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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

NDA21318.doc 19 of 62



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
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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.

40 of 62

e e ket vt e A



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 observed maximum concentration). Ty, (lag time). and T,., (the observed time 1o reach the
maximum concentration), and if possible. ty,- (the elimination half-life). The ratios of Lovastatin XL
without breakfast/Mevacor. Lovastatin XL after breakfastMevacor, and Lovastatin XL after
breakfast/Lovastatin XL without breaklast were calculated for Co., and AUC 45,

Safety: Safety was evaluated by assessing the occurrence and frequency of adverse events, changes in
vital signs, physical examinations. electrocardiograms (EKGs) and clinical laboratory values.
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Data analysis methods: Plasma samples for lovastatin and its B-hydroxyacid were analyzed at ——

P

pharmacokinetic data.

using 8 pre-validated -——— method. No statisiical analyses were applied to the

Summary/Conclusions:
Efficacy results: Not applicable

Pharmacokinetic Results: The mean £ SD pharmacokinetic data from 9 patients are summarized in

the following tables:

Table 1. Mean + SD Values of Lovastatin

AUC o Cos Tog Toux
Treatment (ngehr/mlL) {ng/mlL) (hr) thr)
Lovastatin XL without breakfast 90.0 + 500 486+ 1.99 1.9+06 1114258
Lovastatin XL sfier breakiast 547122779 309+1.48 27211 240279
Mevacor after breakfast 3311104 '6.7222.75 01402 24109
Geometric Mean Ratio® 261 0.76 - -
Geometric Mean Ratio® 1.56 0.46 - -
Geometric Mean Ratio® 0.60 0.61 - -
Source: Final Study Report
*Ratio = Lovastatin XL without breakfast/Mevacor after breakfast
®Ratio = Lovastatin XL afier breakfastMevacor after breakfast
“Ratio = Lovastatin XL afier breakfast/Lovastatin XL without breakfast
Table 2. Mean + SD Values of Lovastatin Acid (B-hydroxyacid of lovastatin)

AUC, e Coes Thae T
Treatment (ngehr/mlL) {ng/mlL) (hr) (hr)
Lovastatin XL without breakfast 9124596 490+"32 21+04 147459
Lovastatin XL after breakfast 503+356 250145 28+10 20978
Mevacor afier breakfast 416351 6.88 = 5.81 03103 3.6+07
Geometric Mean Ratio® 231 0.76 - -
Geometric Mean Ratio® 1.4 0238 - -
Geomeiric Mean Ratio® 054 0.49 - -

Source: Final Study Report

*Ratio = Lovastatin XL without breakfast/Mcvacor after breakfast
PRatio = Lovastatin XL afier breakfast/Mevacor afier breakfast

“Ratio = Lovastatin XL after breakfast/Lovastatin XL without breakfast
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The mean plasma concentration-time profiles of lovastatin were different among three treatment
groups. In subjects receiving Lovastatin XL after or without breakfast. lovastatin was not observed in
central circulation until 1 to 3 hours postdose, and then maintained a relatively constant plasma level
for about 30 hours. Both profiles are typical for exiended-release formulations. However. in the same
subjects receiving Mevacor after breakfast. lovastatin rapidly appeared in systemic circulation and
then its plasma concentrations declined. Only very low plasma concentrations of Jovastatin were still
detectable at 12 hours after dosing.

On average. the AUCo4sy values of lovastatin in subjects receiving Lovastatin XL after and without
breakfast (54.7 and 90.0 ngehi/mL, respectively) were greater than that (33.1 ngehr/mL) in the same
subjects receiving Mevacor after breakfast. The comesponding C,.,, values were lower (3.09 and
4.86 ng/mL versus 6.72 ng/mL), while the comresponding Ta, Values were much longer (24.0 and
11.1 hours versus 2.4 hours) and the corresponding t,» values were shorter (4.3 and 4.4 hours versus
9.4 hours). However, these hall-lives may be misleading due {g the inability of calculating the
individual 1, values for the majority of subjects.

The geometric mean ratios of AUCq g, 2nd Ca,, for lovastatin were 2.61 and 0.76 when comparing
the treatment of Lovastatin XL without breakfast with Mevacor after breakfast, while the
corresponding values were 1.56 and 0.46 when comparing Lovastatin XL after breakfast with Mevacor
after breakfast.

