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1

Executive Summary

Dexlansoprazole is a proton pump inhibitor, the R-enantiomer of lansoprazole (a racemic
mixture of the R- and S-enantiomers). Dexilant (dexlansoprazole) delayed-release
capsules were approved for adults in 2009, indicated for healing of all grades of erosive
esophagitis (EE), maintaining healing of EE and relief of heartburn, and treating
heartburn associated with symptomatic non-erosive gastroesophageal reflux disease
(GERD).
In this application, the Applicant proposes the use of Dexilant delayed-release capsules in
pediatric patients aged 12 to 17 years, with the same indications as approved in adult
patients. The proposed pediatric dosage regimens are:
 Healing of EE: 60 mg once daily for up to 8 weeks.
 Maintenance of healed EE: 30 mg once daily for up to 4 months.
 Symptomatic non-erosive GERD: 30 mg once daily for 4 weeks.
In support of the proposed indications, three clinical trials in pediatric patients aged 12 to
17 years were conducted: 1) a phase 1, randomized, open-label study to evaluate the
pharmacokinetics and safety of dexlansoprazole 30 or 60 mg once daily (QD) for 7 days
in adolescents with symptomatic non-erosive GERD; .2) an open-label, 4-week study to
evaluate the safety and effectiveness of dexlansoprazole 30 mg QD in adolescents with
symptomatic non-erosive GERD; and 3) a study to evaluate the safety and effectiveness
of dexlansoprazole 60 mg QD for healing of EE (open-label) and dexlansoprazole 30 mg
QD for maintenance of healed EE (placebo-controlled) in adolescents with EE. The
studies were conducted to fulfill the following Pediatric Research Equity Act (PREA)
Post-Marketing Requirements as below:
 PMR 1788-1: Deferred study under PREA to evaluate the pharmacokinetics,
healing, maintenance of healing, and symptoms of endoscopy-proven EE in
patients 12 years to 17 years of age.
 PMR 1356-5: Deferred pediatric study under PREA for treating heartburn
associated with non-erosive GERD in pediatric patients aged 12 years to 17 years.
This review is focused on the pharmacokinetics of dexlansoprazole in pediatric patients
aged 12 to 17 years.

1.1

Recommendations

The Office of Clinical Pharmacology has reviewed this NDA submission and found it
acceptable from a clinical pharmacology standpoint provided that a mutually satisfactory
agreement can be reached between the Applicant and Agency regarding the labeling
language. As such, the Applicant has fulfilled the requirements on the pharmacokinetics
evaluation in patients 12-17 years of age, which is a part of PMR 1788-1.

1.2

Post-Marketing Commitments

None.
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1.3

Summary of Clinical Pharmacology Findings

In Study T-P107-163 entitled “A Phase 1, Randomized, Open-Label, Parallel Group,
Multicenter Study to Evaluate the Pharmacokinetics and Safety of Dexlansoprazole
Modified Release Capsules (30 mg and 60 mg) in Adolescents with Symptomatic
Gastroesophageal Reflux Disease”, 36 pediatric patients aged 12 to 17 years received
dexlansoprazole delayed release capsules 30 or 60 mg once daily for 7 days.
Pharmacokinetics of Dexlansoprazole in Adolescent Patients
 Similar to the PK concentration-time profiles observed in adults, plasma
concentrations of dexlansoprazole displayed 2 distinct peaks, reflective of the
release characteristics of the two granule types contained in the dexlansoprazole
capsule. Systematic exposure of dexlansoprazole increased approximately dose
proportionally from 30 mg to 60 mg in adolescent patient, similar to that observed
in adult patients. A summary of plasma PK parameters of dexlansoprazole in
pediatric patients 12 to 17 years of age is presented in Table 1.
Table 1: Summary of plasma pharmacokinetic parameters of dexlansoprazole in patients
12 to 17 years of age.

(a) Harmonic mean is shown in brackets.

