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1. Background
The Applicant, Sun Pharm Global FZE, submitted a 505(b)(2) NDA application on August 28th,
2015 for rosuvastatin oral capsules (EzallorTM, 5 mg, 10 mg, 20 mg, 40 mg). The Office of Clinical 
Pharmacology reviewed the clinical pharmacology data submitted under NDA 208647 and 
recommended approval (refer to Clinical Pharmacology Review by Dr. Wickramaratne Senarath 
Yapa in DARRTs dated May 23rd, 2016). On June 22nd, 2016, the Agency issued a Complete 
Response letter to NDA 208647 stating that the application could not be approved due to 
deficiencies relating to facility inspections. On June 18th, 2018, the Applicant submitted a response 
to the Agency’s Complete Response letter. The current submission has no new clinical data for 
Clinical Pharmacology to review. For the current submission, the Applicant reports the following:
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The focus of this review will be to provide recommendations for the proposed label for rosuvastatin 
capsules (EzallorTM). 

2. Recommendations
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP-DCP-2) has 
reviewed the proposed labeling language for rosuvastatin capsules (EzallorTM) submitted under 
NDA 208647 and has the following comments to the Applicant.

3. EzallorTM USPI Label 
The Applicant reports that the proposed labeling language for rosuvastatin capsules (EzallorTM)
has been revised in accordance with the Crestor® USPI label revised on August 4th, 2017 (action 
date) in the Drugs@FDA website. A more recently revised (action date: November 9th, 2018) 
Crestor® USPI label is available in the Drugs@FDA website, therefore the Reviewer’s labeling 
recommendations will be based on the latest version of the Crestor® USPI label. Labeling 
comments are outlined in Section 4 of the review and have been recommended to be consistent 
with the Crestor® USPI label as follows:

Section 7.1 and 7.3: The clinical implication as a result of the drug interaction with 
cyclosporine and protease inhibitors has been moved to Section 7 (from Section 12.3).  

has been deleted. 
Section 12.2: Section 12.2 (Pharmacodynamics) has been included in the latest version of the 
Crestor® USPI label in accordance with recommendations in the Guidance for Industry: 
Clinical Pharmacology Sections of Labeling for Human Prescription Drug and Biological 
Products – Contents and Format (December 2016). Therefore, Section 12.2 needs to be
included in the EzallorTM USPI label.  
Section 12.3: Subsections in Section 12.3 (Elimination subsection, Specific Population 
subheadings, Drug Interaction Studies subheading) have been updated to be consistent with 
the Crestor® USPI label.
Section 12.3, Drug Interaction Studies: The clinical implication of ‘increased risk of 
myopathy’ has been moved to Sections 7.1 and 7.3  

has been 
deleted to be consistent with the Crestor® USPI label. 

The Applicant is proposing to include the following language (highlighted) in the EzallorTM

label that is not present in the current Crestor® USPI label:
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Section 2.5, Administration Options: The Applicant is proposing labeling language that 
reports that the granules inside the capsule should be emptied onto one  of 
applesauce . The administration options in the label should reflect the 
manner in which it was studied in the pivotal fasting and fed studies. In the pivotal studies the 
following was utilized “single oral dose of rosuvastatin 40 mg capsule administered by 
opening the capsule and sprinkling the entire content on a teaspoonful of applesauce and 
swallowed without chewing”. 

4. Labeling Comments
The red strikeout font is used to show the proposed text to be deleted and the underline blue font
to show text to be included. 
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2 DOSAGE AND ADMINISTRATION

2.7 Administration of Sprinkle Capsules

Oral Administration

For patients who have difficulty swallowing capsules, the EZALLOR can be opened, the  filled in 
the capsule sprinkled on one teaspoon of applesauce 

7 DRUG INTERACTIONS

7.1 Cyclosporine 
Cyclosporine increased rosuvastatin exposure and may result in increased risk of myopathy.
Therefore, in patients taking cyclosporine, the dose of EZALLOR should not exceed 5 mg once daily [see 
Dosage and Administration (2.4), Warnings and Precautions (5.1), and Clinical Pharmacology (12.3)].

7.3 Protease Inhibitors 
Coadministration of rosuvastatin with certain protease inhibitors has differing effects on rosuvastatin 
exposure and may increase risk of myopathy. Simeprevir, which is a hepatitis C virus (HCV) protease 
inhibitor, or combinations of atazanavir/ritonavir or lopinavir/ritonavir, which are HIV-1 protease 
inhibitors, increase rosuvastatin exposure [see Table 4 – Clinical Pharmacology 
(12.3)]. For these protease inhibitors, the dose of EZALLOR should not exceed 10 mg once daily. The 
combinations of fosamprenavir/ritonavir or tipranavir/ritonavir, which are HIV-1 protease inhibitors, 
produce little or no change in rosuvastatin exposure. Caution should be exercised when rosuvastatin is 
coadministered with protease inhibitors [see Dosage and Administration (2.4), Warnings and Precautions 
(5.1) and Clinical Pharmacology (12.3)].

