
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 

200153Orig1s000 
 

 
 

PHARMACOLOGY REVIEW(S) 



NDA 200-153/000 

 1

      Signed off in DARRTS on 2/2/2012 
 
 
 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
 PUBLIC HEALTH SERVICE 
 FOOD AND DRUG ADMINISTRATION  
 CENTER FOR DRUG EVALUATION AND RESEARCH 

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 

 

NDA NUMBER:    200153 

SERIAL NUMBER:    000 

DATE RECEIVED BY CENTER:  4/28/2011 

PRODUCT: Atozet tablets (ezetimibe/atorvastatin fixed 

dose combination tablets), tablet strengths 

are 10/10, 10/20,  10/40, 10/80 mg).   

INTENDED CLINICAL POPULATION: Primary hypercholesterolemia, and 

homozygous familial hypercholesterolemia. 

  

SPONSOR: MSP Singapore Company, LLC (MSP). 
The application is submitted by Merck 
Sharp & Dhome Corp., North Wales, PA, on 
behalf of MSP 

 

DOCUMENTS REVIEWED:   e-CTD submission.  

REVIEW DIVISION: Division of Metabolism and Endocrinology 

Products. 

PHARM/TOX REVIEWER:   Indra Antonipillai 

PHARM/TOX SUPERVISOR:   Karen Davis Bruno 

DIVISION DIRECTOR:   Mary Parks 

PROJECT MANAGER:   Kati Johnson 

 
Date of review submission to DARRTS:   2/2/2012 
 

Reference ID: 3081327



NDA 200-153/000 

 2

TABLE OF CONTENTS 

EXECUTIVE SUMMARY ............................................................................................................ 3 

2.6  PHARMACOLOGY/TOXICOLOGY REVIEW...................................................................... 4 

2.6.1 INTRODUCTION AND DRUG HISTORY ....................................................................... 7 

2.6.2 PHARMACOLOGY......................................................................................................... 9 

2.6.6 TOXICOLOGY ................................................................................................................ 9 
 

OVERALL CONCLUSIONS AND RECOMMENDATIONS ...................................................... 57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3081327



NDA 200-153/000 

 3

Executive Summary 
 
1. Recommendations 

A. Recommendation on approvability  
Pharmacology recommends approval of this fixed dose combination product 
(Atozet) for the proposed indication. 
 

B. Recommendation for Nonclinical Studies: 
The previous studies conducted with ezetimibe and atorvastatin under NDA 21-
445 (approved in 2002) are adequate to support the current fixed dose 
combination drug product (atozet).  In addition, MSP has provided a 3-month 
toxicity/ toxicokinetics study of  atorvastatin amorphous in dogs and 2 gene-
toxicity studies with atorvastatin amorphous in the current NDA application to 
qualify the impurities excipients in their atorvastatin amorphous used in altozet.  
Previously crystalline form of atorvastatin has been used in the reference listed 
drug (Lipitor from Pfizer), and in NDA 21-445.    The preclinical studies are 
adequate to support the recommended doses of up to 10/80 mg of 
zetia/atorvastatin (in atozet) per day.   
 

 
C. Recommendation on Labeling: The pre-clinical labeling section for the fixed 

dose combination is in general similar to the approved zetia label and Lipitor 
label, however a change in the contraindications section is recommended, see 
page 61 of the review.   

 
II. Summary of Nonclinical Findings: 

A.  Brief Review of Nonclinical studies  
Both ezetimibe and atorvastatin are approved drug products for oral use in USA 
as zetia, (NDA 21-445) and Lipitor (NDA 20-702).    Extensive nonclinical studies 
have been conducted with the approved Zetia and Lipitor (crystalline form of 
atorvastatin), as well as co-administration of both drugs under NDA 21-445.   
In the current application, sponsor has conducted one 3-month toxicity study in 
dogs and two gene-toxicity studies with atorvastatin amorphous to qualify the 
impurities present in their amorphous atorvastatin used in the fixed dose 
combination of ezetimibe and atorvastatin (atozet).   
 
B. Pharmacologic activity 
Both are lipid lowering drugs.   Atorvastatin is an HMG-CoA reductase inhibitor.  
Ezetimibe is a cholesterol absorption inhibitor.  Combination of two drugs has 
been shown to have additive effects on lowering LDL-cholesterol in patients 
(NDA 21-445). 
 
C. Nonclinical safety issues relevant to clinical use 
No new nonclincal safety issues relevant to the clinical use have been identified 
with the fixed dose combination Atozet compared to zetia or atorvastatin alone. 
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

NDA number: NDA 200-153
Review Number: 1 

Sequence number/date/type of submission: 4/28/2011 (original application), it is a 
505(b)(2) application submitted in an electronic format (e-CTD).   4/29/2011 (draft 
labeling package insert).   Initially, this application was submitted on 9/2/2009.    
However, sponsor’s manufacturing facilities were not ready for GMP inspection, 
therefore this application was not fileable. 
 
Information to sponsor: Yes ( ) No (X) 

Sponsor: Merck Sharp & Dhome Corp., North Wales, PA has submitted this application 
on behalf of MSP Singapore Company, LLC (MSP), a joint venture between Merck & 
Co., Inc. and Schering Corporation 
 
Manufacturer for drug substance: The manufacturer of ezetimibe drug substance will 
be MSP International GmbH (Singapore branch).  The manufacturer of atorvastatin 
calcium (amorphous) drug substance  is Dr. Reddy’s Laboratories Ltd in Andhra 
Pradesh, India (Type II, DMF # 18468).     The manufacturer of the fixed dose 
combination drug product Atozet (ezetimibe /atorvastatin tablet) is MSD International 
GmbH (Puerto Rico); this will be an immediate release-film coated  tablet.  
 
Reviewer name: Indra Antonipillai, Ph.D. Pharmacology Reviewer.  
Division: Division of Metabolic and Endocrine Products, 
Review completion date: 12/14/11

Drug:
Trade name: Atozet or MK-0653C tablets.  The tablets are a fixed dose 
combination of ezetimibe and atorvastatin.  The tablet strengths are 10/10, 10/20, 
10/40, 10/80 mg.   
    
Combination code name: MK-0653C (or SCH 900068). It is a combination of 
ezetimibe (SCH 58235 or L-000829161) and atorvastatin (SCH 412387 or 
L000776336, or MK-9396). 

Generic name for two drugs (list alphabetically): Ezetimibe + atorvastatin.     
 
Brand names for two drugs:  Zetia (MSP) + Lipitor (Pfizer).   

Chemical name:  Ezetimibe’s chemical name is 1-(4-fluorophenyl)-3®-(3-(4-
fluorophenyl)-3(S)-hydroxypropyl)-4(S)-4-hydroxyphenyl)-2-azetidione.

 Atorvastatin’s chemical name is 
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Molecular formula/molecular weight of ezetimibe: C24H21F2NO3/409.4   
Molecular formula/molecular weight of atorvastatin: (C33H34FN2O5)2Ca/1155.36 
 

 
 Structure of atorvastatin      Structure of ezetimibe 

  
 

Drug class: Both are lipid lowering drugs.   Ezetimibe is a cholesterol absorption 
inhibitor.   Atorvastatin is an HMG-CoA reductase inhibitor.  Combination of two drugs 
has already been shown to have additive effects on lowering LDL-cholesterol in patients. 

Relevant INDs/NDAs/DMFs:  IND 101,953 (fixed dose combination of ezetimibe and 
atorvastatin).   Zetia (ezetimibe NDA 21-445),  Lipitor (atorvastatin, NDA 20-702, Pfizer).   
DMF 18468 (for atorvastatin calcium amorphous drug substance from Dr. Reddy’s 
Laboratories Ltd.).  
 
Indication: Treatment of hypercholesterolemia and homozygous familial 
hypercholesterolemia (HoFH).  
 
