  Proportion of patients with 
increases in GGT values from normal at baseline to > 3x ULN in the active treatment groups 
(>12%) were higher than those for ALT and AST.  There was no such increase in the placebo 
group.  These changes are summarized in the following table.

None of the patients who had normal levels of both ALT and bilirubin, or both AST and bilirubin 
at baseline experienced increases in hepatic enzyme and bilirubin values that met Hy’s law 
criteria.  These changes are summarized in the following table.

Table 38:  Liver Enzymes Abnormalities during Double-blind Treatment in Studies LX301 and 
LX303 (Safety Population)

The hepatic enzymes data were reviewed by  who is a hepatologist and the 
Chair Professor of  

.  He had the following comments on February 26, 2016:
“Of note 70% of treated patients had normal ALT or AST at baseline. There is evidence 
that the drug was associated with elevations of ALT and AST in some patients who had 
initially normal values.  No patient met Hy's Law criteria of ALT/AST > 3x ULN in 
association with bilirubin elevation to > 2x elevation in the absence of an alternative 
explanation.  Of note there were overall mild to moderate increases in ALT, AST, ALP 
and GGTP levels during study drug treatment as compared to controls. It is of note that 
elevations of GGTP were the most frequent abnormalities identified. However, there are 
no cases of induction of significant liver injury that was probably related to the 
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treatment. It is recognized that many patients with CS have widespread tumor with 
metastases to the liver and other intraperitoneal sites.  In several patients, liver 
abnormalities appeared after treatment with radioablation of tumor with some 
developing evidence of biliary obstruction directly related to the procedure.”

Medical Officer Comments:
Agree with the analysis by .  The fact that no patient met Hy's Law criteria of 
“ALT/AST > 3x ULN in association with bilirubin elevation to > 2x elevation” in these studies 
suggests the elevation of ALT, AST, ALP, and GGT is not associated with clinically meaningful 
hepatic injuries.

Depression
Depression was one of the underlying disorders.  In the Placebo-controlled Safety population, 
17 patients experienced a total of 19 AESIs related to depression, 5 (7%) in placebo group, 4 
(6%) in Xermelo 250 mg tid, and 8 (11%) in Xermelo 500 mg tid (Table 39).  One placebo patient 
and 4 patients receiving Xermelo 500 mg tid had underlying depression.  Two of the patients in 
the Xermelo 500 mg tid group with underlying depression were treated with antidepressants at 
baseline.  One patient in the Xermelo 500 mg tid group received selective serotonin re-uptake 
inhibitors for underlying anxiety at baseline.

The 19 events were coded to Preferred Terms of depression, depressed mood, and decreased 
interest.  There were 11 events of depression reported for 11 patients, 3 (4%) patients on 
placebo, 1 (1%) on Xermelo 250 mg tid and 7 (10%) on Xermelo 500 mg tid.  There were 6 
events of depressed mood reported for 5 patients, 2 (3%) patients on placebo, 2 (3%) on 
Xermelo 250 mg tid and 1 (1%) on Xermelo 250 mg tid.  The 2 events of decreased interest 
were reported for 2 patients, 1 (1%) each in the placebo and Xermelo 250 mg tid group.

The time to onset of the events ranged from 1 to 85 days, and there was no apparent 
clustering.  Duration was known for 14 events, ranged from 6 days to approximately 3 months.
Three of the 19 events were reported as possibly or definitely related to study drug (1 event in 
the placebo group, 1 in the Xermelo 250 mg group, and 1 in the Xermelo 500 mg tid group). 
None of the 19 events were considered severe by the Investigators.  All events were mild or 
moderate in intensity, 17 mild and 2 moderate (1 each in the Xermelo 250 mg tid and 500 mg 
tid groups).  None of the 19 events were reported as serious.

No action was taken with study drug for 16 events; 12 resolved and 4 did not resolve.  The 
study drug was interrupted for 1 event (Xermelo 250 mg tid group); the event resolved.  No 
event led to permanent study drug discontinuation or patient withdrawal from the study.