12 CLINICAL PHARMACOLOGY

12.2 Pharmacodynamics
Rosuvastatin dose dependently reduces elevated LDL-cholesterol and reduces total cholesterol and 
triglycerides and increases HDL-cholesterol [see Clinical Studies (14)]. A therapeutic response to 
rosuvastatin is evident within 1 week of commencing therapy and 90% of maximum response is usually 
achieved in 2 weeks. The maximum response is usually achieved by 4 weeks and is maintained after that. 
Individualization of drug dosage should be based on the therapeutic response [see Dosage and 
Administration (2)].

12.3 Pharmacokinetics

Elimination

Rosuvastatin is primarily eliminated by excretion in the feces. The elimination half-life of rosuvastatin is 
approximately 19 hours.

Metabolism 
Rosuvastatin is not extensively metabolized; approximately 10% of a radiolabeled dose is recovered as 
metabolite. The major metabolite is N-desmethyl rosuvastatin, which is formed principally by cytochrome 
P450 \ 2C9, and in vitro studies have demonstrated that N-desmethyl rosuvastatin has approximately one-
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Rosuvastatin is a substrate for certain transporter proteins including the hepatic uptake organic 
anion-transporting polyproteins (OATP1B1, OATP1B3,  

and
efflux transporter breast cancer resistance protein (BCRP). Concomitant administration of rosuvastatin with 
medications that are inhibitors of these transporter proteins (e.g., cyclosporine, certain HIV protease 
inhibitors) may result in increased rosuvastatin plasma concentrations 
[see Dosage and Administration (2.4 )and Drug Interactions (7.1, 7.3)].  

Table 4. Effect of Coadministered Drugs on Rosuvastatin Systemic Exposure

Coadministered drug and dosing 
regimen Rosuvastatin

Mean Ratio (ratio with/without 
coadministered drug) No Effect = 1

Dose (mg)1 Change in AUC Change in Cmax

Cyclosporine - stable dose required
(75 mg to 200 mg BID)

10 mg QD for 10 
days 7.12 112

Atazanavir/ritonavir combination 
300 mg/100 mg QD for 8 days 10 mg 3.12 72

Simeprevir 150 mg QD, 7 days 10 mg, single dose 2.82

(2.3 to 3.4)3
3.22

(2.6 to 3.9)3

Lopinavir/ritonavir combination 
400 mg/100 mg BID for 17 days

20 mg QD for 7 
days

2.12

(1.7 to 2.6)3
52

(3.4 to 6.4)3

Gemfibrozil 600 mg BID for 7 days 80 mg 1.92

(1.6 to 2.2)3
2.22

(1.8 to 2.7)3

Eltrombopag 75 mg QD, 5 days 10 mg 1.6
(1.4 to 1.7)3

2
(1.8 to 2.3)3

Darunavir 600 mg/ritonavir 100 mg 
BID, 7 days

10 mg QD for 7 
days

1.5
(1 to 2.1)3

2.4
(1.6 to 3.6)3

Tipranavir/ritonavir combination 500 
mg/200mg BID for 11 days 10 mg 1.4

(1.2 to 1.6)3
2.2

(1.8 to 2.7)3

Dronedarone 400 mg BID 10 mg 1.4

Itraconazole 200 mg QD, 5 days 10 mg or 80 mg

1.4
(1.2 to 1.6)3

1.3
(1.1 to 1.4)3

1.4
(1.2 to 1.5)3

1.2
(0.9 to 1.4)3

Ezetimibe 10 mg QD, 14 days 10 mg QD for 14 
days

1.2
(0.9 to 1.6)3

1.2
(0.8 to 1.6)3
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Fosamprenavir/ritonavir 700 mg/100 
mg BID for 7 days 10 mg 1.1 1.5