Clinical formulation: The combination drug MK-0653C (or fixed dose combination of 
ezetimibe/atorvastatin tablets) will be available with the fixed dose of ezetimibe (10 mg) 
and variable doses of atorvastatin (i.e. in 10/10, 10/20, 10/40, 10/80 mg of ezetimibe/ 
atorvastatin respectively).   Ezetimibe is already marketed by MSP.   Although 
atorvastatin is also a marketed drug, the current sponsor will use their own atorvastatin 
calcium amorphous in the fixed dose combination which is. manufactured by Dr. Reddy’s 
Laboratories Ltd (see Type II DMF 18468).   A copy of the authorization letter to 
reference DMF 18468 has been provided by the sponsor. 
 
 
 
The composition of the fixed dose combination drug product is shown below. Sponsor 
states that qualitatively there were no new impurities/degradates present in the 
ezetimibe /atorvastatin combination tablet relative to the individually approved drug 
formulation.  The excipients used in the film-coated  tablet  

 are compendial grade.  Thus, no novel excipients are 
used in the formulation of ATOZET tablet.  All excipients comply with corresponding 
USP and/or NF monographs. 
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2.6.1. INTRODUCTION AND DRUG HISTORY 
 
Both Zetia (ezetimibe) and Lipitor (atorvastatin, crystalline) are lipid lowering drugs. The 
safety profile of atorvastatin (HMG-CoA reductase inhibitor, NDA 20-702) has been well 
characterized, and that of ezetimibe (zetia, a cholesterol absorption inhibitor) is available 
from the approved NDA 21-445.     
 
The Sponsor now wants to market a  fixed-dose combination (FDC) tablets of 
ezetimibe with atorvastatin.  This application was initially submitted on 9/2/2009, 
however, sponsor’s manufacturing facilities were not ready for GMP inspection, 
therefore this application was not fileable. The combination of two drugs in a single 
formulation here will supposedly improve patient compliance compared to co-
administration of two medications.   Overall, the development program for the ezetimibe/ 
atorvastatin combination tablet is similar to that followed for the approved 
ezetimibe/simvastatin  combination tablet registration (NDA 21687, Vytorin). 
 
Sponsor states that co-administration of ezetimibe with atorvastatin 10 mg results in a 
similar mean % change in LDL-C (approximately -53%) as atorvastatin 80 mg alone 
(approximately -54%).    Therefore, by combining the two different mechanisms of action 
of these agents (inhibition of endogenous cholesterol synthesis by atorvastatin and 
inhibition of cholesterol absorption across the intestinal wall by ezetimibe), the 
coadministration of ezetimibe 10 mg + atorvastatin (10, 20, 40, or 80 mg) in this study 
will result in more effective reduction of LDL-C than atorvastatin or ezetimibe alone. 
 
Atorvastatin calcium (amorphous) drug substance will be manufactured at Dr. Reddy’s 
Laboratory ltd., at Andhra Pradesh in India.    Complete information on the drug 
substance is included in Type II Drug Master File 18468, and a letter of authorization has 
been provided.     
 
This atorvastatin calcium amorphous drug substance contains the following amounts of 
impurities, metals, isomer and other organic solvents, etc. (see Tables Table 2.3.S.4 
below): 
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The solvents used in the manufacture of atorvastatin calcium amorphous are controlled 
to ensure conformance to ICH Q3C residual solvent requirements and are specified in 
the supplier's DMF. 
 
 
 
2.6.2 PHARMACOLOGY 
 
No new nonclinical pharmacology studies with the fixed dose combination (FDC) of 
ezetimibe and atorvastatin have been provided in the current submission. The 
pharmacology of ezetimibe was presented in the approved NDA 21-445, and of 
atorvastatin in the marketed NDA 20-702.  
 
Most of the pharmacology and toxicity studies with the co-administration of ezetimibe 
and atorvastatin have been conducted previously under NDA 21-445. 
 
 
2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
 
The pharmacokinetics / toxicokinetics data are available from the co-administration 
toxicity studies of ezetimibe and atorvastatin in rats and dogs conducted under NDA 21-
445. 
 
 
2.6.6   Toxicology:   

2.6.6.3 Repeat-dose toxicity  

The toxicity of co-administration of ezetimibe and atorvastatin was also evaluated under 
NDA 21-445, these included 3-month toxicity studies in rats and dogs, embryo-fetal 
development studies in rats and rabbits and gene-toxicity studies.  
 
 
New Pharmacology/toxicology studies submitted in the current application 
 
Drug product excipients, impurities and degradants 
 
Sponsor states that the batch of atorvastatin calcium crystalline (batch number 76590-
003) that was used in above co-administration toxicity studies conducted under NDA 21-
445, was not fully characterized’ as those studies were not meant to be impurity/ 
degradate-qualifying studies. 
 
The current NDA contains a tabular summary of the batches of atorvastatin calcium 
(amorphous; also referenced as L-000776336 and MK-9396) used in studies conducted 
by Merck to qualify degradants of atorvastatin.     [Table 2.4: 1] below provides the  
nomenclature for the impurities used in the current NDA. 
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The dosing formulations were collected for analysis, and all assay results were within the 
acceptable concentration range. 
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Urinalyses: Overnight urine collections were performed on all dogs (fasted) in study 
weeks 8 and 12.

Toxicokinetics:  Blood samples were collected from all dogs (non-fasted) for TK at 
approximately 0.5, 1, 2, 4, 8, and 24 hours post-dose after the first dose and in Study 
Week 13.

Bile Biochemical Examination: Bile was collected from all fasted dogs at the 
scheduled final necropsy

Gross Pathology: This was conducted at sacrifice. 
Organs weighed: Following organs were weighed as shown below. 

 
  

Histopathology: This was performed at sacrifice in all animals in organs listed below: 
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Results:  Note that since another ezetimibe-like drug product (MK-6213 here) is not the 
subject of concern for this NDA, the reviewer will mostly concentrate on the control and 
atorvastatin amorphous alone (i.e. 0/0 and 0/10 ezetimibe /atorvastatin respectively) in 
this 3-month study in dogs.   
 
Mortality: No treatment related mortality was observed. 
 
Clinical signs: No treatment related clinical signs were observed 

Body weights: No effects on body weights were noted.   

Food consumption: No treatment related effects on food consumption were observed. 
 
Ophthalmology: No treatment related effects on ophthalmology were observed 
 
Hematology: No drug related effects on hematological parameters were observed 
 
Electrocardiographic Examinations:  No drug related effects were observed on 
electrocardiographic exams. 
 
Clinical chemistry:  
L-000776336 (i.e atorvastatin amorphous) alone produced increases in alanine 
aminotransferase activity (ALT males 97 vs 45 IU/L in controls; females 63 vs 30 IU/L in 
controls), and bilirubin levels (0.2 vs 0.1 mg/dl in controls) in both sexes.    In females, 
ALP levels (152 vs 98 IU/L in controls) and creatinine kinase levels (411 vs 239 IU/L in 
controls) were increased.  Cholesterol (males 49 vs 113 mg/dl in controls; females 57 vs 
149 mg/dl in controls), triglycerides (males 23 vs 34 mg/dl in controls; females 28 vs 48 
mg/dl in controls), and total protein levels (males 5.4 vs 5.7 g/L in controls; females 5.4 
vs 5.6 g/L in controls) were decreased in both sexes.  See Table.1 below: 
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Table 1.  Blood chemistry parameters in a 3-month toxicity study in dogs at 0/0. 0/10, 
10/10, 50/10, 200/10 of MK-6213/L-000776336 mg/kg/day respectively.  
     
