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1  Executive Summary
The sponsor seeks approval of 1, 2, and 4 mg pitavastatin tablets (magnesium salt) as an adjunct therapy 
to reduce elevated lipid concentrations via the regulatory 505(b)(2) pathway.  The 1, 2, and 4 mg 
pitavastatin tablets (calcium salt; LIVALO) have the indication to treat hyperlipidemia (NDA 22-363 
approval on August 3, 2009).

1.1 Recommendations
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) has reviewed 
NDA 208-379’s Clinical Pharmacology data submitted on March 31, 2015, June 12, 2015, July 6, 2015, 
and October 2, 2015.  The data are acceptable to support approval provided that a mutual agreement for 
the label language can be reached between the sponsor and the Food and Drug Administration.
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1.2  Post Marketing Requirement
None. 

1.3  Summary of Important Clinical Pharmacology Findings
The sponsor submitted the results of 2 clinical pharmacology studies (BA1386248 and BA1386249) to 
support NDA 208-379.  Study BA1386248 assessed the relative bioavailability between 4 mg pitavastatin 
tablet (magnesium salt) and 4 mg pitavastatin tablet (calcium salt).  Study BA1386249 assessed the food 
effect on the bioavailability of 4 mg pitavastatin tablet (magnesium salt).  The sponsor requested a 
biowaiver for the 1 and 2 mg pitavastatin tablets (magnesium salt).  See Biopharmaceutics reviewer’s 
review for the request of biowaiver.

The 4 mg pitavastatin tablet (magnesium salt) is bioequivalent to the 4 mg pitavastatin tablet (calcium 
salt; LIVALO) under fasting condition.  A high fat meal decreases pitavastatin Cmax and AUC by 38.6 and 
about 5%, respectively, upon oral administration of a 4 mg pitavastatin tablet (magnesium salt).  This 
decrease in pitavastatin AUC is not significant.  

The pitavastatin tablets (magnesium salt) tested in Study BA1386248 are the same as the to-be-marketed 
pitavastatin tablets (magnesium salt).  The size of biobatch for 4 mg pitavastatin tablets (magnesium salt) 
used in Study BA1386248 is  tablets, which is larger than  tablets and thus acceptable for 
bioequivalence assessment.  The sponsor used the US-manufactured 4 mg LIVALO tablets to conduct 
Study BA1386248.  The Orange Book lists 4 mg LIVALO tablet as the reference listed drug.  The 
sponsor claimed that they kept all remaining test drug supplies as retention samples per the USFDA 
requirements.

Overall, Clinical Pharmacology recommends the approval of NDA 208-379.
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2   Question-Based Review 
2.1 Background
The sponsor is developing 1, 2, and 4 mg pitavastatin tablets (magnesium salt) to treat 
hypercholesterolemia via the regulatory 505(b)(2) pathway.  The innovator 1, 2, and 4 mg pitavasatin 
tablets (calcium salt) have the indication to treat hypercholesterolemia.  Refer to the clinical 
pharmacology review of pitavastatin tablets (calcium salt; NDA 22-363) dated July 17, 2009 in DARRTS.

The Division of Metabolism and Endocrinology Products responded to the sponsor’s question via a 
preIND 117,674 correspondence on April 15, 2013:

Question 1: Do we need to provide any other safety and/or efficacy study other than the BE study at the 
time of 505b2 application submission? If yes, then please suggest specific study and design. 
The most sensitive design to determine equivalence of rate and extent of exposure is the single dose fasting 
study design. However, the effect of food on your new salt formulation should also be ascertained. 
Therefore we recommend the following two studies for your 505(b)(2) application: (a) a single-dose fasting 
bioequivalence study comparing pitavastatin magnesium 4 mg (test) against pitavastatin calcium 4 mg 
(reference), and (b) a single-dose food-effect study comparing pitavastatin magnesium 4 mg under fasting 
(reference) and fed (test) conditions.  Additional clinical trials beyond these two studies would not be 
required provided adequate data are submitted to bridge your product, pitavastatin magnesium, and the 
listed drug, Livalo. Please modify protocol# BA1286505 accordingly. Guidance for designing a food-effect 
study may be found at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM07024
1.pdf.

See clinical pharmacology memo for IND 117,674 dated September 13, 2013 in DARRTS.