Comparison of Pharmacokinetics between Adolescent Patients and Adults
Systemic exposures for dexlansoprazole in adolescent patients who received
dexlansoprazole 30 and 60 mg capsules were similar to those in healthy adults or adult
patients. The details are given below.
Adolescent patients vs. healthy adults: Following oral administration of dexlansoprazole
30 mg QD, mean (%CV) Cmax and AUC(0-tau) at steady state in adolescent patients
were 691 (53%) ng/mL and 2886 (47%) ng.h/mL, respectively, and were 658 (40%)
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ng/mL and 3275 (47%) ng.h/mL, respectively in healthy adults. For the 60 mg QD dose,
mean Cmax and AUC(0-tau) at steady state in adolescent patients were 1136 (51%)
ng/mL and 5120 (58%) ng.h/mL, respectively, and were 1397 (51%) ng/mL and 6529
(60%) ng.h/mL, respectively, in healthy adults. The mean PK parameters are presented
in Table 2.
Adolescent patients vs. adult patients: In one study (Study T-P105-129) with adult
patients mean systemic exposures for dexlansoprazole appeared higher than the mean
values in adolescent patients. However, based on the review of individual PK data, the
higher mean exposures in adult patients were due to two patients with particularly high
exposures. The reason for the higher exposure in those two adult patients is unknown;
potentially concomitant medications that are CYP2C19 inhibitors can cause drug
interactions resulting in higher systemic exposures. Overall, individual Cmax and AUC
values in adolescent patients were similar to those observed in the rest of adult patients.
Table 2: Dexlansoprazole pharmacokinetic parameters for patients 12 to 17 years of age
and healthy adults following multiple daily 30 or 60 mg oral doses of dexlansoprazole
capsules.

(a) AUC24 for healthy adults and AUCtau for pediatric patients 12 to 17 years of age (tau was 24 hours in
pediatric study).
(b) N=16 for AUCtau, t1/2z, and CL/F.
(c) N=43 for AUC24, t1/2z, and CL/F.
(d) N=73 for AUC24 and t1/2z; N=41 for CL/F.
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2

Question-Based Review

2.1

General Attributes of the Drug

2.1.1 What pertinent regulatory background or history contributes to the current
assessment of the clinical pharmacology of this drug?
Dexlansoprazole is the R-enantiomer of lansoprazole (a racemic mixture of the
R- and S-enantiomers). Dexlansoprazole delayed-release capsules (Dexilant) were
approved in adults on 01/30/2009 for treatment of:
 Healing of all grades of erosive esophagitis (EE).
 Maintaining healing of EE and relief of heartburn.
 Treating heartburn associated with symptomatic non-erosive gastroesophageal
reflux disease (GERD).
Approved dosage in adults:
 Healing of EE: 60 mg once daily for up to 8 weeks.
 Maintenance of healed EE: 30 mg once daily for up to 6 months.
 Symptomatic non-erosive GERD: 30 mg once daily for 4 weeks.
In this efficacy supplement, the Applicant proposes to fulfill two PREA Post-Marketing
Requirements as below:
 PMR 1788-1: Deferred study under PREA to evaluate the pharmacokinetics,
healing, maintenance of healing, and symptoms of endoscopy-proven EE in
patients 12 years to 17 years of age.
 PMR 1356-5: Deferred pediatric study under PREA for treating heartburn
associated with non-erosive GERD in pediatric patients aged 12 years to 17 years.
This NDA submission included the following three studies:




2.1.2

Study T-P107-163: a phase 1, randomized, open-label, parallel-groupstudy to
evaluate the pharmacokinetics and safety of dexlansoprazole 30 or 60 mg once
daily (QD) in 36 adolescents with symptomatic GERD.
Study TAK-390MR_206: an open-label, 4-week study to evaluate the safety and
effectiveness of dexlansoprazole 30 mg QD in 104 adolescents with symptomatic
non-erosive GERD.
Study TAK-390MR_207: a 36-week study designed to evaluate the safety and
effectiveness of dexlansoprazole 60 mg QD for healing of EE (open-label) and
dexlansoprazole 30 mg QD for maintenance of healed EE (placebo-controlled) in
62 adolescents with EE.
What is the formulation of the drug product used in pediatric studies?

