Office of Clinical Pharmacology Review
NDA or BLA Number
Link to EDR
Submission Date
Submission Type
Brand Name
Generic Name
Dosage Form and Strength
Route of Administration
Proposed Indication
Applicant
Clinical Pharmacology
Reviewer
Clinical Pharmacology
Team Leader

NDA 022363, Efficacy Supplement-015
\\CDSESUB1\evsprod\NDA022363\022363.enx
November 16, 2018
Priority
Livalo®
Pitavastatin
Film-coated tablet 1 mg, 2 mg, 4 mg
Oral
(b) (4)

Kowa Pharmaceuticals America, Inc.
Shalini Wickramaratne Senarath Yapa, Ph.D.
Jayabharathi Vaidyanathan, Ph.D.

Page 1 of 28

Reference ID: 4412598

Table of Contents
1. Executive Summary .................................................................................................................... 4
1.1 Recommendations ................................................................................................................. 5
1.2 Post-Marketing Requirements and Commitments ................................................................ 5
2. Summary of Clinical Pharmacology Assessment ....................................................................... 6
2.1 Pharmacology and Clinical Pharmacokinetics ...................................................................... 6
2.2 Dosing and Therapeutic Individualization ............................................................................ 6
2.2.1 General Dosing ............................................................................................................... 6
2.2.2 Therapeutic Individualization ......................................................................................... 7
2.3 Outstanding Issues................................................................................................................. 7
2.4 Summary of Labeling Recommendations ............................................................................. 7
3. Comprehensive Clinical Pharmacology Review ........................................................................ 8
3.1 Overview of the Regulatory Background.............................................................................. 8
3.2 Clinical Pharmacology Review Questions .......................................................................... 10
3.2.1 What is the pharmacokinetics of pitavastatin and pitavastatin lactone in children and
adolescents ≥ 8 years to ≤ 16 years of age with heterozygous familial hypercholesterolemia?
............................................................................................................................................... 10
3.2.2 What is the efficacy/pharmacodynamics of pitavastatin in children and adolescents ≥ 8
years to ≤ 16 years of age with heterozygous familial hypercholesterolemia? ..................... 13
3.2.3 How does the pharmacokinetics and pharmacodynamics of Livalo® in children and
adolescents ≥ 8 years to ≤ 16 years of age with heterozygous familial hypercholesterolemia
compare to that in adults? ...................................................................................................... 19
4. Appendices ................................................................................................................................ 20
4.1 Appendix I: Written Request – Amendment 1 .................................................................... 20
4.2 Appendix II: Bioanalytical Method for Measurement of Pitavastatin and Pitavastatin
Lactone in Human Plasma......................................................................................................... 27
4.3 Appendix III: Study NK-104-4.01EU, Study Analysis Population .................................... 28

Page 2 of 28

Reference ID: 4412598

List of Tables
Table 1: Summary of Clinical Study Requirements Outlined in the WR (refer to Appendix 1) .... 9
Table 2: Race and Ethnicity Demographics (Randomized Set).................................................... 11
Table 3: Summary of Pitavastatin Plasma Concentrations (PK Analysis Set) ............................. 12
Table 4: Summary of Pitavastatin Lactone Plasma Concentrations (PK Analysis Set) ............... 13
Table 5: Percent Change from Baseline to Week 12 in LDL-C (mg/dL) (Full Analysis Set) ...... 15
Table 6: Percent Change from Baseline to Week 12 in non-HDL-C (mg/dL) (Full Analysis Set)
....................................................................................................................................................... 16
Table 7: Percent Change from Baseline to Week 12 in TC (mg/dL) (Full Analysis Set) ............ 16
Table 8: Percent Change from Baseline to Week 12 in Apo B (mg/dL) (Full Analysis Set) ....... 17
Table 9: Percent Change from Baseline to Week 12 in HDL-C (mg/dL) (Full Analysis Set) ..... 18
Table 10: Percent Change from Baseline to Week 12 in Fasting TG (mg/dL) (Full Analysis Set)
....................................................................................................................................................... 18
List of Figures
Figure 1: Mean (SD) plasma concentration of pitavastatin at 1 hour post-dose for pitavastatin 1
mg, 2 mg, and 4 mg ...................................................................................................................... 12
Figure 2: Mean (SD) plasma concentration of pitavastatin lactone at 1 hour post-dose for
pitavastatin 1 mg, 2 mg, and 4 mg ................................................................................................ 13
Figure 3: Mean Percent Change (SD) from Baseline Over 12 Weeks of Treatment in LDL-C
(mg/dL) for Pitavastatin 1 mg, 2 mg, 4 mg, and Placebo (Full Analysis Set) .............................. 14

