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telotristat ethyl, 
telotristat, and the 
secondary 
metabolite of 
telotristat, LP-
951757 

The induction of CYP enzymes by the major 
secondary metabolite was not studied. 

The induction of UDP-
glucuronosyltransferase (UGT) by Xermelo.  
In vivo study suggested that Xermelo induces 
glucuronidation of 1’-hydroxylmidazolam.  
This study is to evaluate the effects of 
Xermelo on UGT enzymes. 

 

PMC 

In vitro studies to 
evaluate the in vivo 
drug interaction 
potential via 
inhibition of 
transporters by the 
secondary major 
metabolite, LP-
951757  

 

The inhibition of transporters by the major 
secondary metabolite was not studied. 

The potential inhibitory 
effects of LP-951757 on 
major transporters 
(BCRP, OAT1, OAT3, 
OCT2, OATP1B1, and 
OATP1B3)  

 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 

Pharmacology 

The rationale for the development of telotristat ethyl for carcinoid syndrome is to improve 
gastrointestinal symptoms associated with carcinoid tumors by decreasing the amount of 
serotonin via inhibition of the serotonin biosynthesis from tryptophan in carcinoid tumors. 
Serotonin is synthesized from L-tryptophan and tryptophan hydroxylase is the rate-limiting 
enzyme in the biosynthesis of serotonin from tryptophan. 

Telotristat ethyl is an inhibitor of tryptophan hydroxylase. Telotristat ethyl is the ethyl ester pro-
drug of telotristat, the active moiety and presents in the hippurate salt form.  In in vitro studies 
using purified human enzymes, telotristat ethyl and telotristat inhibited tryptophan hydroxylase 1 
(TPH1) and tryptophan hydroxylase 2 (TPH2). The inhibitory potency of telotristat was about 
28-fold and 34-fold greater for TPH1 and TPH2, respectively compared to the parent drug, 
telotristat ethyl. 

Clinical Pharmacokinetics 

After oral absorption, the peak plasma concentrations for telotristat ethyl and its active 
metabolite, telotristat were achieved within 0.5 to 2 hours, and within 1.5 to 3 hours, 
respectively. Telotristat ethyl was extensively metabolized to its active metabolite, telotristat by 
carboxylesterases.  The systemic exposure to telotristat is about > 300-fold higher than that of 
telotristat ethyl. The systemic exposure to telotristat ethyl and telotristat increased in a dose 
proportional manner in the range of 100 mg to 1000 mg under fasted conditions.  Following 
multiple-dose administration of telotristat ethyl 500 mg three times daily, the accumulation was 
negligible for both telotristat ethyl and telotristat.   
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among patients from none a week to four times a day1.  The response to Xermelo was similar 
between patients who received octreotide injections in addition to the stable dose of synthetic 
somatostatin analog and patients who did not receive any octreotide injection.  It is not known 
whether patients who received octreotide s.c. injections would have responded better to the 
treatment if they did not receive octreotide s.c. injections.  It is also unknown how octreotide 
injection was administered in relation to the dosing of Xermelo.  The underlying mechanism for 
the effects of octreotide injection on PK of telotristat is unclear while is at least in part attributed 
to the potential effects of octreotide on GI physiology.  To prevent a potential suboptimal 
efficacy due to the reduced systemic exposure by octreotide injection, a proper dosing instruction 
in relation to the dosing of Xermelo is needed.  It is our current recommendation that octreotide 
subcutaneous injection be administered after Xermelo administration.  The lack of evaluation of 
the effects of octreotide s.c. injection on PK of telotristat ethyl and telotristat under the different 
dosing scenarios, e.g., dosing interval for a staggered dosing scheme, makes it hard to know the 
optimal dosing schedule to avoid the interaction. Nevertheless we propose an octreotide injection 
at least 30 min after Xermelo dosing based on the median Tmax of telotristat ethyl being about 1 
hour and the Tmax of octreotide being 0.4 hours2 after subcutaneous injection.  The labeling 
language will be further discussed.  

The effect of hepatic impairment on pharmacokinetics of telotristat ethyl and telotristat 

Xermelo was not studied in patients with moderate to severe hepatic impairment.   

Effect of a concomitant drug that can increase gastric pH on PK 

Telotristat ethyl has a pH-dependent solubility such that the solubility at neutral pH is > 1000-
fold lower than that at pH 1.  Potentially in patients who are on gastric acid reducers such as 
proton pump inhibitors, the PK of telotristat ethyl and telotristat can be altered compared to that 
without gastric acid reducers and compared to patients who do not take gastric acid reducers.  
The potential effects of concomitant gastric acid reducers such as proton pump inhibitors on 
pharmacokinetics of Xermelo were not studied.  

In vitro drug interaction studies 

The potential for telotristat ethyl and telotristat to induce CYP enzymes (1A2 and 2B6) or to 
inhibit CYP enzymes (2B6, 2C8, and 2C9) were not adequately studied in vitro.  

The major secondary metabolite, LP-951757 was not identified until later in the development 
program. The systemic exposure to LP-951757 was about 35% of telotristat and ~122-fold 

                                                           
1 One patient in placebo group reported to administer octreotide subcutaneous injection six times a day during the double-blind 
period but not at baseline or during open-label extension period.  Per the reviewer’s request, the sponsor clarified that the 
entries for short-acting octreotide for this patient were in error (Sponsor’s response to IR dated 10/4/16).  
2 Sandostatin® Labeling 
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higher than that of telotristat ethyl in the mass balance study.  The drug interaction potential was 
not adequately characterized for LP-951757.   

  

2.4 Summary of Labeling Recommendations 
 

• Section 2 Dosage and Administration 
 

  
 

• Section 7 Drug Interactions 
The sponsor did not propose any labeling languages in Section 7 Drug Interactions.   
o We recommend inclusion of language about a potential decrease in efficacy of 

concomitant medications that are substrate of CYP3A4 due to reduced systemic 
exposure when administered with telotristat ethyl. 

o We recommend inclusion of language about the staggered administration of octreotide 
injection and Xermelo.   

 

• Section 12.3 Clinical Pharmacology 
The sponsor did not propose labeling languages based on in vitro drug interaction studies.   
o We recommend inclusion of “In vitro study suggests that telotristat is a substrate of P-

glycoprotein (P-gp)”. 
o We recommend inclusion of the assessment of drug interaction potential based on in 

vitro studies. 
 

 
 

  

Reference ID: 4021607

(b) (4)



9 
 

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 

3.1 Overview of the Product and Regulatory Background 

Product 

Xermelo® tablets are immediate release tables and contain 250 mg telotristat ethyl in a hippurate 
salt form, telotristat etiprate.  Telotristat ethyl, a new molecular entity is an inhibitor of 
tryptophan hydroxylase.   

Xermelo® is proposed for the  treatment of carcinoid syndrome in patients with 
metastatic neuroendocrine tumors who are receiving somatostatin analog therapy.    

Telotristat ethyl received an Orphan Drug Designation in March 9, 2012 and a fast track 
designation in May 19, 2008 under IND #78,749.  The pre-NDA meeting was held between the 
sponsor and the Agency in February 2015.  

Approved therapy 

For carcinoid syndrome, octreotide, a synthetic somatostatin analog (Sandostatin® for Injection) 
was approved.  Octreotide is available as a solution for subcutaneous or intravenous injection 
and is recommended to be administered in 2-4 divided doses.  For long-term treatment of the 
severe diarrhea and flushing episodes associated with metastatic carcinoid tumors, 
octreotide depot injection is available (Sandostatin LAR Depot), which should be administered 
intramuscularly in the gluteal region at 4-week intervals. 

Lanreotide (Somatuline® Depot), another synthetic somatostatin analog is not approved for 
carcinoid syndrome but is approved for the treatment of gastroenteropancreatic neuroendocrine 
tumors (GEP-NETs).  Lanreotide was used off-label for carcinoid syndrome in patients in the 
phase 3 trials. 

Carcinoid syndrome 

Carcinoid is a relatively rare tumor type that arises from cells of the neuroendocrine system. 
According to the American Cancer Society, about 11,000 to 12,000 carcinoid tumors are 
diagnosed each year in the United States3. Carcinoid syndrome occurs in about 1 in 10 people 
with carcinoid tumors, usually after the tumor has spread to the liver or lung4. Symptoms 
associated with this condition include flushing, diarrhea, abdominal pain, and valvular heart 
disease; although a variety of other symptoms can occur.  Carcinoid tumors are mostly derived 
from enterochromaffin cells of the mid-gut, and often produce and release large amounts of 
serotonin (5-hydroxytryptamine; 5-HT). Such excess of 5-HT is suggested to be responsible for 
the severe diarrhea and eventual valvular heart damage and mesenteric fibrosis in patients with 
carcinoid syndrome (CS).  

 

                                                           
3 American Cancer Society-gastrointestinal (Digestive System) Carcinoid Tumors  
4 Carcinoid syndrome; https://medlineplus.gov/ency/article/000347 htm 
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Clinical Development Program 

Telotristat ethyl was studied in 9 phase 1 clinical trials (studies for single-ascending dose PK, 
multiple-ascending dose PK, a relative BA study between early capsule formulation and the 
tablet formulation, food effects, and a tQT study, DDI studies with midazolam, fexofenadine and 
octreotide, and a mass balance study), 2 phase 2 trial, and 2 phase 3 trials.  See the listing for 
clinical trials in Appendix. 

 

3.2  General Pharmacological and Pharmacokinetic Characteristics 

Of note, the sponsor mostly used code names, LX1606 for telotristat ethyl and LP-778902 for 
telotristat in study reports. In this review, code names were also used for telotristat ethyl and 
telotristat. 

Pharmacology 

The rationale for the development of telotristat ethyl for carcinoid syndrome is to improve 
gastrointestinal symptoms associated with carcinoid tumors by decreasing the amount of 
serotonin via inhibition of the serotonin biosynthesis from tryptophan in carcinoid tumors. 
Serotonin is synthesized from L-tryptophan by sequential action of 2 enzymes, L-tryptophan 
hydroxylase (TPH) and aromatic amino acid decarboxylase. L-tryptophan hydroxylase is the 
rate-limiting enzyme in the biosynthesis of serotonin from tryptophan. 