The approved Dexilant delayed-release capsules for adult patients contain
dexlansoprazole in a mixture of two types of enteric-coated granules with different pH
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dependent dissolution profiles. Dexilant is available in two dosage strengths: 30 mg and
60 mg, per capsule. The same formulation was used in pediatric studies.
2.1.3

What are the proposed mechanism(s) of action and therapeutic indication(s)?

Dexlansoprazole is a proton pump inhibitor, a compound that inhibits gastric acid
secretion. The proposed pediatric indications are the same as approved in adults:
 Healing of all grades of erosive esophagitis (EE).
 Maintaining healing of EE and relief of heartburn.
 Treating heartburn associated with symptomatic non-erosive gastroesophageal
reflux disease (GERD).
2.1.4

What are the proposed dosage(s) and route(s) of administration?

The proposed oral dosage for patients aged 12 to 17 years old are:
 Healing of EE: 60 mg once daily for up to 8 weeks.
 Maintenance of healed EE: 30 mg once daily for up to 4 months in adolescents 12
years of age and older.
 Symptomatic non-erosive GERD: 30 mg once daily for 4 weeks.

2.2

General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies
used to support dosing or claims?
For the design features of the clinical trials, please see Table 3.
Table 3: Overview of clinical trials in adolescent patients.
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2.2.2

What is the clinical endpoint for efficacy?

In the open-label trial (Study TAK-390MR_206), dexlansoprazole 30 mg QD was
administered in adolescent patients with symptomatic non-erosive GERD for 4 weeks.
Efficacy was evaluated using the percentage of days with neither daytime nor nighttime
heartburn over the 4 weeks of treatment.
Study TAK-390MR_207 contained an open-label healing phase (treatment with
dexlansoprazole 60 mg QD for 8 weeks for healing of EE), and a double-blind, placebocontrolled maintenance phase (treatment with dexlansoprazole 30 mg QD for 16 weeks
for maintenance of healed EE) in adolescent patients. Efficacy was evaluated using the
following endpoints:
 The percentage of patients with healing of EE by Week 8.
 The percentage of patients who maintained healing of EE from Week 8 to Week
24 among the patients who were healed at Week 8.
 The percentage of days with neither daytime nor nighttime heartburn over the first
8 weeks of treatment.
 The percentage of days with neither daytime nor nighttime heartburn over Weeks
8 to 24 among the patients who were healed at Week 8.
2.2.3 Is dexlansoprazole in the plasma appropriately identified and measured to assess
pharmacokinetic parameters?
Yes. Please see Section 2.3 for more details.
2.2.4

Exposure-Response Evaluation

2.2.4.1 What are the clinical trial design features and efficacy outcome?
The efficacy of dexlansoprazole for the treatment of symptomatic non-erosive GERD
was assessed with one dose level, i.e., dexlansoprazole 30 mg QD for 4 weeks (Study
TAK-390MR_206). Effectiveness of treatment was evaluated via the percentage of days
with neither daytime nor nighttime heartburn over the 4 weeks of treatment (Table 4).
Table 4: Patient-Rated 24-Hour Heartburn Assessment in Patients with Symptomatic
Non-erosive GERD in Study TAK-390MR_206.

Source: Applicant’s report, Clinical Overview, Table 4a on page 13.
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In Study TAK-390MR_207, the efficacy for healing of EE was evaluated with
dexlansoprazole 60 mg QD for 8 weeks, and the efficacy for maintenance of healed EE
was evaluated with dexlansoprazole 30 mg QD for 16 weeks in adolescent patients. At
the end of 8 weeks of treatment, 87.9% of the patients were healed (Table 5). After 16
weeks of treatment with dexlansoprazole 30 mg QD, 81.8% of adolescent patients had
maintained healing of EE, compared to 58.3% of the adolescent patients who had
received placebo had maintained healing of EE (Table 6).
Table 5: Crude Healing Rates of EE by Week 8 in Study TAK-390MR_207.

Source: Applicant’s report, Clinical Overview, Table 4c on page 14.

Table 6: Crude Rates for Maintenance of Healing of EE in Study TAK-390MR_207.

Source: Applicant’s report, Clinical Overview, Table 4e on page 15.