Page 3 of 28

Reference ID: 4412598

1. Executive Summary
The Applicant, Kowa Pharmaceuticals America, Inc., submitted an efficacy supplement (S-015)
for pitavastatin (Livalo®) (NDA 022363, Sequence No. 0145) seeking approval for the following
pediatric indication, the treatment of heterozygous familial hypercholesterolemia (HeFH) in
children ≥ 8 years to ≤ 16 years of age. The pediatric studies were conducted to satisfy a Written
Request (WR) (refer to Appendix I) issued by the Agency for Livalo® to qualify for Pediatric
Exclusivity in the United States.
To fulfill the clinical study requirements specified in the WR, the Applicant assessed the efficacy,
safety, and pharmacokinetics (PK) of pitavastatin in a subset of the patient population from two
previously conducted Phase 3 studies (Studies NK-104-4.01EU and NK-104-4.02EU). The
Clinical Pharmacology review focuses on results from Study NK-104-4.01EU, a randomized,
double-blind, placebo-controlled study in children and adolescent patients aged ≥ 6 years to < 17
years with high-risk hyperlipidemia, excluding patients with homozygous familial
hypercholesterolemia. Patients were eligible to enroll if they had a fasting low-density lipoprotein
cholesterol (LDL-C) ≥160 mg/dL or LDL-C ≥130 mg/dL in the presence of additional risk factors.
To meet the requirements of the WR, the characteristics of the subset of patient population was
patients aged ≥ 8 years to ≤ 16 years with HeFH having either a baseline LDL-C ≥ 190 mg/dL or
LDL-C ≥ 160 mg/dL with additional cardiovascular (CV) risk factors. Patients received either
pitavastatin 1 mg, 2 mg, 4 mg, or matching placebo once-daily for 12 weeks.
The sample size of the subset of the patient population was 82 patients, and despite the Applicant’s
efforts to enroll patients with adequate representation from ethnic and racial minority groups, a
majority of the patient population were Caucasian and of non-Hispanic or Latino ethnicity.
Pharmacokinetics of pitavastatin and pitavastatin lactone was assessed at trough and 1 hr postdose at either Week 8 or 12. A dose-dependent increase in plasma concentrations of pitavastatin
and pitavastatin lactone was observed at trough and 1 hr post-dose in children and adolescents with
HeFH.
Lipid profiles were measured over the 12-week treatment period. At Week 12, a dose-dependent
reduction in LDL-C, non-high-density lipoprotein cholesterol (non-HDL-C), total cholesterol
(TC), and apolipoprotein B (Apo B) was observed for pitavastatin 1 mg, 2 mg, and 4 mg in children
and adolescents with HeFH. The primary efficacy endpoint of the study was the mean percent
change in LDL-C from baseline to Week 12 for each treatment group compared to placebo. The
differences in least squares (LS) mean percent change in LDL-C between each pitavastatin dose
group compared to placebo was statistically significant at Week 12 in children and adolescents
with HeFH. Similar results were observed for non-HDL-C, TC, and Apo B. At Week 12, no dosedependent improvements were observed for high-density lipoprotein cholesterol (HDL-C) and
fasting triglyceride (TG) for pitavastatin 1 mg, 2 mg, and 4 mg in children and adolescents with
HeFH.
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2. Summary of Clinical Pharmacology Assessment
2.1 Pharmacology and Clinical Pharmacokinetics
Pitavastatin is a competitive inhibitor of HMG-CoA reductase, which is a rate-determining enzyme
involved in the biosynthesis of cholesterol, and thereby inhibits cholesterol synthesis in the liver.
As a result, the expression of LDL-receptors followed by the uptake of LDL from blood to the
liver is accelerated and plasma TC decreases. Additionally, the sustained inhibition of cholesterol
synthesis in the liver decreases levels of very low-density lipoproteins 1.
Pitavastatin (Livalo®) has been marketed in the US since August 3rd, 2009, for the treatment of
adult patients with primary hyperlipidemia and mixed dyslipidemia.
For pitavastatin, both peak concentrations (Cmax) and systemic exposure (AUC0-inf) increased in an
approximately dose-proportional manner for single doses of Livalo® from 1 to 24 mg once daily.
Pitavastatin peak plasma concentrations are achieved approximately 1 hour after oral
administration. Pitavastatin exposure (AUC) was not significantly reduced with a high fat meal,
however Cmax decreased by 43%. The principal route of pitavastatin metabolism is glucuronidation
via liver UGTs which result in formation of the major metabolite in human plasma, pitavastatin
lactone. Minimal metabolism occurs by the CYP450 enzymes. The mean plasma elimination halflife of pitavastatin is approximately 12 hrs. In patients with moderate renal impairment and endstage renal disease on hemodialysis, pitavastatin exposure (AUC0-inf) is 102% and 86% higher,
respectively, and Cmax is 60% and 40% higher, respectively, than in healthy subjects. In patients
with severe renal impairment not on hemodialysis, AUC0-inf and Cmax was 36% and 18% higher,
respectively, than in healthy subjects. The ratio of pitavastatin Cmax and AUC0-inf between patients
with moderate hepatic impairment and healthy subjects was 2.7 and 3.8, respectively. The ratio of
pitavastatin Cmax and AUC0-inf between patients with mild hepatic impairment and healthy subjects
was 1.3 and 1.6, respectively1.
2.2 Dosing and Therapeutic Individualization
2.2.1 General Dosing
For the treatment of primary hyperlipidemia and mixed dyslipidemia in adult patients, the
recommended dose of Livalo® is 1 to 4 mg once daily at any time of the day with or without food.
The recommended starting dose is 2 mg and the maximum dose is 4 mg. The starting and
maintenance doses of Livalo® should be individualized according to patient characteristics, such
as goal of therapy and response. For patients with moderate and severe renal impairment, and endstage renal disease on hemodialysis, the recommended starting dose of Livalo® is 1 mg once daily
and the maximum dose is 2 mg once daily1.