Telotristat ethyl is an inhibitor of tryptophan hydroxylase. Telotristat ethyl is an ethyl ester pro-
drug of telotristat and presents in the hippurate salt form.  In solution telotristat etiprate 
dissociates to form telotristat ethyl and hippuric acid.  In in vitro studies using purified human 
enzymes, telotristat ethyl and the active moiety inhibited tryptophan hydroxylase 1 (TPH1) with 
IC50 values of 0.8 ± 0.09 and 0.028 ±0.003 µM, respectively and tryptophan hydroxylase 2 
(TPH2) with IC50 values of 1.21 ± 0.02 and 0.032 ± 0.003 µM, respectively.  The major 
secondary metabolite, LP-951757 did not inhibit TPH1 in vitro.  The inhibition of TPH2 by LP-
951757 was not studied.  
 

Table 1 In vitro pharmacology studies 
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In healthy subjects, multiple doses of telotristat ethyl tended to decrease whole blood serotonin 
and the urinary excretion of 5-hydroxyindoleacetic acid (5-HIAA), a metabolite of serotonin.   

Figure 1 Mean Change in Blood Serotonin (A) and Urinary 5-HIAA (B) from Day 1 in Healthy 
Subjects after Multiple Doses of Telotristat Ethyl for 14 days at Different Doses1 (Study 
LX1606.102) 

(A) Absolute Change in blood serotonin (ng/mL)  
 

                                   
(B) Percent change in Urinary 5-HIAA (%) 
 

 
1n=6 per dose group  
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Pharmacokinetics 

Pharmacokinetics of telotristat ethyl and its active metabolite, telotristat were characterized in 
healthy subjects and in patients with carcinoid syndrome after single and multiple doses of 
telotristat ethyl.  In addition, multiple in-vitro studies were conducted to study the metabolism 
and the drug-drug interactions.  
 
After oral dose of telotristat ethyl to healthy subjects, telotristat ethyl was absorbed and 
extensively metabolized to its active metabolite, telotristat.  The pharmacokinetic parameters for 
both telotristat ethyl and telotristat were highly variable with > 50% coefficient of variation 
(CV). The AUC of the parent drug, telotristat ethyl was <1% of the active metabolite, telotristat 
in both healthy subjects and patients with carcinoid syndrome.  Peak plasma concentrations of 
telotristat ethyl were achieved within 0.5 to 2 hours, and those of telotristat within 1 to 3 hours. 
Plasma concentrations thereafter declined in a biphasic manner.  Following multiple-dose 
administrations of telotristat ethyl 500 mg three times daily, there was no significant 
accumulation at steady state for both telotristat ethyl and telotristat. The high fat meal 
significantly increased the systemic exposure to telotristat ethyl and telotristat.   
 
In healthy subjects 
 
Table 2 Mean (CV %) Pharmacokinetic Parameters following a Single Dose Administration of 
Telotristat Ethyl 250 mg in Healthy Subjects under Fasted Condition 

PK Parameter Telotristat ethyl 
(n=22) 

Telotristat (LP-778902) 
(n=22) 

Tmax (h) 0.75 (49) 1.23 (56) 
Cmax (ng/mL) 5.26 (89) 449 (56) 
AUC0-tlast (ng· h/mL) 6.8 (81)  (n=16) 1285 (54) 
AUC0-inf (ng· h/mL) 6.13 (70) (n=11) 1305 (54) 
T1/2 (h) 1.15 (103) (n=11) 3.9 (40) 

Source: Study LX1606.103, Tablet formulation (TBM) 
 
Multiple dose PK was not studied after 250 mg three times daily in patients or in healthy 
subjects. 
 
Table 3 Mean (SD) Pharmacokinetic Parameters following Multiple Dose Administration of 
Telotristat ethyl 500 mg Three Times a day for 14 days in Healthy Subjects under Fasted 
Condition  

PK Parameter Day 1 
 

Day 14 

Telotristat ethyl (n=6) 
Tmax (h) 2 (1-2) 1.5 (0.75-4) 
Cmax (ng/mL) 9.53 (3.58) 4.89 (1.43) 
AUC0-8(ng· h/mL) 21.1 (5) 16.7 (4.41) 
AUC0-24 

* (ng· h/mL)  21 (6.18) 
T1/2 (h) -- 2.97 (1.39) 
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Telotristat (LP-778902) (n=6) 
 Day 1 Day 14 
Tmax (h) 3 (2-4) 4 (2-4) 
Cmax (ng/mL) 1038 (447) 1028 (344) 
AUC0-8(ng· h/mL) 3599 (966) 3581 (1179) 
AUC0-24 

* (ng· h/mL)  4238 (1441) 
T1/2 (h) -- 11.7 (1.74) 

Source: Study LX1606.102, Capsule formulation 
* AUC0-24 was obtained after the last morning dose following multiple doses 
 
In patients with carcinoid syndrome 

Table 4 Mean (CV %) Pharmacokinetic Parameters following a Single Dose Administration of 
Xermelo 250 mg in Patients with Carcinoid Syndrome  

PK Parameter Telotristat ethyl 

(n=32) 

Telotristat (LP-778902) 

(n=40) 

Tmax (h) 1 (1-4)  2 (1-4)  

Cmax (ng/mL) 3.97 (71)  523 (85)  

AUC0-6 (ng· h/mL) 15.3 (45) (n=7) 1423 (87) (n=30) 

Source: Table 9 in Study LX1606.1-301-CS-Noncompartmental PK Evaluation 
Telotristat ethyl was administered with meals in patients with carcinoid syndrome. 
 
Table 5 Mean (CV %) Pharmacokinetic Parameters following Multiple Doses of telotristat ethyl 
500 mg Three Times Daily in Patients with Carcinoid Syndrome   

 

Source: Table 12 in Study LX1606.1-301-CS Non-compartmental PK Evaluation, at week 24 during the 
open-label extension period 
Telotristat ethyl was administered with meals in patients with carcinoid syndrome. 
 
Dose Proportionality 
A dose-dependent increase in the systemic exposure to telotristat ethyl and its active metabolite 
was observed (Study LX1606.101) in the range of 50 mg-1000 mg following single dose 
administration (Table 6, Figure 2).  At doses higher than 1000 mg, a less than dose-proportional 
increase in the systemic exposure was observed such that with a 1.25-fold increase in AUC with 
a 1.5-fold increase in the dose from 1000 mg to 1500 mg.  Mean Tmax for the active metabolite 
was delayed to 4 hours at 1500 mg from 2 hours at 500 mg (Table 7,Figure 3).  
 

Parameter Telotristat ethyl 
(n=26) 

Telotristat (LP-778902) 
(n=26) 

Tmax (h) 1 (0-2) 2 (0.7-4) 
Cmax (ng/mL) 7.25 (75) 924  (52) 
AUC0-6 (ng· h/mL) 22.9  (54.4) 

(n=13) 
3006 (59.4) 
(n=22) 
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Reviewer’s comment: In the thorough QT study, a single dose of 1500 mg was studied as a 
supratherapeutic dose. 
 
Table 6 Mean (SD) Pharmacokinetic Parameters of Telotristat Ethyl following a Single Dose 
Administration of Telotristat Ethyl under Fasted Condition1  

Dose Cmax (ng/mL) 
(n=6) 

Tmax (h) 
(n=6) 

AUCt (ng*h/mL) 
(n=6) 

50 mg 0.41 (0.14) (n=5) 0.5 0.42 (n=1) 
100 mg 1.1 (0.46) (n=5) 0.75 1.1 (0.5) (n=3) 
250 mg 3.0 (2.0) 1 3.0 (1.7) (n=5) 
500 mg 4.1 (1.4) 1.75 7.0 (3.6) 
1000 mg 8.5 (5.6) 0.9 14.3 (4.7) 
1500 mg 10.5 (5.0) 2.25 37.1 (18.9) 
1 Study LX1606.101; Dosing in capsule formulation  
 
 

 

Figure 2 Mean Telotristat Ethyl (LX1606) Concentration-Time Profile after Single Dose 
Administration of Telotristat Ethyl 
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Table 7 Mean (SD) Pharmacokinetic Parameters of the Active Metabolite, Telotristat following a 
Single Dose Administration of Telotristat Ethyl under Fasted Condition 

Dose Cmax (ng/mL) 
(n=6) 

Tmax (h) 
(n=6) 

AUC0-t 
(ng·h/mL) 
(n=6) 

AUC0-inf 

(ng·h/mL) 
(n=6) 

T1/2 
(h) 

CL/F (L/h) 

50 mg 86.7 (19.4) 1.5 208(102) 214(104) 1.65 271 (99.1) 
100 mg 130.8 (49.8) 1.75 398 (177) 406 (179) 2.2 276 (85) 
250 mg 358.7 (102.6) 2 1084 (332) 1103 (331) 4.69 251 (102) 
500 mg 696.5 (254.1) 2 2924 (1424) 2953 (1427) 6.24 304 (377) 
1000 mg 1161.3 (211.6) 3 5795 (549) 5824 (546) 7.53 173 (17) 
1500 mg 1187 (277.8) 4 7289(1772) 7424 (1962) 8.23 211 (43) 
 

Figure 3  Mean Plasma Concentration-Time Profile for Telotristat (LP-778902) after a Single 
Dose Administration of Telotristat Ethyl under Fasted Condition 

 

 
 
 
Relative Bioavailability  
Telotristat ethyl was initially formulated in immediate-release capsules.  The capsule formulation 
was used in early phase 1 trials (single ascending dose, multiple ascending dose PK studies) and 
a phase 2 trial in patients with carcinoid syndrome.  On the other hand, the proposed to-be-
marketed tablet formulation was used in 5 phase 1 trials (food effect study, 3 drug-drug 
interaction studies, thorough QT study and phase 3 trials). In a relative bioavailability study 
between the tablet and the capsule at 250 mg, the systemic exposure to telotristat ethyl following 
capsule formulation was highly variable and not measurable in most subjects so the comparison 

Reference ID: 4021607





17 
 

Figure 5 Whole blood and plasma concentrations: Total radioactivity (spaghetti plots of all 
individual values) 

 
Source: Table 14.2.4.3 CSR 104 
 
Elimination 

Metabolism 

Telotristat ethyl is hydrolyzed by carboxylesterase (CES) 1 and 2 to its corresponding acid, 
telotristat (also known as LX1033, LP-778902).  In vitro studies suggested that CYP enzymes 
are not involved in the metabolism of telotristat ethyl.   

