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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 208647 are owned by Sun Pharma or are data for which 
Sun Pharma has obtained a written right of reference. Any information or data 
necessary for approval of NDA 208647 that Sun Pharma does not own or have a written 
right to reference constitutes one of the following: (1) published literature, or (2) a prior 
FDA finding of safety or effectiveness for a listed drug, as reflected in the drug’s 
approved labeling.  Any data or information described or referenced below from reviews 
or publicly available summaries of a previously approved application is for descriptive 
purposes only and is not relied upon for approval of NDA 208647.
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1 Executive Summary

1.1 Introduction
The Applicant (Sun Pharma Advanced Research Company, Ltd.) submitted 505 (b)(2) 
NDA 208647 for the immediate release product, rosuvastatin capsules. This product is a 
hard gelatin capsule filled with rosuvastatin containing  to be used to facilitate 
dosing in patients who may have difficulty with swallowing tablets. Rosuvastatin 
capsules may be swallowed intact, sprinkled onto soft food or the contents administered 
via a nasogastric tube. The Applicant is relying on the Agency’s prior findings of safety 
and efficacy for the listed drug, Crestor, and focused on the bioequivalence of 
rosuvastatin capsules to this listed drug.

1.2 Brief Discussion of Nonclinical Findings
The Applicant conducted a 14-Day dose range finding (non-GLP) rat toxicology study as 
well as a pivotal GLP-compliant 30-Day bridging rat toxicology study with the listed 
drug, Crestor (approved under NDA 21366), as comparator. Comparison of the toxicity 
profiles between the rosuvastatin test article (rosuvastatin ) and Crestor identified 
similar target organs of toxicity including the liver, stomach and skeletal muscle. Liver 
toxicities were ≤2X elevations in liver enzymes (ALT, AST and ALP), microvesiculation 
and single cell necrosis and skeletal muscle toxicities included elevations in CK and a 
low incidence of minimal skeletal muscle necrosis. No new target organ toxicities were 
identified for rosuvastatin  when compared to the toxicity profile of rosuvastatin 
calcium (Crestor) in the rat. In the 30-Day bridging toxicology study, plasma exposures 
of rosuvastatin were largely comparable between rosuvastatin and Crestor; 
however, AUC exposures tended to be higher for Crestor treated animals which 
corresponded with more severe toxicities in these dose groups (observed in 30-Day and 
14-Day studies). All impurities were below the levels required for identification or 
qualification and no structural alerts were identified that would require further genetic 
toxicology testing. Additionally, there are no novel excipients proposed for the 
rosuvastatin capsules and all are within the approved limits in the Inactive Ingredient 
Guide. In summary, the rat GLP-compliant bridging toxicology study demonstrated 
similar toxicity profiles between rosuvastatin  and the listed drug, Crestor, when 
administered at equivalent doses.

1.3 Recommendations

1.3.1 Approvability
Pharmacology/Toxicology recommends approval.

1.3.2 Additional Non Clinical Recommendations
None.
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1.3.3 Labeling
The Pharm/Tox recommendation for labeling is that the accepted labeling for 
rosuvastatin tablets from the innovator product (Crestor) should be used for rosuvastatin 
capsules. This includes the pending PLLR conversion of Section 8 as well as Section 
13. The only recommended deletion from the rosuvastatin capsules label will be the 
omission of the juvenile animal data listed in Section 13.2 of the updated Crestor label 
(pending at the time of this review). The rationale for this deletion is due to the lack of a 
pediatric indication or human pediatric data with rosuvastatin capsules. The proposed 
labeling relevant to nonclinical sections (consistent with Crestor’s label), is as follows 
but may be subject to further modifications:

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
Rosuvastatin is contraindicated for use in pregnant women since safety in pregnant 
women has not been established and there is no apparent benefit to therapy with 
rosuvastatin during pregnancy. Because HMG CoA reductase inhibitors decrease 
cholesterol synthesis and possibly the synthesis of other biologically active substances 
derived from cholesterol, rosuvastatin may cause fetal harm when administered to 
pregnant women.  Rosuvastatin should be discontinued as soon as pregnancy is 
recognized [see Contraindications (4)]. Limited published data on the use of 
rosuvastatin are insufficient to determine a drug-associated risk of major congenital 
malformations or miscarriage. In animal reproduction studies, there were no adverse 
developmental effects with oral administration of rosuvastatin during organogenesis at 
systemic exposures equivalent to a maximum recommended human dose (MRHD) of 
40 mg/day in rats or rabbits (based on AUC and body surface area, respectively).  In 
rats and rabbits, decreased pup/fetal survival occurred at 12 times and equivalent, 
respectively, to the MRHD of 40 mg/day (see Data).