The geometric mean ratios of AUCgny 2nd Ca,, for Jovasfatin were 0.60 and 0.61 when comparing
the reatment of Lovastatin XL after breakfast with the same treatment without breakfast in the same
subjects. Thus, it can be concluded that a standard breakfast reduced the rate and extent of absorption
into the systemic circulation of lovastatin from Lovastatin XL.

The plasma concentration-time profile of lovastatin acid for each reatment was similar to that of
lovastatin. The mean AUC 4, values of lovastatin acid in subjects receiving Lovastatin XL after and
without breakfast (50.3 and 91.2 ngehr/mL.. respectively) were greater than that (41.6 ngehr/mL) in the
same subjects receiving Mevacor afier breakfast. Together with the greater AUC . value of
lovastatin montioned above. this result indicated that the sysiemic bioavailability of wnchanged
Jovastatin and lovastatin acid was increased by the exiended-reicase formulation. This differed from
Mevacor. which produced a mean lovastatin AUCg 4, value that was less than the mean lovastatin
acid AUC, 4 value.

The geometric mean ratos of AUCq 4, and C,,, for lovastatin acid were similar 1o those for lovastatin
when comparing Lovastatin XL without breakfast with Mevacor after breakfast or with Lovastatin XL
afier breakfast.

The mean terminal elimination half-lives of lovastatin acid in subjects receiving scparately
Lovasiatin XL without breakfast. Lovastatin XL afier breakfast. and Mevacor afier breakfast were 5.4,
6.0 and 6.3 hours. respectively. Similar to the half-lives of Jovastatin. these values are not reliable
because the individual half-lives could not be determined from the majonity of subjecls.

Safety results: Both Lovastalin XL and Mevacor were well tolerated by all subjects. There were no
serious adverse events or discontinuations due to adverse events reporied during the study. One
(11.1%) subject experienced unrelated headache (mild) and nausea (moderaie) 6 days and 6 hours
afier receiving Lovastatin XL after an overnight fast. that resolved 9 hours after subsequent dosing of
Mevacor. There were no adverse effects of the gastrointestinal ract during the studv.

The majority of abnormal laboratory results were slightly outside of the normal ranges. Two subjects
experienced clevations in AST (49 w/L and 44 w/L) and ALT (82 u/L and 78 u/L) values. respectively.
afier receiving Lovastatin XL without breakfast. AST retumed 1o normal and ALT was only slightly
elevated (47 wL) atier Treatment Phase 1l for one subject, while the other subject’s AST and ALT
values were still elevated at the initial discharge laboratory evaluation (48 w/lL and 86 u/L.
respectively. and 38 w/l and 77 u/L. respectively upon repeat). The subject was lost 1o follow-up.
having moved out of state. Both incidences of elevated AST and ALT were considered drug related.
but not clinically significant. There were no clinically significamt changes in the clinical laboratory
measurements. physical examinations. vital signs or EKGs over the counse of the study.

Conclusions:  Both Lovastatin XL and Mecvacor were well tolerated by all  panicipants.
Lovasiatin XL exhibited a delaved- and extended-relcase charactenistic in vivo.  The systemic
availability of lovastatin after administration of Lovastatin XL was larger than that after Mevacor.,
indicaling more drug was absorbed in the gastroiniestinal tract from Lovustatin XL compared 1o
Mevacor.  Ingestion of a standard breakfast reduced the bioavailability of Lovastatin XL by
approximately 40-50%.

Date of report: December 14, 1998
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Study No. 146-006"°

Title of study: A Muluple-Dose Safety, Pharmacokinetic and Pharmacodynamic Study of
Lovastatin XL Relative to MEVACOR®

—y

Investigator: . =,

Study site: One study center in the United States

Publications (references): none

Studied penod {(days): 132 days Phase of development: I
Initiation date (first patient visit): 20-Jan-98
Completion date (last patient completed): 31-May-98

Objectives: The objectives of this study were: 1) to cvaluate the short-term safety and
tolerability of Lovastatin XL compared with Mevacor. and 2) to evaluate the
pharmacokinetics/pharmacodynamics of Lovastatin XL compared with Mevacor afier administration
of the first dose of either agent and multiple doses of either agent, when steady state plasma
concentrations of lovastatin were attained.

Methodology: This was a 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. During treatment Period L patients received either 40 mg/day of Lovastatin XL
or 40 mg/day of Mevacor for 4 weeks, according to the randomization schedule. Prior to entering
treatment Period 1. patients entered a 2-week placebo washout period. During treatment Period 1.
each patient was switched to the alternate study medication for 4 weeks.