In a mass balance study, two main radioactive components were observed in plasma, telotristat, 
and an acid metabolite of oxidative deaminated decarboxylated telotristat (LP-951757).  The 
estimated AUC0-t for LP-951757 was about 30% of AUC of telotristat (979 ± 302 ng equivalent 
*h/mL versus 2740 ± 201 equivalent *h/mL).  Except for the mass balance study, the 
pharmacokinetics of LP-951757 was not characterized in other clinical PK trials.   According to 
in vitro enzyme assay, LP-951757 showed no activity against human tryptophan hydroxylase 1 
(TPH1)5.  

Excretion 

An average of approximately 93% of the administered dose of total radioactivity was recovered 
in the urine and feces by the end of sample collection (240 h) with the majority (92.78%) of the 
dose being recovered from feces and 0.04% being recovered from the urine.  In feces, multiple 
metabolites including taurine, or glycine conjugates were identified but were not quantified.   

 

                                                           
5 Report 160629: In vitro activity of LP-951757 by enzyme based assay 
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Table 9 Enzyme Kinetic Parameters for Carboxylesterase (CES) 1 and 2 with Telotristat 
Ethyl as Substrate 

 
Source: Report 160633  
 
Figure 6 Proposed Metabolic Pathway for Telotristat Ethyl (LX1606) to telotristat (LX1033, LP-
778902) 

 

 

3.3 Clinical Pharmacology Questions 

3.3.1 Does the clinical pharmacology information provide supportive evidence of 
effectiveness? 

Yes. The decrease in urinary 5-HIAA, a breakdown product of serotonin is mechanistically 
supportive of the effectiveness of Xermelo. 

The efficacy of Xermelo is primarily supported by a single pivotal clinical trial (Study 301).  The 
treatment with Xermelo 250 mg or 500 mg significantly decreased the daily bowel movement 
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(BM) averaged over 12 weeks compared to placebo treatment.  Please see Section 3.3.2 for more 
information. 

Urinary excretion of 5-HIAA has been clinically used as a marker for diagnosis of carcinoid 
tumors and the carcinoid syndrome6. Treatment with Xermelo at 250 mg and 500 mg 
significantly decreased the urinary excretion of 5-hydroxyindoleacetic acid (5-HIAA) in patients 
compared to placebo treatment (Table 10).  The dose-response relationship between 250 mg and 
500 mg Xermelo treatments was not apparent for 5-HIAA due to a high inter-subject variability. 
The decrease in BM from baseline was numerically higher with 500 mg (average 1.75 times per 
day) than with 250 mg (average 1.35 times per day) in patients with urinary 5-HIAA > ULN at 
randomization (Table 11).  

It should be noted that the relationship between the decrease in urinary 5-HIAA by Xermelo and 
the clinical benefit, i.e., decrease in bowel movement was not established in the phase 3 trial.  
Please see Section 4.1. 

Table 10 Mean (SD) Urinary Excretion of 5-HIAA over 24 hours in Patients with Carcinoid 
Syndrome1  

 Placebo 250 mg 500 mg 
Mean (SD)  (mg/24 hours) 

Baseline   81 (161) 93 (115) 90 (144) 
Week 6 71 (147) 51 (53) 29 (52) 
Week 12 51 (65) 51 (70) 36 (68) 
Mean change from baseline at 
Week 12 

11 (35.6) -40 (85) -58 (82) 

Median (min, max) (mg/24 hours) 
Baseline 26 (0, 786) 67 (2, 637) 28 (0, 608) 
Week 6 21 (2, 735) 27 (0.6, 185) 9 (0, 237) 
Week 12 22 (0, 310) 22 (0, 257) 13 (0.8, 307) 
Median change in from 
baseline at Week 12 

1.4 (-36, 155) -21.7 (-459, 77) -19 (-301, 1) 

Source: Study 301, Table 14.2.3.3.1; Note: baseline value is the last non-missing assessment prior to the 
first dose of study drug 

 

 

 

 

 

                                                           
6 Carcinoid Tumors, Oncologist, 2008; 13(12): 1255–1269 
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Table 11 Mean (SD) daily bowel movements by urinary 5-HIAA at randomization during the 
double-blind treatment period (Intent-to-treat population) Study 301  

Urinary 5-HIAA at randomization: > ULN 
 Placebo 

(n=26) 
250 mg 
(n=26) 

500 mg 
(n=26) 

Baseline1 5.12 (1.17) 6.11 (2.03) 5.83 (2.20) 
At Week 122 4.17 (1.57)  

(n=18) 
4.38 (2.05)  

(n=20) 
3.52 (1.48)  

(n=22) 
Average over 12 weeks3 4.69 (1.32) 4.76 (2.0) 4.08 (1.55) 
Change from baseline4 -0.43 (0.74) -1.35 (1.29) -1.75 (1.39) 

Urinary 5-HIAA at randomization: <= ULN 
 Placebo 

(n=12) 
250 mg 
(n=12) 

500 mg 
(n=12) 

Baseline1 5.36 (1.4) 5.76 (1.5) 6.12 (1.90) 
At Week 122 4.78 (2.22)  

(n=10) 
4.25 (1.74)  

(n=10) 
4.42 (2.39)  

(n=11) 
Average over 12 weeks3 4.63 (1.73) 4.20 (1.80) 5.18 (2.16) 
Change from baseline4 -0.72 (0.84) -1.56 (1.85) -0.94 (1.1) 

Source:  Table 14.2.2.21 from CSR LX1606.1-301-CS 
*P< 0.001 in comparison to placebo 
1 Baseline value is the number of bowel movements per day averaged over the Run-in Period prior to the first dose 
of study drug. 2Double-blind treatment period; 3The value at each study week is the number of daily bowel 
movements averaged over the study week; 4 the difference between the average BM over 12 weeks and the BM at 
base 

3.3.2 Is the proposed general dosing regimen appropriate for the general patient population 
for which the indication is being sought? 

 
Yes. The proposed dosing regimen is 250 mg three times a day is appropriate.  

 
 
 

 
The proposed dosing regimen is supported by a pivotal phase 3 trial, Study 301.  In Study 301, 
patients with carcinoid syndrome with diarrhea inadequately controlled by synthetic somatostatin 
analogs were randomized to placebo, telotristat ethyl 250 mg, and telotristat ethyl 500 mg.  Of 
note, patients who were randomized to 500 mg dose group received 250 mg for a week before 
the dose was increased to 500 mg for additional 11 week treatment (Figure 8).  All patients were 
switched to 500 mg in the open-label extension period following the 12-week double-blind 
period.  In the open-label extension period, patients who were switched from placebo received 
250 mg for a week prior to dose escalation to 500 mg.   
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All patients were instructed to take the study drug with food for better tolerability mainly for 
gastrointestinal adverse events. “With food” meant taking telotristat ethyl or matching placebo 
tablets within 15 minutes before or within 1 hour after a meal or snack.  
 
Figure 7.   Study design of the Pivotal Phase 3 trial 

 
 
 
The primary endpoint for Study 301 was a change in the mean number of daily bowel movement 
averaged over 12 weeks.  In patients who were on stable dose of synthetic somatostatin therapy, 
the change from baseline for mean daily bowel movement was statistically significantly greater 
in treatment with telotristat ethyl 250 mg or 500 mg than placebo.  The mean (SD) change 
averaged over 12 weeks in BMs/day was -0.6 (0.83), -1.4 (1.37), and -1.5 (1.31) by placebo, 
telotristat ethyl 250 mg and 500 mg, respectively (Table 12). There was no appreciable 
difference in the treatment effect between 250 mg and 500 mg (Figure 9).  When patients who 
received 250 mg were switched to 500 mg in the double-blind period, the further decrease in the 
daily bowel movement was not evident compared to patients who stayed in 250 mg.  The 
comment on the clinical significance of the treatment effect of <1 time a day decrease in bowel 
movement is deferred to the clinical review. Furthermore, in the open label phase, there does not 
appear to be incremental benefit in patients who switched from 250 to 500 mg compared to 
patients who remained on 250 mg (Figure 10). 
 
On the other hand, the dose-dependent increase in TEAEs was noted for nausea, upper 
abdominal pain, and depression in pooled safety datasets (Table 13).  The clinical reviewer also 
noted that one patient treated with 500 mg dose experienced a serious constipation during the 
double-blind period and more patients (n=8) experienced constipation during the open-label 
extension period compared to the double-blind period (n=2) when all patients were switched to 
500 mg dose.    
 