The sponsor conducted the following 2 studies to support NDA 208-379:  
 Study BA1386248 assessed the relative bioavailability between 4 mg pitavastatin tablet 

(magnesium salt) and 4 mg pitavastatin tablet (calcium salt) under fasting
 Study BA1386249 assessed the food effect on the bioavailability of pitavastatin tablet (magnesium 

salt).
See clinical pharmacology review for IND 117,674 dated July 3, 2013 in DARRTS.

Besides pitavastatin calcium’s product label, the following publication details pitavastatin’s clinical 
pharmacology:

 Duggan ST. Pitavastatin: a review of its use in the management of hypercholesterolaemia or 
mixed dyslipidaemia. Drugs 2012;72:565-84.

2.2  General Attributes
2.2.1  What are pitavastatin magnesium’s key physicochemical properties?
Figure 1. Pitavastatin magnesium’s molecular structure.  

Source: Module 3.2.S.1.2

Figure 1 shows the chemical structure of pitavastatin magnesium, which has a molecular weight of 865.21 
and empirical formula of C50H46MgF2N2O8.
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The following is extracted from the Clinical Pharmacology review of pitavastatin tablet (calcium salt) 
*http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/022363s000_ClinPharmR_P1.pdf.

Absorption 
Upon oral administration of a single 4 mg pitavastatin tablet, the mean pitavastatin Cmax , AUC0-inf, and 
tmax (median) are 82 ng/mL, 209 ng·h/mL, and  0.75 hour, respectively.  Pitavastatin is well absorbed in 
the proximal jejunum and distal jejunum/proximal ileum.  Geometric mean pitavastatin absolute oral 
bioavailability of an oral solution is 51%.  A high fat meal decreases pitavastatin Cmax and AUC 43.1 and 
11%, respectively, but the decrease in pitavastatin AUC is not significant.  Pitavastatin pharmacokinetics 
(PK) is approximately dose-proportional for both oral single and multiple doses from 1 – 24 mg.  
Pitavastatin AUC0-24 at steady state is 1.5 times that after a single dose.

Distribution 
The mean pitavastatin volume of distribution is 211.4 L.  Pitavastatin is 99.5 – 99.6% plasma protein 
bound.  Pitavastatin primarily binds to serum albumin but also binds to 1-acid glycoprotein. Pitavastatin 
lactone is 98.95 – 99.33% plasma protein bound.  Association of pitavastatin and/or its metabolites with 
blood cells is minimal.

Metabolism
UDP-glucuronosyl transferase (UGT) 1A3 and 2B7 primarily metabolize pitavastatin to pitavastatin 
glucuronide, which in turn forms pitavastatin lactone.  Pitavastatin also undergoes oxidative metabolism 
to form 8-hydroxy pitavastatin via cytochrome P450 (CYP) 2C9.  Pitavastatin lactone and 8-hydroxy 
pitavastatin are the major and minor metabolite in the systemic circulation, respectively.  Another minor 
oxidative metabolite is dihydroxy pitavastatin.  

In vitro data show that CYPs 2C9 and 1B1 metabolize pitavastatin, whereas, CYPs 3A4, 2D6, 2C19, 2B6, 
1A2, and 1A1 metabolize pitavastatin lactone.  Pitavastatin inhibits CYP2C8 but does not inhibit CYPs 
1A1, 1A2, 1B1, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, and 3A4 in vitro, whereas pitavastatin lactone does not 
inhibit CYPs 2C9 and 3A4 in vitro.  There is no information on pitavastatin lactone’s effect on other CYP 
isozymes.

Pitavastatin lactone’s HMG-CoA reductase inhibition status is inconclusive.

Chiral inversion of pitavastatin via metabolism to its optical isomers may be very low per the dog and rat 
data.

Excretion 
In a mass-balance study, a mean of 15.1 and 78.6% of the dose was excreted in the urine and feces, 
respectively, with a mean total of 93.7% of the radioactive dose recovered in the excreta during 7 days 
postdose.  The percentage of dose excreted in urine for pitavastatin, dihydroxy pitavastatin, pitavastatin 
glucuronide, pitavastatin lactone, and an unknown metabolite is 3, 4.1, 3.8, 0.8, and 1.2, respectively.  
The percentage of dose excreted in feces for pitavastatin, dihydroxy pitavastatin, pitavastatin lactone, 8-
hydroxy pitavastatin, and an unknown metabolite is 42.9, 7.3, 2.6, 7.2, and 4.7, respectively.