  Males Females 
Dose (ppm) 0/0 0/10 10/10 50/10 200/1

0 
0/0 0/10 10/10 50/10 200/1

0 
Chol 
(mg/dl) 

113 49 17 14 11 149 57 11 21 19 

triglyceride 
(mg/dl) 

34 23 34 41 24 48  28 17 26 20 

Creat kinas 
(IU/L) 

395 313 321 434 320 239 411 495 411 321 

Bilirubin 
(mg/dl) 

0.1 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 

                     Males                                                          Females 
Total 
protein g/L 

5.7 5.4 4.9 5.2 5.1 5.6 5.4 5.0 4.8 5.5 

Albumin 
(g/dl) 

3.4 3.2 2.8 3.1 2.8 3.3 3.4 3.1 2.9 3.3 

AST (IU/L) 43 42 72 71 63 41 56 79 78 86 
ALT (IU/L) 45 97 743 727 542 30 63 505 820 940 
ALP (IU/L) 132 117 320 270 251 98 152 203 242 316 
 
 
 
Urine analysis: No drug related effects on urine analysis were observed. 
 
Gross findings:  No treatment related gross findings were observed. 
 
Organ Weights:  Atorvastatin amorphous produced decreased liver weights in males 
(243 vs 277 g in controls, by 12%; relative liver to brain weights were also decreased by 
11%,) and thymus weights (2.4 vs 4.0 g in controls, by 40%; relative by 35%).  Thymus 
weights were also decreased in females (2.89 vs 3.79 g in controls, by 24%).  However 
sponsor does not consider these significant. 
 
Here is sponsor’ description on organ weights: 
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Table 2. Liver organ weight changes are shown below in male + female dogs.  

  
Table 3.  Changes in Thymus weights are shown below in male + female dogs vs 
controls.    Note that thymus weights were lower with atorvastatin amorphous (2.82 vs 
3.91 g in controls, absolute by 10%; relative by 35%) 
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Histopathology: No significant changes in histopathology were observed with 
atorvastatin amorphous, except in the liver, where focal fibrosis was noted in 1/3 male 
dogs vs 0/3 controls, see below.  Additionally, 1/1 female dogs had focal pneumonia in 
the lungs (not noted in controls).  
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Sponsor description of histopathology changes are provided below. This 
description includes changes with combination of MK-6213, i.e. another ezetimibe-like 
drug and their own amorphous atorvastatin at 0/10, 50/10, 200/10 mg respectively of 
Mk06213/atorvastatin.  
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Sponsor’s conclusions are stated below: 
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Toxicokinetics:  
 
L-000776336 or atorvastatin amorphous (10 mg/kg/day) in dogs accumulated over time 
and values were higher in week-13 (1010 nM.hr), compared to day-1 (465 nM.hr).    
Cmax values also increased over time (week-13 values were 316 nM, vs day-1 which 
were 145 nM).   Thus exposures of atorvastatin were 2-3 fold higher in week-13 vs  
day-1.    Note that para-hydroxy atorvastatin and ortho-hydroxy atorvastatin were not 
measured in this study (these both were measured in the co-administration studies of 
ezetimibe and atorvastatin crystalline, in a 3-month dog study under NDA 21-445).   
The TK parameters of L-000776336 (or atorvastatin amorphous) in dogs are sown 
below: 
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MK-6213 exposures are not relevant here, and are therefore not shown below. 
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Sponsor’s conclusion of this study are stated below 
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In summary in a 3-month oral co-administration toxicity study of MK-
6213/L000776336 in dogs (another cholesterol absorption inhibitor/atorvastatin 
amorphous), doses of 0/0, 0/10, 10/10, 50/10, 200/10 mg/kg/day of MK-
6213/atorvastatin were administered to dogs orally in a capsule (in a vehicle imwitor 742: 
polysorbate 1:1 w/w).     Atorvastatin AUC exposures in combined sexes were 
approximately 2-fold higher in week-13, (1010 nM/hr at 0/10 mg/kg/day of MK -
6213/atorvastatin) vs on day-1 (465 nM/hr), suggesting acumulation of atorvastatin over 
time.   In both sexes, atorvastatin amorphous produced increases in plasma ALT ( males 
97 vs 45 IU/L in controls; females 63 vs 30 IU/L in controls), and bilirubin levels (0.2 vs 
0.1 mg/dl in controls in both sexes).   ALP levels (152 vs 98 IU/L in controls) and 
creatinine kinase levels (411 vs 239 IU/L in controls) were increased in females only, 
while cholesterol and triglycerides were decreased in both sexes.    Atorvastatin 
amorphous decreased absolute liver weights by 6% (239 vs 254 g in controls, relative by 
11%,) and thymus weights by 10% (2.82 vs 3.91 g in controls; relative by 35%) in 
combined sexes.    However, no associated changes in histopathology were observed in 
the thymus.  Target organ of toxicity in males may be liver, as 1/3 dogs had focal fibrosis 
in the liver(vs 0/3 in controls.     Thus 10 mg/kg/day of atorvastatin calcium amorphous in 
dogs (or 200 mg/m2/day) in the above 3-month study provides the safety margin of 
approximately 4-fold in human subjects (at the highest dose of 80 mg/day clinical dose 
or 49 mg/kg/m2, assuming 60 kg weight), based on body surface area.    Note that this 
study has a limited value, as it did not compare the marketed atorvastatin (crystalline 
form) with the current atorvastatin (amorphous form).   However, no significant new 
toxicity was noted with atorvastatin amorphous in dogs.   
 
 
Sponsor makes following statement for qualifying this study 
 “A three-month oral toxicity study was conducted in dogs administered atorvastatin 
calcium (amorphous) and an investigational cholesterol absorption inhibitor (MK-6213) 
(TT #07- 6039).  This study included a group of animals administered atorvastatin 
calcium (amorphous) alone at 10 mg/kg/day.    The MK-0653C drug product has the 
potential to form impurities/degradants of atorvastatin calcium (amorphous), of which the 
content in the drug product may exceed the qualification threshold of  per day 
total daily intake for the 80 mg dose strength of atorvastatin calcium (amorphous).   No 
new toxicities were identified at 10 mg/kg/day atorvastatin calcium (amorphous) in this 
study.   The data from this group were determined to be sufficient for the purposes of 
atorvastatin impurity/degradate qualification at the proposed drug product specification 
provided in [Table 2.4: 2]”.  See page 11 for Table 2.4.2.  
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See Tables 1, 3, and 5 below in the absence of metabolic activation 
 
Note that the Assay A (trial 1) was conducted with 250 mcg/plate of impurity A. 
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Table 3.   Two Assays with the impurity B were conducted using up to  500 and 1500 
mcg/plate respectively  (Trial 1 and Trial 2).  Table 3 is with 500 mcg/plate, and Table 5 
is 1500 mcg/plate 
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Table 5.   Second assay of impurity B with 1500 mcg/plate (Trial 2).   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3081327



NDA 200-153/000 

 37

 
 
See Tables 2, 4, and 6 below in the presence of metabolic activation
 
Note that the Assay A (trial 1) was conducted with 250 mcg/plate of impurity A. 
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Table 4.   First assay of impurity B with 500 mcg/plate (Trial 2).   
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Table 6.   Second assay of impurity B with 1500 mcg/plate (Trial 2).   
 
 

 
In conclusion, in this non-GLP Ames assay, atorvastatin at doses up to 500 g/plate did 
not induce increased numbers of revertants in any of the Salmonella typhimurium or 
Escherichia coli test strains with or without metabolic (S-9) activation.    
 
 
Sponsor’s conclusions are stated below: 
Conclusion
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Results
 

 
 
 
Table 1. Ames assay with atorvastatin in the absence and presence of metabolic 
activation system (study # TT 09-8047) 

Table.  Results with the positive controls are shown below in the absence of metabolic 
activation: 
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Table 1 continued.    The positive controls are shown below in the absence and 
presence of metabolic activation: 

In conclusion in the microbial mutagenesis assays, atorvastatin amorphous (MK 9396) at 
doses up to 1000 g/plate did not induce increased numbers of revertants in any of the 
Salmonella typhimurium or Escherichia coli test strains with or without metabolic (S-9) 
activation.    
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3. Chomosomal aberrations in vitro in Chinese hamster Ovary (CHO) cells  
 
 
The study was conducted at Merck Research Laboratories West point, PA.   The drug lot 
number for MK 9396 was: L-000776336-004G027 (calcium salt), it was 99.08% pure.   
Dose ranges used in the study are stated below.  
 