Fenofibrate 67 mg TID for 7 days 10 mg 1.2
(1.1 to 1.3)3

Rifampicin 450 mg QD, 7 days 20 mg

Aluminum & magnesium hydroxide 
combination antacid
Administered simultaneously

Administered 2 hours apart

40 mg

40 mg

0.52

(0.4 to 0.5)3

0.8
(0.7 to 0.9)3

0.52

(0.4 to 0.6)3

0.8
(0.7 to 1)3

Ketoconazole 200 mg BID for 7 days 80 mg 1
(0.8 to 1.2)3

1
(0.7 to 1.3)3

Fluconazole 200 mg QD for 11 days 80 mg 1.1
(1 to 1.3)3

1.1
(0.9 to 1.4)3

Erythromycin 500 mg QID for 7 days 80 mg 0.8
(0.7 to 0.9)3

0.7
(0.5 to 0.9)3

1 Single dose unless otherwise noted.
2 Clinically significant [see Dosage and Administration (2) and Warnings and Precautions (5)]
3 Mean ratio with 90% CI (with/without coadministered drug, e.g., 1= no change, 0.7 = 30% decrease, 

11=11 fold increase in exposure)
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Patients with primary dysbetalipoproteinemia (Type III 
hyperlipoproteinemia) as an adjunct to diet
Patients with homozygous familial hypercholesterolemia 
(HoFH) to reduce LDL-C, total-C, and ApoB 

Dosage & 
Administration

5 mg to 40 mg orally once daily, the usual starting dose is 
10 mg to 20 mg
Administered at any time of the day, with or without food
Capsule swallowed intact or the contents of the capsule 
sprinkled onto applesauce or administered via a
nasogastric tube
In Asian patients, consider initiating therapy with 5 mg 
once daily dose
Patients with severe renal impairment (CLcr < 30 
mL/min/1.73 m2) not on hemodialysis, the dose should 
not exceed 10 mg once daily
Dose should not exceed 5 mg once daily in patients 
taking cyclosporine, and not exceed 10 mg once daily in 
patients taking gemfibrozil, atazanavir and ritonavir, 
lopinavir and ritonavir or simeprevir

Clinical Pharmacology 
Reviewer Shalini Wickramaratne Senarath Yapa, Ph.D.

Clinical Pharmacology 
Team Leader Jayabharathi Vaidyanathan, Ph.D.
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1. Executive Summary

Rosuvastatin capsules (Ezallor) developed and marketed by Sun Pharma Global FZE, is 
an HMG Co-A reductase inhibitor indicated as an adjunct to diet for patients with 
hypertriglyceridemia and primary dysbetalipoproteinemia and for patients with 
homozygous familial hypercholesterolemia. 

This is a 505 (b) (2) NDA referencing Crestor® (NDA 021366). 

1.1 Recommendation
The Office of Clinical Pharmacology (OCP) has reviewed the clinical pharmacology data 
submitted under NDA 208647 and recommends approval. 

1.2 Phase IV commitments
None. 

1.3 Summary of Important Clinical Pharmacology Findings 
Rosuvastatin capsules (Ezallor) an immediate-release, hard gelatin capsule filled with 
drug-containing , are manufactured in strengths of 5 mg, 10 mg, 20 mg, and 40 mg. 

The proposed dosage regimen is 5 mg to 40 mg once daily, with the usual starting dose 
ranging from 10 mg to 20 mg. Rosuvastatin capsules can be taken at any time of the day, 
with or without food. Rosuvastatin capsules can be swallowed intact or the contents of 
the capsule sprinkled onto applesauce. The capsules can also be administered via a
nasogastric tube. 

Two pivotal bioequivalence (BE) studies, one under fasting conditions and the other 
under fed conditions, were conducted to assess the BE between rosuvastatin 40 mg 
capsules (both as intact capsule and sprinkling contents of capsule on applesauce) versus
Crestor® 40 mg tablets. BE was also assessed between  rosuvastatin 40 mg capsules by 
sprinkling contents of capsule on applesauce versus intact capsule. Bioequivalence was 
demonstrated for the following treatment comparisons:

a) Study PKD_14_128 demonstrated BE of rosuvastatin 40 mg capsules (intact 
capsules) versus Crestor® 40 mg tablets, rosuvastatin 40 mg capsules (sprinkling 
contents of capsule on applesauce) versus Crestor® 40 mg tablets, and 
rosuvastatin 40 mg capsules by sprinkling contents of capsule on applesauce 
versus intact capsule under fasting conditions.

b) Study PKD_14_129 demonstrated BE of rosuvastatin 40 mg capsules (intact 
capsules) versus Crestor® 40 mg tablets, rosuvastatin 40 mg capsules (sprinkling 
contents of capsule on applesauce) versus Crestor® 40 mg tablets, and 
rosuvastatin 40 mg capsules by sprinkling contents of capsule on applesauce 
versus intact capsule under fed conditions. 
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2.  Question Based Review (QBR)