Organic anion transporting polypeptide (OATP) 1B1 and 1B3 are responsible for the hepatic uptake of 
pitavastatin in vitro.  The sponsor showed that pitavastatin is not a substrate of multidrug-resistance 
protein 1 (MDR1, alias P-gp) and multidrug resistance-associated protein 2 (MRP2) but is a substrate of 
breast cancer resistance protein (BCRP) in vitro.  However, another research group showed that MDR1, 
MRP2, and BCRP are responsible for pitavastatin biliary excretion in vitro.  Thus, the P-glycoprotein 
substrate status is inconclusive.  The sponsor also showed that pitavastatin lactone is not a substrate of 
MRP2 and BCRP but is a substrate of MDR1 in vitro.  Pitavastatin is neither a P-gp inhibitor nor a P-gp 
inducer in vivo.

5

Reference ID: 3858236













Table 9. Composition of the non-standard breakfast meal used in Study BA1386249
Standard FDA Meal Used?                   Yes                      NO
                                                 Meal components and composition is listed in the table below

Composition of Non-standard FDA Meal Used in Fed Study

Ingredients Amount*
 (gm)

Energy
(kcal)

Protein
(kcal)

Fats
(kcal)

Carbohydrate
(kcal)

Milk 200 mL 113.784 25.600 55.800 32.384Milk (Sterilised 
Flavoured) Sugar 16 63.680 0.064 0.000 63.616

Mutton 80 94.400 68.480 25.920 0.000

Potato 20 19.540 1.280 0.180 18.080

Onion 20 10.020 0.960 0.180 8.880

Bread 30 73.530 9.360 1.890 62.280

Egg 60 103.740 31.920 71.820 0.000

Mutton Cutlet

Oil 20 mL 180.000 0.000 180.000 0.000

Tomato 20 3.960 0.720 0.360 2.880

Onion 40 20.040 1.920 0.360 17.760

Curd 30 18.120 3.720 10.800 3.600
Curry

Oil 10 mL 90.000 0.000 90.000 0.000

Bread 20 49.020 6.240 1.260 41.520
Bread Butter

Butter 10 72.900 0.000 72.900 0.000

TOTAL 912.734 150.264 511.470 251.000
PERCENTAGE NA 16.463 56.037 27.500
*Quantity of Raw Ingredients
Source: Table 2.7.1-82 of Module 2.7.1

 This reviewer notices that the sponsor reported “kcal” as the unit for energy, protein, fats, and 
carbohydrate in Table 9, whereas the food effect guidance refers to “calories” as the unit for 
energy, protein, carbohydrate, and fat.  The Calories on a food package are actually kilocalories 
(1000 calories = 1 kilocalorie) (http://www.nutrition.gov/whats-food/commonly-asked-questions-
faqs).  For example, a can of soda containing 200 Calories contains 200,000 calories, or 200 
kilocalories.

 Table 10 shows that the difference between the food effect on pitavastatin magnesium PK 
parameters and the food effect on pitavastatin calcium PK parameters is about 5% and relatively 
small.  Thus, the label language for food effect on pitavastatin calcium may be applicable to that 
for pitavastatin magnesium and pitavastatin tablet (magnesium) can be taken with or without food.
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Table 10.  Food effect on pitavastatin tablet (magnesium salt) and pitavastatin tablet (calcium salt).
Pitavastatin Parameter Pitavastatin Magnesium

Food effect Geometric Mean 
Ratio and 90% Confidence 

Interval, %

Pitavastatin Calcium*

Food effect Geometric Mean 
Ratio and 90% Confidence 

Interval, %
Cmax 61.43 (55.8 – 67.61) 56.91 (50.56 – 64.07)
AUC0-t 94.46 (91.04 – 98.01) 89.00 (83.29 – 95.09)
AUC0- 94.9 (91.42 – 98.50) 89.34 (83.26 – 995.86)
*http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/022363s000_ClinPharmR_P1.pdf 
Source: Reviewer’s table
   
2.4  Bioanalytical
Are the bioanalytical methods properly validated to measure pitavastatin in plasma samples?
The sponsor used a solid state extraction method and a liquid chromatography with tandem mass 
spectrometry (LC/MS/MS) assay to determine the pitavastatin concentration in plasma samples.  Table 11 
details the validation of the assay.