Note that two study numbers are provided below.   The first study (TT #09-8642) is a 
range-finding study and was not a GLP study.    The second study is the actual 
chromosomal aberration study (TT #09-8643), and was a GLP study.     The study 
details and methods are described below:
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The study details are described below. 
 

Criteria for a positive assay are described below: 
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Results
In the range-finding assay (TT #09-8642, non-GLP), a dose range for the chromosomal 
aberration assay was selected.    For the actual aberration assay (TT #09-8643, GLP) 
dose range selected was up to 400 M in the 3-hour treatments (with and without S-9), 
and up to 300 M in the 20-hour treatment (without S-9).  These doses were selected 
based on cyto-toxicity, i.e. a dose that would produce growth reduction not greatly 
exceeding 50% of concurrent solvent controls. 
 
1). Preliminary Solubility and Range-Finding Cytotoxicity Assay (TT #09-8642) 
The results are summarized in Table 1.   In the solubility test (in study TT09-8642), MK-
9396 was soluble in DMSO at about 696 mM after warming at 37ºC.   For the range-
finding cytotoxicity test, the top concentration selected was 1400 M (to ensure testing at 
the limits of solubility in cultures).   Precipitate was noted in cultures at  250 M (after 
the 3-hour treatment with S-9), and at  500 M (after the 3- and 20-hour treatments 
without S-9).    In cultures, cytotoxicity was noted at the end of treatments with and 
without S-9, as rounded and dead cells were observed at  500 M after 3-hour 
treatments, and at   250 M after 20 hour treatment (see Table 1 below).   Therefore, 
high dose cultures with and without S-9 were discarded due to excessive toxicity or 
precipitate.     
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Table 1.  Dose-range assay from non-GLP study# TT 09-8642. 
 

 
  
 
2) Chromosomal Aberration assay (TT #09-8643, see Tables 2 to 4) 

a) Cytotoxicity (Table 2) 
As stated earlier, for the actual aberration assay (TT #09-8643, GLP) dose range 
selected was up to 400 M in the 3-hour treatments (with and without S-9), and up to 
300 M in the 20-hour treatment (without S-9), see Table 2.   There was precipitate and 
marked cytotoxicity noted in this assay.    Precipitate was observed in cultures at 250 M 
at the end of the 3-hour treatments with S-9, and the high doses (above 100 uM) were 
excessively toxic at the end of the 20-hour treatment without S-9.    
 
b) Chromosomal Aberrations (Tables 2 to 4) 
The top dose levels scored for chromosome aberrations were limited by cytotoxicity.   
The top doses scored were 250 M with S-9 and 225 M without S-9 (3-hour 
treatment) or 100 M without S-9 (20-hour treatment), cell growth was reduced at these 
doses to 58%, 52%, and 69% of concurrent solvent controls, respectively.     Doses only 
slightly higher were excessively toxic.   Test article precipitate was noted at 250 M with 
S-9.  Therefore, two lower doses were scored for the 3-hour treatments with and without 
S-9 activation to span a range of cytotoxicities.    
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Sponsor states that for the 20-hour treatment without S-9, there were only two doses 
scored, because higher doses were excessively toxic. Typically three dose levels are 
scored to help define a dose response and to cover a range of toxicities.   Two doses 
are considered adequate here, because an appropriate toxicity range was achieved, the 
dose levels were closely spaced, and there was no evidence for an increase in 
aberrations. 
 
The overall results are summarized in Table 2, and details are provided in Table 3.    
 
Sponsor states that the concurrent solvent control values are in the expected range 
based on our historical controls (Table 4), and the high-dose positive controls with and 
without S-9 activation induced significant increases in aberrations over the concurrent 
solvent controls, indicating that the assay was working as expected.  
 
After the 3-hour treatment with S-9, there was an increase in endo-reduplication, a form 
of polyploidy.   The highest level seen 4.0% endoreduplicated cells at 225 M and 250 
M, was within our historical control range of 0.0 to 9.0% for polyploidy (Table 4). 

Endoreduplication in cultured cells occurs spontaneously and as a result of treatment 
with various agents. Possible mechanisms for endoreduplication include inhibition of 
normal DNA synthesis and/or temporary cell cycle block in the G2 phase. 
 
Sponsor states that the assay for MK-9396 and its degradate was negative.   There were 
no positive points in cultures treated with MK-9396, i.e., statistically significant increases 
in the percentages of cells with aberrations over concurrent solvent controls that are also 
outside the typical historical control range.   The maximum level of aberrations observed 
was 4.0% at 100 M after a 20-hour treatment without S-9, and is within the typical 
historical control range of 0.0 to 5.0% (Table 4).
 
However, note that these historical controls are taken from the current study. 
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Table 3a.   Chromosomal aberration assay with atorvastatin amorphous (with S-9) at 3-
hour treatment period. 
 
 

 
 
 
 
 
Table 3b.   Chromosomal aberration assay with atorvastatin amorphous (without S-9) at 
3-hour treatment period. 
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Table 3c.  Chromosomal aberration assay with atorvastatin amorphous (without S-9) at 
20-hour treatment period.    Note that in this assay at 100 uM, the chromosome deletions 
were higher (6.5 vs 2.0 in controls), the total aberrations were higher (8 vs 2.5 in 
controls), and % of cells with aberration were higher (4 vs 2.5% in controls), however 
these were within the historical control range (0-5%). 
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The historical controls are provided below in Table 4.   
 
Table 4(a) below shows the structural chromosomal aberrations (without S-9) of 0 to 5%, 
which is actually from the current study (study # 09-8643).   Note that the time frame of 
these historical control data has not been provided (i.e. if incubation time was 3 hours or 
20 hours).    
 
In the current aberration assay with atorvastatin amorphous at 20 hour treatment period, 
without S-9 at doses of 100 uM, not only the % of cells with aberrations were higher (4% 
vs 1.5-2.5%), but also the chromosome deletions were higher (6.5 vs 2.0 in controls), 
and the total aberrations were higher (8 vs 2.5 in controls) 
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Table 4(b) below shows the endo-reduplication (with S-9); this Table shows the endo-
reduplication frequency range of 0-3.4% (with S-9); again current study (study # 09-
8643) is included in the historical controls.    Also note that the time frame of these 
historical control data has not been provided (i.e. if incubation time was 3 or 20 hours) 
 
In the current assay with atorvastatin amorphous, the frequency of cells with endo-
reduplication was increased (4% vs 0.2%).     
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Table 4(c) below shows the frequency of polyploidy range (with S-9) which is taken from 
one study (# 03-8684).    In the current aberration assay with atorvastatin amorphous at 
20 hour treatment period, in the absence of metabolic activation at doses of 100 uM, the 
% of cells with aberrations were higher (4% vs 1.5-2.5%).    Note again that the time 
frame of these historical control data has not been provided (i.e. if incubation time was 3 
or 20 hours). 
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In conclusion, in the chromosomal aberration assay in CHO cells, atorvastatin 
amorphous was negative at 3 hour treatment period in the absence of metabolic 
activation at doses up to 225 uM (cell growth was reduced to 52%).    However, at 3 
hour treatment period in the presence of metabolic activation at doses of 225 & 250 uM 
(cell growth reduced to 70% and 58% respectively), frequency of cells with endo-
reduplication was increased (4% vs 0.2%, see Table 2).    Similarly, at 20 hour treatment 
period, in the absence of metabolic activation at doses of 100 uM (cell growth was 
reduced to 69%), the % of cells with aberrations were higher (4% vs 1.5-2.5%).     
However, sponsor concludes that this is within the range of historical control range in 
their studies.    In conclusion the test was considered negative.  Sponsor’s conclusions 
are stated below. 
 

