


N

Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

Gencral Information About the Subinission

Information Information
NDA Number 21-316 Brand Name Altocor
OCPB Division (I, II, III) DPE-Il Generic Name Lovastatin Extended
Release Tablets

Medical Division DMEDP Drug Class Lipid altering agents
OCPB Reviewer Sang M. Chung, Ph.D. indication(s) CholesterolHowering
OCPB Team Leader Hae-Young Ahn, Ph.D. Dosage Form Tablet

Dosing Regimen Q.D.
Date of Submission 30-March-2001 Route of Administration Oral
Estimated Due Date of OCPB Review | 15-December-2001 Sponsor Aura Laboratories, Inc.

PDUFA Due Date

30-January-2002

Priority Classification

S

Division Due Date

15-December-2001

Clin. Pharm. and Biopharm. Information

“X" if included
at filing

Number of
studies
reviewed

Number of
studies
submitted

Critical Comments If any

STUDY TYPE

Table of Contents present and

sufficient to locate reports, tables, data,

etc.

x

Tabular Listing of All Human Studies

HPK Summary

Labeling

Reference Bioanalytical and Analytical

Methods

b baiRad kel

I. Clinical Pharmacology

R A I I A T e S S TR I =

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics {e.g., Phase }) -

Healthy Volunteers-

single dose: X

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-tfasting single dose: X

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender: X

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2.

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept: X

Phase 3 clinical trial;

Population Analyses -

Data rich:

Data sparse:

NDA21318.doc

10of 62



P SR S

}l. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

altemate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

Ili. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development pian

Literature References

Total Number of Studies

NDA21318.doc

APPEARS
ON Orl

THIS way
GINAL

2 of 62



P
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Team Leader:; Hae-Young Ahn, Ph.D.

1 Executive Summary

The sponsor has submitted original NDA 21-316 for Altocor™ as a cholesterol-lowering agent. It
is the first lovastatin modified release (MR) formulation. Lovastatin release is controlled through

the use of an
——— (enteric-coated).

According to the sponsor, the controlled-release statin formulation has been developed because
the same total milligram dose of lovastatin is significantly more effective when administered twice-
daily, than once-daily in EXCEL trial of Mevacor® (the reference immediate release formulation)
and in some publications. In addition, the generally recommended starting dose of Altocor will be
higher than that of Mevacor®.

The propesed dosing range of Altocor™ is 10-60 mg/day, in single doses. The proposed starting
dose is. 40 mg or 60 mg once a day given in the evening at bedtime. According to Mevacor®
label, the usual recommended starting dose is 20 mg once a day given with the evening meal and
the recommended dosing range is 10-80 mg/day in single or two divided doses; the maximum
recommended dose is 80 mg/day.

The sponsor generated pre-clinical, clinical, and manufacturing data in the new formulation. Nine
human studies were conducted to elucidate clinical pharmacology and biopharmaceutics of
Altocor™. Relative bioavailability (BA) compared to Mevacor® was assessed in fed and fasting
conditions for single-dose of 40-mg in healthy subjects. Also, BA was evaluated in
hypercholesterolemia patients after multiple daily doses. Other studies were to estimate food
effect, dose proportionality, and dosage form equivalence. Two studies about alternative
formulations were not reviewed because the sponsor did not claim any information but those
were included only as additional information.

The MR characteristics of Altocor™ was generally demonstrated with significantly longer Ta, and
lower C.., compared to those of Mevacor® after single-dose and muitiple daily doses
administration. Exposures as AUC and C,,, were significantly higher in Altocor™ 40 mg than
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Mevacor® 40 mg after multiple daily doses but there was no further safety concern according to
the reviewing medical reviewer. Food reduced up to 54% lovastatin bioavailability of Altocor as

reference of overnight fasting condition.

I-A. Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics / Division of Pharmaceutical
Evaluation-fl (OCPB/DPE-II) has reviewed NDA21-316 (Altocor™) submitted on 30-March-2001.
The submission is acceptable to OCPB/DPE-Il with proper refiection of comments. The
Recommendation, Reviewers Comments, and Labeling Comments should be sent to the sponsor
as appropriate.

I-B. Phase IV Commitment

The sponsor should develop a dissolution method and specification to assure both delayed and
extended characteristics of the formulation. The sponsor can refer Guidance for Industry
(SUPAC-MR: Modified release solid oral dosage forms).

/ b/ 20-DEC-200t1

Sang M. Chung, Ph.D. ‘ Date
Division of Pharmaceutical Evaluation 1l
Office of Clinical Pharmacology and Biopharmaceutics

Final version signed by Team Leader

)
/S/ \ . ' 20-DEC-2001

Ffaef‘\(oung Ahn, Ph.D. Date
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. Summary of Clinical Pharmacology and Biopharmaceutics Findings

The sponsor developed lovastatin modified release tablets and lovastatin release would be
controlled through
———  Tablet core contains the active drug substance

The sponsor attempted to assess dose proportionality within 10, 20, 40, and 60 mg Altocor. The
correlation was based on doses versus dose normalized Cax and AUC (i.e., NC.,,=Ca/Dose
and NAUC=AUC/Dose) or doses versus body weight and dose normalized Cq.x and AUC (i.e.,
NCmax=CmaxDose/BW and NAUC=AUC/Dose/BW).

It is recommended for the future studies to use power model between doses and AUCs. Also
sameness test of clearance from each strengths, which is dose-normalized parameter, would be
acceptable as an alternative. Upon reanalysis of the data using dose normalized AUC for dose
linearity, results appear to show dose linearity between 10-60 mg of Altocor.

According to the sponsor’s clinical trial data, mean % LDL-C change from baseline after 12 weeks
were —23.8%, -29.6%, -35.8%, and —40.8 for 10mg, 20mg, 40mg, and 60mg Altocor.