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. In the U.S. general population, the estimated background risk of 
major birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-
20%, respectively.

Data
Animal Data
Rosuvastatin crosses the placenta in rats and rabbits and is found in fetal tissue and 
amniotic fluid at 3% and 20%, respectively, of the maternal plasma concentration 
following a single 25 mg/kg oral gavage dose on gestation day 16 in rats.  A higher fetal 
tissue distribution (25% maternal plasma concentration) was observed in rabbits after a 
single oral gavage dose of 1 mg/kg on gestation day 18.
 
Rosuvastatin administration did not indicate a teratogenic effect in rats at ≤ 25 
mg/kg/day or in rabbits ≤ 3 mg/kg/day (doses equivalent to the MRHD of 40 mg/day 
based on AUC and body surface area, respectively). 
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In female rats given 5, 15, and 50 mg/kg/day before mating and continuing through to 
gestation day 7 resulted in decreased fetal body weight (female pups) and delayed 
ossification at 50 mg/kg/day (10 times the human exposure at the MRHD dose of 40 
mg/day based on AUC).

In pregnant rats given 2, 10, and 50 mg/kg/day of rosuvastatin from gestation day 7 
through lactation day 21 (weaning), decreased pup survival occurred at 50 mg/kg/day 
(dose equivalent to 12 times the MRHD of 40 mg/day based body surface area).

In pregnant rabbits given 0.3. 1, and 3 mg/kg/day of rosuvastatin from gestation day 6 to 
day 18, decreased fetal viability and maternal mortality was observed at 3 mg/kg/day 
(dose equivalent to the MRHD of 40 mg/day based on body surface area).

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
In a 104-week carcinogenicity study in rats at dose levels of 2, 20, 60, or 80 mg/kg/day 
by oral gavage, the incidence of uterine stromal polyps was significantly increased in 
females at 80 mg/kg/day at systemic exposure 20 times the human exposure at 40 
mg/day based on AUC. Increased incidence of polyps was not seen at lower doses. 

In a 107 week carcinogenicity study in mice given 10, 60, or 200 mg/kg/day by oral 
gavage, an increased incidence of hepatocellular adenoma/carcinoma was observed at 
200 mg/kg/day at systemic exposures 20 times the human exposure at 40 mg/day 
based on AUC. An increased incidence of hepatocellular tumors was not seen at lower 
doses. 

Rosuvastatin was not mutagenic or clastogenic with or without metabolic activation in 
the Ames test with Salmonella typhimurium and Escherichia coli, the mouse lymphoma 
assay, and the chromosomal aberration assay in Chinese hamster lung cells. 
Rosuvastatin was negative in the in vivo mouse micronucleus test. 

In rat fertility studies with oral gavage doses of 5, 15, 50 mg/kg/day, males were treated 
for 9 weeks prior to and throughout mating and females were treated 2 weeks prior to 
mating and throughout mating until gestation day 7. No adverse effect on fertility was 
observed at 50 mg/kg/day (systemic exposures up to 10 times the human exposure at 
40 mg/day based on AUC). In testicles of dogs treated with rosuvastatin at 30 
mg/kg/day for one month, spermatidic giant cells were seen. Spermatidic giant cells 
were observed in monkeys after 6 month treatment at 30 mg/kg/day in addition to 
vacuolation of seminiferous tubular epithelium. Exposures in the dog were 20 times and 
in the monkey 10 times the human exposure at 40 mg/day based on body surface area. 
Similar findings have been seen with other drugs in this class.

13.2 Animal Toxicology and/or Pharmacology 
Central Nervous System Toxicity
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CNS vascular lesions, characterized by perivascular hemorrhages, edema, and 
mononuclear cell infiltration of perivascular spaces, have been observed in dogs treated 
with several other members of this drug class. A chemically similar drug in this class 
produced dose-dependent optic nerve degeneration (Wallerian degeneration of 
retinogeniculate fibers) in dogs, at a dose that produced plasma drug levels about 30 
times higher than the mean drug level in humans taking the highest recommended 
dose. Edema, hemorrhage, and partial necrosis in the interstitium of the choroid plexus 
was observed in a female dog sacrificed moribund at day 24 at 90 mg/kg/day by oral 
gavage (systemic exposures 100 times the human exposure at 40 mg/day based on 
AUC). Corneal opacity was seen in dogs treated for 52 weeks at 6 mg/kg/day by oral 
gavage (systemic exposures 20 times the human exposure at 40 mg/day based on 
AUC). Cataracts were seen in dogs treated for 12 weeks by oral gavage at 30 
mg/kg/day (systemic exposures 60 times the human exposure at 40 mg/day based on 
AUC). Retinal dysplasia and retinal loss were seen in dogs treated for 4 weeks by oral 
gavage at 90 mg/kg/day (systemic exposures 100 times the human exposure at 40 
mg/day based on AUC). Doses ≤30 mg/kg/day (systemic exposures ≤ 60 times the 
human exposure at 40 mg/day based on AUC) did not reveal retinal findings during 
treatment for up to one year.