Plasma samples were obtained from those subjects panicipating in the pharmacokinetic substudy after
the first dose of each active treatment [Visit 3 (randomization) in Period 1 and Visit 6 in Period 11). and
again following the last dose of each active treatment period (Visits 5 and 8).

Number of subjects (planned and analyzed):

Pianned: 24 overall (12 in the pharmacokinetic substudy)
Randomized: 26 overall (13 in the pharmacokinetic substudy)
Compleled: 23 overall (12 in the pharmacokinetic substudy)

Diagnosis and main criteria for inclusion: Men and women 21 10 65 years of age with
hypercholesterolcmia with fasting plasma low-density lipoprotein cholesterol (LDL-C) levels between
130 and 250 mg/dL and a fasting plasma triglyceride level <350 mg/dL at Visit 2.

Test product, dose/strength/concentrstion and mode of administration, lot number(s): Patients
were instructed to take Lovastatin XL 40 mg (Lot No. P97263) tablets orally once a day in the evening
(10:00 p.m.), at Jeast one-half hour before bedtime.

Reference therapy, dose and mode of administration, lot number(s): Patients were instructed to
take Mevacor 40 mg (Lot No. E1151) tablets orally once a day in the evening (6:00 p.m.) with the
evening meal.
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Duration of treatment: 8 weeks

Criteria for evaluation:

Efficacy: The primary efficacy evaluation was the reduction of LDL-C after combining 3- and 4-
weeks of treatment with Lovastatin XL or Mevacor, given once daily. Other efficacy evaluations
included the reduction of total cholesterol and triglycerides and the increase in high-density
lipoprotein cholesterol (HDL-C).

Pharmacekinetic/Pharmacodynamic: The pharmacokinetic parameters [Coy.. AUC; 24m. Uiz and R
(accumulation ratio)] were determined for lovastatin, Jovastatin acid, and total and active inhibitors of

~ HMG-CoA reductase. The ratios of Lovastatin XL/Mevacor were calculated for C,, and AUGC, 24

Safety: Safety was evaluated by assessing the occurrence and frequency of adverse events, changes in
vital signs, physical examinations. and clinical laboratory values.

Statistical methods: A repeated measures analysis of variance (ANOVA) model was used to analyze
the changes from baseline of each efficacy variable afier 3-week treatment at Visit 4 and after 4-week
treatment at Visit 5 in Period L, or at Visits 7 and 8 in Period 1I. The model included factors sequence,
subject (sequence), treatment, week, sequence-by-treaiment, subject-by-treatment (sequence). week,
sequence-by-week, subject-by-week (sequence), treatment-by-week. and sequence-by-treatment-by-
week. If the interaction was not present (p>0.05), then a reduced model, with all the insignificant
interaction 1erms dropped from the model (except sequence-by-treatment). was used to reanalyze the
Weeks 3 and 4 data. The least squares means of percent changes for each treatment and treatment
difference were obtained. If there was a treatment-by-week interaction, an indication of
inappropriateness of combining Weeks 3 and 4 data, then no further analysis repeat measurement was
camed out. A standard crossover model with sequence. subject (sequence) with period and treatment
as the factors was used to analyze the Weeks 3 (Visit 4 or Visit 7) and 4 (Visit 5 or Visit 8§) data
separately. The residuals were tested for normality. Where significant deviation from normality was
found. the analysis was also performed on the overall relative ranks.

No statistical analysis was applied to the pharmacokinetic data.

Summary/Conclusions:

Efficacy results: The data presented in this section is based on all patients who took at least one dose
of active study medication and had at Jeast one post baseline lipid evaluation. Lovastatin XL Jowered
LDL-C by 4.41 percentage points more (p=0.0605) than Mcvacor at Weck 3. by 3.62 percentage
points more (p=0.0737) at Week 4, and by 3.87 percentage points more (p=0.0435) when Wecks 3 and
4 were combined (Table 1). The analysis of the combined Wecks 3 and 4 LDL-C daia was pre-
planned in the analysis plan,
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Table 1. Least squares means of % LDL-C reduction

All patients Lovastatin XL Mevacor Difference - p-value
Week 3 (n=24) ~40.60 -36.19 4.4) 0.0605
Week 4 (n=22) 4248 -38.86 a2 0.0737
Weeks 3 & 4 (n=24) ~41.32 -37.45 3.87 0.0435