2.1 What are the Clinical Pharmacology and Biopharmaceutics studies 
submitted in the NDA?

The clinical pharmacology and biopharmaceutics program conducted to evaluate the BE
and relative bioavailability of rosuvastatin capsules compared to Crestor® tablets included 
11 trials. All studies were conducted in healthy volunteers. In addition to the two pivotal 
BE studies comparing rosuvastatin capsules (intact capsule and sprinkling contents of 
capsule on applesauce) and Crestor® tablets, the NDA program also comprised of a 
redosing relative bioavailability Phase 1 study and eight pilot BE Phase 1 studies (Table 
2). This review focuses on the two pivotal BE studies and the redosing study. 
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the plunger and shake the syringe vigorously, the  may start dissolving 
which is acceptable. Attach the syringe to a nasogastric -French) and 
deliver the contents of the syringe through the nasogastric tube into the stomach. 
After administering the , the nasogastric tube should be flushed with 
additional water. Use in other liquids is  not 
recommended. 

2.2 General Clinical Pharmacology

2.2.1 What is known about the PK characteristics of rosuvastatin following 
administration of the commercially listed drug, Crestor® tablets?

In clinical pharmacology studies, peak plasma concentrations of rosuvastatin were 
reached 3 to 5 hours following oral administration. The absolute bioavailability of 
rosuvastatin is approximately 20%. The systemic exposure (Cmax and AUC) increased in 
an approximately proportional manner to Crestor® dose. Rosuvastatin systemic exposure 
(AUC) is not affected by administration of Crestor® with food and did not differ 
following evening or morning drug administration. The mean volume of distribution at 
steady-state is approximately 134 liters. Rosuvastatin is 88% bound to plasma protein 
(mostly albumin) and this binding is reversible and independent of plasma 
concentrations. Rosuvastatin is not extensively metabolized; approximately 10% of a 
radiolabeled dose is recovered as metabolite. The major metabolite of rosuvastatin is N-
desmethyl rosuvastatin which is formed principally by cytochrome P450/2C9 enzyme. 
Following administration of Crestor®, greater than 90% of active plasma HMG-CoA 
reductase inhibitory activity is from the parent compound, with in vitro studies 
demonstrating that the metabolite has approximately one-sixth to one-half the HMG-CoA 
reductase inhibitory activity of the parent compound. Following oral administration, 
rosuvastatin and its metabolites are primarily excreted in the feces (90%). Following IV 
administration, approximately 28% of total body clearance was via the renal route, and 
72% by the hepatic route. The elimination half-life of rosuvastatin is approximately 19 
hours.  

Refer to the label and clinical pharmacology review of Crestor® (NDA 021366) for 
information on the effect of intrinsic factors such as race, gender, age, renal impairment 
and, hepatic impairment on the PK of rosuvastatin.  

2.2.2 Were the active moieties in plasma appropriately identified and measured to 
assess pharmacokinetic parameters?

Yes, rosuvastatin concentrations were measured in plasma to assess the PK parameters. 
Refer to Section 2.6 for analytical method details. 

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (e.g., weight, gender, race, age, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK 
usually) and/or response, and what is the impact of any differences in 
exposure on efficacy or safety responses?

No dedicated studies were conducted with rosuvastatin capsule to evaluate the PK in 

Reference ID: 3935302

(b) (4)

(b) (4)

(b) (4) (b) (4)





Page 20 of 49

2.5 General Biopharmaceutics
The sponsor conducted eight pilot relative BE studies using developmental formulations 
of rosuvastatin capsules. Refer to Table 2 for an overview of the study objectives, study 
design, and subject numbers. Five of the pilot studies were conducted under fasting 
conditions and three pilot studies were conducted under fed conditions. Rosuvastatin 40 
mg capsules as intact capsules were used as the test formulation in all studies except for 
in study PKD_14_017 where the contents of the capsule were sprinkled on applesauce. 
Crestor® 40 mg tablets were used as the reference product in all the studies. A summary 
of the BE results for the pilot BE studies conducted under fasting conditions and fed 
conditions are presented in Table 7 and Table 8, respectively. The sponsor reports that 
under fasting conditions two formulations (Table 7) and under fed conditions three 
formulations (Table 8) demonstrated BE to Crestor® 40 mg tablets. In study 
PKD_14_062 the test vs. reference ratios for AUC and Cmax were within the 80 – 125% 
bounds, however the values of the 90% CI were slightly higher than 125% (Table 8). The 
sponsor reports that these results are likely to be attributed to the limited number of 
subjects and concluded that when tested in a larger study population the formulation 
would likely meet the BE criteria. 
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Table 7: Summary of pilot randomized, two-way crossover, fasting, BE studies of 
rosuvastatin 40 mg capsules and Crestor® 40 mg tablets