2 Drug Information

2.1 Drug
CAS Registry Number (Optional)
[147098-20-2]

Generic Name
Rosuvastatin calcium

Code Name
Rosuvastatin calcium

Chemical Name
(3R, 5S)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino] pyrimidin-5-yl]-3,5-dihydroxy- 
6(E)-heptenoic acid calcium salt (2:1)

Molecular Formula/Molecular Weight
C44H54F2N6O12S2•Ca
MW = 1001.14 (salt); 963.08 (base)
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Structure or Biochemical Description

Pharmacologic Class
HMG Co-A Reductase Inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 21366 (rosuvastatin calcium, Crestor)

2.3 Drug Formulation
Hard gelatin capsule filled with drug containing  (5, 10, 20, 40 mg strengths)

2.4 Comments on Novel Excipients
There are no novel excipients in the formulation.

2.5 Comments on Impurities/Degradants of Concern
All impurities are below the level of qualification per ICH guidance (0.15%).

2.6 Proposed Clinical Population and Dosing Regimen
The proposed indications for Rosuvastatin capsules are as follows: 
Hypertriglyceridemia, Primary dysbetalipoproteinemia (Type III hyperlipoproteinemia), 
and Homozygous familial hypercholesterolemia

The Applicant is relying on the Agency’s previous findings of safety and efficacy of 
rosuvastatin at doses of 5 – 40 mg/day, and made the following statement: “The 
scientific justification for this reliance is the demonstration of bioequivalence with the 
listed drug in relative bioavailability studies conducted in the fasted and fed states, 
Studies PKD_14_128 and PKD_14_129.”

Reference ID: 3934731
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Key Study Findings
• Wistar rats were orally administered the test article (rosuvastatin calcium 

 daily at doses of 0 (placebo or vehicle control), 20, 40 or 80/60 mg/kg. 
The highest dose of 80 mg/kg was reduced to 60 mg/kg effective on Day 12 
(females) or 14 (males) due to toxicity. An additional comparator Crestor group 
was also dosed at 80/60 mg/kg/day. Rosuvastatin  or Crestor tablets were 

• There were several deaths in the Crestor groups between Days 13-21 in males 
and females. When histopathology was possible (no autolysis), findings included 
liver necrosis, small thymus, and stomach hyperkeratinization. Body weight loss 
was also observed. Additional deaths in a mid-dose female and a placebo control 
were likely related to gavage error.

• Clinical signs were predominantly limited to those animals found dead and 
included hunched back, piloerection and lethargy.

• There was a trend for body weight decrease in dosed animals versus placebo or 
vehicle control animals, but did not reach statistical significance in either sex. 
This correlated with a transient decrease in food consumption in high-dose 
animals (rosuvastatin  and Crestor) predominantly in males.

• Hematology parameter changes were mild or not dose dependent with a slight 
increase in WBC counts in HD Crestor administered males. 

• Target organs of toxicity included the following:
Liver: Elevations in liver enzymes were noted in both sexes for the highest dose 
of rosuvastatin  test article and Crestor with ALT, AST and ALP increased 
≤2X. Liver weight significantly decreased in males in these two high-dose groups 
and histopathology correlates included liver microvesicles and single cell 
necrosis in both sexes.
Stomach: Forestomach hyperkeratinization was observed in both sexes in the 
high-dose rosuvastatin  and Crestor dose groups. 
Muscle: CK levels increased in both sexes at the highest dose tested and one 
high-dose male in the rosuvastatin  group had minimal skeletal muscle 
necrosis.

• GLP Compliance: The Applicant stated the following in the study protocol: “This 
study will be performed in compliance with the OECD principles of GLP, as 
revised in 1997 by decision of the OECD council [ENV/MC/CHEM(98)17] except 
toxicokinetic sample analysis phase which will be conducted at   had 
been inspected several times by regulatory agencies e.g. USFDA, EU, and 
ANVISA. Hence, data generated at  is considered accurate and reliable. 
Test facility is certified by National GLP Compliance Monitoring Authority to 
conduct subacute toxicity studies as per OECD principles of GLP.”