Relative bioavailability of Altocor was assessed in 2 single dose studies compared to Mevacor,
the reference immediate release tablet in healthy subjects. Delayed release characteristics was
demonstrated in the study compared to Mevacor with significantly longer Tax and lower Ci .
Bioavailability of lovastatin was increased by 41 to 51% compared to Mevacor under the fed and
fasting conditions. The corresponding values were 14 to 33% for lovastatin acid. Proposed
dosing frequency is once a day and it is the same as the immediate release of Mevacor. Efficacy
and safety with Altocor was comparable to those of Mevocor according to the reviewing clinical
reviewer. Pharmacokinetic parameters are summarized in Table I.

Table | Summary of pharmacokinetic parameters after single dose

AUC Conax Tmax (W7
{ng hr/mf) (ng/mi)

Altocor Mevacor Altocor Mevacor Altocor Mevacor
under fed Lovastatin 33.9+11.8 | 26.6+17.0 | 3.15+1.24 | 6.13+2.56 15.545.1 | 2.1+0.6
(AUC 24n) Lovastatin acid 47.5+18.9 | 42.2+20.3 | 4.64+1.89 | 6.45+4.09 13.8£3.8 | 3.9+1.0
under fasting Lovastatin 54.2+204 | 37.6+17.5 | 3.39+1.39 | 2.80+1.15 | 10.4+7.8 5.1+2.2
(AUCo48n) Lovastatin acid 58.0+20.0 | 44.4x17.2 | 3.37+1.91 3.75+1.81 11.245.1 5.6£2.5

It was found that there is significant contribution of AUC,4.45 to total AUC for Altocor. AUCo44s
compared to AUCy4s is 37% and 34% for lovastatin and lovastatin acid, respectively, in the
overnight fasting condition. Therefore, it is recommended to collect blood samples up to at least
48 hours after Altocor administration as PK characterization in the future studies.

Pharmacokinetic characteristics after multiple daily doses were within the prediction from single
dose pharmacokinetics in hypercholesterolemia patients. Relative BA in patients was increased
about 40% compared to Mevacor based on cross study comparison with Study 007 (before
bedtime) and the results are compatible with that in healthy subjects. Also, other
pharmacokinetic characteristics in patients are similar to those in healthy subjects.
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Table 1l Summary of pharmacokinetic parameters after multiple daily doses

AUCo24n Conax Cerin
(ng hr/ml) (ng/ml) (ng/ml)
Altocor Mevacor Altocor Mevacor Altocor Mevacor
Day 1 Lovastatin 49.9+23.5 | 33.7+21.6 4.0+2.0 6.7+4.0
Lovastatin acid 38.6+31.4 | 84.1363.1 2.9£2.5 11.746.9
Day 28 | Lovastatin 76.6:36.9 | 44.7+46.2 5.5+2.5 7.848.1 2.6x1.6 0.4:0.4
Lovastatin acid 87.1+67.2 | 82.5+60.3 5.8+4.8 11.9+10.2 3.1+2.5 0.740.6

Exposure as AUCg.4n at Day 28 after Altocor administration was significantly higher than
Mevacor (ratio of 1.91). However, there was minimal efficacy difference between treatments as
%L DL-C lowering from baseline (-42.48 and -38.86 for Altocor and Mevacor, respectively at
Week 4). Factor to explain the result is not known.

The means of Cni, were 6-fold and 5-fold higher for lovastatin and lovastatin acid, respectively, in
Altocor treatment than those of Mevacor though there was no significant safety concern in this
study according to the clinical reviewer. Distribution of C,,p, at Day 28 as trough concentration
was shown in the following figure.

Lovastatin Lovastatin acid

\ r

LS - » - x ] LS ”
w ™ L ™

Figure 1 Distribution of C.4;, after Altocor or Mevacor multiple daily doses

The sponsor included chemical assay as well as enzyme assay that represented total and active
inhibitor activity using HMG-CoA reductase in the multiple daily doses study. The results from the
enzyme assay were different from chemical assay in accumulation ratio and relative
bioavailability as reference of Mevacor (Table).

The enzyme assay is essentially based on mevalonic acid as a surrogate marker. However, it
has not been clearly demonstrated up to now the scientific and regulatory validation of mevalonic
acid as a biomarker.

Table il Geometric mean Cax and AUC p4, ratios (ALTOCOR/MEVACOR)
Com Ratio AUCs.2.m Ratio
Day 1 Day 28 Day 1 Day 28

Lovastatin 0.62 0.84 1.49 1.91
Lovastatin acid 0.23 0.43 0.46 0.86
Tolai inhibstors of HMG- 0.29 0.48 0.5 0.96
CoA reductase

Aclive inhibitors of HMG- 0.25 0.47 0.48 0.84
CoA reduciase
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Food significantly reduced bioavailability of Altocor. Bioavailability after breakfast was 60% as
reference under overnight fasting condition. Comparison across studies indicates that relative
bioavailability of Altocor showed relationship with meaitime. The values of AUCg.4n (ng hr/ml)
were 42.75 administration of bedtime {about 10 PM) and 33.9 for administration immediately after

dinner.

The following dissolution method and specification was proposed by the sponsor:
USP apparatus 2 (paddle) at 50 rpm, medium (900 mL) of — sodium lauryl sulfate/sodium

phosphate buffer (0.01M), pH 6.5 and temperature 37°C.

Table IV The proposed specification
Time (hr) Amount Dissolved (%)
~— —————
— T
A A _]
16 ————

NMT: Not more than
NLT: Not less than

The sponsor claimed that Altocor has delayed as well as extended release characteristics.
However, the proposed dissolution method and specification does not assure quality of delayed
release for Altocor. Therefore, it is recommended that the sponsor establish new dissolution
method and specification accordingly to assure both delayed and extended characteristics of the
formulation. According to Guidance for Inaustry (SUPAC-MR: Modified release solid oral dosage
forms), the following dissolution method for delayed release is recommended:

Dissolution should be tested in an acidic stage (i.e., 0.1 N HCI) for 2 hours followed by testing in
the proposed dissolution condition for extended release.

Dissolution profiles of 60 mg Altocor were compatible between ————— , sodium lauryl
sulfate concentration in the pH 6.5 medium. Minimum concentration is currently
recommended in the dissolution medium as long as solubility is not a limiting factor in the study.
Therefore, — , sodium laury! sulfate is recommended in the dissolution medium for extended

release.