The PK blood samples were not collected in these two pediatric efficacy studies. As
such, the oncentration-response relationship for efficacy was not assessed in pediatric
patients. The detailed review for the efficacy of dexlansoprazole is deferred to the
clinical reviewers and biostatistics reviewers.
Reviewer’s comments:
Efficacy for healing of EE and treating symptomatic non-erosive GERD were
evaluated in uncontrolled, open-label studies. The review of acceptability for the
uncontrolled, open-label efficacy evaluation in this submission is deferred to the
clinical reviewers.
2.2.4.2 What are the characteristics of the exposure-response relationships for safety?
In pharmacokinetic study T-P107-163, 36 pediatric patients were randomly assigned in
equal numbers to receive dexlansoprazole 30 mg or 60 mg QD for 7 days. All 36 patients
completed the study after receiving all 7 doses. Overall, 12 of 36 patients experienced a
total of 21 TEAEs during the 7-day study; this included 38.9% of patients who received
dexlansoprazole 30 mg and 27.8% of patients who received dexlansoprazole 60 mg
(Table 7).
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Table 7: TEAEs reported by ≥2 total patients in Study T-P107-163.

Reviewer’s comment:
While the sample size is limited in both treatment groups, no apparent exposureresponse relationship for TEAEs was observed in pediatric patients following
dexlansoprazole 30 mg or 60 mg QD for 7 days. The review of safety profile is deferred
to clinical reviewers.
2.2.4.3 Are there any unresolved dosing or administration issues?
Proposed dosage in adolescent patients 12 – 17 years of age:
•
Healing of EE: 60 mg once daily for up to 8 weeks.
•
Maintenance of healed EE: 30 mg once daily for up to 4 months.
•
Symptomatic non-erosive GERD: 30 mg once daily for 4 weeks.
For healing of EE and symptomatic non-erosive GERD, the proposed dosage in
adolescent patients is the same as the approved dosage for adult patients.
For maintenance of healed EE, the proposed dose and dosing frequency (i.e., 30 mg once
daily) are the same as the approved dosage for adult patients, but the proposed duration of
treatment is up to 4 months in adolescent patients, which is different from that for adult
patients (i.e., up to 6 months).
Reviewer’s comments:
 Effectiveness of dexlansoprazole for maintenance of healed EE in adolescent
patients was evaluated in Study TAK-390MR_207 using the proposed dosage
(i.e., 30 mg once daily for up to 4 months).
 The review of acceptability for the proposed dosage in adolescent patients in
this submission is deferred to the clinical reviewers.
2.2.5

Pharmacokinetic Characteristics

2.2.5.1 What are the PK parameters in pediatric patients?
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Following daily administration of dexlansoprazole delayed release capsules 30 or 60 mg
for 7 days to pediatric patients 12 to 17 years of age, plasma concentrations of
dexlansoprazole displayed 2 distinct peaks, reflective of the release characteristics of the
two granule types contained in the dexlansoprazole capsule, and were similar to the PK
profiles observed in adults.
Table 8: Summary of plasma pharmacokinetic parameters of dexlansoprazole in pediatric
patients 12 to 17 years of age.

(a) Harmonic mean is shown in brackets.

The point estimates show that the dose normalized AUCs and Cmax for the 30 mg
dexlansoprazole capsule are about 16% to 21% higher than those for the 60 mg (see
Table 9).
Table 9: Statistical analysis of dose proportionality of dexlansoprazole in adolescent
patients.

Reviewer’s comments:
 At the time that Study T-P107-163 was performed, PK characteristics of
dexlansoprazole for the delayed-release formulation in pediatric patients were
unknown. As such, a conservative approach was used by the Applicant to
exclude patients who were poor metabolizers in order to reduce the risk of a
pediatric patient potentially being exposed to very high plasma concentrations
in this first dexlansoprazole study in the pediatric population. This approach is
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acceptable. Additionally, the Applicant stated (see Applicant’s Response to
Clinical Pharmacology Information Request, dated on 11/16/2015) that of the
61 patients who were screened for metabolizer status in Study T-P107-163, 44
patients were homozygous EMs, 16 were heterozygous EMs, and only 1 was
determined to be a PM.
Overall, systematic exposure of dexlansoprazole appeared approximately dose
proportional from 30 mg to 60 mg in adolescent patients.