• TK analysis was conducted on Days 1, 15 and 30. The highest dose tested for 
rosuvastatin test article and Crestor started at 80 mg/kg/day on Day 1 and was 
decreased to 60 mg/kg/day on Day 12 for females and Day 14 for males. 
Exposures (AUC) were increased 12X and 18X in males at this high dose in both 
test article and Crestor dose groups, versus Day 1. This dropped to a 2-3X 
increase versus Day 1 on Day 30. Although there was only 1 day of lower 60 
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mg/kg dosing before TK analysis on Day 15 in males (versus 3 days for females) 
it is unclear why exposures were so high in these groups on Day 15.

• TK comparison between equivalent doses of rosuvastatin  and Crestor in 
both sexes demonstrated that Crestor has slightly higher plasma exposure than 
the test article.  Toxicities were as expected for this drug class (liver, muscle) 
with higher systemic exposures leading to more extensive liver toxicity and 
death.

• The Applicant stated the NOAEL was 20 mg/kg for both sexes where male and 
female AUC0-t was 709.935 and 649.168 hr*ng/mL and Cmax 56.820 and 68.277 
ng/mL, respectively on Day 30. Adverse toxicities at 60/80 and 40 mg/kg 
included elevated liver enzymes with liver necrosis and microvesiculation; 
stomach hyperkeratinization; skeletal muscle necrosis; and mild decreases in 
body weight gain. This reviewer would agree with this NOAEL. Based on a 40 mg 
maximum recommended human dose  the safety 
margin based on body surface area would be 5X.
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Unique study design: Assessment of sensory function tests
Deviation from study 

protocol:
None reported. (p. 42)

Observations
Mortality: Assessed twice daily during the dosing and recovery periods

Clinical signs: Cage side observations were assessed twice daily during dosing 
and recovery periods. Detailed observations were performed before 
initiation of dosing and then once weekly for main study animals. 

Body weights: Animals were weighed on Day 1 of dosing and at least once weekly 
during the dosing period. During the recovery period, body weights 
were recorded on Day 1 of recovery, at the initiation of the second 
week and on Day 44. 

Feed 
consumption:

Recorded weekly per cage during the dosing period for main study 
animals. During the recovery period, feed weight was recorded on 
Day 1 and then at least once weekly. Expressed as mean weekly 
food consumption (g/animal/week).

Ophthalmoscopy: Performed on all main study animals before dosing initiation, and 
towards the end of the dosing period in control (G1 and G2) and 
high-dose groups (G5, G6). Examinations were performed with a 
hand held ophthalmoscope.

Sensory 
Functions:

Towards the end of the dosing period, tests to assess the sensory 
reactivity to different stimuli were performed on control and high-
dose groups (G1, G2, G5, G6). These included startle response, 
touch response, response to nociceptive stimuli and righting reflex.

Hematology: Blood was collected at termination (Day 31) and also at the end of 
the recovery period (Day 45). The following parameters were 
analyzed: erythrocyte count (RBC), Hemoglobin (Hb), Hematocrit 
(Hct), Mean Corpuscular Volume (MCV), Mean Corpuscular 
Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration 
(MCHC), Mean Platelet Volume (MPV), Cell Hemoglobin 
Concentration Mean (CHCM), Leukocyte Count (WBC), Differential 
Leukocyte Count, Platelet Count (PLT), Reticulocyte Count, and 
Prothrombin time (seconds)

Clinical chemistry: Blood was collected at termination (Day 31) and also at the end of 
the recovery period (Day 45). The following parameters were 
analyzed: Albumin/Globulin (A/G), Alanine Amino Transferase 
(ALT), Albumin (ALB), Alkaline Phosphatase (ALK-P), Aspartate 
Amino Transferase (AST), Calcium (Ca), Cholesterol (Chol), 
Creatinine (Creat), Creatinine Kinase (CK), Globulin (Glob), 
Glucose (Glu), Inorganic Phosphorus (PHOS), Total Bilirubin (T.Bil), 
Total Protein (TP), Triglycerides (TRIG), Urea, Potassium (K), 
Sodium (Na), and Chloride (CL) 
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Urinalysis: Animals were kept in metabolic cages for a minimum of 16 hours to 
collect urine. Physical observations included clarity and color; 
chemical observations evaluated by reagent strip included specific 
gravity, glucose, bilirubin, ketone, blood, pH, protein, urobilinogen, 
nitrate and leukocytes; microscopic observations included pus cells, 
casts, epithelial cells, red blood cells, crystals and sperm

Gross pathology: Animals were fasted overnight before necropsy. Carcasses were 
observed externally for abnormalities and cranial, thoracic and 
visceral cavities were opened and examined macroscopically.