For detailed review of assessment of clinical efficacy and statistical analysis, please see the 
clinical review by Dr. Wen-Yi Gao and the biostatistics review by Dr. George Kordzakhia.   
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Figure 8. Mean Change from Baseline in Daily Bowel movement by Week during Treatment 
with Placebo, Telotristat Ethyl 250 mg or 500 mg Three Times a Day for 12 weeks (Study 301) 

 

 

Table 12. Mean Change from Baseline in Daily Bowel Movement in Patients with Carcinoid 
Syndrome  

 Parameter Placebo 
Xermelo 250 mg 
three times daily 

Xermelo 500 mg  
three times dailya  

Bowel 
Movements/Day 
At Baseline  

Number of Patients  45 45 45 
Baseline Mean (SD) 
Median (Min, Max) 

5.2 (1.4) 
5.1 (3.5, 9.0) 

6.1 (2.1) 
5.5 (3.5, 13.0) 

5.8 (2.0) 
5.4 (3.6, 12.5) 

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

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

˗0.6 (0.8) 
-0.6 (-2.7,0.8) 

˗1.4 (1.4) 
-1.3 (-6.1, 1.6) 

-1.5 (1.3) 
-1.2 (-6.7, 0.6) 

Estimate of Treatment 
Difference (97.5% CL)b 

--- 
˗0.8c 

(˗1.3, ˗0.3) 
˗0.7c 

(˗1.2, ˗0.2) 

CL=confidence limit; SD=standard deviation. 
a. During the first 7 days, patients received Xermelo 250 mg three times daily. 
b. Statistical tests used a blocked 2-sample Wilcoxon Rank Sum statistic (van Elteren test) stratified by 

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

c. p<0.001 
 

 

 

Reference ID: 4021607



23 
 

Figure 9. Mean change from baseline in bowel movement by week after treatment with placebo, 
telotristat ethyl 250 mg, telotristat ethyl 500 mg three times a day for 48 weeks (including 36 
week open label extension where all groups received telotristat ethyl 500 mg) 

 

Table 13. Incidence of treatment-emergent adverse events (Pooled safety dataset) 

 

  

Reference ID: 4021607



24 
 

3.3.3 Is an alternative dosing regimen and management strategy required for 
subpopulations based on intrinsic factors? 

No. No dosage adjustment is recommended for patients with mild hepatic impairment, or mild to 
severe renal impairment, sex or age.   

Based on population PK analyses, population characteristics such as sex, age (18-83 years), 
weight (40-115 kg), creatinine clearance (20-89 mL/min), and mild hepatic impairment (defined 
as total bilirubin greater than 1.0 to 1.5 times the upper limit of normal [ULN] or AST greater 
than the ULN) were not found to affect the pharmacokinetics of telotristat, the active metabolite.  
The effect of moderate or severe hepatic impairment (defined as total bilirubin greater than 1.5 
times the ULN and any value for AST) is unknown. Refer to the Pharmacometrics assessment in 
the Appendix for more details. 

 
Hepatic impairment 
A dedicated hepatic impairment study has not been conducted.  The sponsor’s population PK 
analysis indicated that mild (N=19) hepatic impairment has no effect on PK of telotristat, based 
on data pooled from three phase 1 studies (Study101, 102, and 103), and one phase 3 study 
(Study 301) (Figure 9). The degree of hepatic impairment was assessed based on NCI-ODWG 
(National Cancer Institute Organ Dysfunction Working Group’s) criteria (Table 12).    

In study 301, the majority of individuals with normal hepatic function (N=171, 86.7%). The 
remaining subjects had the NCI-ODWG Mild Group B1 (N=14, 6.2%) and Mild Group B2 
(N=52, .6%) and only 0.5% (N=1) had moderate hepatic function.  Patients with moderate 
hepatic impairment by NCI-ODWG were excluded based on the exclusion criterion of Total 
bilirubin >1.5 x ULN.   

 

Table 14. National Cancer Institute Organ Dysfunction Working Group (NCI-ODWG)

 

Total Bilirubin ULN: ~1.9 mg/dL;  SGOT/AST ULN: ~40 U/L 
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Figure 10.  Comparison of AUC by Hepatic Function in the Population PK Dataset  

 
Renal impairment  
A dedicated renal impairment study was not conducted.  The sponsor’s population PK analysis 
indicated that creatinine clearance (20 to 89 mL/min) does not affect the PK of telotristat (Figure 
10). This is consistent with the elimination mechanism of telotristat which showed that negligible 
(< 1%) of drug excreted in the urine. Xermelo has not been evaluated in patients with end-stage 
renal disease (ESRD) who require dialysis.   

Figure 11. Comparison of AUC by Renal Function in the Population PK dataset  
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3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy? 

Yes.  The proposed dosing instruction to administer Xermelo with food is appropriate. 
 

Food-drug interaction 

A significant food effect on the PK was observed.  When a single dose of 500 mg telotristat ethyl 
was administered with a high fat meal, the median tmax for telotristat ethyl was delayed in the fed 
state (1.50 hours) compared to the fasted state (0.75 hours); however, the median tmax values for 
telotristat were similar in the fed and fasted states.  Respective mean Cmax, and AUC0-inf for 
telotristat ethyl were 112%, and 264% higher following administration of telotristat ethyl in the 
fed state compared to the fasted state (Figure 13, Table 14). Respective mean Cmax, and AUC0-inf 
for telotristat were 47%, and 33% higher following administration of telotristat ethyl in the fed 
state compared to the fasted state (Table 15).   
 
In this single dose study, there were more TEAEs in the fasted state compared to the fed state, 
despite the fact that systemic exposure was higher in the fed state.  All treatment-emergent 
adverse events (TEAE) were mild in severity and most common TEAEs (all causalities) were GI 
disorders (diarrhea and nausea) (Table 16).   Xermelo was administered with meals in patients.   
 
Figure 12. Mean Plasma Concentration-Time Profiles for Telotristat Ethyl after Administration 
of 500 mg telotristat ethyl under fasted condition and fed condition 
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Table 15.  Mean (SD) PK parameters for Telotristat Ethyl after Administration of 500 mg under 
Fed or Fasted condition 

Mean (SD) Fed (n=22) Fasted (n=22) Percent Geometric 
Mean Ratio (90% CI) 
(Fed/Fasted) 

Cmax (ng/mL) 10.5 (7.6) 4.4 (1.72) 211.8 (168.5, 266.3) 
Tmax (h) 1.5 (0.75-4) 0.75 (0.5-2.52)  
AUCt (ng·h/mL) 19.4 (7.65) 5.2 (1.74) 371.5 (315.4, 437.5) 
AUCinf  (ng·h/mL) 21.6 (7.35)1 6.23 (2.03)2 364.2 (302.7,438.2) 
T1/2 (h) 1.25 (0.575) 0.806 (0.58)  

1 n=20; 2 n=18 
 
Figure 13. Mean Plasma Concentration Profiles for Telotristat after Administration of Telotristat 
Ethyl under Fed or Fasted condition 

 

Table 16 Mean (SD) PK parameters for Telotristat (LP-778902) after Administration of 500 mg 
under Fed or Fasted condition 

Mean (SD) Fed (n=22) Fasted (n=22) Percent geometric 
mean ratio (90% CI) 
(Fed/Fasted) 

Cmax (ng/mL) 908 (324) 610 (215) 146.9 (121.2, 178) 
Tmax (h) 2.3 (1.5-4) 2 (1-4)  
AUCt  (ng·h/mL) 2940 (924) 2290 (970) 132.3 (114.2, 153.2) 
AUCinf  (ng·h/mL) 2980 (919) 2320 (979) 132.5 (114.5,153.2) 
T1/2 (h) 5.64 (1.33) 5.26 (1.38)  
Kel (h-1) 0.129 (0.027) 0.141 (0.04)  

Source: Study LX1606.107 
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Table 17. Frequency of Treatment-Emergent Adverse Events Related to Study Drug (Possibly, 
Probably, or Definitely Related to Telotristat ethyl) 

 
Source: Study 107, Table 12.2.2-2 in CSR 107 
 

Drug-drug interaction  

Effects of telotristat ethyl on midazolam 

Multiple doses of telotristat ethyl significantly decrease the AUC of midazolam by 48%.   This 
study indicates that a potential decrease in the effectiveness of concomitant drugs that are 
substrates of CYP3A4 is possible.  As such monitoring for suboptimal efficacy of concomitant 
CYP3A4 substrates, especially drugs with narrow therapeutic index should be recommended.  

The effect of telotristat ethyl on the PK of midazolam, a CYP3A4 substrate was studied after 
multiple doses of telotristat ethyl in a single-sequence cross-over study. Co-administration of 
midazolam with telotristat ethyl significantly lowered mean Cmax and AUC0-∞ for midazolam by 
25% and 48%, respectively, compared to administration of midazolam alone (Figure 15, Table 
18).  Notably, mean Cmax and AUC0-∞ for 1’-hydroxymidazolam were 34% and 48% lower, 
respectively, when midazolam was coadministered with telotristat ethyl compared to 
administration of midazolam alone (Table 18).   

The sponsor stated that concurrent decrease in the systemic exposure to midazolam and 1’-
hydroxymidazolam, and consistent metabolite to parent drug ratios indicated that the decrease in 
the systemic exposure to midazolam is not due to the induction of CYP3A4 by telotristat ethyl 
but due to the overall reduced absorption.  However, it is known that the glucuronidation of 1’-
hydroxymidazolam can be also induced.  It has been suggested that if the ratio of metabolite to 
parent drug is to be used an indicator of induction of CYP3A4, both 1’-hydroxymidazolam and 
its glucuronide should be used to measure the increase in the metabolite 7,8.   In this study, 1’-

                                                           
7Link, B. et al. (2008)  Pharmacokinetics of intravenous and oral midazolam in plasma and saliva in humans: 
usefulness of saliva as matrix for CYP3A phenotyping, Br J Clin Pharmacol; 66:4; 473–484 
 
8 Derungs A., et al. (2016) Effects of cytochrome P450 inhibition and induction on the phenotyping metrics of the 
basel cocktail: a randomized crossover study, Clin. Pharmacokinetic. 55: 79-91 
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hydroxymidazolam was measured without de-glucuronidation; therefore, the total formation of 
1’-hydroxymidazolam of midazolam is unknown.   

In vitro study for the potential induction of CYP3A4 enzyme by telotristat ethyl was studied in 
human hepatocyte from one donor, in which no significant induction was noted. The negative 
data from single donor hepatocytes is considered inadequate to draw any conclusion on the 
CYP3A4 induction potential by Xermelo because of a potential inter-subject variability.  The 
Agency currently recommends the in vitro induction study be conducted using hepatocytes from 
at least three donors.  See additional details in Section 4.9.  