Source: Final Study Repon

When compared with Mevacor, Lovastatin XL increased HDL-C by 2.67 percentage points more
{(p=0.2588) at Week 3, by 3.04 percentage points more (p=0.2741) at Week 4 of each reatment period,
and by 3.01 percentage points more (p=0.1402) when Weeks 3 and 4 were combined. Lovastatin XL
lowered total cholesterol by 3.36 percentage points more than Mevacor (p=0.0245) at Week 3. by 1.67
percentage points more (p=0.3422) a1 Week 4, and by 2.48 percentage points more (p=0.0721) when
Weeks 3 and 4 were combined. When compared to Mevacor, Lovastatin XL decreased triglycerides
by 10.20 percentage points more (p=0.1067) at Week 3. but decreased triglycerides 3.12 percentage
points less (p=0.5297) at Week 4.

Table 2. Mean percent change® in HDL-C, Total Cholesterol and Triglyvcerides

All patients included Lovastatin XL Mcvacor DifTerence p-valve

HDL-C

Week 3 (n=24) +1.73 +5.06 +2.67 0.2588

Week 4 (n=22) f...+8.81 4877 - —43.04 - - 02741

Weeks 3 & 4 (n=249) +8.19 +5.18 +3.01 0.1402
Total Cholesterol

Week 3 (n=24) -27.80 -24.44 -3.36 0.0245*

Week 4 (n=12) -29.27 -27.60 -1.67 0.3422

Weeks 3 & 4 (n=29) -28.48 -25.99 -2.48 0.0721
Triglycerides

Week X (n=24) -20.53 -1033 -10.20 0.1067

Week 4 (n=22) 2102 -24.14 +3.12 0.5297

* Least squares means
*significant at p<0.05
Source: Final Srudy Report
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Pharmacokinetic Results: The mean  SD pharmacokinetic data from 12 patients are summarized in

the following tables:

Table 3. Mean + SD Values of C: (ng/mL or ng eq/mL)

Lovastatin XL Mevacor
Day 1 Day 28 R* Day 1 Day 28 R*
Lovasatin 40120 55225 136 67240 7.8+8.) 1.00
Lovastatin acid 29125 58448 1.70 .11.7 +69 1192102 0.91
Total inhibitors of HMG-  105+5.8 17.3£8.1 L7 314194 36.2+20.7 1.05
CoA reductase
Active inhibitors of 64%43 134491 2.06 24266 2662142 1.09
HMG-CoA reductase
Source: Final Sdy Report
*R = Geometric mean ratio of Cg,, on D2y 28 to that on Day 1.,
Table 4. Mecan £ SD Values of AUCq 4, (ngehr/mL or ng eqehr/ml)
Lovastatin XL Mevacor

Day 1 Day 28 R* Day 1 Day 28 R*
Lovastatin 49912358 76.6+ 36.9 148 3371216 4474462 1.15
Lovasiatin acid 862314 87.1+67.2 1.38 84.1 2631 8254603 1.00
Touwl inhibitors of 1363 +733 2626+ 1594 1.81 2269+ 1004 2516+ 154.1 1.06
HMG-CoA
reductase
Active inhibitors 8332447 171.3+£1229 186 178.9+829 1859+ 1004 1.02
of HMG-CoA
reductase
Source: Final Study Repon
*R = Geometric mean ratio of AUG, »,, on Day 28 to that on Day 1.
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Table S. Geometric Mean C_, and AU, 4. Ratios (Lovastatin XL/Mcevacor)

€ Rutio AUC 5, Ratho
Dus 1 D 28 Day 1 Duy 28
Lovasiatia 062 084 1.49 191
Lovasiatia acid ox 043 0.46 086
Total inkibisors of [ 4 ) 0.43% 0.%56 096
Active inhitrisons of 028 0.8? Q.36 D34
HMG-LCoA reductase

Sounve: Fimal Study Raepont

Ratios of Cuws and AUCosa. &t Day 28 compured 1o Day 1 for Lovestatin XL were between 1.36 and
2.06 for all the pharmacokingtic parameters (kvastatin, Jovastatin scid. and wotal and sctive inhibitors
of HMG-CoA redictase), indicating sn accumulation of lovastatin and its lalent #nd active metaboliles
after chromic onoe-duily administration.  In coatrast. the cormespunding Cow, it AUCo 30, Talks
between Day 28 and Day | afler administrstion of Mevikaw manged from  ~— | indicating that
kvasiatin, Jovastatin acid, and its Litcat and active metabaolites did it accumulate after maltiple daily
doses of Mevacuor.