(Source: Ezallor NDA, Module 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical 
Methods– PDF, page 40)
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Table 8: Summary of pilot randomized, two-way crossover, fed, BE studies of 
rosuvastatin 40 mg capsules and Crestor® 40 mg tablets

(Source: Ezallor NDA, Module 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical 
Methods– PDF, page 41)

2.5.1 Was bioequivalence established between rosuvastatin capsules (both intact 
capsule and sprinkling contents of capsule on applesauce) and Crestor®

tablets and between rosuvastatin capsules when sprinkling contents of 
capsule on applesauce and intact capsule in the fasted state?

One pivotal BE study using the final formulation of rosuvastatin capsule (batch number:
JKN2312A, rosuvastatin capsule 40 mg) was conducted to evaluate the fasting-state BE 
of rosuvastatin capsule 40 mg (intact capsule and sprinkling contents of capsule on
applesauce) compared to the reference listed drug Crestor® tablet 40 mg. This pivotal 
study is described below. 

Study PKD_14_128:
This was a randomized, open-label, three treatment, three period, six sequence, single 
dose, crossover relative bioavailability study under fasting conditions. The study design 
is shown in Figure 1. Treatment A, B (batch number: JKN2312A) and C (lot number:
BK0033) (Figure 1) were administered after subjects were fasted for at least 10 hours and 
subjects continued to fast for 4 hours after dosing. Water was not allowed from 1 hour 
prior to dosing and until 1 hour after dosing. The 48 healthy male subjects were 
randomized to 1 of the 6 sequences (ABC, BCA, CAB, ACB, CBA, BAC). Following 
dosing in Periods I, II, and III, PK blood samples were collected for 76 hours. There was 
a washout period of 15 days between period I and II and 7 days between period II and III. 
Out of the 48 subjects who were dosed, 42 subjects completed all three periods of the 
study, and 45 subjects completed at least two periods of the study. Plasma samples of the 
45 subjects who completed at least two periods of the study were assayed for rosuvastatin 
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plasma concentrations.   

Treatment A: Single oral dose of rosuvastatin 40 mg capsule administered with 240 mL (±2 mL) of water 
at ambient temperature in the morning (bioequivalence test treatment)

Treatment B: Single oral dose of rosuvastatin 40 mg capsule administered by opening the capsule and 
sprinkling the entire contents on a teaspoonful (5mL ± 10%) of applesauce at room 
temperature and swallowed without chewing immediately or within 5 minutes after 
sprinkling the capsule content followed by 240 mL (± 2mL) of water at ambient temperature 
in the morning (bioequivalence test treatment)

Treatment C: Single oral dose of Crestor® (rosuvastatin calcium) 40 mg tablet administered with 240 mL 
(± 2mL) of water at ambient temperature in the morning (bioequivalence reference 
treatment)

(Source: Ezallor NDA, Module 5.3.1.2, Study pkd-14-128-stf for pivotal fasting study pkd-14-128, Study 
report body, Study –report, page 0018)

Figure 1: Study design for pivotal fasting BE study (PKD_14_128)

The mean (±SD) rosuvastatin plasma concentration versus time profile is presented in 
Figure 2. Summary statistics by treatment for rosuvastatin PK parameters are provided in 
Table 9.
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106.00, AUC0-inf 94.21 to 105.10, Cmax 100.16 to 118.01; reviewer - AUC0-t 86.90 to 
113.85, AUC0-inf 87.34 to 111.87, Cmax 93.39 to 124.52) and CV% larger (sponsor -
AUC0-t 16.09, AUC0-inf 15.31, Cmax 23.12; reviewer - AUC0-t 39.06, AUC0-inf 35.76, Cmax
42.01) than that reported by the sponsor, however BE was demonstrated between 
treatment B and C.

The sponsor performed a redosing study to evaluate and verify the anomalous response of 
Subjec  The redosing study (Study number: PKD_14_291) was a randomized, open-
label, three treatment, three period, six sequence, single dose, crossover relative 
bioavailability study conducted under fasting condition. The redosing study consisted of 
5 subjects, Subject , 2 control subjects and 2 standby control subjects who had 
participated in the fasting pivotal BE study (Study number: PKD_14_128). Treatment A, 
B (batch number: JKN2312A) and C (lot number: BK0033) were administered after 
subjects were fasted for at least 10 hours and subjects continued to fast for 4 hours after 
dosing. Water was not allowed from 1 hour prior to dosing and until 1 hour after dosing. 
Treatment A, B, and C was the same as for the fasting pivotal BE study and subjects 
received the treatments in the same sequence as in the fasting pivotal BE study. Plasma 
samples of Subject  and the first two control subjects (Subject  and ) were assayed 
for rosuvastatin plasma concentrations. The blood samples of the two standby subjects 
were not analyzed since the control subjects did not dropout or withdraw from the study. 
The sponsor had specified a pre-defined criteria to conclude Subject  as an outlier
(Figure 4).