2.2.5.2 Were pediatric PK parameters and adult PK parameters similar?
Yes. Systemic exposures for dexlansoprazole in adolescent patients who received
dexlansoprazole 30 and 60 mg capsules were similar to those in healthy adults or adult
patients. The details are given below.
Adolescent patients vs. healthy adults: Following oral administration of dexlansoprazole
30 mg QD, mean (CV%) Cmax and AUC(0-tau) at steady state in adolescent patients
were 691 (53%) ng/mL and 2886 (47%) ng.h/mL, respectively, and were 658 (40%)
ng/mL and 3275 (47%) ng.h/mL, respectively in healthy adults. For the 60 mg QD dose,
mean Cmax and AUC(0-tau) at steady state in adolescent patients were 1136 (51%)
ng/mL and 5120 (58%) ng.h/mL, respectively, and were 1397 (51%) ng/mL and 6529
(60%) ng.h/mL, respectively, in healthy adults. The mean PK parameters are presented
in Table 2.
Adolescent patients vs. adult patients: In one study (Study T-P105-129) with adult
patients mean systemic exposures for dexlansoprazole appeared higher than the mean
values in adolescent patients. However, based on the review of individual PK data, the
higher mean exposures in adult patients were due to two patients with particularly high
exposures. The reason for the higher exposure in those two adult patients is unknown;
potentially concomitant medications that are CYP2C19 inhibitors can cause drug
interactions resulting in higher systemic exposures. Overall, individual Cmax and AUC
values in adolescent patients were similar to those observed in the rest of adult patients.

2.3

Analytical Section

2.3.1 How is dexlansoprazole identified and measured in the plasma in the clinical
pharmacology?
Bioanalytical analysis of dexlansoprazole in the plasma samples was performed at (b) (4)
Plasma samples were stored frozen at -20oC or colder until
analysis. The method validation report titled “Quantitation of Lansoprazole in Human
Plasma via HPLC with MS/MS Detection (Report P896)” and the bioanalytical report for
Study T-P107-163 were submitted. Previous Clinical Pharmacology Review for NDA
022-287 (dated 12/03/2008) indicated that no bioinversion from dexlansoprazole (the R
(+)-enantiomer) to the S-(-)-enantiomer of lansoprazole.
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Briefly, samples were are extracted by solid phase extraction and plasma dexlansoprazole
concentrations were measured using a validated liquid chromatography with tandem mass
spectrometry (LC-MS/MS) method with lansoprazole-d4 as an internal standard. The
assay method had a lower limit of quantification of 2.00 ng/mL using 20 μL of plasma.
2.3.2 What is the range of the standard curve? What are the lower and upper limits of
quantification (LLOQ/ULOQ)? What are the accuracy, precision and selectivity at these
limits?
Assay validation calibration standard curve consisted of 8 levels ranged from 2.00 to
2000 ng/mL in human plasma, and was calculated using a linear-weighted,
1/concentration², least-squares regression algorithm. The R2 ranged between 0.9989 and
0.9996. Precision (% CV) for the calibration standards ranged from 1.03% to 7.04%,
while accuracy (% Bias) ranged from -1.84% to 1.33%. Stability in human plasma was
demonstrated to be 24.75 hours at room temperature and 112 days at -20 ºC. Stability
was shown up to three freeze-thaw cycles. No matrix interference was noted.
Calibration standard curve for this study T-P107-163 consisted of 8 levels ranged from
2.00 to 2000 ng/mL in human plasma, and the R2 ranged between 0.9959 and 0.9991.
Quality control samples at 5 different concentrations (6, 15, 60, 250, and 1500 ng/mL)
were prepared, and the accuracy and the precision were within the acceptable limit.
There were 54 samples (11% of a total of 492 analyzed samples) reanalyzed to test the
reproducibility of the method. Acceptance criteria were met for incurred sample
reanalysis as 96% (52 out of 54) of the repeat results and original results were within
20% of their mean value.
Reviewer’s comments:
The bioanalytical method used to determine dexlansoprazole concentrations in this
NDA is acceptable.