The tollowing specification is recommended as an interim basis until the new dissolution method
and specification established for quality control:

Time (hr) Amount Dissolved (%)

2
8 e

Analytical procedures —~———- were acceptable with proper ——
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ill-A. Reviewers Comments

e The sponsor’s proposed dissolution method and specification does not assure the quality of
delayed release characteristics of Altocor. Therefore, it is recommended that the sponsor
develop new dissolution method and specification accordingly to assure both delayed and
extended characteristics of the formulation. The Agency’s Guidance for Industry (SUPAC-
MR: Modified release solid oral dosage forms) recommend the following dissolution method:

Dissolution should be tested in an acidic stage (i.e., 0.1 N HCI) for 2 hours followed by testing
in the proposed dissolution condition for extended release.

» The following dissolution method and specification is recommended as an interim basis:

Dissolution Method; USP apparatus 2 (paddie) at 50 rpm, medium (900 mL) of — -sodium
lauryl sulfate/sodium phosphate butfer (0.01M), pH 6.5 and temperature 37°C.

Dissolution specification;

Time (hr) Amount Dissolved (%)
2

e ——
8 ——
—————

e For fuiure studies, it is recommiended that the sponsor ¢haracterize pharmacokinetics using ™~~~ " 777

plasma concentration profiles at least in 0-48 hours time period for Altocor because the
contribution of AUC.4.4an, to total AUC is significant.

APPEARS THIS WAY
ON ORIGINAL
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V. Question Based Review

IV-A  General Attributes

» What are the highlights of the chemistry and physical-chemical properties of the drug
substance, and the formuiation of the drug product ?

Lovastatin was isolated from a fungus and is hydrolyzed to (beta)-hydroxyacid form (lovastatin
acid) in the body. Lovastatin acid is an active metabolite of lovastatin and an inhibitor of 3-
hydroxy-3-methyiglutaryl-coenzyme A (HMG-CoA) reductase, which catalyzes the conversion of
HMG-CoA to mevalonate as a rate limiting step in the biosynthesis of cholesterol.

Chemical structure of lovastatin is: -

-
HaC”

Lovastatin is insoluble in water (0.4 pg/ml according to the original NDA for Mevacor).

The MR tablet is composed of and —coatings as shown in Figure
2. The coatings are enteric coating, and seal
coating Tablet core contains the active drug substance,

r

Figure 2 Schematic summary of Altocor coatings and core tablet
According to the reviewing chemistry reviewer, enteric coating
and seal coating e - -
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The detailed compositions of formulations used in studies are summarized in Table V. The 10 mg
and 20 mg tablets are qualitatively and quantitatively similar in its active and inactive ingredient
except in the amount of lovastatin The 20 mg and 40 mg tablets are proportionally
similar but quantitatively different in the amounts of ——————————— The 40 mg and 60
mg are qualitatively and quantitatively similar except in the amounts of lovastatin
The 10 mg and 20 mg tablets have the same total tablet weight, and so do the 40 mg and 60 mg

tablets.

Table V Composition of Altocor tablet

Unit Dose Composition of Lovastatin XL Tablets (mg)

Tablct Strength

Componeats (mg/tablet)

1W0me | 20 Hmg | O0mp
Lovastatin. USP . 1000|2000 4000
e Lactose, NF r

Polyethvlene Oxide, NF -

Sodium Laury! Sulfate, NF

Butylated Hydroxyanisole. NF

Polvethviene Oxide. NF.
e Siticon Dioxide, NF

Glvcervl Monostearate, NF

Sodium Chiondc, USP s
Hydroxypropy! Methvicelulose @

Talc, USK J

Tablet Strength
Components (mg/tablct)

10 mg ] 20mp | 40 mpg ! 60 mp
Acetyluibuiy] Citrate, T j i -
Sugar, Confectioner’s - ) r

Cellulose Acetate,
Methacrylic Acid Copolymer, NF, TypeB —
Triaceun, USP

Polycthylene Glycol 400, NF

[,

LAROLNID WAX e

- Jd

1otal 169.56 | 16926 | 337.06 ] 333.88
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IV-B  General Clinical Pharmacology

e Are the active moieties in the plasma appropriately identified and measured to assess
pharmacokinetic parameters ?

Lovastatin and lovastatin acid, an active metabolite, were appropriately measured in plasma
using - In addition, the sponsor included results of an enzyme assay to estimate total
and active HMG-CoA inhibitor concentrations in plasma. Detailed description of the analytical
procedures is summarized in the Section IV-D (Analytical Section).

e Is dose proportionality of Altocor established ?

The sponsor characterized dose proportionality in phase | studies (Study 146-007, 146-012).
One was a single-dose pharmacokinetic study of Altocor 10, 20, and 40 mg in heaithy male
subjects (N=9, Study 007). The other study was a dose proportionality study in the dosage levels
of 20, 40 and 60 mg after single oral dose to healthy subjects (N=24, 12 males, 12 females,
Study 012).

. Both studies were single-center, single-dose, open-label, randomized, three-period crossover
design. All participants were served dinner at approximately 5:30 pm foliowed by dosing at
approximately 10:00 pm, one-half hour before bedtime.

in the first study, Altocor was administered as one 10-mg, one 20-mg, and one 40-mg tablet. The
sponsor attempted to establish dose linearity based on doses versus dose normalized C..,, and
AUC (i.e., NC.,=Cna/Dose and NAUC=AUC/Dose) as summarized in the following table. Dose
proportionality was claimed between doses with no significant differences between dose-
normalized parameters at alpha=0.05.

Table VI Summary of pharmacokinetic parameters in dose proportionality study 1
Lovastatin

Pzarameter 10 mg 20mg 40 mg

NCrux (ng/ml) 0.101 0.04 £.100.03 0.10 £ 0.08

NAUC (ng-hi/mf) 1454 0.77 1.67= 067 1.394 091
Lovastatin Acld

Parameter 10 mg 20mg 40 mg

NCax (ng/mi) 0.11£0.10 0.11:0.07 0.1020.07

NAUC (ng-hr/mi) 1.902 152 189+ 1.26 1.83 1 1.58

In the second study, Altocor was administered as one 20-mg, one 40-mg, and 60 mg as co-
administration of one 20-mg and one 40-mg formulation. The sponsor claimed dose
proportionality between doses of 20, 40, 60 mg with body weight and dose normalized C,, and
AUC (i.e., NC,,=CmarDose/BW and NAUC=AUC/Dose/BW). Also, linearity was claimed with
regression analysis between doses and the normalized parameters as summarized in the
following tables and figures.
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Table VIi

Summary of pharmacokinetic parameters in dose proportionality study 2

1.