Figure 4: Criteria to conclude the subject as an outlier in the redosing study 
(PKD_14_291). (Main bio study: Refers to the fasting pivotal BE study 
(PKD_14_128). Treatment A: Single oral dose of rosuvastatin 40 mg capsule (intact 
capsule) (test treatment), Treatment B:  Single oral dose of rosuvastatin 40 mg 
capsule (sprinkling contents of capsule on applesauce) (test treatment), Treatment 
C:  Single oral dose of Crestor® (rosuvastatin calcium) 40 mg tablet (reference 
treatment))

Rosuvastatin PK parameters following administration of rosuvastatin 40 mg capsule 
(intact capsule, Treatment A) in Subject , and Subject’s  and  (control subjects) 
are presented in Table 12. The sponsor reports that the PK parameters are comparable in 
all three subjects (Table 12). The percentage ratio of AUC0-t, AUC0- and Cmax for B/A 
and A/C treatments for the three subjects are presented in Table 13. The sponsor reports 
that the A/C% ratio for Cmax for Subject  is not within the minimum and maximum 
test/reference ratio of the fasting pivotal BE study (Table 13). Therefore Subject  could 
not be considered an outlier.     
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The sponsor has thus demonstrated BE between rosuvastatin 40 mg capsules (both intact 
capsule and sprinkling contents of capsule on applesauce) and Crestor® 40 mg tablets 
and between rosuvastatin 40 mg capsule (sprinkling contents of capsule on applesauce) 
and rosuvastatin 40 mg capsule (intact capsule) under fasting conditions. Bioequivalence 
analysis (Appendix 1, Table 1B) conducted by the reviewer showed comparable outcomes 
to that reported by the sponsor (Table 15) for all treatment comparisons.

2.5.2 Was bioequivalence established between rosuvastatin capsules (intact capsule 
and sprinkling contents of capsule on applesauce) and Crestor® tablets and
between rosuvastatin capsules when sprinkling contents of capsule on 
applesauce and intact capsule in the fed state?

One pivotal BE study using the final formulation of rosuvastatin capsule (batch number:
JKN2312A, rosuvastatin 40 mg capsule) was conducted to evaluate the fed state BE of 
rosuvastatin 40 mg capsule (intact capsule and sprinkling contents of capsule on 
applesauce) compared to the reference listed drug Crestor® 40 mg tablet. This pivotal 
study is described below. 

Study PKD_14_129:
This was a randomized, open-label, three treatment, three period, six sequence, single 
dose, crossover relative bioavailability study under fed conditions. The study design is 
shown in Figure 5. Subjects were fasted for at least 10 hours and treatment A, B, and C 
(Figure 5) were administered 30 minutes after administration of a high-calorie high fat 
breakfast (986.59 Kcal). Subjects were fasted for a period of at least 5 hours post-dose. 
Water was not allowed from 1 hour prior to dosing and until 1 hour after dosing. The 48
healthy male subjects were randomized to 1 of the 6 sequences (ABC, BCA, CAB, ACB, 
CBA, BAC). Following dosing in Periods I, II, and III, PK blood samples were collected 
for 76 hours. There was a washout period of 7 days between periods I, II, and III. Out of 
the 48 subjects dosed, 45 subjects completed all three periods of the study, and 46 
subjects completed at least two periods of the study. Plasma samples of the 45 subjects 
who completed all three periods of the study were assayed for rosuvastatin plasma 
concentrations. 
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Treatment A:  Single oral dose of rosuvastatin 40 mg capsule administered with 240 mL (±2 mL) of water 
at ambient temperature in the morning (bioequivalence test treatment)

Treatment B: Single oral dose of rosuvastatin 40 mg capsule administered by opening the capsule and 
sprinkling the entire content on a teaspoonful (5 mL± 10%) of applesauce at room 
temperature and swallowed without chewing immediately or within 5 minutes after 
sprinkling the capsule content followed by 240 mL (±2 mL) of water at ambient temperature 
in the morning (bioequivalence test treatment)