The C,,, valuck on Day 1 and at stcady state (Day 28) were Jower for Jovastiating fovastatin acid, and
ttal and uctive inhibitons after Lovastatin XL adminisration compared 0 Mevacor administration.
Thix is consistent with the extended-release characteristics of Lovastatin XL

When compared 10 Mevacor, Lovastatin XL had higher systemic bicavailability «f inactive prodrug at
sicady state. refiected by the higher value (1.91) of the AUC ratio for Jovastetin. However. the relative
bioavailability of Lovestatin X1 to Mevacor, in terms of AUCq2a ratio of ovastatin acid oc active or
wnal inhibitors of HMG-CoA reductase at steady state was less than or chose 10 b The higher
hioavailahility of the inactive drug (vastatin) and similar bioavailahility of the sctive drug (Jovastatin
acid) and metsbolites as well as wotal iphibilors of HMG-CoA reductase at sweady staie for
Lovastatin XL relutive t0 Mevacor are belicved to he due to the extended-release characteristics of
Lovastatin XL.

Sufely results: There ware no serious advense evenls or discontinuations due 10 adverse events
reporied during the stody. '

Overall. 12 (46.25) patients in the Lovastatin XL group and S (19.2%) patients in the Mevacor group
expericaced at keast one treatment-cmergent advense ovent during the study. The greatest number of
patienis experiencing at kast anc teatment-cmergent adverse even! was in the budy ax a whale
sysiem with 6 (23.1%) patienls in the Lovastatin XL group and 1 (3.8%) patient in the Mevacor
group reporting an adverse event. Within the body as a whale system, beadache was the mast
commonly repovied treatment-emergent adverse event (11.5% of the Lovastatin XL group snd 3.8%
of the Mevacor group). The majority of adverse events reponied by patients receiving Lovastatin X1
(9. 34.6%) and Mevacor (4. 15.4%) were considered mild in intensity.

A small mumber of paticnts in the Lovastatin XL group (4. 15.4%) and in the Mevacor group (2, 7.7% )
exporicmixd freatment-cmergent aiverse events that were considered trial drug relaied. The gredtest
number Of paticnts experiencing at least one treatment-emergent adverse event thar was coasidered
trigl drug related was in the body as 2 whole system. with 3 (11.5%) patients in the Lovastatin XL

8EST POSSIBLE COPY
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group and 0 (0.0% ) paticnts in the Movaowr group Feposting an adwerse event. Within the body as 3
whole system. abdominal pidn was the most by reponied cmergend acherse ¢veol
(1.71% of the Lovasaatio XL prowp and 0.0% of the Mevacor groun).

Duwing treatment with Lovastatin XL the mran increases in AST (SGOT) and ALT (SGPT) from
Pasrline W Week 3 were 1.8 mUnL and 1.4 mi/mi. respectively. Al Werk 4. the mean increases in
AST (SGOT) and ALT (SGPFT) were 1.7 wi/ml ad 1. mlvml. mypactively.  Nome of the
individoul AST or ALT values incremsed w2 times the wpyper limit of bonna! (ULNL Cosnparatively,
Suring reatment with Mevador fhe mean increaes From bascline 1 Week 3 m AST (SGOT) and ALT
- (SGPT) were 1.4 mU/ml and 0.1 mUrml. rospoctively. At Week 4, the mean iresse in AST
(SGOT) was 12 mUAnL and the mean docrcase s ALT (SGPT) was 03 sol/ml. None of th
indivihml AST or ALT values mcreseed W 2 times the ULN.

During pratment with Lovactatio XE. the mean incyeawes in creatine phospiekinese (CPK) from
hascline 0 Week 3 and Week 4 were 2.9 mUimL and 2.4 sl Yl sepectively.  Meun iscreanes of
7.1 mUml and 9.6 oll/ml. were noted during trestinent with Mevacor trom huseline w0 Week 3 amd
Week 4, respectively. Nooe of e individual CPR vatues incyeased x 2 times the ULN.

The mean and median chemistry laborasory values at buscline and during the active stgygnent periods
were comparahle for Lovastatin X1 and Movaxw.  Examtinain of individual scrum constituents
todicaies reldively miny teaunom-asuxiacd changes in each am. la additkn, e
changes abwerved duning the Lovaautin XL treamens porid were similar by thwe observed with
Movacor,

There werr no clinically significam changes in physical examinations or vital sigas reported during the
study.