Organ weights: The following organs were weighed at necropsy (paired organs 
were weighed together): adrenals, kidneys, thymus, brain, liver, 
testes, heart, spleen, epididymis, ovaries with fallopian tubes, 
uterus with cervix, and lungs with main stem bronchi

Histopathology: Tissues and organs were fixed in 10% neutral buffered formalin 
except for the testes and epididymis which were fixed in modified 
Davidson’s fixative before transfer to 10% neutral buffered formalin. 
Bone marrow smears were prepared from the femur but were not 
examined. The following tissues were preserved for histopathology 
examination from control and high-dose animals (G1, G2, G5, G6); 
however based on findings in the liver and stomach, lower dose 
groups were evaluated for these organs (except G3 males):

“Histopathology of found dead animals and moribund animals, 
sacrificed during course of the study, will be done at the discretion of 
the study director/pathologist.”
(Applicant Table)

Toxicokinetics: Blood samples were collected from TK animals (3/sex/group) on 
Days 1, 15 and 30 during the dosing period. Blood samples were 
collected at 0 (pre-dose), 1.5, 3, 8 and 24 hours post-dosing and 
additionally at 48 hours post-dose on Day 30. Rosuvastatin 
concentrations were estimated by using validated LC/MS/MS.
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Results

Mortality
There were several deaths in Group 6 / Group 6R (Crestor) as follows:

• G6: Male No. 602, Day 14: No microscopic findings as all organs were autolysed; 
Clinical signs included hunched back, piloerection and lethargy

• G6R: Male No. 616, Day 20: Liver necrosis (single cell, minimal) and congestion; 
cachectic appearance, small thymus; forestomach hyperkeratinization (mild); 
Clinical signs included hunched back, piloerection and lethargy: BW loss 
between Week 2 – Week 3 (~59 g)

• G6R: Male No. 619, Day 13: Liver necrosis (single cell, minimal) and congestion; 
small thymus; forestomach hyperkeratinization (mild); Clinical signs included 
hunched back, piloerection and lethargy: BW loss between Week 1 – Week 2 (~3 
g)

• G6: Female No. 655, Day 21: No microscopic findings as all organs were 
autolysed; Clinical signs included hunched back, piloerection and lethargy; BW 
loss between Week 1 – Week 3 (~35 g)

• G6: Female No. 660, Day 15: No microscopic findings as all organs were 
autolysed; Clinical signs included hunched back, piloerection and lethargy

There were two additional animal deaths which the Applicant stated could be attributed 
to “wrong dosing” (Reviewer’s note: gavage error). Evidence of gavage error was noted:

• G2R (placebo control): Female No. 261, Day 18; Dark red lung, evidence of 
trachea puncture; No clinical signs

• G4 (40 mg/kg rosuvastatin): Female No. 455, Day 15: Liver necrosis (single cell, 
mild) and congestion (mild); fore stomach hyperkeratinization (minimal); Lungs 
red, possible puncture in trachea/lung; No clinical signs

The following TK animals were found dead and were not further assessed per protocol:
• G3TK (20 mg/kg rosuvastatin): Female 364 Found Dead on Day 18
• G5TK (80/60 mg/kg rosuvastatin): Male 522 Found Dead on Day 15
• G6TK (80/60 mg/kg Crestor): Male 622 Found Dead on Day 19

Clinical Signs
• Clinical signs were limited to those animals found dead during the study period 

and included hunched back, piloerection and lethargy.
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proportional increase in exposure with increasing dose along with higher exposure in Crestor 
treated animals.

Table 29: Increase in AUC0-t (ng.hr/mL) Following Repeat Dosing
Sex TK Analysis 60/80 mg/kg 

Rosuvastatin
60/80 mg/kg 
CRESTOR

Day 1 → Day 15 11.6X 17.8XMALE
Day 1 → Day 30 2.4X 2.7X
Day 1 → Day 15 1.1X 1.5XFEMALE
Day 1 → Day 30 1.4X 1.2X

The 80 mg/kg/day dose was decreased to 60 mg/kg/day effective on Day 12 for females and Day 14 for 
males.

Table 30: Increase in Cmax (ng/mL) Following Repeat Dosing

Sex TK Analysis 60/80 mg/kg 
Rosuvastatin

60/80 mg/kg 
CRESTOR

Day 1 → Day 15 29X 22XMALE
Day 1 → Day 30 4X 4X
Day 1 → Day 15 2X 2XFEMALE
Day 1 → Day 30 2X 2X

The 80 mg/kg/day dose was decreased to 60 mg/kg/day effective on Day 12 for females and Day 14 for 
males.