Treatment C:  Single oral dose of Crestor® (rosuvastatin calcium) 40 mg tablet administered with 240 mL 
(±2 mL) of water at ambient temperature in the morning (bioequivalence reference 
treatment)

(Source: Ezallor NDA, Module 5.3.1.2, Study pkd-14-129-stf for pivotal fed study pkd-14-129, Study report 
body, Study –report, page 0019)
Figure 5: Study design for pivotal fed BE study (PKD_14_129)

The mean (±SD) rosuvastatin plasma concentration versus time profile is presented in 
Figure 6. Summary statistics by treatment for rosuvastatin PK parameters are provided in 
Table 16. Statistical analysis of PK parameters Cmax, AUC0-t, and AUC0-inf of rosuvastatin 
and presented in Table 17.

Figure 6: Mean plasma concentration time profile of rosuvastatin following 
administration of rosuvastatin 40 mg capsule (intact capsule), rosuvastatin 40 mg 
capsule (sprinkling contents of capsule on applesauce), and Crestor® 40 mg tablet in 
healthy subjects in the fed state (n=45) (PKD_14_129)
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A and C): e (LSM Treatment (A) – LSM Treatment (C) × 100
290% geometric confidence interval using Ln-transformed data
3Least-square geometric means calculated from least-squares mean as e(least-square mean)

4p-value is for product effect
Treatment A: Single oral dose of rosuvastatin 40 mg capsule (intact capsule)
Treatment B: Single oral dose of rosuvastatin 40 mg capsule (sprinkling contents of capsule on applesauce)
Treatment C: Single oral dose of Crestor® (rosuvastatin calcium) 40 mg tablet
(Source: Ezallor NDA, Module 5.3.1.2, Study pkd-14-129-stf for pivotal fasting study pkd-14-129, Study 
report body, Study –report, page 0053-0055)

The sponsor concluded that under fed conditions, BE is demonstrated between 
rosuvastatin 40 mg capsule (both as intact capsule and sprinkling contents of capsule on 
applesauce) and Crestor® 40 mg tablet. However, the 90% CI for the Cmax ratio between
rosuvastatin 40 mg capsule (sprinkling contents on applesauce) and rosuvastatin 40 mg 
capsule (intact capsule) did not meet the pre-defined BE criteria. The sponsor reports that 
no clinical significance is attributed to the fact that the lower limit for the 90% CI for the 
Cmax ratio is slightly below the 80-125% range (Table 17). The Tmax was delayed by one 
hour after administration of rosuvastatin 40 mg capsule (both intact capsule and 
sprinkling contents on applesauce) when compared to Crestor® 40 mg tablet in the fed 
state (Table 16).

Reviewer’s Comment: The sponsor has demonstrated BE between rosuvastatin 40 mg 
capsule (intact capsule) and Crestor® 40 mg tablets under fed conditions. Although BE
was not demonstrated between rosuvastatin 40 mg capsule (intact capsule) and
rosuvastatin 40 mg capsule (sprinkling contents of capsule on applesauce) under fed 
conditions, the difference in Cmax is unlikely to result in any clinical significance.
Bioequivalence analysis (Appendix 1, Table 3A) conducted by the reviewer showed 
comparable outcomes to that reported by the sponsor (Table 17) for all treatment
comparisons.

2.6 Analytical

2.6.1 Is the analytical method for rosuvastatin used for the pivotal BE studies 
appropriately validated? 

Plasma concentrations of rosuvastatin in the fasted and fed BE studies (PKD_14_128, 
PKD_14_129, and PKD_14_291 (redosing study)) were quantified using bioanalytical 
methods based on liquid chromatography/tandem mass spectrometry (LC/MS/MS). 
Rosuvastatin and the internal standard, rosuvastatin D3, were extracted from human 
plasma containing K2 EDTA anticoagulant by solid phase extraction. Several 
bioanalytical methods were used for the extraction and analysis of rosuvastatin, with the 
methods differing with respect to the chromatography systems and settings, and mass 
spectrometry detectors and setting used (Table 18).
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Table 18: Summary of bioanalytical methods and validation reports used in the 
pivotal studies

ATP_13_RVT Rev.00: Estimation of rosuvastatin in human K2EDTA plasma using ultra performance 
liquid chromatography method with tandem mass spectrometry – API-3200
ATP_14_RVT Rev.00: Estimation of rosuvastatin in human K2EDTA plasma using Ultra high 
performance liquid chromatography method with tandem mass spectrometry – API-4000
ATP_15_RVT Rev.00: Estimation of rosuvastatin in human K2EDTA plasma using ultra performance 
liquid chromatography method with tandem mass spectrometry – micromass Quattro premier-XE
ATP_16_RVT Rev.00: Estimation of rosuvastatin in human K2EDTA plasma using ultra high performance 
liquid chromatography method with tandem mass spectrometry – API4000
MV_RVT_081C: Method validation; PMV-RVT_081C/081CA/081CB: Partial method validation
(Source: Ezallor NDA, Module 2.7.1, Summary of biopharmaceutic studies and associated analytical 
methods, page 25)