Conclusi: The pt kinctic daty indicaie that after adminivration of Lovaastin XL the
plusma concentratinns of knvastatin pridrag are hipher than these ohserved with Mevacar, Coenpared
0 Mcvucir al sicady stste. sdministraion of Lovastatin XL i associsted with kywer Come and similur
biaavailahility of the active drug and HMG-Cod mincae inhihikes. The nd o myssitis with statins
is comsidered o he related 0 fhe conccutration of active drug andar metabadites in the systeusc
arculation® © Cotnpareit 10 Movacar, at equivalent doses, Livedatin X1 demodraiad increased
eflcacy despite similar hicwvailahility of the active drug as well 25 the uxal and active inhibines of
HMG-CoA roductare. Tha, for 3 given level of LDL-C rodacton with Linastatin XL there would be
relatively Jower conventmbions of active drag anddr meiaholites i the systemic circulston.  This
would anslaie plo 2 “Gose-spuring effert” und » resulling sufety advantagr.

Date of report: Decenber 30. 1999

Referemce(s):
i Chrimaes U, Lcuibwen W. Fhowes LC . Metabobas and 1wy Inkwaitome o 2 Hydiony X Setiny iphtary! Cremzyme A
Reeductae lnkin b io Traoapiant Pationls. Are the St Mahanatinally Scovhe? Mharmarol Therap 16 8r 134,

3 Mhophadamn MH Chaxal Phammokey of 3-Huninay 3. Mety iptatay! Cocunme A Rodmtose babibilors. Lik i,
199 6NV 1IN.AT,
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Study No. 146-007

Title of study: A Single-Duse Safety snd Pharamcokinctic Stody of Loveaatin XL 10, 20 mnd 40 my
in Heahhy Make Suhijects
lovedigator: ————————

Study site: Onc study cemer in the United Sistes

Pohlicutions {references): aonc

Studicd period jdays): 17 Guys Phme of developorent: }
initistion date ifiest pationt ssit): 09-Masy-98
Compiction dute (lust putient crumpleted r: 25-May-v%

Objective: The ohjective of this study was 10 determine the safety s pharmacokinetc pafies of
knasiatin and its P-byanuyacid ( in acid) for L XL 10 and 2 mg formmaiations
relative 0 the $U mg Formmalation.

Metbodology: Thit was a single-conter. single-gouwe, open-lahel. randomized. three-orad cnesover
study with 8 7 day washiut pernd hetween the Gesuments. Subjects were randomizsd w raci &
single due of three sef drug administrations in the xeipned study porids, which consived of
me of the following: one Livasazin X1 10 mg tahict. one Linastatin X1 Xhmg tabict. of coe
Lawastatio XL 40 mg tabict. Al subjects were served dinnes o apprimately £:30 p.m. folhwod by

dining at appnumutely 10:00 p.m.

Number of subjects (plunned and analysed): Nioc (9) healiby. male subocts wore plamcd. snd
auulled. Eight 1¥) subxcts onaxpleted the study wnd were included in the data analysia. One subjecr
discontiney frum the s1udy afles the fird restment (Lovastatm XL 10 mg 1 due b pemamal roasons.

Diagnanis and maln criteris for inclasion: Healthy, sov-aeoking. male subjacis herween the apes
of 15 and 45 yoary.

Tost product. disetrength/concentration and made of adminbtration. bt pumbens): Subjocis
reccivad ane ol the following three separate drug adininisratns in cawch assigned stady period: one
Lawastarin XL 10 ing tabkt than No. PYRISS), e Lonwsiatin X1 20 mg tabdet (Lan No. PYSING). on
one Lowastatin XE 40 mf wahlet (Lit No. PY7263).

Refervace therupy, dine and mvude of sdministretion. bt pumbensy: There was oo reforonce
thezapy fox this snady.

Durntlon of treatment: Single dose x 3

Criterta for evalustion:
Efficacy: This was st o efficacy study.
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Pharm-mkhrtkll’hrnamdrm-k' Tae folkvwing ph okinctic f wese inod
for pi i and b ¥ andAUCo.(memmkvummmwwnt
wwc).C_(dxob;awdnmummn), T e (the obmcrsed time 0 seach the Bmxinm
concentrutnm); and T,y {lig time). Gecmetric axan st were Galcolaicd fix Ca 808 AUC 4a . 30
sverage dose-mymalized values were caloulantd S0f Cas (NComa) 800 AUC (RAUC) fiw knastatin
and knwrstatin scid.