The Applicant noted that the elimination phase was not properly characterized for the following 
groups (less than three concentrations were available after Cmax):

o Group 4TK (40 mg/kg) Females on Day 1
o Group 3TK (20 mg/kg) Males on Day 15
o Group 3TK (20 mg/kg) Males and Females on Day 30
o Group 4TK (40 mg/kg) Females on Day 30
o Group 6TK (80 mg/kg Crestor) Males Day 15
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(WBC), Differential Leukocyte Count, Platelet Count (PLT), 
Reticulocyte Count, and Prothrombin time (seconds)

Clinical chemistry: Blood was collected at termination (Day 15). The following 
parameters were analyzed: Albumin/Globulin (A/G), Alanine Amino 
Transferase (ALT), Albumin (ALB), Alkaline Phosphatase (ALK-P), 
Aspartate Amino Transferase (AST), Calcium (Ca), Cholesterol 
(Chol), Creatinine (Creat), Creatinine Kinase (CK), Globulin (Glob), 
Glucose (Glu), Inorganic Phosphorus (PHOS), Total Bilirubin (T.Bil), 
Total Protein (TP), Triglycerides (TRIG), Urea, Potassium (K), 
Sodium (Na), and Chloride (CL) 

Urinalysis: Animals were kept in metabolic cages overnight to collect urine. 
The following were analyzed: appearance/ clarity, color, specific 
gravity, glucose, bilirubin, ketone, blood, pH, protein, urobilinogen, 
nitrate and leukocytes; microscopic observations included pus cells, 
casts, epithelial cells, red blood cells, crystals and sperm

Gross pathology: Animals were fasted overnight before necropsy. Carcasses were 
observed externally for abnormalities and cranial, thoracic and 
visceral cavities were opened and examined macroscopically.

Organ weights: The following organs were weighed at necropsy (paired organs 
were weighed together): adrenals, kidneys, thymus, brain, liver, 
testes, heart, spleen, epididymis, ovaries with fallopian tubes

Histopathology: Tissues and organs were fixed in 10% neutral buffered formalin 
except for the testes and epididymis which were fixed in modified 
Davidson’s fixative before transfer to 10% neutral buffered formalin. 
The following tissues were preserved for histopathology 
examination from control and high-dose animals (G1, G2, G5, G6) 
and extended in a step-down manner to evaluate findings in lower 
dose groups:

(Applicant Table)
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• Kidney: The kidney cortex was affected in both sexes at the highest dose of 
rosuvastatin (100 mg/kg test article and Crestor) with findings of glomerular 
atrophy, tubule degeneration, tubule dilatation and leukocyte infiltration.

• Spleen/ Thymus/ Immune System: Spleen congestion and thymus lymphoid 
depletion were only observed in high-dose Crestor groups of both sexes. 
Additional findings of congestion (thyroid, pituitary) and lymphoid depletion of the 
mandibular lymph nodes were also observed in Crestor dosed animals.

• Bone Marrow: High-dose Crestor had 6/7 males and 1/7 females with a finding of 
bone marrow (femur) hemorrhage.

• Reproductive Organs: Tubule degeneration of the testes was observed in high-
dose rosuvastatin males (100 mg/kg test article and Crestor) and 1/7 females in 
the Crestor group had mild hemorrhage of the ovaries.
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Toxicokinetics
• Noted in study report: Due to minimal contamination in plasma samples of placebo TK 

group (G2TK), blood samples were recollected using 6 males and 6 females at 
predefined time points and plasma samples were sent to PKD.

• Exposures of rosuvastatin (AUC and Cmax) increased with dose on Day 1 and Day 14 
(more than dose proportional on Day 14).

• Exposures of rosuvastatin (AUC and Cmax) generally increased from Day 1 to Day 14, 
in both sexes, but were more prominent in males.

• Plasma exposures of rosuvastatin were higher in males than in females.
• In males, plasma AUC exposure of rosuvastatin following 100 mg/kg Crestor 

administration was approximately 4X higher than 100 mg/kg rosuvastatin  on 
Day 14. Cmax, Tmax and t1/2 in these two dose groups were similar.

• Plasma AUC exposures of rosuvastatin following 100 mg/kg Crestor or 100 mg/kg 
rosuvastatin  were similar in females on Day 14 (rosuvastatin  exposures 
were ~1.6X higher than for Crestor). Cmax, Tmax and t1/2 in these two dose groups were 
similar.