 

Figure 14  Mean Plasma Concentration-Time Profiles for (A) Midazolam and (B) 1’-hydroxy 
Midazolam  

(A)        Midazolam   

 
(B)  1’-hydroxymidazolam 
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Treatment: Single oral dose of 3 mg midazolam on Day 1, oral doses of 500 mg telotristat etiprate t.i.d. 
on Days 5 to 9, with a single oral dose of 3 mg midazolam co-administered on Day 9 
Source: Figure 11.4.1.1-1 CSR106 
 
Table 18  Mean (SD) Pharmacokinetic Parameters for Midazolam and 1’-Hydroxymidazolam 
after Administration of Midazolam Alone and with Telotristat Ethyl 

 Reference 
Midazolam alone 
(n=24) 

Test 
Telotristat ethyl + 
Midazolam 
(n=24) 

Percent geometric mean ratio 
Test/Reference (90% CI) 

Midazolam 
Cmax (ng/mL) 14.8 (5.34) 11.0 (3.01) 75.5 (66.4, 85.7) 
Tmax (h) 0.50 (0.50 - 1.50) 0.50 (0.25 - 2.00)  
AUC0-tlast (h*ng/mL) 40.4 (18.8) 20.2 (4.68) 52.9 (47.0, 59.6) 
AUC0-∞ (h*ng/mL) 42.7 (19.8) 21.1 (4.86) 52.2 (46.3, 58.8) 
t1/2 (h) 4.71 (2.02) 2.90 (0.860)  
CL/F (L/h) 82.5 (32.2) 151 (41.6)  
Vz/F (L) 516 (241) 621 (224)  

1’-hydroxy Midazolam 
Cmax (ng/mL) 5.87 (2.33) 3.86 (1.81) 66.1 (55.4, 78.9) 
Tmax (h) 0.50 (0.50 - 1.50) 0.50 (0.25 - 2.00)  
AUC0-tlast (h*ng/mL) 13.4 (4.60) 7.21 (2.55) 54.6 (49.1, 60.7) 
AUC0-∞ (h*ng/mL) 14.7 (5.13) 7.45 (2.60) 52.2 (46.7, 58.4) 
t1/2 (h) 4.19 (2.89) 1.54 (0.389)  
 

Effects of Xermelo on fexofenadine (p-glycoprotein substrate) 

In in vitro studies, telotristat inhibited p-glycoprotein.  The effect of telotristat ethyl on the PK of 
fexofenadine, a p-gp substrate was studied after multiple doses of telotristat ethyl, in a single-
sequence cross-over study.  Single oral dose of 180 mg fexofenadine administered was co-
administered with telotristat ethyl 500 mg in the fasted state following treatment with telotristat 
500 mg three times a day for 4 days.   
 
With the exception of co-administration with fexofenadine on the morning of Day 9, telotristat 
ethyl doses were taken with food; “with food” meant taking study drug within 1 hour following a 
standard (non-high-fat) meal and was followed by a fast from food (not including water) for at 
least 4 hours postdose. 
 
Following co-administration with telotristat ethyl, mean Cmax, and AUC0-∞ for fexofenadine 
were 15.6%, and 14.3% higher, respectively compared to administration alone.  Telotristat ethyl 
exhibited a lower level of P-gp inhibition in humans (<1.25-fold) that not clinically meaningful. 
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Table 19 Mean (SD) of Pharmacokinetic Parameters for Fexofenadine after Administration 
Alone and with Telotristat Ethyl 

 Fexofenadine alone 
(n=24) 
(Reference) 

Telotristat etiprate 
+ Fexofenadine 
(n=23) 
(Test) 

Percent geometric mean 
ratio (%) 
Test/Reference  
(90% CI) 

Cmax (ng/mL) 682 (389) 756 (329) 115.6 (94.3, 141.8) 
Tmax  (h) 2.00 (1.00 - 4.00) 1.50 (1.00 - 6.00)  
AUC0-tlast (ng·h/mL) 3590 (1440) 4130 (1520) 116.0 (99.1, 135.8) 
AUC0-∞ (ng·h/mL) 3690 (1440) 4210 (1530) 114.3 (97.7, 133.9) 
t1/2  (h) 9.59 (3.98)* (n=19) 8.07 (3.80)  
CL/F  (L/h) 57.6 (25.8) 50.1 (23.8)  
Vz/F  (L) 1200 (1090) 567 (388)  

*Calculated t1/2 was greater than half of the sampling interval for Subject Nos. 103, 104, 123, and 124 and were not 
included in the descriptive statistics 
 

Effects of Octreotide Subcutaneous Injection on Xermelo 

Octreotide 
Co-administration of octreotide subcutaneous injection significantly decreased the systemic 
exposure to telotristat ethyl and telotristat.  The effect of octreotide injected subcutaneously on 
the pharmacokinetics of telotristat ethyl was studied in healthy subjects after co-administration 
telotristat 500 mg with three doses of 200 µg octreotide given 6 hours apart on a single day in a 
single-sequence crossover study (Study 109).   
 
Figure 15  Study Design for the Effect of Octreotide Subcutaneous Injection of PK of Telotristat 
Ethyl and Telotristat 

 

When co-administered with octreotide 200 µg, there was a significant decrease in the systemic 
exposure to telotristat ethyl as well as telotristat.  The mean Cmax and AUC of telotristat ethyl 
were decreased by 83% and 81%, respectively and the mean Cmax and AUC of telotristat were 
decreased by 79% and 65%, respectively.  Although octreotide was given three times on a single 
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day, the effect of octreotide on the PK of telotristat ethyl was evident after the first subcutaneous 
dose of octreotide injection before the second octreotide dose was given after 6 hours.    

Figure 16 Mean Plasma Concentration-Time Profiles for Telotristat Ethyl after Administration of 
500 mg Telotristat Ethyl Alone or with Concomitant Octreotide S.C. Injection 

 
Open circle (Telotristat ethyl alone );  Closed circle (Telotristat Ethyl + Octreotide Acetate);  
Reference line: Lower limit of Quantification (<0.5 ng/ml) 
 
Table 20 Mean (SD) Pharmacokinetic Parameters for Telotristat Ethyl after Administration of 
500 mg Telotristat Ethyl Alone or with Concomitant Octreotide S.C. Injection 

 Telotristat 
etiprate alone 

(n=24) 
(Reference) 

Telotristat etiprate + 
octreotide acetate 

(n=24) 
(Test) 

Percent geometric mean 
ratio (%) 

Test/Reference (90% 
CI) 

Cmax (ng/mL) 6.62 
(3.90) 

1.12* (n=15) 
(0.51) 

14.0 (10.9, 17.9) 

Tmax
a (h) 1 

(0.5-2.5) 
1.50 

(0.75 – 3.50) 
 

AUC0-tlast (ng·h/mL) 8.65 
(5.09) 

2.34 (n=6) 
(1.27) 

19.0 (11.2, 32.3) 

AUC0-∞ (ng·h/mL) 10.6 (n=16) 
(5.64) 

NC NC 

Source: Table 11.4.1.1-1 in CSR 109 
*Values for Cmax and tmax were not calculated for some subjects for the telotristat etiprate + octreotide 
acetate treatment because the entire time-concentration profile was below the limit of quantitation. 
amedian (minimum – maximum) is presented for tmax 
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Figure 17 Mean Plasma Concentration-Time Profiles for telotristat after Administration of 
Telotristat Ethyl Alone or with concomitant Octreotide 

 

 
 
Table 21 Mean (SD) of Pharmacokinetic Parameters for Telotristat (LP-778902) after 
Administration of 500 mg Telotristat Ethyl Alone and with Concomitant Octreotide s.c. Injection 

 Telotristat ethyl 
alone 

(n=24) 
(Reference) 

Telotristat ethyl + 
octreotide acetate 

(n=24) 
(Test) 

Percent geometric 
mean ratio (%) 
Test/Reference 

(90% CI) 
 

Cmax (ng/mL) 865 (277) 209 (129) 21.4 (17.6, 26.1) 
Tmax

a (h) 2.03 
(1.02 – 3.50) 

3.50 
(2.00 – 6.00) 

 

AUC0-tlast (ng·h/mL) 3350 (1140) 1190 (651) 32.1 (26.3, 39.1) 
AUC0-inf (ng·h/mL) 3380 (1140) 1280 (647) 

(n=21) 
35.1 (28.7, 42.8) 

t1/2  (h) 5.18 (1.58) 3.61 (1.25)  
Source: Table 11.4.1.2-1 in CSR 109, amedian (minimum – maximum) is presented for tmax 
 
According to the octreotide label, octreotide acetate has been associated with alterations in 
nutrient absorption, so it may have an effect on absorption of orally administered drugs.  Single 
doses of octreotide acetate have been shown to inhibit gallbladder contractility and decrease bile 
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secretion in normal volunteers.  The prolonged gastrointestinal transit time by octreotide has 
been previously suggested and it may have contributed to the reduced absorption of telotristat 
ethyl.  Notably, co-administration of telotristat ethyl and octreotide resulted in more diarrhea 
than when telotristat ethyl was administered alone.  It is unclear if the reported diarrhea also 
contributed to the decrease in the systemic exposure.    

Table 22 Overall Summary of Treatment-Emergent Adverse Events (in >1 Subject Overall) 

 
Source: Table 12.2.2-1 in CSR 109 
 
Potential clinical Impact of the effects of octreotide on telotristat PK 

  In Study 301, all patients were on stable dose of synthetic somatostatin analog, octreotide or 
lanreotide9 given every 3 or 4 weeks as long-acting depot formulation10 at baseline (Table 22, 
Table 23).   

 

 

 

 

 

 

                                                           
9 Lanreotide was not approved for the carcinoid syndrome in the U.S. 
10 Intramuscular injection 
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Table 23 Use of synthetic somatostatin analog at baseline in phase 3 trial 

 
Source: Table 11.2.1.1-1 in CSR 301 
c Patients who were on a 2-week SSA therapy or receiving SSA therapy via a subcutaneous continuous infusion 
pump are included in the “4-week” category.  
 
Table 24 Concomitant SSA Therapy by Dose Taken by All Patients at Baseline 

 
Source: Table 11.2.3.1-1 in CSR 301; LX1601: Telotristat ethyl 
 
In addition to the SSA in depot formulation at baseline, during the trial, the use of subcutaneous 
octreotide as a rescue medication was allowed.  It was noted that the usage of rescue octreotide 
varied significantly in terms of the dose and the frequency among patients.  The majority of 
patients used rescue octreotide infrequently as needed basis.  The correlation between the daily 
bowel movement and the frequency of octreotide s.c. injection was not apparent. 