1

Livalo® (pitavastatin) tablet, US Prescribing Information, Revised: 11/2016
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Source: IND 060492 NDA 022363, Written Request – Amendment 1

3.2 Clinical Pharmacology Review Questions
3.2.1 What is the pharmacokinetics of pitavastatin and pitavastatin lactone in children and
adolescents ≥ 8 years to ≤ 16 years of age with heterozygous familial hypercholesterolemia?
The PK of pitavastatin and pitavastatin lactone was characterized in Study NK-104-4.01EU.
Study NK-104-4.01EU was a randomized, double-blind, placebo-controlled study in children and
adolescent patients aged ≥6 years and <17 years of age with high-risk hyperlipidemia, excluding
patients with homozygous familial hypercholesterolemia. Patients were eligible for the study if
they had a fasting LDL-C levels ≥160 mg/dL or LDL-C ≥130 mg/dL in the presence of additional
risk factors (male, family history of premature CV disease, other lipid abnormalities, and type 2
diabetes). Patients were assigned to 1 of the following groups, pitavastatin 1 mg once-daily or
matching placebo, pitavastatin 2 mg once-daily or matching placebo, or pitavastatin 4 mg oncedaily or matching placebo. Within each dose group, patients were randomly assigned in a 3:1 ratio
to pitavastatin or placebo. Allocation of treatment was stratified based on age (≥6 years and <10
years, ≥10 years and <17 years) and baseline LDL-C (≥130 mg/dL and <160 mg/dL, ≥160 mg/dL)
for each dose group. The duration of the treatment period was 12-weeks. Patients in the pitavastatin
4 mg group received pitavastatin 2 mg (or placebo) for the first 4 weeks followed by pitavastatin
4 mg (or placebo) for the remaining 8 weeks. Pitavastatin tablets or matching placebo was taken
orally, with or without food, in the morning.
Blood samples to quantify pitavastatin and pitavastatin lactone plasma concentrations were
collected at trough and 1 hr post-dose at either Week 8 or Week 12, depending on patient
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treatment period in Study NK-104.4.01EU. Discussed below are the efficacy/PD results in children
and adolescents with HeFH reported by the Applicant; for Agency’s interpretations of these data
refer to the Clinical review by Dr. Chowdhury.
LDL-C
Mean percent change in LDL-C from baseline over the 12 weeks of treatment is shown in Figure
3. Treatment with pitavastatin 1 mg, 2 mg, and 4 mg resulted in a greater percent reduction in
LDL-C compared to placebo at Weeks 4, 8, and 12. At each visit, pitavastatin dose groups (1 mg,
2 mg, 4 mg) showed a statistically significant LDL-C reduction versus placebo.