3

Labeling Recommendation

We recommend that the pharmacokinetic results as provided in the NDA supplement be
reflected in the labeling Section 12.3 (Clinical Pharmacology/Pharmacokinetics).
Detailed edits for clinical pharmacology related information were conveyed to the
Applicant and under negotiation as of this writing.
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4

Appendices

4.1

OCP Filing Form
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4.2

Individual Study Synopsis: T-P107-163

Study T-P107-163:
A Phase 1, Randomized, Open-Label, Parallel Group, Multicenter Study to
Evaluate the Pharmacokinetics and Safety of Dexlansoprazole Modified Release
Capsules (30 mg and 60 mg) in Adolescents with Symptomatic Gastroesophageal
Reflux Disease (GERD)
Applicant:
Clinical Site:

Bioanalytical Site:
Study Date:

Takeda Global Research & Development Center, Inc.
West Coast Clinical Trials, LLC, Cypress, CA, US
Advanced Clinical Research Institute, Anaheim, CA, US
Vince and Associates Clinical Research, Overland Park, KS, US
(b) (4)

05/31/2009 to 09/10/2009

Objective:
 To assess the pharmacokinetic profile and safety of dexlansoprazole delayed
release capsules in pediatric patients 12 to 17 years of age with symptomatic
GERD after daily administration of either 30 or 60 mg for 7 days.
Study Design:
This was a phase 1, randomized, open-label, multicenter, parallel design study of 2
dexlansoprazole delayed release capsule doses (30 and 60 mg) for 7 days. Eligible
patients were randomly assigned in a ratio of 1:1 to each of the following regimen:

Reviewer’s comments:
Dexlansoprazole delayed release capsules used in this study were the same formulation
as the approved formulation in adults.
Study Population:
36 male and female patients, aged 12 to 17 years, with symptomatic GERD.
Patient determined to be a CYP2C19 poor metabolizer was not included in this study.
Reviewer’s comments:
At the time that Study T-P107-163 was performed, PK characteristics of
dexlansoprazole for the delayed-release formulation in pediatric patients were
unknown. As such, a conservative approach was used by the Applicant to exclude
patients who were poor metabolizers in order to reduce the risk of a pediatric patient
potentially being exposed to very high plasma concentrations in this first
dexlansoprazole study in the pediatric population. This approach is acceptable. The
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Applicant stated (see Applicant’s Response to Clinical Pharmacology Information
Request, dated on 11/16/2015) that of the 61 patients who were screened for
metabolizer status in Study T-P107-163, 44 patients were homozygous EMs, 16 were
heterozygous EMs, and only 1 was determined to be a PM.
Excluded Medications and Dietary Products
None of the patients used concomitant medication during the study.
Pharmacokinetic Evaluation:
Blood PK samples were collected at 0 hour (predose), and 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8,
12, 16, and 24 hours postdose on Day 7 to determine the plasma dexlansoprazole
concentrations.
Pharmacokinetic Results:
Following daily administration of dexlansoprazole 30 or 60 mg capsules for 7 days to
patients 12 to 17 years of age, plasma concentrations of dexlansoprazole displayed 2
distinct peaks, reflective of the release characteristics of the 2 granule types contained in
the dexlansoprazole capsule, similar to those observed in adults.
Summary of the PK parameters of dexlansoprazole in patients 12 – 17 years of age

(b) Harmonic mean is shown in brackets.

Statistical analysis of dose proportionality
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The point estimates show that the dose normalized AUCs and Cmax for the 30 mg
dexlansoprazole capsule are about 16% to 21% higher than those for the 60 mg. Overall,
systematic exposure of dexlansoprazole increased approximately dose proportionally
from 30 mg to 60 mg in adolescent patients, similar to that observed in adults.
Reviewer’s Comments:
For study PK results and the bioanalytical method used to determine plasma
dexlansoprazole concentrations, please see the Question-Based Review.
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