Table 11.  Validation of the bioanalytical assay to measure pitavastatin in plasma samples.
Analyte Pitavastatin
Matrix Plasma
Anticoagulant K3-EDTA
Sample volume, mL 0.5
Lower limit of quantitation, ng/mL 0.2
Linear range, ng/mL 0.2 – 200
Mean recovery (%) and precision (%CV)

Pitavastatin 83.3 (0.7)
Fluvastatin (internal standard) 70.1 (4.4)

Assay precision (%CV of QC samples)
Inter-day 6.1 – 9.0 
Intra-day 1.2 – 10.6

Assay accuracy (% bias of QC samples)
Inter-day -4.1 – 0.1 
Intra-day -10.1 – 8.5 

Source: This reviewer’s compiled version of the sponsor’s Study #BA1386248-Analytical Method Validation Report (5.3.1.4 Reports of Bioanalytical and 
Analytical Methods for Human Studies)

Total number of plasma samples for pitavastatin analysis is 1123.  Total number of incurred samples 
reanalyzed is 112.  Total number of reproducible incurred samples (within 20%) is 100.

The plasma samples were stable for at least 6 freeze and thaw cycles.  The plasma samples were stable at 
room temperature for at least 25 hours.  The extracted samples were stable at room temperature for at 
least 91 hours.  All validations for the LC/MS/MS bioanalytical assay of pitavastatin appear acceptable 
with reasonable precision and accuracy.
 
3. Label Recommendations
Strikethrough text means deletion of the sponsor’s proposed text.  Underscored text means   
recommended addition.  Italicized text means internal notes and not to be communicated with the 
sponsor.

12.3 Pharmacokinetics 
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ADDENDUM to CLINICAL PHARMACOLOGY FILING REVIEW
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Submission Date March 31, 2015

Brand Name To be determined

Generic Name Pitavastatin magnesium
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Indication Adjunct therapy to diet to reduce elevated lipid concentrations 

This addendum updates the Clinical Pharmacology filing review of NDA 208-379 dated May 11, 2015 
in DARRTS.  

The sampling time data for plasma pitavastatin concentrations measurements in the electronic 
“concentration.xpt” files of the 2 Clinical Pharmacology studies [bioequivalence (BA1386248) and 
food-effect (BA1386249)] are missing.  This reviewer did not notice this issue when checking these
files for filing because this will be part of the review effort later.  Also, electronic demographic data of 
participants are not available.  These missing data are available in the study reports and bioanalytical 
reports.  However, complete electronic datasets for the 2 Clinical Pharmacology studies are essential 
for the review of NDA 208-379.  Thus, the sponsor needs to receive the following information request.

Information Request to the Sponsor
Provide the following information in electronic SAS transport files (.xpt) format for Studies 
BA1386248 and BA1386249:

 the nominal time to collect the plasma samples for the determination of pitavastatin 
concentrations for each participant in each study because the sampling time data for plasma 
pitavastatin concentrations measurements in the electronic “concentration.xpt” file are missing

 the actual time to collect the plasma samples for the determination of pitavastatin 
concentrations for each participant in each study because the sampling time data for plasma 
pitavastatin concentrations measurements in the electronic “concentration.xpt” file are missing

 demographic data of all study participants in each study because there is no electronic file for 
the demographic data
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Biopharmaceutics
☐ Absolute Bioavailability 

☐ Relative Bioavailability

 Bioequivalence Study BA1386248

 Food Effect Study BA1386249

☐ Other

Human Pharmacokinetics
Healthy

Subjects

 Single Dose Studies BA1386248 and BA1386249

☐ Multiple Dose

Patients
☐ Single Dose

☐ Multiple Dose 

☐ Mass Balance Study

☐ Other (e.g. dose proportionality)

Intrinsic Factors 
☐ Race

☐ Sex

☐ Geriatrics

☐ Pediatrics

☐ Hepatic Impairment

☐ Renal Impairment 

☐ Genetics

Extrinsic Factors 
☐ Effects on Primary Drug
☐ Effects of Primary Drug
Pharmacodynamics
☐ Healthy Subjects
☐ Patients
Pharmacokinetics/Pharmacodynamics
☐ Healthy Subjects
☐ Patients
☐ QT
Pharmacometrics 
☐ Population Pharmacokinetics 
☐ Exposure-Efficacy
☐ Exposure-Safety

Total Number of Studies 
In Vitro In Vivo

2
Total Number of Studies to be Reviewed 2
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