There were 9, 5 and 4 patients who received subcutaneous octreotide more than once daily at 
baseline and throughout the trial in placebo, 250 mg and 500 mg dose cohort, respectively.  
Those patients were on stable dose of synthetic somatostatin analog as depot formulation as well.  

In 3 out 5 patients in 250 mg dose cohort and 3 out of 4 patients in 500 mg dose cohort, the daily 
bowel movement decreased > 1 daily over 12 weeks (Figure 16).  Of note, one patient in 500 mg 
cohort (subject 0606-010), the daily bowel movement was decreased; however, the frequency of 
octreotide injection was increased in parallel suggesting that the use of octreotide may have 
resulted in the decrease in the bowel movement.  On the other hand two out of five patients in 
250 mg cohort and one out of four patients in 500 mg cohort, the decrease in daily bowel 
movement was not observed.  
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A definitive conclusion on the clinical effects of concomitant octreotide subcutaneous injection 
cannot be drawn because of the limited number of patients, a high inter-patient variability, as 
well as the confounding effect of octreotide on the bowel movement. The response seems to be 
similar between patients who received octreotide s.c. injection frequently and patients who did 
not.   

Nevertheless, it should be noted that the dosing timing of octreotide injection in relation to 
Xermelo administration is unknown so whether the octreotide s.c. injection resulted in the 
decrease in systemic exposure to telotristat in patients is unknown.   

Therefore to minimize the impact of octreotide injection on the PK of telotristat ethyl and 
telotristat, it is advisable to stagger the administration of telotristat ethyl and octreotide such that 
administration of telotristat ethyl at least 30 min prior to octreotide injection.   

 

Figure 18  Mean Daily Frequency for Bowel Movement (in red) and Subcutaneous Octreotide 
Injection (in blue) in Patients who Received 250 mg or 500 mg Telotristat Ethyl in Study 301 

Patient who received 250 mg Xermelo 
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Patient who received 500 mg Xermelo 
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Source: CSR 301: Listing 16.2.6.3 Weekly Mean Frequency of Bowel Movements; Listing 16.2.6.9 Weekly Mean 
Frequency of Rescue Short-acting Somatostatin Analog (SSA) Therapy in CSR 301 

 
Assessment of drug-drug interaction potential based on in vitro studies 

In vitro transporter substrate studies using human Caco-2 cells indicate that telotristat ethyl is not 
a substrate for P-gp or BCRP.  On the other hand, telotristat is a substrate for P-gp, but not a 
substrate for BCRP. 

Effect of telotristat ethyl on other drugs: 

CYP inhibition: Potential drug interaction via inhibition of CYP2B6, CYP2C8, and CYP2C9 by 
telotristat ethyl or telotristat has not been adequately studied in vitro.  Clinically relevant 
inhibition of CYPs 1A2, 2C19, and 2D6 by telotristat ethyl or telotristat at the systemic level 
associated with the recommended dose of 250 mg is not anticipated. 

In an in vivo drug interaction study with midazolam, a CYP3A substrate, no inhibition of 
CYP3A4 activity by Xermelo was observed based on substantially decreased systemic exposure 
to midazolam (see details in Section 3.3.3, Drug-drug interaction/Effects of telotristat ethyl on 
midazolam). 

CYP induction:  The CYP induction potential by telotristat ethyl and telotristat has not been 
adequately studied in vitro.  A low potential for induction of CYP2B6, and no induction of 
CYP1A2 and CYP3A4 mRNA levels by telotristat ethyl at concentrations of 3 and 10 μM was 
suggested by in vitro studies conducted using hepatocytes from single donor.   However due to 
inter-individual variability, a reliable conclusion cannot be drawn based on a study using 
hepatocytes from a single donor.  Currently in vitro study using hepatocytes from at least three 
donors is recommended.    
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Of note, urinary 5-HIAA is known to be affected by food and medicines such as acetaminophen.  
The avoidance of foods that might have affected the urinary 5-HIAA excretion before and during 
the collection of 24-hour urine was not well-documented during the phase 3 trials.   

4.2 Bioanalytical Method Report 
Telotristat ethyl and Telotristat 

Telotristat ethyl (LX1606) and its major active metabolite, telotristat (LP-778902) in human 
plasma were determined by a validated bioanalytical assay method using High Pressure Liquid 
Chromatography (HPLC) coupled with tandem mass spectrometric detection (MS/MS).   

Briefly, LX1606 and LP-778902 and the internal standards (ISTDs), LX1606-d7 and LP-
778902-d7, are extracted from human plasma by protein precipitation. After dilution of the 
supernatant, the solution is analyzed using liquid chromatography (LC) with tandem mass 
spectrometric detection (MS/MS). The standard curve range is from 0.5 to 500 ng/mL for 
LX1606 and 2 to 2000 ng/mL for LP-778902, using a plasma sample volume of 0.05 mL.  
Isotope-labelled LX1606-d7 and LP-778902-d7 were used as internal standards.  Citric acid was 
added to stabilize telotristat ethyl hydrolysis. 
  
The precision and accuracy for LX1606 at 0.5 ng/mL, LLOQ was 12.4% and 1.8%, respectively.  
The precision and accuracy for LP-778902 at 2 ng/mL, LLOQ was 5.5% and 2.5%, respectively. 
 

Midazolam and 1’-hydroxymidazolam 

Midazolam, 1'-hydroxymidazolam, and 4-hydroxymidazolam in human plasma containing 
K2EDTA, K3EDTA, or sodium heparin, over the concentration range of 0.1 to 100 ng/mL, was 
determined with an adequately validated bioanalytical assay method using HPLC-MS/MS.  
The method utilized a sample volume of 0.1 mL.  The full report for validation of “a Method for 
the Determination of Midazolam, 1'-Hydroxymidazolam, and 4-Hydroxymidazolam in Human 
Plasma by HPLC with MS/MS Detection” (Study Number: 8280288) was submitted.   Initially 
the assay method was omitted from the validation report. Upon the reviewer’s request, the assay 
method was submitted and the sponsor confirmed that blood samples were not treated for de-
glucuronidation. 

Fexofenadine 

Fexofenadine in plasma containing sodium heparin was determined by an adequately validated 
bioanalytical assay method using HPLC with MS/MS detection.  The validated linear assay 
range was 5 to 1000 ng/mL.  The full report for validation of “a Method for the Determination of 
Fexofenadine in Human Plasma by HPLC with MS/MS Detection” (Study Number: 8307443) 
was submitted. Initially the assay method was omitted from the validation report. Upon the 
reviewer’s request, the assay method was submitted. 
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The two assay methods seem to be reasonably well-correlated in measuring concentrations.  
Nevertheless, the assay sensitivity and linear range of concentrations varied between 
instruments.  For HPLC-FL the linear range was 0.2-62.7 mg/L and the reference range for 
urinary excretion of 5-HIAA over 24 hours was 0-15 mg/day.    

On the other hand, for HPLC-MS/MS the analytical measurement range was 0.5-100 mg/mL for 
and the reference range for urinary 5-HIAA was 0-10 mg/day. 

These assays are considered semi-quantitative and acceptable for qualitative measurement to 
determine the relation to the upper limit of normal and the monitoring over time during the 
treatment in comparison to the values at baseline.   

5-HIAA in urine was measured as a secondary endpoint in the pivotal phase 3 trial (Study 301) 
and as a primary endpoint in a phase 3 trial (Study 303) in different patient population, i.e., low 
bowel movement at baseline.  Study 303 is not currently considered in support of Xermelo 
efficacy in target patient population due to the difference in patient population and issues with 
study design and analyses. Review comments on Study 303 are deferred to the clinical and 
biostatistics reviews. 
 

Serotonin in human blood 

Serotonin in human blood was determined in Phase 2 trial using a validated LC-MS/MS using 
serotonin-d4-creatinine sulfate as an internal standard.  The lowest limit of quantification was 30 
ng/ml.   

Reviewer’s comments: Serotonin concentrations in mid-QC and high-QC tended to be 
consistently lower within and across days although the accuracy met the pre-specified criteria of 
< 15%.   While the overall assay performance based on the % difference from the original value 
met the pre-specified criteria, i.e. the % difference of at least 2/3 of all the analyzed ISR samples 
within ± 20%, the repeat values were consistently lower than the original values except for few. 
The results of ISR seem to suggest that under the storage condition the serotonin was degraded in 
a varying degree.  Nevertheless this does not impact the overall conclusion of the efficacy 
assessment as serotonin measurement is exploratory in nature.  
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4.2 Pharmacometrics Assessment 
 
4.2.1. Applicant’s Population PK Analysis 
 
The applicant conducted population PK analysis based on pooled data from 3 phase 1 studies 
(study101, 102, and 103), and one phase 3 study (study 301). Study subjects included healthy 
volunteers (n= 88) and patients with symptomatic carcinoid syndrome (n=107).  
 
Rich profiles for telotristat ethyl and LP-778902 were available in the Phase 1 studies, while 
limited plasma samples (1 to 6 samples per patient) were available for all patients in the phase 3 
study (study 301) and a subset 40 patients provided rich PK profiles (10 to 23 samples per 
patient). In both phase 1 and phase 3 studies, a high proportion of telotristat ethyl concentrations 
were BLQ. Given the small amount of measurable data, a decision was made to not develop a 
PK model for telotristat ethyl and restrict the analysis to LP-778902. A total of 2626 LP-778902 
concentrations collected from 195 subjects (88 healthy subjects and 107 patients with CS) were 
included in the analysis. Summaries of demographic characteristics, potential covariates, and 
laboratory values, stratified by study, are shown in Table 26. 
 