Lovastatin
Parameter 20 mg 40 mg 80 mg
NC... (ng/mikg-mg)
Males : 0.0011+£0.0006 0.0011 + 0.0006 0.0012 £ 0.0010
Females 0.0010 £ 00007 0.0011 + 0.0005 0.0009 £ 0.0005 -
NAUC, ., {ng-hrimi-kg.mg)
Males 0.0215+0.0107 0.0214 = 0.0111 0.0254 + 0.0150
Females 0.0163+20.0084 0.0198 = 0.0075 0.0185 + 0.0101
Lovastatin Acid
Parameter 20 mg 40 mg 60 mg
NC,. {ng/miskgemg)
Males 0.0010 £ 0.0006 0.0012:20.0012 0.0009 + 0.0006
Females 0.0015 = 0.0008 0.0015+ 0.0013 0.0016 £ 0.0012
NAUC, -, (ng-hrimi-kg-mg)
Males 0.0244+0.0155 00234200143 0.0259 £ 0.0178 w
Females 0.0277 2 0.0220 0.028C + 0.0218  0.0300 £ 0.0209 m
ks Subpects puetZ) Femols Subjects (netl v
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Figure 3

Linear regression between doses and normalized C .y

Reanalysis of dose proportionality was conducted with individual study data and pooled data
because dose linearity was evaluated with two different parameters across studies. Power model
between doses and C,, or AUC could be used for estimation of dose proportionality. Also,

sameness test of clearance between doses would be reasonable method because clearance is a
dose normalized parameter.
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According to the results of power model, Altocor appears to have dose linearity between 10, 20,
40, and 60 mg doses because slope for lovastatin doses and AUC are close to 1 and 90%
confidence interval included slope 1. Results are summarized in the following figure and table.

Doss-AUC Linserity
25 F,I‘“ ] T yeOsRN0188
] / TS e
. . B g APPEARS THIS wAY
o.s; J y = 1221 -0.0008 ON OR'G,NAL
° oS !wm_';L 2 25
Figure 4 Relationship between doses and AUCs in power model
Table VHI Summary of slopes and Cl in power model
Study 007 Study 012 _ | Total ]
Slope 0.936 1.122 —_— 1.038 ————
intercept {0.188 —— -0.090 - 0.045 —
r_ 0.4076 0.4658 0.50

Aiso, it is concluded that the means of dose normalized AUCs are not significantly different
between doses at alpha=0.05. Distribution of the parameters is shown in the following figure.

Figure5

APPEARS THIS WAY
ON ORIGINAL

Distribution of dose normalized AUCs (Labe! of X-axis are 1=20mg, 2=40mg, and
3=60mg in Study 012, 4=10mg, 5=20mg, and 6=40 mg in Study 007)

In conclusion, Altocor seemed to have dose linearity between 10-60 mg.
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e What are the basic PK parameters ?

Pharmacokinetics was characterized in single dose studies and in a multiple daily doses study
compared to that of Mevacor. Single dose studies were conducted under fed (N=8, healthy male,
Study 146-001) and overnight fasting conditions (N=24, healthy male, Study 146-103). Third one
is pharmacokinetic characterization after multiple daily doses (N=23; 11 males, 12 females, Study
146-006).

The two single dose studies were phase |, single-centered, open-label, randomized, two-period
crossover studies with proper washout period. Study medications (40 mg Altocor or Mevacor)
were administered immediately after dinner or after overnight fasting condition. The dinner
consisted of French dip with au jus, baked potato with margarine and sour cream, tossed salad
with dressing, fruit cocktail, vanilla iced cookie, and 2x240 mL of 2% milk. Blood samples were

drawn up to 24 hours after dosing for the study 001 and up to 48 hours after dosing for the study
103.

The plasma concentration-time profiles are shown in Figure 6 and 7.

Lovastatin Lovastatin acid

—e— Lovaststn Xi
.- —o— MEVACOR

Plasma concentration (ngiml}
———— 2
Plasma concentration (ng/mi)

Yima {hr} Time (hr)
Figure 6 Plasma concentration-time profiles under fed condition
Lovastatin - Lovastatin acid
k ¢ C
; 3
} i,
o) S . - - B
Figure 7 Plasma concentration-time profiles under fasting condition
APPEARS THIS WAY
ON ORIGINAL
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Delayed or controlied release characteristics were demonstrated in the studies compared with
Mevacor with significantly longer Tmax and lower C.,. Relative lovastatin bioavailability of Altocor
was 141% and 151% as reference of Mevacor under fed and fasting condition, respectively, after
40 mg single dose. The corresponding values of lovastatin acid were 114% and 133% under fed
and fasting conditions, respectively.  Pharmacokinetic parameters after single dose are
summarized in the following table.