Only 1 event in patient 0101-006 in Study LX301 was treated with antidepressants; this event of 
depression was reported as no different from before starting the trial, however, the
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Investigator reported the event as an AE.  It was managed with a refill of concomitant 
bupropion.  The patient was randomized to Xermelo 500 mg and had depression treated at 
baseline with aripiprazole, bupropion, and sertraline.  The study drug was continued, and the 
patient recovered from the event on Day 57.  This patient discontinued from the study at Day 
57 due to withdrawal of consent.

Completed AESI questionnaires were received for all 19 events.  Of the 19 events, only
1 event potentially met the DSM IV criteria for major depressive disorder.  Patient 2704-001 in 
Study LX301 was randomized to Xermelo 250 mg tid, and had no prior history of depression.  
He experienced depression with a time to onset of 60 days.  His reported symptoms included 
depressed mood, interest decreased, sleep decreased, guilt, energy decreased, concentration 
difficulty, and psychomotor retardation/agitation.  The event was considered moderate in 
intensity.  The Investigator considered it definitely related to study drug.  It was later stated 
that disease progression contributed to symptoms.  The event resolved without treatment after 
study drug was interrupted.  This patient eventually discontinued from the study due to 
withdrawal of consent.

Table 39: Summary of Treatment-emergent Adverse Events of Special Interest Related to 
Depression for Placebo controlled Safety Patients (Studies LX301 and LX303) 

Placebo
(N=71)

Xermelo
250 mg tid

(N=70)

Xermelo
500 mg tid

(N=70)
# n (%) # n (%) # n (%)

AESI of depression 7 5 (7.0) 4 4 (5.7) 8 8 (11.4)
Depression 3 3 (4.2) 1 1 (1.4) 7 7 (10.0)
Depressed mood 3 2 (2.8) 2 2 (2.9) 1 1 (1.4)
Decreased interest 1 1 (1.4) 1 1 (1.4) 0 0
From Summary of Clinical Safety, Section 2.7.4.2, NDA 208794 submission

Constipation
In the Placebo-controlled Safety analyses (Studies LX301 and LX303), 2 (3%), 4 (6%) and 5 (7%) 
patients in the placebo, Xermelo 250 mg, and Xermelo 500 mg treatment groups experienced 
constipation, respectively; there was no report of fecaloma; the one case of ileus was reported 
in the placebo group.  

In the Overall Safety analyses, 28 (12%) patients experienced constipation and 2 (1%) patients 
experienced fecaloma.  Three of the patients experienced constipation that was reported as 
SAEs.   Additionally, 1 (0.4%) patient experienced small intestinal obstruction, and 1 (0.4%) 
patient each experienced ileus, intestinal obstruction and subileus (the same patient as one of 
the patients experiencing fecaloma), which were reported as SAEs.
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The nonserious TEAEs of constipation were all of mild or moderate intensity and mostly 
resolved with no action taken. 

Medical Officer Comments:
The narratives of patients with constipation were reviewed.  All of the patients had metastatic 
NET of the GI tract.  Other common attributive factors included elder age, concomitant 
morphine, Vicodin and Loperamide.  Because most of the SAEs occurred in open-label studies, a 
definitive causal relationship cannot be established.  However, the role of Xermelo in causing 
constipation and in exacerbation of the underlying conditions cannot be ruled out. 

In reviewing the narratives of constipation from the Open-label Extension Safety database, 9 
patients were found to have constipation or intestinal obstruction, leading to perforation.  All 9 
patients had pre-existing carcinoid tumor (NET) of GI tract (location not specified).  Six patients 
had constipation reported as SAE, while 3 patients (PIDs 1001-007, 0001-010, and 009-002) did 
not have constipation.  Among the 3 patients who did not have constipation, 2 patients 
experienced tumor progression, leading to intestinal perforation and surgical resection.  
Among the 6 patients who had constipation, one patient later developed intestinal obstruction, 
peritonitis, sepsis and death (PID 0606-011) and another patient developed ileal perforation, 
septic shock and death (0601-004).  The causes of deaths were reportedly due to carcinoid 
tumor progression, respectively.  