Sponsor’s summary of this study is provided below 
MK-9396: Assay for Chromosomal Aberrations In Vitro, in Chinese Hamster Ovary Cells. 
TT #09-8642 and TT #09-8643 
 

 
 
Sponsor’s Conclusions 
MK-9396 and its degradate was negative in the in vitro assay for chromosomal 
aberrations in CHO cells.  The highest concentrations scored were 250 M with S-9 and 
225 M without S-9 (3-hour treatment), or 100 M (20-hour treatment) without S-9.
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respectively. In a previous rabbit study of SCH 58235 with 1000 mg/kg/day on GD 19, 
exposures to total drug were 113 μg.h/ml (study #96385).  Thus exposure to the total 
drug did not significantly increase when SCH 58235 was co-administered with 
atorvastatin (124-149 in the present study vs 113 μg.h/ml with the drug alone in a 
previous study).  Systemic exposure to unconjugated SCH 58235 was <1% of exposure 
to total SCH 58235.  Coadministration of SCH 58235 with atorvastatin 50 mg/kg 
increased the exposure to atorvastatin free acid by 1.5 fold (323 vs 214 ng.h/ml) and to 
ortho-hydroxy atorvastatin by 2.5 fold (1441 vs 584 ng.h/ml), but had no effect on the 
mean systemic exposure to para-hydroxy atorvastatin (167 vs 152 ng.h/ml).  All 
combination doses produced increased clinical signs (a reduced number and small fecal 
pellets in 6-8/20 rabbits vs 0-1/20 in vehicle or atorvastatin controls), decreased food 
consumption in rabbits (by 30, 33 & 53% respectively), and HD combo produced 
decreased BW gains by 38%.  All combination doses produced skeletal malformations 
(fused caudal vertebra and sternebrae), MD & HD combination (25 and 50 mg/kg 
atorvastatin + 1000 mg/kg SCH 58235) produced visceral malformations (gallbladder 
absent, ectopic/misshapen kidneys), and HD combination produced external 
malformations of kinked tail (1.3% in fetuses and 5.9% in litters) and increased skeletal 
variations (sternebrae assymetrical).   NOAEL could not be established for the maternal 
toxicity as all combination doses decreased food consumption and produced fecal 
changes, and HD combo decreased BW gain.  Maternal NOAEL and developmental 
NOAEL were both 1000 mg/kg SCH 58235 + < 5 mg/kg/day atorvastatin. Developmental 
NOAEL was based on increased skeletal malformations (fused caudal vertebra and  
sternabra) with all doses of combination,  MD and/or HD combo produced external 
(kinked tail) and visceral malformations (gallbladder absent).  Sponsor’s no effect level 
(NOEL) for both maternal and in utero effects was also < 5 mg/kg/day atorvastatin + 
1000 mg/kg SCH 58235. 
 

OVERALL CONCLUSIONS AND RECOMMENDATIONS 

The drug atorvastatin is a cholesterol-lowering drug; it is an inhibitor of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase, an enzyme that catalyzes the rate-
limiting step in cholesterol synthesis.    Atorvastatin  has been marketed extensively by 
Pfizer for many years (NDA 20-702) for oral administration under the trade name Lipitor.  

Ezetimibe is a lipid lowering drug that selectively inhibits the intestinal absorption of 
cholesterol.    Ezetimibe has been marketed since 2002 (NDA 21-445) for oral 
administration under the trade name Zetia.   
 
In the current proposal, the fixed dose combination FDC) of two drugs is proposed for 
patients with heterozygous and homozygous hypercholesterolemia to provide a more 
convenient single tablet.    This application is a resubmission after a refusal to file letter 
was sent to the sponsor, due to several CMC deficiencies in 2009.   Sponsor is 
proposing to market 10/10, 10/20, 10/40, and 10/80 mg of ezetimibe /atorvastatin tablets 
in the current application.  The sponsor has provided the comparative bioavailability after 
administration of a combination tablet vs the co-administration of individual tablets.  
However, the atorvastatin component of the 10/20 mg and 10/40 mg ezetimibe 
/atorvastatin FDC tablets are not bioequivalent to the co-administration of corresponding 
individual ezetimibe + atorvastatin tablets. The atorvastatin AUC0-  and Cmax of 10/20 
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mg FDC tablet is  than those of the co-administration of individual 10 
mg ezetimibe plus 20 mg atorvastatin tablets.  Similarly, the atorvastatin AUC0-  and 
Cmax of 10/40 mg FDC tablet is  than those of the co-administration 
of individual 10 mg ezetimibe plus 40 mg atorvastatin tablets.  
 
The ezetimibe pharmacology and toxicology has been reviewed under NDA 21-445 (see 
review in DARRTS) 

Ezetimibe + atorvastatin toxicology 
The non-clinical toxicology studies in rats and dogs including the 3-month co-
administration studies of ezetimibe + atorvastatin, as well as repro-toxicity and geno-
toxicity studies have been reviewed under NDA 21-445.   

 

Following is a brief summary of co-administration studies with ezetimibe (SCH-58238) + 
atorvastatin in rats and dogs from NDA 21-445.

 
In a 3-month toxicity study in rats with ezetimibe (or SCH 58235, study # SN 99500, 
doses of ezetimibe used were males 15, 15, 250, 250 mg/kg/day, females 15, 15, 50, 50  
mg/kg/day)  + atorvastatin (10, 30, 30, 100 mg/kg/day), the  increases in AUC values of 
the total ezetimibe drug levels (SCH 58235) were not dose proportional and values were 
generally higher in week 5 (males 2.0, 2.1, 11.0, 19.6  μg.h/ml, females 2.9, 2.3, 12.8, 
16.6 μg.h/ml respectively) vs on day 0 (males 1.9, 1.7, 10.8, 14.2 μg.h/ml, females  1.9, 
2.0, 4.0, 6.3 μg.h/ml respectively), suggesting accumulation of ezetimibe over time.  The 
combination increased the total and conjugated ezetimibe exposures.  However, there 
were no consistent increases in atorvastatin (or metabolite) exposures with the 
combination, and in HD combination atorvastatin exposures in week 5 were lower in 
males (males/females 1.4/2.9 μg.h/ml, vs 2.4/1.6 μg.h/ml with atorvastatin alone, on day 
0 these values were 2.92/2.97 μg.h/ml vs 3.0/6.9 μg.h/ml with atorvastatin alone), 
suggesting that the combination may decrease atorvastatin exposures in males, but 
increase these in females in week 5.    The MD-HD combination doses produced 
decreases in mean BW (by 9-14%) and weight gains (by 14-24%) in males, and similar 
decreases in weights (4-7%) and weight gains (9-15%) in females.  Mid and high dose 
combinations not only produced increases in plasma AST/ AP levels (by up to 2-3 fold), 
and sorbitol dehydrogenase or SDH levels (by up to 7 fold), but also produced toxicity in 
the liver.  Liver weights were increased in females at all doses, and produced histopath 
findings in both sexes (biliary hyperplasia, hepatocellular hypertrophy  and single cell 
necrosis with increased severity).   Since all doses produced increases in liver weights in 
females and toxicity in the spleen ((pigment accumulation, hemosiderin, minimal in 0/10, 
0/10, 2/10, 2/10, 2/10, 1/10 rats respectively), NOAEL could not be identified in females 
and was <15 mg/kg/day of SCH 58235 + <10 mg/kg/day of atorvastatin.   In males, 
NOAEL was 15 mg/kg/day of SCH 58235 + 30 mg/kg/day of atorvastatin, higher doses 
not only produced toxicity in the liver but also in the heart, testes and prostate. 
 