Table IX Summary of pharmacokinetic parameters after single dose
AUC Cax Tmax (hr)
(ng hr/ml) (ng/mi)
Altocor Mevacor Altocor Mevacor Altocor Mevacor

under fed Lovastatin 33.9+11.8 | 26.6+17.0 [ 3.15¢1.24 | 6.13+2.56 | 15.5¢5.1 | 2.110.6
(AUCooe) | Lovastatinadd | 47.5+18.9 | 42.2420.3 | 4.64+1.89 | 6.45+4.09 | 13.843.8 | 3.9:1.0

under fasting | Lovastatin 54.2420.4 | 37.6217.5 | 3.39+1.39 | 2.80:1.15 | 10.447.8 | 5.1+2.2
(AUCoar) Lovastatin acid | 58.0+20.0 | 44.4+17.2 | 3.37#1.91 | 3.75+1.81 | 11.245.1 | 5.642.5
Table X Mean values of T, and Geometric Mean Ratio {(Altocor/Mevacor) of C,.x and

AUC after Altocor single dose administration

Lovastatin Lovastatin acid
the fed condition Cmax 0.51 0.77 .
AUCo 24 1.41 1.14
Tenax {1} 15.5 13.8
the fasting condition | Crax 1.21 0.89
AUC o agne 1.51 1.33
Tnex (1) 10.4 11.2

A multiple dose study was a phase [I, single-center, single-blind, randomized, positive-controlled
two-way crossover design study with a 4-week diet/placebo run-in period and 2 active treatment
periods that lasted 4 weeks each. Lovastatin 40-mg was administered as Altocor in the evening
at approximately 10:00 p.m., at least one-haif hour before bedtime, or MEVACOR with the
evening meal at approximately 6:00 pm.

Lovastatin Lovastatin acid
Oy 1 ;_:mn Day 28 eyt == Day 28

,_)”

o .
E '5' E e
L '
fui ;
2 |l 1 H
I S ANy i
D » " 24 a2 s - *» 24 2 @ - € L] 1% 24 X o < 3 L] 1% F-] x o« -~
Time (he) Tune (v} Torvst the) Tinrve {he)
Figure 8 Plasma concentration-time profiles after the multiple daily doses
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Results after multiple doses were compatible with the single dose studies for delayed or
controlied release characteristics. There was accumulation after Altocor multiple daily doses and
it was expected with significant contribution of AUC,4.4sn, t0 the total AUC. Trough concentration
atter multiple doses is an important measure of efficacy and/or safety. Although C,; was
significantly increased after Altocor administration, there was no further safety concern in the
study with 40 mg. In general, pharmacokinetic characteristics in patients remains compatible with
that of healthy volunteers based on comparison cross studies except higher AUC for lovastatin
acid. Pharmacokinetic parameters after multiple daily doses are summarized in the following

table.

Table XI| Summary of pharmacokinetic parameters after multiple daily doses
AUCo.24n Conax Cerin
(ng hr/ml) {ng/mi) (ng/mi)
Altocor Mevacor Altocor Mevacor Altocor Mevacor
Day 1 Lovastatin 49.91+23.5 | 33.7221.6 4.02.0 6.7+4.0
Lovastatin acid 38.6131.4 | 84.1463.1 2.9+2.5 11.746.9
Total inhibitor 136.3t73.3 | 226.9+100.4 10.545.8 31.4+9.4
Active inhibitor 83.3+44.7 | 178.9482.9 6.4+4.3 22.446.6
Day 28 | Lovastatin 76.6136.9 44.7+46.2 5.54#2.5 7.848.1 2.6:1.6 0.4+0.4
(1.48) (1.15) (1.36) (1.00)
Lovastatin acid 87.1+67.2 82.5+60.3 5.8+4.8 11.9410.2 3.1#2.5 0.710.6
(1.88) (1.00) (1.70) {0.91)
Total inhibitor 262.6¢159.4 | 251.6+154.1 | 17.3#8.1 | 36.2:20.7
_(1.81) (1.06) (1.71) (1.05)
Active inhibitor | 171.3+122.9 | 185.9+100.4 | 13.4#9.1 | 26.6:14.2
(1.86)-——{- _ (1.02) (2.06) {1.09) C =

Values in parenthesis: ratio between Day1 and Day 28

Table XIi Geometric Mean Ratio (Altocor/Mevacor) of Cpax and AUC, T,ax after Altocor
multiple daily doses administration
Lovastatin Lovastatin acid
Geometric Mean Ratio (Altocor/Mevacor} | Crmax 0.84 0.43
AUCo. 24 1.91 0.86
Accumulation Ratio Cmax 1.36 1.70
AUCo 24 1.48 1.88
Ca 6.4 4.7

IV-C. General Biopharmaceutics
¢ What is the effect of food on the bioavailability of lovastatin from Altocor ?

The study (Study 146-002) was a phase |, open-label, single-center, single-dose, randomized,
three-period crossover design (N=9, all Caucasian). Subjects were randomized to receive one of
the following treatments: Treatment A, 40-mg Altocor after an overnight fast, Treatment B, 40-mg
Altocor following a standard high fat breakfast, or Treatment C, 40-mg tablet of MEVACOR
following a standard breakfast.

Exposures of lovastatin and lovastatin acid for Altocor were significantly lower with breakfast.
The geometric mean ratios of AUC,.4en, and Cray after breakfast were 0.60 and 0.61 compared to
those under overnight fasting condition. Mean of T, also significantly increased after the meal
compared to that under fasting (24.0 hour vs. 11.1 hour). There was no dose-dumping
phenomenon after the breakfast.
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Plasma concentration-time profiles are shown and pharmacokinetic parameters are summarized
in the following figures and tables, respectively.

Lovastatin Lovastatin acid
L] »
g -
? . I/ e Lot K, St owaldnat gu r o Lowmstain XL Wil Weeskinet
— —— Lovamtalir XL with brosirest —— —4— Loventacin X1 with bresiiast
§ ~C— WEVACOR wiih prasitest g “ —0— MEVACOR with Sresiizel
3 "
£ A £l
g0V A g,
8 }\;/" § . ‘;\
E 2 }L % « 7
2 e N
& . L{m [ M
« . " P = P - ; M - = - © -
Ywne (hr) Time ()
Figure 9 Plasma concentration-time profile after Altocor (food effect)
Table XIll Summary of pharmacokinetic parameters (food effect)
Lovestatin Lovastatin Acid ro of lovastatin)
AUCoar Cous Twg T AUC: [ Tag Yo
Treatment {ngerrymi) (ng/m) ) () Treatment __ (ogehirmiy {ng/mi) [ 1)
Lreasiatn XL wenow 001500 4862199 19206 111258 Lomeam XL woar 9122556 4802232 21404 147238
e XL e S47:277 3092148 27211 240379 Lometn XL sher 5032356 2501145 28410 20978
m"” 3332104 6722275 01102 24:08 OR i 4162351 688:581 03203 35107
Geometric Meen Ratio® 261 0.76 - - - Geomenic Mean Ratic* m 078 - -
Geometric Mean Ratic* 1.56 0.46 - - Geometric Mesn Raso® 124 038 - -
Geometric Mean Ratio* 0.60 0.61 - . - Geometri: Mean Ratio® 0.54 0.49 - -
© Patic = Loveststn X1 mithout breakiemMEVACOR sher eskdant “Fagto = Lovmstane X1 wibunt traskasiMEVACOR sier bresbiumt
A0 » Lovasiabn X1 wher Dt asMEYACOR ther bre akinet *Raic = Lovastatn X0, St brealt st MEVACON shr rasidest
N0 = Lovastunn XL after Sreekioett cvmatstn X1, wiliou? Dreaktast *Pame » Lovestatn XL e treeitast rbmetn Ki. wiltiout iveektust