Figure 3: Mean Percent Change (SD) from Baseline Over 12 Weeks of Treatment in LDL-C
(mg/dL) for Pitavastatin 1 mg, 2 mg, 4 mg, and Placebo (Full Analysis Set)
y-axis represents percent change in mean LDL-C where all dose groups start at 0% change at baseline
Source: Supplemental Clinical Study Report NK-104-4.01EU, Figure 1, Page 40

The primary efficacy endpoint of the study was the mean percent change in LDL-C from baseline
to Week 12 for each treatment group compared to placebo. Table 5 presents the percent change in
LDL-C from baseline to Week 12; the data shows a dose-dependent reduction in LDL-C for
pitavastatin 1 mg, 2 mg, and 4 mg. The differences in LS mean percent change in LDL-C between
each pitavastatin dose group compared to placebo was statistically significant indicating an overall
dose-dependent reduction in LDL-C for all pitavastatin dose groups at Week 12 in children and
adolescent patients with HeFH.
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Table 5: Percent Change from Baseline to Week 12 in LDL-C (mg/dL) (Full Analysis Set)

Source: Supplemental Clinical Study Report NK-104-4.01EU, Table 9, Page 36

Non-HDL-C, TC, Apo B
Percent change from baseline to Week 12 for non-HDL-C, TC, and Apo B is presented in Table
6, Table 7, and Table 8, respectively. A dose-dependent reduction in non-HDL-C, TC, and Apo B
was observed for pitavastatin 1 mg, 2 mg, and 4 mg. For non-HDL-C, the differences in LS mean
percent change between each pitavastatin dose group versus placebo at Week 12 was statistically
significant. For TC, the differences in LS mean percent change between each pitavastatin dose
group versus placebo at Week 12 was statistically significant. Similarly, for Apo B, the differences
in LS mean percent change between each pitavastatin dose group versus placebo at Week 12 was
statistically significant. Therefore, for each pitavastatin dose group, the dose-dependent
improvements in non-HDL-C, TC, and Apo B at Week 12 was statistically significant relative to
placebo in children and adolescents with HeFH.
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Table 6: Percent Change from Baseline to Week 12 in non-HDL-C (mg/dL) (Full Analysis
Set)

Source: Supplemental Clinical Study Report NK-104-4.01EU, Table 15, Page 43

Table 7: Percent Change from Baseline to Week 12 in TC (mg/dL) (Full Analysis Set)

Source: Supplemental Clinical Study Report NK-104-4.01EU, Table 17, Page 45
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Table 8: Percent Change from Baseline to Week 12 in Apo B (mg/dL) (Full Analysis Set)

Source: Supplemental Clinical Study Report NK-104-4.01EU, Table 21, Page 49

HDL-C and Fasting TG
Percent change from baseline to Week 12 for HDL-C and fasting TG are presented Table 9 and
Table 10, respectively. No dose-dependent improvement in HDL-C and fasting TG was observed
for pitavastatin 1 mg, 2 mg, and 4 mg. The differences in LS mean percent change in HDL-C and
fasting TG between each pitavastatin dose group versus placebo at Week 12 was not statistically
significant in the children and adolescent with HeFH.