In a 3-month toxicity study in dogs with ezetimibe (or SCH 58235, study # SN 99501, 
doses=0.3, 3, 3, 30 mg/kg/day) + atorvastatin (1, 1, 10, 10 mg/kg/day), AUC exposures 
were slightly higher at two HD combinations, suggesting some accumulation of the total 
drug (SCH 58235) in week 5 (0.12, 0.8, 0.89, 3.9 μg.h/ml at  0.3/1, 3/1, 3/10, 30/10 
mg/kg/day of SCH 58235/atorvastatin respectively) vs on day 0 (0.12, 0.66, 0.52, 3.4 
μg.h/ml respectively).  However, presence of atorvastatin in the combination did not 
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significantly effect the total (or conjugated and free) ezetimibe exposures.  The 
combination also did not significantly increase the atorvastatin (or metabolites such as 
ortho-hydroxy atorvastatin /parahydroxy-atorvastatin) expsoures and values were not 
significantly different in week 5 (23, 21, 260, 329 ng.h/ml vs atorvastatin 473 ng.h/ml) 
than on day 0 (27, 34, 215, 293 ng.h/ml vs atorvastatin alone 302 ng.h/ml).  In both 
sexes, all combination doses produced increases in plasma ALT (by 2-40 fold vs 
atorvastatin  control). At two HD combinations, AST (by 1.5-2 fold vs atorvastatin control) 
& AP levels (by 3 fold vs atorvastatin control) were increased, while total protein and 
albumin levels were decreased in dogs (see Table).   All combination doses produced 
significant decreases in cholesterol and TG levels.   Two HD combinations decreased 
absolute liver weights in males by 21-26%.  At mid-high doses (3/10, 30/10 mg/kg/day of 
SCH 58235/atorvastatin), toxicity was observed in the liver (bile duct hyperplasia, kuffer 
cell hypertrophy, increased eosinophilia).   HD combination produced toxicity in the heart 
(hemorrhage acute focal) and lungs (fibrosis or hemorrhage).  No NOAEL in this 3-
month dog study could be established for the combination and was < 0.3/1 mg/kg/day of 
SCH 58235/atorvastatin, as all doses increased liver enzyme ALT in dogs, and produced  
liver toxicity.  We concur with the sponsor that NOAEL in dogs was < 0.3 mg/kg/day of 
SCH 58235 + <1 mg/kg/day of atorvastatin.  

 
Following is a summary of the new 3-month toxicity study with atorvastatin 
amorphous, with MK-6213 (which is another ezetimibe-like drug) in dogs.  Note 
that this study has a group of animals administered with atorvastatin calcium amorphous 
alone at 10 mg/kg/day, which is the subject of this study. 
 
In a 3-month oral co-administration toxicity study of MK- 6213/L000776336 in dogs 
(another cholesterol absorption inhibitor/atorvastatin amorphous), doses of 0/0, 0/10, 
10/10, 50/10, 200/10 mg/kg/day of MK-6213/atorvastatin were administered to dogs 
orally in a capsule (in a vehicle imwitor 742: polysorbate 1:1 w/w).       Atorvastatin AUC 
exposures in combined sexes in dogs were approximately 2-fold higher in week-13 
(1010 nM/hr) vs on day-1 (465 nM/hr), suggesting accumulation of atorvastatin over 
time.    In both sexes, atorvastatin amorphous produced increases in plasma ALT levels 
( males 97 vs 45 IU/L in controls; females 63 vs 30 IU/L in controls), and bilirubin levels 
(0.2 vs 0.1 mg/dl in controls in both sexes).    In females, ALP levels (152 vs 98 IU/L in 
controls) and creatinine kinase levels (411 vs 239 IU/L in controls) were increased, while 
cholesterol and triglycerides levels were decreased in both sexes.    In combined sexes, 
atorvastatin amorphous decreased absolute liver weights by 6% (239 vs 254 g in 
controls, relative by 11%) and thymus weights by 10% (2.82 vs 3.91 g in controls; 
relative by 35%).   Histopathology showed that 1/3 dogs had focal fibrosis in the liver (vs 
0/3 in controls), no other associated histopathology changes were noted in thymus or 
any other organ.    Note that this toxicity study has a limited value, as it did not compare 
the marketed atorvastatin (crystalline form) with the current atorvastatin (amorphous 
form).   However, no significant new toxicity was noted with atorvastatin amorphous in 
dogs.   The 10 mg/kg/day of atorvastatin calcium amorphous in dogs (or 200 mg/m2/day) 
in the above 3-month study provides the safety margin of approximately 4-fold in 
humans (at the highest clinical dose of 80 mg/day, or 49 mg/kg/m2, assuming 60 kg 
average weight), based on body surface area.     
 
 

Genetic toxicology conclusions:  
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1. Following genotoxicity studies with ezetimibe (SCH 58235) and atorvastatin 
(crystalline) have been reviewed under NDA 21-445. 
 
Co-administration of ezetimibe  + atorvastatin was negative 1) in AMES test in all tester 
strains (study # SN 99502),  2) in the chromosome aberration assay in cultured whole 
blood human lymphocytes (study # SN 99503), and 3) it was not cytogenic at doses of 
250-300 mg/kg/day in an in vivo micronucleus test in mice (study # SN 99508). 
 
2. Genotoxicity studies with atorvastatin amorphous reviewed in the current application 
(NDA 200153). 
 
The atorvastatin calcium amorphous was negative in AMES test in all tester strains 
(study # TT-098047).   Atorvastatin amorphous was also tested for clastogenic activity in 
the Chinese hamster ovary cell (CHO cell) chromosome aberration assay.   The results 
showed that atorvastatin amorphous was negative at 3 hour treatment period in the 
absence of metabolic activation at doses up to 225 uM (cell growth was reduced to 52% 
of controls).    However in the presence of metabolic activation, at 3 hour treatment 
period, concentrations of 225-250 uM (cell growth reduced to 70% and 58% 
respectively) produced increased frequency of cells with endo-reduplication (4% vs 
0.2%).     Similarly, at 20 hour treatment period, in the absence of metabolic activation, 
100 uM concentrations increased the % of cells with aberrations to 4% vs 1.5-2.5% (cell 
growth was reduced to 69% at 100 uM).     However, these findings were within the 
range of historical control range in their studies, in conclusion, the test was considered 
negative. 
 
 
Safety Evaluation  
As indicated earlier, atorvastatin  (NDA 20-702, crystalline form)  & ezetimibe (NDA 21-
445) are both approved drugs, atorvastatin has been in the market for many years and is 
approved at doses up to 80 mg/day.  There is clinical experience with this drug in adults, 
major toxicities are known, and are associated with myopathy and liver dysfunction.   
Similarly ezetimibe is an approved drug (NDA 21-445) at doses of 10 mg/day, and its 
toxicities are well characterized.   
 
Extensive non-clinical studies have been conducted with the co-administration of 
ezetimibe + atorvastatin in an approved NDA 21-445 (zetia).   However in these non-
clinical studies atorvastatin crystalline form of the drug was used.   In the current 
application, sponsor will use their own atorvastatin calcium amorphous from Dr. Reddy’s 
Laboratory and to qualify this product, sponsor has conducted three non-clinical studies.  
These studies include a 3-month toxicity study in dogs with another ezetimibe like drug + 
atorvastatin amorphous, but this study has a group of animals who received atorvastatin 
amorphous alone.  The sponsor has also conducted geno-toxicity studies (GLP, 
bacterial mutagenicity and chromosomal aberration assay) with their atorvastatin 
amorphous to support impurity/degradant qualification found in their fixed dose 
combination (FDC) product.  
  
Supportive information for new excipients used has been provided in the fixed dose 
combination tablets.   The excipients used in the film-coated  tablet  

 are compendial grade, and no novel 
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Recommendation: From the preclinical standpoint, approval of this application is 
recommended. 