The bioanalytical methods were validated for rosuvastatin concentrations ranging from 
0.400 ng/mL to 120.060 ng/mL. Rosuvastatin concentrations were determined by linear 
regression, with a weighting factor of 1/x2. The bioanalytical methods were validated for 
analyzing rosuvastatin in plasma samples in terms of recovery, linearity, accuracy, 
precision, and sensitivity. An overview of the bioanalytical method validation 
(MV_RVT_081C) and bioanalytical partial method validation (PMV_RT_081C, 
PMV_RT_081CA, PMV_RT_081CB) parameters are presented in Table 19 and Table 
20, respectively. 
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Table 19: Overview of bioanalytical method validation MV_RVT_081C for 
rosuvastatin

(Source: Ezallor NDA, Module 2.7.1, Summary of biopharmaceutic studies and associated analytical 
methods, page 26)
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Table 20: Overview of bioanalytical partial method validations (PMV_RT_081C, 
PMV RT 081CA, PMV RT 081CB) for rosuvastatin

(Source: Ezallor NDA, Module 2.7.1, Summary of biopharmaceutic studies and associated analytical 
methods, page 27)

Reviewer’s comment: For bioanalytical method validation MV_RVT_081C (Table 19)
the QC interday precision is reported as 1.2% – 18.8% (%C.V.). The 18.8% value 
(%C.V.) is associated with the LLOQ samples. Therefore the precision for the LLOQ 
sample did not exceeded 20% of the C.V. Additionally, the precision for the remaining 
QC samples (low QC, medium QC, high QC, upper limit QC, diluted QC) did not 
exceeded 15% of the C.V.  
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Table 2. Effect of Coadministered Drugs on Rosuvastatin Systemic Exposure

Coadministered drug and 
dosing regimen Rosuvastatin

Mean Ratio (ratio with/without 
coadministered drug) No Effect 

= 1

Dose (mg)1 Change in 
AUC

Change in 
Cmax

Cyclosporine - stable dose 
required
(75 mg to 200 mg BID)

10 mg QD for 
10 days 7.12 112

Atazanavir/ritonavir 
combination 
300 mg/100 mg QD for 8 days

10 mg 3.12 72

Simeprevir 150 mg QD, 7 days 10 mg, single 
dose

2.82

(2.3 to 3.4)3
3.22

(2.6 to 3.9)3

Lopinavir/ritonavir 
combination 
400 mg/100 mg BID for 17 
days

20 mg QD for 
7 days

2.12

(1.7 to 2.6)3
52

(3.4 to 6.4)3

Gemfibrozil 600 mg BID for 7 
days 80 mg 1.92

(1.6 to 2.2)3
2.22

(1.8 to 2.7)3

Eltrombopag 75 mg QD, 5 
days 10 mg 1.6

(1.4 to 1.7)3
2

(1.8 to 2.3)3

Darunavir 600 mg/ritonavir 
100 mg BID, 7 days

10 mg QD for 
7 days

1.5
(1 to 2.1)3

2.4
(1.6 to 3.6)3

Tipranavir/ritonavir 
combination 500 mg/200mg 
BID for 11 days

10 mg 1.4
(1.2 to 1.6)3

2.2
(1.8 to 2.7)3

Dronedarone 400 mg BID 10 mg 1.4

Itraconazole 200 mg QD, 5 
days

10 mg or 80 
mg

1.4
(1.2 to 1.6)3

1.3
(1.1 to 1.4)3

1.4
(1.2 to 1.5)3

1.2
(0.9 to 1.4)3

Ezetimibe 10 mg QD, 14 days 10 mg QD for 
14 days

1.2
(0.9 to 1.6)3

1.2
(0.8 to 1.6)3

Fosamprenavir/ritonavir 700 
mg/100 mg BID for 7 days 10 mg 1.1 1.5

Fenofibrate 67 mg TID for 7 10 mg 1.2

Reference ID: 3935302

(b) (4)

(b) (4)















---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

SHALINI WICKRAMARATNE SENARATH YAPA
05/23/2016

JAYABHARATHI VAIDYANATHAN
05/23/2016

Reference ID: 3935302