In a comparison of AUCs across studies, exposure as AUC, .41 Of lovastatin was 30% lower after
breakfast compared to that after dinner for Altocor: 23.7 vs. 33.9 ng hr/ml. In the same studies,
exposure was increased 15% for Mevacor. Differences in food appear to be a major factor to
explain the above results because chronological difference of lovastatin has not been recognized
up to now. The breakfast consisted of: one buttered English muffin, one slice of American
cheese, one fried egg, one slice of Canadian bacon, 2.45 ounces of has brown potatoes, eight
fluid ounces of whole milk, and six fluid ounces of orange juice.

Comparison across studies also indicated that relative bioavailability of Altocor might be related to
mealtime. The values of AUCq .41 (ng hr/ml) were 42.75 administration of bedtime (about 10 PM)
and 33.9 for administration immediately after dinner.-

It is expected that foods increase lovastatin bioavailability of Mevacor and decrease that of
Altocor according to the above study results (Study 002). Based on AUC comparison across
studies (i.e., Study 001 vs. 103), it appears to be no food effect on both formulations. Factor to
explain this particular inconsistency is not known.

+ Is dosage form equivalent established among 10, 20, 40, and 60 mg ?
Dose proportionality was established with one 10 mg, one 20 mg, and one 40 mg tablets.
Therefore it is concluded that those are equivalent. Dosage form equivalence between one 60

mg tablet and one 20 mg and one 40 mg was investigated in a PK study.

The study was a phase I, single-center, open-label, single-dose, randomized, tow-period
crossover study in healthy male volunteers (N=24, Study 146-102). Subjects were administered
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either Altocor as one 60 mg tablet or as one 20 mg tablet + one 40 mg tablet with 240 mL of
water (at room temperature) at approximately 10:00 pm.

The plasma concentration-time profiles and pharmacokinetic parameters are summarized in the
following figures and tables.

Lovastatin

Pourne wrovwatn o)

LI N L T I I I T I Y A ]

T d

T
¢ s

Lovastatin acid

¢ 4 s e e e R e E e e N 8w N e~ an
Tovm Pt

—— A ¢4 oS

Figure 10 Plasma concentration-time profiles-in the study of dosage form equivalence study
Table XIV Mean SD values of pharmacokinetic parameters — lovastatin (Study 102)

Parameter Lovastatin XL Lovastatin XL . Relanv? 90%

60 mg 20 mg + 40 mg Bioavailability” Confidence Intarval

Come (N/mL) 4.94£ 251 443+ 1 B1 107% (98.4%. 117.4%)

AUCs r24» (ngehrimlL ) 685+ 336 664288 102% {87.7%. 119.6%)

AUCG w {ngehe/ml} 7224349 6931331 -~ 100% 180.0%. 124.6%)

Toug () 33113 30t1.0 -

Tewn (1} 14129 134=25 -

1y (hr) 44" 54° -

T Leas! square mean ratio of Lovastatn XL 60 mg1ovastatn XL 20 mg « 40 mg

* Harmoree mean
Table XV Mean SD values of pharmacokinetic parameters — lovastatin acid (Study 102)

Parameter Lovastatin XL - Lovastatin XL Retative 90%

60 mg 20 mg + 40 mg Biocavailability” Confidence Interval

Crraz (NGFML} 4.16 £ 2.61 506504 93% (82.2%, 104.5%)

AUCo 77 {ngehe/mt) 7291436 829+705 94% {83.8%. 106.5%)

AUCs.ex {ngehr/ml ) 76,6 +46.3 8211804 98% (82.2%, 117 5%)

Tiag (7] 3510 32x08 -

Trras (1} 143239 127246 -

ty, (hr) 6.0" 57" -

¥ eas! square mean rato of Lovastalin XL 60 mgLovastaln XL 20 mg + 40 mg
® Harmonic mean

The mean values of Cma, 2nd AUC, 70, were within BE range in 90% confidence interval and thus
it is concluded that the dosage forms are equivalent.

APPEARS THIS WAY
ON ORIGINAL
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+ How do the dissolution conditions and specifications assure quality of the product ?

Dissolution profiles were reported under the following condition: USP apparatus 2 (paddle) at 50
rpm, medium (900 mL) of ~ sodium lauryl sulfate/sodium phosphate buffer (0.01M), pH 6.5 and
temperature 37°C. Dissolution data from the above condition is summarized in the following
table.

Table XVi Dissolution data
Strength 10 10 20 20 20 a0 40 20 40 30 60 60
Lot P98185 760R003 P98186 770R002 770R001 £98286 P97263 780R001 780R005 780R004 790R001 790R002
Study 007 009 007 102 012 001 102 103 102
Protocol 009 002 009 012
010 006 010 102
011 007 011
Time % dissolved
(hr)
0.5 0 0 0 0
1 3 0 5 1 2 0 0
2 6 21 8 25 13 12 16 9 8 4
3 21 16 30 29
4 39 55 33 50 €60 456 44 49 43 40 32 33
6 67 65 72 67
8 80 82 82 83 84 83 80 83 82 78 76 76
12 86 88 89 89 91 88 86 88 88 86 85 as
16 88 92 89 90
20 89 92 89 92

The sponsor proposed the following specification:

Time (hr) Amount Dissolved (%)
— e
2 — —
8 — ]
1 6 —

NMT: Not more than
NLT: Not less than

- There was no significant difference in dissolution profiles between paddle speed of 50 and 75
rpm, and among concentrations of ’ Therefore, it is
recommended using ——  concentration of —— in the dissolution condition.