Page 17 of 28

Reference ID: 4412598

Table 9: Percent Change from Baseline to Week 12 in HDL-C (mg/dL) (Full Analysis Set)

Source: Supplemental Clinical Study Report NK-104-4.01EU, Table 13, Page 41

Table 10: Percent Change from Baseline to Week 12 in Fasting TG (mg/dL) (Full Analysis
Set)

Source: Supplemental Clinical Study Report Study NK-104-4.01EU, Table 19, Page 47
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3.2.3 How does the pharmacokinetics and pharmacodynamics of Livalo® in children and
adolescents ≥ 8 years to ≤ 16 years of age with heterozygous familial hypercholesterolemia
compare to that in adults?
In children and adolescents aged ≥ 8 to ≤ 16 years with HeFH, a dose-dependent increase in plasma
concentrations of pitavastatin was observed at steady-state (trough and 1 hr post-dose) for
pitavastatin doses from 1 to 4 mg once-daily. In adults, pitavastatin exposure (Cmax, AUC0-inf)
increased in an approximately dose-proportional manner for pitavastatin single doses from 1 to 24
mg once-daily 3. In children and adolescents with HeFH, for LDL-C, the mean percent change from
baseline to Week 12 was -16.5%, -22.3%, and -33.4% for pitavastatin 1 mg, 2 mg, and 4 mg,
respectively, and the adjusted (for placebo) mean percent change from baseline to Week 12 was 16.9%, -22.7%, and -33.8% for pitavastatin 1 mg, 2 mg, and 4 mg, respectively. In adult patients
with primary hypercholesterolemia, the adjusted mean percent change from baseline to Week 12
for LDL-C was -32%, -36%, and -43% for pitavastatin 1 mg, 2 mg, and 4 mg, respectively3.

3

Livalo® (pitavastatin) tablet, US Prescribing Information, Revised: 11/2016
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4. Appendices
4.1 Appendix I: Written Request – Amendment 1
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4.2 Appendix II: Bioanalytical Method for Measurement of Pitavastatin and Pitavastatin
Lactone in Human Plasma
Pitavastatin and pitavastatin lactone concentrations in human plasma were measured using a
previously validated method which consisted of a liquid-liquid extraction by tert-butyl methyl
ether followed by a liquid chromatography with tandem mass spectrometry (LC-MS/MS) analysis
of the extracts. The validation of the LC-MS/MS method was reviewed by the Agency during the
initial review cycle for NDA 022363 and therefore not discussed further in this review (for further
details refer to the Clinical Pharmacology review by Dr. Lau dated July 17th, 2009).
All clinical samples for Study NK-104-4.01EU that were included in the PK Analysis Set were
analyzed within validated stability periods. Further information about the validated long-term
stability periods are outlined below:
•
•

The validated long-term stability period for pitavastatin and pitavastatin lactone was up to
122 days and 364 days, respectively, at -80˚C (data submitted with this supplement)
The validated long-term stability period for pitavastatin and pitavastatin lactone was
demonstrated for 28 days at -20˚C (data reviewed during the initial review cycle). Some
clinical study samples however were stored at -20˚C for more than 28 days (for 49 days).
The Applicant conducted additional long-term stability assessments at -20˚C for 49, 61,
and 66 days and the acceptance limits were not met for the specified durations (data
submitted with this supplement). Therefore, the Applicant excluded clinical study samples
that were stored for more than 28 days at -20˚C from the PK Analysis Set.

Analysis of clinical samples from Study NK-104-4.01EU for measurement of pitavastatin and
pitavastatin lactone was performed using three quality control (QC) samples and in some runs
diluted QC samples were also included; the accuracy and precision of the QC samples were within
the acceptance limits. Pharmacokinetic samples were re-analyzed as part of the incurred sample
reproducibility assessment, and results of the incurred sample reanalysis met the acceptance
criteria.
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