Table 49: Day 14 PK Parameters
Sex Dose 

Group
AUC0-t 

(ng.hr/mL)
Cmax

(ng/mL)
Tmax 
(hr)

t1/2 
(hr)

G5 TK 61,731 10,487 1.5 5.9Males
G6 TK 235,688 9781 3.0 5.7
G5 TK 17,633 1426 3.0 6.4Females
G6 TK 10,781 998 3.0 6.1

G5 TK = 100 mg/kg rosuvastatin  (test article)
G6TK = 100 mg/kg Crestor (reference article)

Table 50: PK Profile (Days 1 and 14)

   (Applicant Table)
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Dosing Solution Analysis
Stated that “Results of concentration and homogeneity analysis were within acceptance 
limits 

7 Genetic Toxicology

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Not conduced. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states, “Rosuvastatin 
was not mutagenic or clastogenic with or without metabolic activation in the Ames test 
with Salmonella typhimurium and Escherichia coli, the mouse lymphoma assay, and the 
chromosomal aberration assay in Chinese hamster lung cells.”

7.2 In Vitro Assays in Mammalian Cells
Not conducted. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states, “Rosuvastatin 
was not mutagenic or clastogenic with or without metabolic activation in the Ames test 
with Salmonella typhimurium and Escherichia coli, the mouse lymphoma assay, and the 
chromosomal aberration assay in Chinese hamster lung cells.”

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Not conducted. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states, “Rosuvastatin 
was negative in the in vivo mouse micronucleus test.”

7.4 Other Genetic Toxicity Studies
Not conducted.

8 Carcinogenicity
Not conducted. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states the following:

“In a 104-week carcinogenicity study in rats at dose levels of 2, 20, 60, or 80 mg/kg/day 
by oral gavage, the incidence of uterine stromal polyps was significantly increased in 
females at 80 mg/kg/day at systemic exposure 20 times the human exposure at 40 
mg/day based on AUC. Increased incidence of polyps was not seen at lower doses.
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In a 107-week carcinogenicity study in mice given 10, 60, 200 mg/kg/day by oral 
gavage, an increased incidence of hepatocellular adenoma/carcinoma was observed at 
200 mg/kg/day at systemic exposures 20 times the human exposure at 40 mg/day 
based on AUC. An increased incidence of hepatocellular tumors was not seen at lower 
doses.”

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
Not conducted. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states the following: “In 
rat fertility studies with oral gavage doses of 5, 15, 50 mg/kg/day, males were treated for 
9 weeks prior to and throughout mating and females were treated 2 weeks prior to 
mating and throughout mating until gestation day 7. No adverse effect on fertility was 
observed at 50 mg/kg/day (systemic exposures up to 10 times the human exposure at 
40 mg/day based on AUC). In testicles of dogs treated with rosuvastatin at 30 
mg/kg/day for one month, spermatidic giant cells were seen. Spermatidic giant cells 
were observed in monkeys after 6-month treatment at 30 mg/kg/day in addition to 
vacuolation of seminiferous tubular epithelium. Exposures in the dog were 20 times and 
in the monkey 10 times the human exposure at 40 mg/day based on body surface area. 
Similar findings have been seen with other drugs in this class.”

9.2 Embryonic Fetal Development
Not conducted. 
The approved label for rosuvastatin (Crestor) under NDA 21366 states the following: 
“Rosuvastatin crosses the placenta and is found in fetal tissue and amniotic fluid at 3% 
and 20%, respectively, of the maternal plasma concentration following a single 25 
mg/kg oral gavage dose on gestation day 16 in rats. A higher fetal tissue distribution 
(25% maternal plasma concentration) was observed in rabbits after a single oral gavage 
dose of 1 mg/kg on gestation day 18.

In female rats given oral gavage doses of 5, 15, 50 mg/kg/day rosuvastatin before 
mating and continuing through day 7 postcoitus results in decreased fetal body weight 
(female pups) and delayed ossification at the high dose (systemic exposures 10 times 
the human exposure at 40 mg/day based on AUC).”

“Rosuvastatin was not teratogenic in rats at ≤ 25 mg/kg/day or in rabbits ≤ 3 mg/kg/day 
(  equivalent to the human exposure at 40 mg/day based on AUC or 
body surface area, respectively).”

9.3 Prenatal and Postnatal Development
Not conducted. 
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The approved label for rosuvastatin (Crestor) under NDA 21366 states the following: “In 
pregnant rats given oral gavage doses of 2, 10, 50 mg/kg/day from gestation day 7 
through lactation day 21 (weaning), decreased pup survival occurred in groups given 50 
mg/kg/day, 12 times the human exposure at 40 mg/day based on 
body surface area.