 

A. Reviewer signature: Indra Antonipillai 

B. Supervisor signature Concurrence:--------------------------------------
     

 
 
     Non-concurrence: --------------------------------- 
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 Signed off in DARRTS on  6/26/11 

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

NDA 200-153: This NDA is a 505(b)(2) application.  
Submission date: 4/26/2011 
Sponsor: MSP Singapore Company, LLC, Singapore, the application is submitted by Merck, Sharp & 
Dhome Corp., North Wales, PA.   It is an eCTD submission 
Drug: Atozet tablets (ezetimibe/atorvastatin combination), with code name MK-0653C (also referred as L-
000829161 + L000776336). Tablet strengths are 10/10, 10/20, 10/40, 10/80 mg ezetimibe/atorvastatin 
respectively.

Introduction: This tablet is a combination of two approved drug products, ezetimibe (a selective inhibitor of 
intestinal cholesterol/phytosterol absorption) and atorvastatin (an HMG-CoA reductase inhibitor).  This 
application was initially submitted on 9/2/2009 (we signed it off in DARRTS on 10/8/2009 as fileable).    
However, sponsor’s manufacturing facilities were not ready for GMP inspections, therefore this application 
was not fileable.     The sponsor has resubmitted this application on 4/26/11.    Ezetimibe (NDA 21-445 
MSP Singapore) and crystalline atorvastatin (NDA 20-702 Pfizer) are both marketed drugs.  Sponsor is 
also referring to IND 101,953 for MK-0653C (ezetimibe/ atorvastatin).  However, the current sponsor will 
use their own amorphous atorvastatin calcium in the fixed dose combination of Atozet, which is 
manufactured by Dr. Reddy’s laboratories Ltd. in India; they have a letter of authorization from Dr. 
Reddy’s laboratories (Type II DMF 18468).    The fixed dose combination (FDC) product in the current 
NDA (a film coated,  tablet) is proposed for patients with primary hypercholesterolemia and 
homozygous familial hypercholesterolemia. 

The current sponsor has conducted a 3-month toxicity study in dogs with their amorphous atorvastatin 
calcium + MK-6213; note that MK-6213 is another investigational cholesterol absorption inhibitor and not 
ezetimibe.    However, this study has a group of animals who received atorvastatin amorphous alone (at a 
dose of 10 mg/kg/day in dogs, study # TT #07-6039).   They have also conducted geno-toxicity studies 
(bacterial mutagenicity and chromosomal aberration assay) with their atorvastatin amorphous drug product 
to support impurity/degradant qualification found in their FDC product.  

ITEM: NDA 200-153 YES NO COMMENT 

1)  Does this section of the NDA appear to be 
organized (according to 21 CFR 314 and current 
guidelines for format and content) in a manner 
that would allow a substantive review to be 
completed? 

Yes   

2)  Is this section of the NDA indexed and 
paginated in a manner to enable a timely and 
substantive review? 

Yes   
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3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be done? 
Has the data been presented in an appropriate 
manner (consider tables, graphs, complete study 
reports, inclusion of individual animal data, 
appropriate data analysis, etc.)? 

Yes  The sponsor had previously conducted 3-month 
rat and dog toxicity studies with ezetimibe + 
atorvastatin co-administered  in animals under 
NDA 21-445.  In the current NDA submission, 
sponsor has provided a 3-month toxicity/ 
toxicokinetics study of MK-6213 + atorvastatin 
amorphous in dogs and 3 gene-toxicity studies.  
MK-6213 is another cholesterol absorption 
inhibitor  like ezetimibe.   Sponsor 
explains that that they have used this study to 
qualify the atorvastatin impurities/degradents, as 
this study has an extra group of animals who 
were administered atorvastatin calcium 
amorphous alone. 

All other studies with the combination have 
already been conducted under NDA 21-445, in 
which ezetimibe was approved for monotherapy 
and for co-administration therapy with statins 
(simvastatin, atorvastatin, pravastatin and 
lovastatin).  

4) Are all necessary and appropriate studies for 
this agent, including special studies/data 
requested by the Division during pre-submission
communications /discussions, completed and 
submitted in this NDA?  
Please itemize the critical studies included and 
indicate any significant studies that were 
omitted from the NDA (genotox, reprotox, 
adequate duration 
 of chronic tox, carcinogenicity) 

Yes  Have electronic files of the carcinogenicity 
studies been submitted for statistical review?  
N/A 

On 6/30/2009 we communicated to the sponsor 
that various different sources of atorvastatin, 
including  atorvastatin used in the co-
administration toxicity studies (NDA 21-445), 
the atorvastatin to be used in their fixed dose 
combination (FDC) product, and the atorvastatin 
(Lipitor) that is already marketed be thoroughly 
compared.  If the data show that there are 
significant differences in the impurity profiles 
between these three versions of atorvastatin, a 
bridging toxicity in a single species may be 
required for marketing of their drug product.  

In the current submission, sponsor has conducted
one three-month toxicity study in dogs with MK-
6213 (another ezetimibe like drug + L000776336 
(atorvastatin amorphous) and three gene-toxicity 
studies with their atorvastatin amorphous 
product to qualify the impurities/ degradants 
present in the amorphous atorvastatin 

All other non-clinical studies have already been 
conducted with the approved ezetimibe (NDA 
21-445) and approved atorvastatin (NDA 20-
702).   

No carcinogenicity studies were requested with 
the current combination formulation, as both 
drugs are approved drug products with 
carcinogenicity evaluations. 
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ITEM YES NO COMMENT 

5)   Were the studies adequately designed (i.e., 
appropriate number of animals, adequate 
monitoring consistent with the proposed clinical 
use, state-of-the art protocols, etc.)? 

  Yes. As indicated earlier, all non-clinical studies 
with ezetimibe and  atorvastatin have already 
been conducted under the approved NDA 21-
445, and NDA 20-702 individually and these 
studies were adequately designed. 

6)  If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined the 
differences and submitted reviewable supportive 
data (i.e., adequate repeat studies using the 
marketed product and/or adequate justification 
for why such repetition would not be 
necessary)? 

Yes  Sponsor has used their own amorphous 
atorvastatin calcium in the current fixed dose 
combination product. A three-month dog toxicity 
study has been conducted with the combination 
MK-6213/L000776336 to characterize the 
impurities in the new formulation.  Note that 
although MK-6213 is another cholesterol 
absorption inhibitor (and not ezetimibe), this 
study has used L000776336 alone in dogs, which 
is their own atorvastatin calcium amorphous.  
This study is designed to qualify the impurities/ 
degradants present in the amorphous 
atorvastatin. 

The additional 3 gene-toxicity studies including 
bacterial mutagenicity and in vitro chromosomal 
aberration assays conducted with their 
atorvastatin amorphous to support 
impurity/degradant qualification of their drug 
product appear to be adequate for review. 

7)  Does the route of administration used in 
animal studies appear to be the same as the 
intended human exposure route? If not, has the 
sponsor submitted supportive data and/or an 
adequate scientific rationale to justify the 
alternative route? 

yes The route of administration in a 3-month toxicity 
study conducted in dogs was oral, which is the 
intended route in humans  

Reference ID: 2966403
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8)  Has the proposed draft labeling been 
submitted? Are the appropriate sections for the 
product included and generally in accordance 
with 21 CFR 201.577? Is information available 
to express human dose multiples in either 
mg/m2 or comparative serum/plasma AUC 
levels? 

Yes  Yes, the draft labeling submitted in general is 
similar to the approved ezetimibe label or 
atorvastatin label, and data express human dose 
multiples in mg/m2 or AUC levels. 

ITEM YES NO COMMENT 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, please 
state in item # 10 below why it is not. 

Yes   

10) Reasons for refusal to file: N/A 

The application is filable.    