A 2-compartment model with first-order elimination was used to describe the PK of LP-778902. 
The formation of LP-778902 from telotristat ethyl was characterized by an empirical model, 
which consisted of zero-order input into an intermediate compartment followed by first-order 
input into the central compartment. This model describes the combined process of absorption of 
telotristat ethyl and metabolism of telotristat ethyl to LP-778902. A schematic of the structural 
PK model is presented in Figure 20. In this model, the input dose is the dose of telotristat 
etiprate that was administered and the model is for LP-778902. The selected base PK model also 
included inter-individual variability (IIV) in CL, central volume of distribution (Vc), and 
duration of zero-order formation (D1), each of which was described using an exponential error 
model. The residual variability (RV) was estimated using an additive plus proportional error 
model.  
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Table 26 Demographic Characteristics by study in the Population PK Analysis  
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(Source: Applicant’s Population PK report, Table 4) 
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Figure 20 Schematic of Pharmacokinetic Model Structure 

 

(Source: Applicant’s Population PK report, Figure 11) 
 
A 2-step approach was used during the PK covariate analysis process. Time-invariant covariates 
were evaluated using an automated stepwise covariate approach, followed by univariate forward 
selection for time-varying covariates. Based on statistical modeling inclusive of covariate 
assessment, food consumption was shown to statistically significantly influence the duration of 
formation of the LP-778902 metabolite (1.25 hours [fed] versus 1.34 hours [fasted]). In addition, 
health status was identified as a significant covariate such that a typical patient with CS would be 
expected to have a lower CL/F (by approximately 40%) and Vc/F (by approximately 45%) 
relative to a healthy subject. The distributions of LP-778902 exposures in patients with CS in 
relation to the presence or absence of additional covariates were evaluated graphically and the 
findings supported that no other covariates including age, sex, renal function category, and liver 
function category were related to LP-778902 PK.  

The population mean parameter estimates and their associated precisions (percent standard error 
of the mean [%SEM]) for the final PK model are presented in Table 25. The goodness of fit 
plots for the final model are shown in Figure 18. 
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Table 27 Parameter estimates for the final model 

 

(Source: Applicant’s Population PK report, Table 17) 
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Reviewer’s Comments: The applicant’s population PK model appears acceptable. However, the 
goodness-of-fit plots and the high CV% of parameter estimates indicate that there remains to be 
a high degree of unexplained variability in the data. 

 

4.3 Exposure-Response 

Cardiac Electrophysiology 

The effect of telotristat ethyl on the QTc prolongation was studied at single 1500 mg dose in a 
thorough QT study.  No other doses for telotristat ethyl were included in the tQT study.  The tQT 
study results were reviewed by FDA’s Interdisciplinary Review team for QT studies12.  
Following is the findings by the IRT-QT review.  Please see the IRT-QT review for NDA 208-
794 for more details.  

In the randomized, a Phase 1, partially double-blind, single-center, single-dose, placebo 
controlled, 6-sequence, crossover study, 48 healthy subjects received 1500 mg telotristat 
ethyl, placebo and moxifloxacin 400 mg. No significant QTc prolongation effect of 1500 mg 
telotristat ethyl was detected in the TQT study.   
The largest upper bounds of the 2-sided 90% CI for the mean differences between 1500 mg 
telotristat ethyl and placebo were below 10 ms, the threshold for regulatory concern as described 
in ICH E14 guidelines. The largest lower bound of the 2-sided 90% CI for ΔΔQTcF 
moxifloxacin was greater than 5 ms, and the moxifloxacin profile over time is adequately 
demonstrated, indicating that assay sensitivity was established.    
 
Table 28  The Point Estimates and the 90% CIs Corresponding to the Largest Upper Bounds for 
1500 mg Telotristat Etiprate and the Largest Lower Bound for Moxifloxacin (FDA Analysis) 

 

 

 

                                                           
12 Moh Jee NG et al., Interdisciplinary Review Team for QT Studies Consultation: Thorough QT Study Review for 
NDA 208-794 dated 8/11/2016, DARRTS Reference ID: 3970875 
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Figure 22 Mean and 90% CI ΔΔQTcF Time Course 

 
 
Placebo-adjusted change from baseline in QTcF (ΔΔQTcF) was estimated from the 
concentration-ΔQTcF model by contrasting active-placebo treatment at the clinically relevant 
concentration. There was a shallow but statistically significant negative exposure-response 
relationships between ΔΔQTcF and telotristat concentrations and metabolite concentrations.   
 
Figure 23 (A) ΔΔQTcF vs. telotristat ethyl concentration  
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(B) and ΔΔQTcF vs. Metabolite (LP-778902) concentration  

 
 

4.4 Enrichment and Stratification 

For phase 3 trial, patients were stratified based on urinary 5-HIAA at baseline.  At baseline 
urinary 5-HIAA significantly varied among patients and there was no correlation between 
urinary 5-HIAA and mean daily bowel movement over a week. As such in phase 3 trials, patients 
were included regardless of urinary 5-HIAA excretion but stratified by urinary 5-HIAA level at 
randomization.   In Study 301, the pivotal phase 3 trial, the proportion of patients with > ULN, < 
ULN, and unknown urinary 5-HIAA at randomization was 57.8%, 26.7%, and 15.6%, 
respectively across treatment groups.    

The upper limit of normal was 15 mg during the double-blind period of Study 301 except for two 
samples at baseline for which the value of 10 mg was used as the upper limit of normal due to 
the difference in bioanalytical assay method.  The change in daily bowel movement from 
baseline based on averaged daily bowel movement over 12 weeks was numerically greater with 
telotristat ethyl treatment than with placebo treatment in subgroups of patients with > ULN,  or  
< ULN urinary 5-HIAA at baseline.   

Table 29 Mean (SD) daily bowel movements by urinary 5-HIAA at randomization during the 
double-blind treatment period (Intent-to-treat population) Study 301  

Overall 

 Placebo 

(n=45) 

250 mg 

(n=45) 

500 mg 

(n=45) 

Baseline1 5.2 (1.35) 6.1 (2.07) 5.1 (1.96) 

At Week 122 4.3 (1.98) 

(n=35) 

4.24 (1.84) 

(n=36) 

3.83 (1.79) 

(n=38) 
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Average over 12 weeks3 4.6 4.7 3.6 

Change from baseline4 -0.62 (0.83) -1.43 (1.36)* -1.46 (1.31)* 

Urinary 5-HIAA at randomization: > ULN 

 Placebo 

(n=26) 

250 mg 

(n=26) 

500 mg 

(n=26) 

Baseline1 5.12 (1.17) 6.11 (2.03) 5.83 (2.20) 

At Week 122 4.17 (1.57)  

(n=18) 

4.38 (2.05)  

(n=20) 

3.52 (1.48)  

(n=22) 

Average over 12 weeks3 4.69 (1.32) 4.76 (2.0) 4.08 (1.55) 

Change from baseline4 -0.43 (0.74) -1.35 (1.29) -1.75 (1.39) 

Urinary 5-HIAA at randomization: <= ULN 

 Placebo 

(n=12) 

250 mg 

(n=12) 

500 mg 

(n=12) 

Baseline1 5.36 (1.4) 5.76 (1.5) 6.12 (1.90) 

At Week 122 4.78 (2.22)  

(n=10) 

4.25 (1.74)  

(n=10) 

4.42 (2.39)  

(n=11) 

Average over 12 weeks3 4.63 (1.73) 4.20 (1.80) 5.18 (2.16) 

Change from baseline4 -0.72 (0.84) -1.56 (1.85) -0.94 (1.1) 

Urinary 5-HIAA at randomization: unknown 

 Placebo  

(n=7) 

250 mg   

(n=7) 

500 mg  

(n=7) 

Baseline1 5.24 (2.0) 6.54 (3.10) 5.18 (0.80) 

At Week 122 4.13 (2.69)  

(n=7) 

3.76 (1.41)  

(n=6) 

3.93 (1.50)  

(n=4) 

Average over 12 weeks3 4.08 (2.43) 5.03 (2.56) 3.93 (1.44) 

Change from baseline4 -1.16 (0.97) -1.51 (0.60) -1.25 (1.11) 
Source:  Table 14.2.2.21 from CSR LX1606.1-301-CS 
*P< 0.001 in comparison to placebo 
1 Baseline value is the number of bowel movements per day averaged over the Run-in Period prior to the 
first dose of study drug. 2Double-blind treatment period; 3The value at each study week is the number of 
daily bowel movements averaged over the study week; 4 the difference between the average BM over 12 
weeks and the BM at baseline 
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4.5 In Vitro Drug Interaction Studies  

4.5.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 
 

Yes.  The potential in vivo drug-drug interaction that was predicted by in-vitro studies were 
followed up by in-vivo drug interaction studies. See details given in the following sub-sections. 

4.5.2 Is the drug a substrate of CYP enzymes? 
 

No. Telotristat ethyl and telotristat are not substrates for CYP enzymes. In vitro studies using 
pooled human liver S-9 fractions indicate that metabolism of telotristat ethyl is not NADPH-
dependent and thus not a substrate for CYP enzymes. Telotristat is not metabolized after 1-hour 
incubation with pooled human liver S-9 fractions.  Under in vitro experimental conditions, 
telotristat ethyl is hydrolyzed by both recombinant human carboxylesterase 1 and 2 (CES 1 and 
2) to form the metabolite telotristat.  

4.5.3 Is the drug an inhibitor and/or an inducer of CYP enzymes? 
 

Based on the in vitro studies, a potential in-vivo drug interaction via inhibition of CYPs 2B6, 
2C8, or 2C9, by telotristat ethyl or telotristat cannot be ruled out.  The CYP induction potential 
by telotristat ethyl and telotristat has not been adequately studied in vitro. The details are given 
below.  

CYP enzyme inhibition 

Telotristat ethyl:  

In vitro studies using human recombinant cytochrome P450 isoforms (CYPs 1A2, 2B6, 2C9, 
2C19, 2D6, and 3A4) or human liver microsomes (CYP2C8) suggest that telotristat ethyl is 
likely not an inhibitor of CYPs 1A2, 2B6, 2C8, 2C19, and 2D6 at the anticipated systemic level 
(following 250 gm TID dosing). In vitro studies suggested in-vivo drug interaction via inhibition 
of CYPs 2C9 and 3A4 is possible (Table 30).   