In pregnant rabbits given oral gavage doses of 0.3, 1, 3 mg/kg/day from gestation day 6 
to lactation day 18 (weaning),  equivalent to the human exposure at 40 
mg/day based on body surface area, decreased fetal viability and maternal mortality 
was observed.”

10 Special Toxicology Studies
Not conducted.

11 Integrated Summary and Safety Evaluation
The Applicant is submitting NDA 208647, a 505(b)(2) application for rosuvastatin 

 capsules. A GLP-compliant rat bridging toxicology study was conducted with 
the listed drug, Crestor (rosuvastatin calcium) as well as a 14-Day rat dose-range 
finding study. No other nonclinical studies were submitted with this application and the 
Applicant proposes to rely on the Agency’s finding of safety and effectiveness for the 
U.S. approved listed drug, Crestor (rosuvastatin calcium). From a nonclinical 
perspective, there are three issues pertaining to the review of this application:  1) does 
the GLP-compliant, pivotal rat bridging toxicology study adequately show head-to-head 
comparability of the two rosuvastatin products for the safety profile, 2) are there any 
unqualified impurities that would require genetic toxicology testing per ICH guidance 
documents, and 3) are the excipients all previously used and within the accepted limits.

I. Nonclinical safety profile of rosuvastatin  test article as compared to Crestor
The 30-Day rat toxicology bridging study was completed under GLP-compliance except 
for the toxicokinetic sample analysis phase. Doses selected were appropriate with two 
control groups (PEG  vehicle control and placebo) and a 14-Day recovery period. 
Direct comparison of the TK and toxicity profiles of rosuvastatin  test article and 
a single high-dose group of Crestor (80/60 mg/kg) was completed. Due to toxicity and 
animal deaths, the high dose of 80 mg/kg was reduced to 60 mg/kg beginning on Day 
12 for females and Day 14 for males until the completion of the study. A 14-Day rat 
dose range finding study used a high-dose of 100 mg/kg rosuvastatin which also 
caused animal deaths beginning as early as Day 9 of dosing.

There were multiple animal deaths between Day 14 – Day 21 in the high-dose Crestor 
groups (male and female) only; however, it is noted that rosuvastatin plasma exposures 
in these groups were higher than in the high-dose rosuvastatin  groups. Animals 
that did not have organ autolysis were reported to have findings including liver necrosis, 
forestomach hyperkeratinization and a small thymus. Additional deaths (including 
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may be used for those patients that have difficulty swallowing an intact tablet and would 
benefit from the  formulation including intake via sprinkling on soft food (e.g., 
apple sauce). The Applicant’s rationale for a 505(b)(2) pathway relies on nonclinical 
bridging, clinical bioequivalence to the listed drug (Crestor) and the agency’s prior 
determination of safety and efficacy of rosuvastatin administered once daily at doses of 
5 – 40 mg.

A nonclinical 30-Day rat toxicology bridging study was conducted with the listed drug 
Crestor (rosuvastatin calcium) for safety comparison. There was no significant 
difference in the toxicity profile between rosuvastatin  and Crestor in rats in 
either the GLP-compliant 30-Day bridging toxicity study or in the 14-Day (non-GLP) 
dose range finding study. Differences in the PK profile predominantly included an 
increase in plasma exposure of rosuvastatin following Crestor administration (versus 
rosuvastatin  in males that increased with dose. This higher exposure in 
Crestor treated rats correlated with a higher incidence of death in these animals and 
pathology findings associated with liver and forestomach toxicity. There are no novel 
excipients that would require further nonclinical studies and all levels are within the 
accepted IIG limits. Impurities and degradants are all below the qualification threshold 
per ICH Guidance documents but were also present in the batch used in the pivotal 30-
Day bridging rat toxicology study.

Taken together, from a nonclinical perspective the applicant has demonstrated a 
reasonably similar toxicity safety profile in the rat between the rosuvastatin  
formulation product and the U.S. approved product, Crestor (rosuvastatin calcium 
tablets).

Table 55: Safety Margins 

Species NOAEL
(mg/kg) M/F

AUC0-t 
(ng.hr/mL)

Safety Margin
Based on AUC1

Safety Margin
Based on BSA2

20 mg/kg ♂: 709.9 2XRat
30-Day (HED =  mg/kg) ♀: 649.2 2X 5X

50 mg/kg ♂: 3996 13XRat
14-Day (HED = mg/kg) ♀: 1708 6X 12X

HED = Human Equivalent Dose
(1) AUC0-76 in human:  ng.hr/ml at 40 mg/day.
(2) BSA (Body Surface Area) based on a 60 kg adult and 40 mg/day dose = mg/kg/day
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