The proposed dissolution method and specification does not assure delayed release
characteristic for Altocor. Therefore, it is recommended to establish new dissolution method and
specification accordingly to assure both delayed and extended characteristics of the formulation.

The following specification is recommended as an interim basis until the new dissolution method
and specification established for quality control.

Time (hr) Amount Dissolved (%) |
2 —— e — —
8 T
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Dissolution profiles of 60 mg Altocor in various conditions are shown in the following figures.

Andrx Lovastata XL Tablets, 60mg, Lot # 790R0028 i ‘Aedrs Lavastatin XL Tbicc, 60me. Lot § TSORBOIB ;
i pHES, 0.01 M Sodium Prosphare Buller ! s = SLSK.0) M Sediew Phosphate Buffer, pH 6.5 !
~ SLSvL - SLSw 7 SlSw. . SLS i 50 rp and 75 rpm :
%0 _ M t w00 i
= H - i
Fw i 8w I
z = i
-4 N
Ia ! £t g
] ; £ i
= i a i
Sw I B° ‘
e 3 H

B8 ' H
£ i L !
£ | |
o i e :

o 2 4 6 L] 10 ?2 “ *%
4 2 4 L] 8 0 ? " 16 i i i
Dalation Time (e l Dissbation Time (Fr) I
JEU— ' 50 rpm 75 pen]
- . HEs — 55 & - 5 = _Si5 [ e
Concentration R.P.M.

Andry Lovastia X1 Tablets, 60mg Lat § 7900002 -
8 —— pH 41 Dufler.pH 63 Sufler and 7S Bufler, sl Wit SLS

Amount Dissolved (%)

BEST POSSIBLE COPY

6 3 10
Time (Hrs)
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Figure 11 Effect of concentration, rpm, and pH on cissolution of 60 mg Altocor

IV-D. Analytical Section

-
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Proposed Label and Reviewer’s Comments

The following is the sponsor’s proposed labeling for lovastatin XL (ALTOCOR ™that was
submitted to the NDA. This Reviewer's comments will appear in test boxes in the appropriate
sections and are not intended to appear in the final label. Recommended changes that are
intended to appear in the final label will appear as edit track-changes within the labeling text. As
labeling will likely be an ongoing discussion with the sponsor, the editing changes and comments
below may be altered as a result of these discussions and should not be considered as final at
this time.

PROPOSED TEXT OF THE LABELING

APPEARS THIS WAY
ON ORIGINAL
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Appendix

VI-A. Study Summary

- NDA21318.doc

Study No. 146-001

Title of study: A Single-dose (40 mg). Safety and Pharmacokinetic Study of Exiended-Release
Dosage Form of Lovastatin (Lovastatin XL) Relative to MEVACOR? in Healthy Male Subjects

Investigator:

~ Study site: One study center in the United States

Publications (references): none

Studied period (days): 9 days Phase of development: 1
Initiation date (first patient visit): 06-Aug-97
Completion date (last patient completed): 14-Aug-97

Objective: The objective of this study was 1o evaluate the safety and plasma profiles of the extended-
release dosage form of lovastatin (Lovastatin XL) relative to Mevacor in healthy male subjects.

Methodology: This was a single-center, open-label. single-dose, randomized, two-period crossover
study with a one-week washout period between the treatments. In each study period, either one 40 mg
Lovastatin XL tablet or on¢ 40 mg Mevacor wablet was administered orally to each subject after dinner.

Number of subjects (planned and analyzed):
Eight (8) subjects were planned, and 8 subjects were randomized. All 8 subjects completed the stody.

Diagnosis and main criteria for inclusion: Healthy, non-smoking, male subjects between the ages
of 18 and 45 years, whose body weights were within 10% of normal values (based on the 1983
. height/weight tables).

Test product, dose/strcngth/coﬁcenlmlion and mode of administration, lot number(s): Patients
were instructed 1o take one Lovastatin XL 40 mg tablel (Lot No. P97263). orally, after dinner each
day.

Reference therapy, dose and mode of administration, lot number(s): Patients were instrucied 10
take one Mevacor 40 mg tablet (Lot No. E1151), orally. after dinner each day.

Duration of treatment: Single dose x 2

Criteria for evaluation:

Efficacy: This study was not designed to evaluate efficacy.

Pharmacokinetic/Pharmacodynamic: The following pharmacokinetic parameters were determined
for lovastatin and lovasiatin acid: C,,, (the observed maximum concentration), AUC 54, (area under
the plasma concentration-time curve). Ty, (lag time), Ty, (the observed time to reach the maximum
concentration), and if possible, t; (the eliminaton half-life). The geometric mean ratios of
Lovastatin XL/Mevacor were calculated for C,,, and AUCq 24p.

Safety: Safety was evaluated by assessing the occurrence and frequency of adverse events, changes in
vital signs. physical examinations. electrocandiograms (EKGs) and clinical laboratory values.
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Data analysis methods: Plasma samples for lovastatin and its B-hydroxyacid were analyzed st ——
— using a ————=—""_ method. No statistical analyses were applied to the

pharmacokinetic data.

Summary/Conclusions:
Efficacy results: Not applicable

Pharmacokinetic Results: The mean + SD pharmacokinetic data from 8 patients arc summarized in
the following tables:

Table 1. Mean + SD Pharmacokinetic Data for Lovastatin

Parameters Lovastatin XL Mevacor Geometric Mean Ratio®
Craa (ng/mL) 315+1.24 6.131+2.56 05!
AUCG, sy (ngehr/mlL) 339+11.8 2661170 1.41

Tig (h0) 26%10 0303 -

Tos (h1) 1555.1  21+06 -~

Source: Final Study Repon
"Ratio; Lovastatin X1/Mevacor.