It should be noted that another in vitro study (see Applicant’s in vitro report 160620) using 
human recombinant cytochrome P450 isoforms appear to indicate that telotristat ethyl is likely 
not an inhibitor of CYP2C9, but the function of human recombinant cytochrome P450 isoforms 
used in that study cannot be validated due to the lack of controls. Thus, the data from that in vitro 
study were not summarized in this review.   
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Table 30 In vitro inhibition of CYP enzymes by telotristat ethyl for 250 mg TID dosing 

 

Inhibition 
IC50 (µM) 

R (or 
alternate R) 

In vivo CYP inhibition 
potential (based on in vitro 
R value) 

In vivo study conducted 
(yes or no) 

CYP1A2 >1 <1.1 No No 

CYP2B6 17.9 1.001 No No 

CYP2C8 >1 <1.1 No No 

CYP2C9 <1 NA 
Unknown           
(inadequate in vitro study) 

No 

CYP2C19 >1 <1.1 No No 

CYP2D6 >1 <1.1 No No 

CYP3A4 <1 NA 
Unknown           
(inadequate in vitro study) 

Yes (midazolam - 
significant decrease in the 
systemic exposure to 
midazolam suggests 
induction of CYP3A4 
activity in vivo) 

NA = not available; R = 1+[I]/Ki. 
Mean telotristat ethyl Cmax = 5.26 ng/ml (~0.00915 µM) following 250 mg dose in healthy volunteers.  

 

Telotristat:  

In vitro study (see Applicant’s in vitro report 103306) using human recombinant cytochrome 
P450 isoforms (CYPs 1A2 and 2D6) or human liver microsomes (CYPs 2C9, 2C19, and 3A4) 
suggested that the IC50 values for telotristat were greater than 16.7 µM.  

The telotristat concentration (1 µM) used in other in vitro studies (see Applicant’s in vitro reports 
160614 and XT15A010) using human recombinant cytochrome P450 isoforms (CYPs 1A2, 2C9, 
2C19, 2D6 and 3A4) or human liver microsomes (CYP2C8), was similar to the mean Cmax. 
Thus, a potential in-vivo drug interaction via inhibition of CYP2C8 by telotristat cannot be ruled 
out based on the in vitro data (Table 31).  Potential drug interaction via inhibition of CYP2B6 by 
telotristat has not been studied in vitro.  

Reviewer’s comment:  The mean Cmax values for telotristat ethyl and telotristat obtained after a 
single dose were used in DDI potential calculation since steady state Cmax values were not 
available in healthy volunteers and there was negligible accumulation after multiple dosing. 
Drug interaction potential has not been evaluated for LP-951757 (a major metabolite) in vitro. 
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Table 31 In vitro inhibition of CYP enzymes by telotristat 

 

Inhibition 

IC50 
(µM) 

R (or 
alternate 
R) 

In vivo CYP inhibition 
potential (based on in 
vitro R value) 

In vivo study 
conducted (yes or 
no) 

CYP1A2 >16.7 <1.1 No No 

CYP2B6 NA 
NA Unknown                           

(no in vitro data) 
No 

CYP2C8 NA 
NA Unknown                 

(inadequate in vitro 
study) 

No 

CYP2C9 >16.7 <1.1 No No 

CYP2C19 >16.7 <1.1 No No 

CYP2D6 >16.7 <1.1 No No 

CYP3A4 >16.7 <1.1 No Yes (midazolam) 

NA = not available; R = 1+[I]/Ki. 
Mean telotristat Cmax = 449 ng/ml (~0.851 µM) following 250 mg dose in healthy volunteers.  
 

CYP enzyme induction 

Telotristat ethyl: One in vitro CYP induction study (see Applicant’s in vitro report 160626) by 
telotristat ethyl was conducted with human female primary hepatocytes from only one donor. 
Although in vitro data appear to suggest that there is low potential for induction of CYP2B6, and 
no induction of CYP1A2 and CYP3A4 mRNA levels by telotristat ethyl at concentrations up to 
10 μM, using hepatocytes from only one donor won’t account for inter-individual variability.  

Another in vitro study (see Applicant’s in vitro report 160622) was conducted using a HepG2 
cell line stably expresses the human PXR gene and luciferase gene regulated by the 5'-flanking 
region of human cyp3A4 gene. This in vitro method is not considered acceptable for CYP3A4 
induction potential evaluation without further assay validations. While interpretation of results is 
limited without proper assay validation, the CYP induction potential by telotristat ethyl cannot be 
ruled out based on the telotristat ethyl concentration-dependent increase in luciferase activity, a 
measure of PXR activation.  The potency of activation was weaker than the positive control, 
rifampicin at 20 µM under this experimental condition (Table 32).  
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Table 32 Luciferase activity in telotristat ethyl (LX1606) treated HePG2 cell line expressing 
human PXR gene 

 
Source: Applicant’s Report 160622 

Telotristat: In vitro study (see Applicant’s in vitro report 103305) was also conducted using a 
HepG2 cell line stably expresses the human PXR gene and luciferase gene regulated by the 5'-
flanking region of human cyp3A4 gene.  As mentioned above, this in vitro method is not 
considered acceptable without further assay validations.  While interpretation of results is limited 
without proper assay validation, the CYP induction potential by telotristat cannot be ruled out 
based on the telotristat concentration-dependent increase in luciferase activity, a measure of PXR 
activation.  The potency of activation was weaker than the positive control, rifampicin at 20 µM 
under this experimental condition (Table 33).   

Table 33 Luciferase activity in telotristat (LX1033) treated HePG2 cell line expressing human 
PXR gene 

 

Source: Applicant’s Report 103305   

4.5.4 Is the drug a substrate and/or an inhibitor of transport processes? 
Substrate 

In vitro transporter substrate studies using human Caco-2 cells indicate that telotristat ethyl is not 
a substrate for P-gp or BCRP.  On the other hand, telotristat is a substrate for P-gp, but not a 
substrate for BCRP. 

Table 34: Efflux ratio with or without the treatment of ketoconazole, a p-gp inhibitor in 
Caco-2 cells 
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Source: Applicant’s Report 103312  (LX1033: Telotristat) 
 
Table 35: Efflux ratio with or without the treatment of KO143, a BCRP inhibitor in Caco-2 cells 

 
E3S: Estrone-3-Sulfate 
Source: Applicant’s Report 103312 (LX1033: Telotristat) 
 

Reviewer’s comment: Based on the in vitro permeability data using human Caco-2 cells, 
telotristat had net flux ratio > 2 in the absence of inhibitor, and net flux ratio was significantly 
reduced by 63% (i.e., greater than the cut-off value of 50%) in the presence of a P-gp inhibitor 
ketoconazole, and reduced only by 39% (i.e., less than the cut-off value of 50%) in the presence 
of a BCRP inhibitor KO143. Thus, telotristat is a substrate for P-gp, but not a substrate for 
BCRP (Table 35). 

Transporter inhibition 

Inhibition of P-glycoprotein (P-gp), breast cancer resistance protein transporter (BCRP), organic 
acid transporter proteins (OATP), organic cation transporters (OCT), organic anion transporters 
(OAT), bile-salt export pump (BSEP) transporters by telotristat ethyl and telotristat was studied 
in vitro. A potential in-vivo drug interaction via inhibition of P-gp or BCRP by telotristat ethyl at 
the intestine level cannot be ruled out based on [I]gut/IC50 value > 10. The details are given 
below. 

Telotristat ethyl: 

Following 250 mg TID dosing (i.e., the recommended dosage), the calculated [I]/IC50 values by 
telotristat ethyl for all studied transporters were less than the cut-off value of 0.1, but were 
greater than the cut-off value of 10 for P-gp and BCRP at the intestine level (Table 36).  Thus, 
significant drug interaction via inhibition of transporters by telotristat ethyl at the systemic level 
appears unlikely based on the calculated [I]/IC50 values, but an in-vivo drug interaction via 
inhibition of P-gp or BCRP at the intestine level cannot be ruled out based on [I]gut/IC50 value.  
However, in vivo drug interaction study suggested that telotristat ethyl administration did not 
affect the PK of fexofenadine, a P-gp substrate. As such, in vivo evaluation of BCRP inhibition 
will not be needed since the calculated [I]gut/IC50 values for BCRP was 10-fold lower than that 
for P-gp. 
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Telotristat:  

In vitro studies suggest that telotristat is likely not an inhibitor of P-gp, BCRP, OAT1, OAT3, 
OCT2, OATP1B1, OATP1B3, OCT1, and BSEP transporters at the anticipated systemic level 
(following 250 mg TID dosing) (Table 36). 

Table 36: In vitro inhibition of transporters by telotristat ethyl and telotristat for 250 mg TID 
dosing 

Inhibition 

Telotristat Ethyl Telotristat In vivo DDI 
study needed 
based on in 
vitro data                          
(yes or no) 

 

IC50 
(µM) 

[I]/IC50                      
(or [I]gut/IC50) 

IC50 
(µM) 

[I]/IC50 

In vivo 
study 

P-gp 2 0.005 (663) >30 <0.1 
Yes 
([I]gut/IC50 
>10) 

No 
significant 
effects on 
fexofenadine 
PK 

BCRP 20 0.0005 (66) >30 <0.1 
Yes 
([I]gut/IC50 
>10) 

Not 
conducted 

OAT1[a] 42.7 0.000002 >10 <0.1 No  

OAT3[a] >10 <0.1 >10 <0.1 No  

OATP1B1 >10 <0.1 9.61 0.089 No  

OATP1B3 >10 <0.1 12.8 0.077 No  

OCT2[a] >10 <0.1 >10 <0.1 No  

BSEP >10 <0.1 >10 <0.1 No  

OCT1 >10 <0.1 >10 <0.1 No  

[a] Unbound Cmax was used in the calculation for OAT1, OAT3, and OCT2. 
Mean telotristat ethyl Cmax = 5.26 ng/ml (~0.00915 µM) and mean telotristat Cmax = 449 ng/ml (~0.851 
µM) following 250 mg dose in healthy volunteers.  
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   Listing of Clinical Studies 
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