Reviewing Pharmacologist:  Indra Antonipillai, HFD-510 

Supervisory Pharmacologist:  Karen Davis-Bruno 
File name: 200153-2011 filing 

Reference ID: 2966403
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This is a representation of an electronic record that was signed
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INDRA ANTONIPILLAI
06/27/2011
From the pharm/tox point of view, this application is fileable.

KAREN L DAVIS BRUNO
06/27/2011
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Signed off in DARRTS on 10/8/2009 

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

NDA 200-153: This NDA is a 505(b)(2) application.  
Submission date: 9/2/2009 
Sponsor: MSP Singapore Company, LLC, Singapore, the application is submitted by Merck and 
Co. Inc.   It is an eCTD submission 
Drug:  tablets (ezetimibe/atorvastatin combination), with code name MK-0653C (also 
referred as L-000829161 + L000776336). Tablet strengths are 10/10, 10/20, 10/40, 10/80 mg 
ezetimibe/atorvastatin respectively. 

Introduction: This tablet is a combination of two approved drug products, ezetimibe (a selective 
inhibitor of intestinal cholesterol/phytosterol absorption) and atorvastatin (an HMG-CoA 
reductase inhibitor).  Ezetimibe (NDA 21-445 MSP Singapore) and crystalline atorvastatin (NDA 
20-702 Pfizer) are both marketed drugs.  However, the current sponsor will use their own 
amorphous atorvastatin calcium in the fixed dose combination of  which is manufactured 
by Dr. Reddy’s laboratories Ltd. in India.    The combination product in the current NDA is 
proposed for patients with primary hypercholesterolemia and homozygous familial 
hypercholesterolemia. 

The current sponsor has conducted a 3-month toxicity study in dogs with MK-6213/L000776336 
(another cholesterol absorption inhibitor + atorvastatin) and three geno-toxicity studies with their 
atorvastatin drug product to support impurity/degradant qualification found in their FDC product.  

ITEM: NDA 200-153 YES NO COMMENT 

1)  Does this section of the NDA appear to 
be organized (according to 21 CFR 314 and 
current guidelines for format and content) 
in a manner that would allow a substantive 
review to be completed? 

Yes   

2)  Is this section of the NDA indexed and 
paginated in a manner to enable a timely 
and substantive review? 

Yes   

(b) (4)

(b) (4)
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3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done? Has the data been presented in an 
appropriate manner (consider tables, 
graphs, complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 

Yes  The sponsor had previously conducted 3-
month rat and dog toxicity studies with 
ezetimibe + atorvastatin co-administered  in 
animals under NDA 21-445.  In the current 
NDA submission, sponsor has provided a 3-
month toxicity/toxicokinetics study of MK-
6213 + atorvastatin amorphous in dogs and 
3 gene-toxicity studies.  MK-6213 is another 
cholesterol absorption inhibitor  

 like ezetimibe.   It is not clear to this 
reviewer, as to why they did not use 
ezetimibe in the above combination toxicity 
study (and used another cholesterol 
absorption inhibitor);  sponsor provides no 
justification for this study.   

All other studies with the combination have 
already been conducted under NDA 21-445, 
in which ezetimibe was approved for 
monotherapy and for co-administration 
therapy with statins (simvastatin, 
atorvastatin, pravastatin and lovastatin).  

(b) (4)
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4) Are all necessary and appropriate studies 
for this agent, including special studies/data 
requested by the Division during pre-
submission 
communications/discussions, completed 
and submitted in this NDA?  
Please itemize the critical studies included 
and indicate any significant studies that 
were omitted from the NDA (genotox, 
reprotox, adequate duration 
 of chronic tox, carcinogenicity) 

Yes  Have electronic files of the carcinogenicity 
studies been submitted for statistical 
review?  N/A 

On 6/30/2009 we communicated to the 
sponsor that various different sources of 
atorvastatin, including  atorvastatin used in 
the co-administration toxicity studies (NDA 
21-445), the atorvastatin to be used in their 
fixed dose combination (FDC) product, and 
the atorvastatin (Lipitor) that is already 
marketed be thoroughly compared.  If the 
data show that there are significant 
differences in the impurity profiles between 
these three versions of atorvastatin, a 
bridging toxicity in a single species may be 
required for marketing of their drug product. 

In the current submission, sponsor has 
conducted one three-month toxicity study in 
dogs with MK-6213 (another ezetimibe like 
drug + L000776336 (atorvastatin 
amorphous) and three gene-toxicity studies 
with their atorvastatin amorphous product    
to qualify the impurities/ degradants present 
in the amorphous atorvastatin 

All other non-clinical studies have already 
been conducted with the approved ezetimibe 
(NDA 21-445) and approved atorvastatin 
(NDA 20-702.   

No carcinogenicity studies were requested 
with the current combination formulation, as 
both drugs are approved drug products with 
carcinogenicity evaluations. 

ITEM YES NO COMMENT 

5)   Were the studies adequately designed 
(i.e., appropriate number of animals, 
adequate monitoring consistent with the 
proposed clinical use, state-of-the art 
protocols, etc.)? 

  Yes. As indicated earlier, all non-clinical 
studies with ezetimibe and  atorvastatin have 
already been conducted under the approved 
NDA 21-445, and NDA 20-702 individually
and these studies were adequately designed.

Four 4 new toxicity studies been provided in 
the current submission to qualify their 
atorvastatin amorphous in the fixed dose 
combination. 
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6)  If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined 
the differences and submitted reviewable 
supportive data (i.e., adequate repeat studies 
using the marketed product and/or adequate 
justification for why such repetition would 
not be necessary)? 

Yes  Sponsor has used their own amorphous 
atorvastatin calcium in the current fixed 
dose combination product. A three-month 
dog toxicity study has been conducted with 
the combination MK-6213/L000776336 to 
characterize the impurities in the new 
formulation.  Note that MK-6213 is another 
cholesterol absorption inhibitor (and not 
ezetimibe).  This study is designed to 
qualify the impurities/ degradants present in 
the amorphous atorvastatin. 

The additional 3 gene-toxicity studies 
including bacterial mutagenicity and in vitro 
chromosomal aberration assays conducted 
with their atorvastatin amorphous to support 
impurity/degradant qualification of their 
drug product appear to be adequate for 
review. 

7)  Does the route of administration used in 
animal studies appear to be the same as the 
intended human exposure route? If not, has 
the sponsor submitted supportive data 
and/or an adequate scientific rationale to 
justify the alternative route? 

yes  The route of administration in a 3-month 
toxicity  study conducted in dogs was oral, 
which is the intended route in humans  

8)  Has the proposed draft labeling been 
submitted? Are the appropriate sections for 
the product included and generally in 
accordance with 21 CFR 201.577? Is 
information available to express human 
dose multiples in either mg/m2 or 
comparative serum/plasma AUC levels? 

Yes  Yes, the draft labeling submitted in general 
is similar to the approved ezetimibe label or 
atorvastatin label, and data express human 
dose multiples in mg/m2 or AUC levels. 

ITEM YES NO COMMENT 
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9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not.

Yes   

10) Reasons for refusal to file: N/A 

The application is filable.    However, following non-filing deficiency needs to be communicated to 
the sponsor: 
Please provide your justification for providing a combination toxicology study with atorvastatin and 
MK-6213 (a cholesterol absorption inhibitor  which is not ezetimibe) in a 3-month toxicity study in 
dogs (with MK-6213/L000776336, study TT #07-6039)  

Reviewing Pharmacologist:  Indra Antonipillai, HFD-510 

Supervisory Pharmacologist:  Karen Davis-Bruno 
File name: 200-153-filing 



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

INDRA ANTONIPILLAI
10/08/2009
From the pharm/tox point of view this application is filable.   Please see the non-filing deficiency
that needs to be communicated to the sponsor.

KAREN L DAVIS BRUNO
10/08/2009