Among the rest, 4 patients who had constipation, one patient (PID 0603-503) had surgery due 
to terminal ileum adhesion that was caused by previous multiple surgeries.  The remaining 3 
patients (PIDs 0108-008, 0709-001, and 0108-003) received medical treatment and resolved in 
days.

Based on this analysis, no evidence supports the hypothesis that Xermelo treatment causes 
intestinal obstruction and perforation.  On the other hand, literature search shows that 
intestinal fibrosis and stenosis are associated with small intestinal carcinoids.  

Notes:  Literature search shows that the majority of intestinal carcinoid tumors arise in the 
small intestine; the remainder develop in the rectum, and, uncommonly, in the colon.  It is 
reported that 31% of small-intestinal carcinoids presents with intestinal obstruction, and 39% of 
rectal carcinoids presents with bleeding and 17% presents with constipation (Jensen, 2001).  It 
is also reported that ileal carcinoids may be associated with extensive fibrosis and present 
clinically as intestinal stenosis (mimicking Crohn’s disease).  Mesenteric and retroperitoneal 
fibrosis may also be present (Moreira, 2010).

Medical Officer Comments:
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Table 41:  Summary of Incidence of Treatment-emergent Adverse Events by System Organ Class 
for Placebo-controlled Studies (LX301 and LX303, Safety Population)
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Other Serious Treatment-emergent Adverse Events
A total of 36 new SAEs were reported for the period covered by the update.  The most 
frequently reported serious TEAEs (SOCs) were Gastrointestinal Disorders and Neoplasms 
benign, malignant and unspecified.   The most frequently reported SAEs (PT) were disease 
progression and abdominal pain.   

Table 43: Treatment-emergent Serious Adverse Events by System Organ Class from the 
Controlled Studies (LX301 and LX303, Safety Population)

In the Overall Safety population, the most frequently reported SAE by SOC remained 
Gastrointestinal Disorders and by PT remained abdominal pain.  The mean duration of exposure 
in the Update was 51 weeks compared to 41 weeks in the NDA.  The overall incidence of SAEs 
(39%) in this Update appears comparable with that in the NDA (34%). 
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Table 44:  Most-frequently Reported (≥3 patients) TEAEs for Overall Safety Population (Studies 
LX202, LX203, LX301 and LX303)  

Summary of Depression-related AEs
The overall incidence of AEs related to depression in the Placebo-controlled Safety population 
remained numerically higher in the Xermelo 500 mg tid group (9 [13%] patients), compared 
with the placebo and the Xermelo 250 mg tid groups (5 [7%] patients each).   The event rates 
were 0.46, 0.32, and 0.60 event / person-year for placebo, Xermelo 250 mg, and Xermelo 500 
mg groups, respectively.  All depression-related AESIs in this Update were reported by the 
Investigators as mild or moderate in intensity.  None of the events were reported as an SAE, 
and generally the events did not require treatment or limit study drug treatment.

Summary of Hepatic Enzyme Abnormality-related AEs
The Applicant reported elevation of hepatic enzymes in association with Xermelo 
administration, predominantly in GGT.  The increases did not lead to a clinically significant 
outcome, and drug-induced liver injury was not found. 

Summary of Constipation-related AEs
For the DBT period, only 1 new TEAE of constipation was reported; the event was in the 250 mg 
tid group.  As a result, in the Placebo-controlled Safety population, 2 (3%), 5 (7%) and 5 (7%) 
patients in the placebo, Xermelo 250 mg tid, and Xermelo 500 mg tid treatment groups 
experienced constipation, respectively.  
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Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
None

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)):  N/A

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:  None

Significant payments of other sorts:  None

Proprietary interest in the product tested held by investigator:  None

Significant equity interest held by investigator in sponsor of covered study:   None

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes N/A No  (Request details from 
Applicant)  N/A

Is a description of the steps taken to 
minimize potential bias provided:

Yes N/A No  (Request information 
from Applicant)  N/A

Number of investigators with certification of due diligence (Form FDA 3454, box 3): 22

Is an attachment provided with the 
reason: 

Yes √ No  (Request explanation 
from Applicant)  N/A
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