Table 2. Mean t+ SD Pharmacokinetic Data for Lovastatin Acid (B-Hydroxyacid of

Lovastatin) -
Parameters Lovastatin X1, Mevacor Geometric Mean Ratio®

Cioas (ng/mL) 464 1.89 . 6451409 0.77

AUGC; 14y (npehr/ml) 4751189 4224203 114

T,y (h0) 25110 04204 -

T (hr} 138+1338 3910 -

Source: Final Study Report
’Ratio; Lovastatin XL/Mevacor.

The mean plasma concentration-time profiles of lovastatin were different for Lovastatin XL and
Mevacor. Following Mevacor. lovastatin quickly appeared in plasma with a T,,, value of 0.3 hour.

The mean maximum concentration (C,,,). 6.13 ng/mL, occurred at about 2 hours and then declined 10

almost undetectable at 24 hours. In contrast. lovastatin following oral administration of
Lovastatin XL had a delayed absorption with a T,,, value of 2.6 hours. The mean C,,. 3.15 ng/mL. )
was about one-half of that for Mevacor. The time (T,) 1o reach the maximum plasma concentration

was delayed (by about 16 hours compared to Mevacor). In addition. a significant plasma
concentration of lovastatin was found 24 hours after dosing. The relative bioavailability of
Lovastatin XL to Mevacor. in terms of AUC,, .y, ratio of lovastatin was 141%. indicating more drug

was absorbed in the gastrointestinal tract from Lovastatin XL.

APPEARS THIS WAY
ON ORIGINAL
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Similar 1o lovastatin data. the mean plasma concentration-ime profile of lovastatin acid for
Lovastatin XL was different from that of Mevacor. On average, after administration of Mevacor, the
maximum concentration of lovastatin acid in plasma, 6.45 ng/ml., was observed around 4 hours and
then declined quickly. However, lovastatin acid. following administration of Lovastatin XL, was not
detected until 2.5 hours. The mean C,,, (4.64 ng/mL) and T, (13.8 hr) values were lower and
longer, respectively, than the respective values for Mevacor. The relative bioavailability of
Lovastatin XL to Mevacor, in terms of AUCaay ratio of lovastatin acid, was 114%.

Safety results: Both Lovastatin XL and Mevacor were well tolerated by all subjects. There were no
serious adverse events or discontinuations due lo adverse events reported during the study. One
(12.5%) patient in the Lovastatin XL weatment group and 1 (12.5%) patient in the Mevacor group
each experienced 1 mild and unrelated treatment-emergent adverse event during the study (purpura
and headache, respectively).

The majority of abnormal laboratory results were slightly outside the normal ranges. One patient,
who had a high bilirubin value at Screening (2.0 mg/dL). experienced a total bilirubin value that was
approximately 2.5 times the upper limit of normal (2.5 mg/dL) after receiving Lovastatin XL during
Period 1. This subject’s total bilirubin value remained high after receiving Mevacor in Period 11
(2.3 mg/dL) and returned to baseline (1.7 mg/dL). 6 days afier Period Il dosing.

There were no clinically significant changes in physical examination, vital sign. EKG and clinical
laboratory measurements over the course of the study. Specifically, there were no unwanted effects
of gastrointestinal symploms during the study. ‘

Conclusions: All subjects tolerated the study medications (Lovastatin XL and Mevacor) well.
Compared to Mevacor, Lovastatin XL exhibited delayed- and extended-release characteristics in
terms of plasma concentration profiles of lovastatin and its active drug, lovastatin acid. The

extended-release nature of Lovastatin XL-was reflected by the lower C,;;values and the prolonged -

profiles of plasma levels of both lovasiatin and lovastatin acid. The pharmacokinetic daa
demonstrate that systemic availability of lovastalin and. to a slight degree. lovastatin acid after
administration of Lovastatin XL was larger than those after administration of Mevacor, indicating
that more drug was absorbed in the gastrointestinal tract afier administration of Lovastatin XL
compared to administration of Mevacor.

Date of report: January 20. 2000

APPEARS THIS WAY
ON ORIGINAL
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Study No. 146-002

Title of study: A Morning Single-Dose, Safety and Pharmacokinetic Study of Lovastatin XL Relative
to MEVACOR® in Healthy Male Subjects

Investigator: .

Study site: One study center in the United States

Publications (references): none

Studied period (days): 17 days Phase of development: 1
Initiation date (first patient visit): 25-Sept-97
Completion date (last patient completed): 11-Oct-97

Objectives: The objectives of this study were to evaluate in-vivo performance of Lovastatin XL afier
moming dosing. to determine the effects of food on oral absorption of Lovastatin XL, and to compare
the pharmacokinetics of Lovastatin XL relative to Mevacor afier momning dosing with breakfast.

Methodology: This was an open-label, single-center, single-dose. randomized,. three-period crossover
study with a one-week washout period between the treatments. In each study period, either one 40 mg
Lovastatin XL tablet afier an overnight fast, one 40 mg Lovastatin XL tablet afier a standard breakfast.
or one 40 mg Mevacor tablet after a standard breakfast. was administered orally to each subject.

Number of subjects (planned and analyzed): Nine (9) subjects were planned, and 9 subjects were
randomized. All 9 subjects completed the study.

Diagnosis and main criteria for inclusion: Healthy, non-smoking. male subjeci> between the ages
of 18 and 45 years, whose body weights were within 10% of normal values (based on the 1983
—————————— | height/weight tables).

Test product, dose/strength/concentration and mode of administration, lot number(s): Patients

were instructed 10 take one Lovastatin XL 40 mg ablet (Lot No. P97263) orally after an overnight

fast. or one Lovastatin XL 40 mg tablet (Lot No. P97263) orally after a standard breakfast each day.

Reference therapy, dose and mode of administration, lot number(s): Patients were instructed to
take one Mevacor 40 mg (Lot No. E1151) tablet orally following a standard breakfast each day.

Duration of treatment: Single dose x 3

Criteria for evaluation:
Efficacy: This study was not designed to evaluate efficacy.

Pharmacokinetic/Pharmacodynamic: The following pharmacokinetic parameters were delermined
for Jovastatin and lJovastatin acid: AUCq4, (arca under the plasma concentration-time curve). Co.,
(the obser