Safcty: Safery was evalusied by g the ooc and fi cy of adverse eveni, changes in
vital sign<. physical cxaminations, daanmbngmm (E.LGay-xl:lnx:! htorarry values,

Duts ynalysls metbods: Plasma tme for knvudatin and it B-bydnoyacid wore sralyzed o ——e

w—— wsing 8 prevalidsied  e—= mcthnd. Snuu‘]mdwampu'ﬁlmdmdxu--
sormalzed AUC . (NAUC) snd Cay INC) fix b and } in & AT T
ondet, which inclnded period. reatment, snd carryoves as the within-sayoct varishics. was uwed 0
mahyze the data. The devel of significance for carryower effect was set at p=0.10. AR uther testy wore
peddormed m O=0.05, -Dose-proportionality with the range of stuly doses wonld be doclared if o
significun dffercnces herween dokes were ahserved with respect 10 NAUC and NCoa.

Summary AConchrshans:
Efficucy results: Not applicahle

Pharmucokinetic Resalis: The mesn 3 SD pharmacokinctic dats from the § compicted subjcts are
sumenanized in the Rellowing 1bic:

Table 1. Mean 1 SD Values of Lovestulin and Lovastatin Ackd

Lovwminits

[ 1o mg Wy Wmg
C,o, tapral) 1M20Q 2032008 4B 2@
AUC, ., (ngehciod ) 146278 312132 3392338
T, 0n $3232 3621) 19209
T e th2) 1282210 nS22% 113238

Suunce, sl Sy Kepaet

Leosuntatin Ackd

Parmreier 10mg Wy Ony
Pop.— LDz 10 204z lan 38436
AU g, twpehriond 3 921183 snLr2ie T1Ize1N
k™ 4zl 35212 25408

T b 60291 173203 1o:13

Scurie. Fisal Sty Rayrowt
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Table 2. Geometric Mean Ratios for Lovestatio and Lovastatin Add

Loveasiia

Facsemser 40 mny/20 mg 40 w30 mp 20 /10 my
Co (743 5y 284
ALCy 13 166 26m
Lantatin Actd

Parancier 40 220 g 40 s/ mp 20 gV s
[ 194 L3S 22
AUy 15 341 233

Sowce: Fioul Saedy Report

Table 3 Average Duse-Normalized Valves for Con (NCLL) and AUC (NAUC) for Lovastatin
and Lovastatin Acld

Lavenutin

Pagaencies iDmg Xy Hmyg
N o 10pimd Y Crum 030208 wwzom
NALC (pyehriml } 1454077 1671087 1930w
Lovmantia Acid

Pacamrer W0 my 20 mg ey
NC,,, tagml b 0312010 oa1zom 012007
NALY i apebriml » 1504158 1891126 [BLESE 3

Souror Bsal Siwdy Repuant

The pharmacokinetic results demmssraiod that 10 s 20-mg Gowes of Linastatin X1 had similar
profes ko the 20-my duse of Lovastatin X1 showing delayed- and extendod-relense charactleridtics in-
Vivo i lerme of plasnm concontrations of Jovastatin and lwastatio acid. In additiog. 16 of 24 time-
concemration pawiles fur Jovastatis and 13 of 24 timeconceniration profiles for kovastatin acid had
yuzniifiable pl conoenraixms & the 48-bowy samphing time unicwiing that samplmy for 4%
o was sudlicient o characionize the pharmmcaokinetic pridides of hnastatio at the domes iesied.
The mean dore-normalized vahees i Can 208 AUCe s would suppest dine propertionality for dimes
of Lowvaastin XL HL X1 snd 40 mg. However, the ohsaved camyover eflet made a oritical
ditlerence i the asvesstnent of dose propostionality for ghis gudy. As peodose 2o early saopies hy
cach e of Inastatin were on-gqueasifiable. the concentraiion dals pavide e cles evikooe for
caovever with fespect 10 plason concentrations Af knastatio and knasatio acid.  Given the large
vanahility i phanmcolonctic puameurs due W the ke biogvailshility of Lovadatio XL
formulations, it appeans likely that the oberved utistically significant camwner eflect maght he e
w0 the anpic size of §. which sewdicd in onty 2-3 subjects for cach reatment segquence. However, as
o is ;e pemsihie 0 reliably delermine if camyiner effects were in fact real o were an antifact dae W0
the amall sample sizos. a larpar sempke sir would he necded to prnide 3 defmitive aswcssient of
Sone-propurtiiuality for Losastatin XL dosapes of 10. 210, and 40 mg.

Ad09 3181550d 1538

Safety results: The sadety profiles from this siady with rexpect W sdverse cvents and clinical
lahv ranwy tosts indicaied that single dowes of Lovastatin XL 10, 20. a0 40 my were well wlcraiad by
all participants,  Jo addition, there wore ao diinically significant dunges in pyxical examinations,
EXGs. r vitat sigms reponied during the stody.

Concirduen:  Single dones of Lovasiatin XL 10. 2. and 40 mg were pencnalty well kienied by all
poticnants o sormos of sdvene cvents and ctinical bikraliny tests. The ph wdinclic profiles of
brvastan and knastann ack) exhibited delaved- and exicoded-relcase Chanacterisiis in vivo ki cach
Gine. Mean Gowe-xwmalized vatues hir Cop wnd AUG 0, sugrested dose propuvtionality for doses of
16, 20. and 40 mg of Lovesztin XL Hyrwever, the small sample size and the preaence of satisically
significune carmyvves effects Gid it pormil 3 dedimitive statcencnt regarting Gowe poopwwtionality hased
1 the aurrent stody.

Dute of report: Apeit 19, 2000
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Study No_ 145-012

Title of study: A Dose Proproti y Stdy of L im XL in the Dumage Levels of 20, 40. snd
60 mg after Single Oral DnchH:almybdr’cm
investigntor; ~

Stody sic: Ooc study center in the Unised States

Puhlications (referenors): mooc

Studicd period (duys): 42 duys Phaue of development: 1
Inftiution dic (fing putient vhi): 26-Oc1-99
Complction date {last paticnt completed): 06-Dec-49

Objective: The objectives of this study were 1) o determine the kinetic lincarity of Lovastatio X1 im
e tosage devels of 20, 40 and 60 my in healthy adult subjects o teross of plaas concensratioe of
brasitin and lovastatin acidi 2) so characierize the disposition of Lovastatio X1 by dexeninining
winary excretin of knvastatin and kwastatin acid: and 3) & evahuic the effects of®ender on
pharmmonkinetics of Lovestatin XL,

Methodabugy:  This was a singic-conter, single-dwe. npen-tahel. nndomiznd. fwee-period. six-
sequence Ggsaver study with 8 2-woek washout pernd hetween e bratmcmts.  Subjects were
randwmized 10 reccive a single dose of three separde drug adminmistrations in the swigoed shady
Pehods. which consisted «of i of the following: onc Lovastatin X1 20 mg tablet: sme Lanustatin XL
40 mg abict: and aoc Lovastatin X1 20 g tabict plus coc Lovastatin XL 40 mg tablet. Al subjects
were sorved dimer o approxinancly $:30 p.m. folkowed by dosing # sppriguacly 10200 p.m

Number of subjects (planned and analyed): Twoany<owr (12 males sod 12 fomlcs) healthy
subjects were evulled. Twonty4wo (12 anics and 10 femuden) cooplcied the study. Oune fomake
suhject 1Subyert 19 wan discuntinoed frien the sty 2fier the firm sratnem duc & laking prescription
mrdications durtng the wadwt herwoen period |and period Il Asother femmale sabiect (Subject 23)
was sithdrawn fnm the study prur & the third dose bocsase of prscitive ieating fiw opisies 28 check-in
Siw Perund 11

Diagninb and main criteris lclf kxﬂl:sl-n. Healthy mkndfc}!uk m‘hﬂmﬂtmdl\’ APPEARS THls WAY
=nd 35 years who met all of the incluson (and mone of the exchaskon) critenia. ON ORlelNAL

Test prxduct. dese/strengtb/oncentration and mide of administration, ket aomberis): Subjects

reveived one nf the following thite separile drug administrations in each axsigned sty perkxd: oo
Lanadann XL 20 mg tabiet (Lin No. T70RM021, one Lovastatio XL 40 mg tabict (Lot Nuo. 780R005),

o ane Lanastatin XL 20 oap tabiet (Lat No. T20R002) plos ane Linwatain XL 40 sy tahict (Lot No
TRORINS).  All sulgats were served dinner al spppoximately $:30 pm followed by doning 2t .
apreanimaiely 10:00 p.m. )

Ad0Y 3181SS0d 1539

Referrive therapy, dose and made of sdministration, dnt heris):  There was b seference
therupy for this sy,

Duration of treatment: Smyke dose x 3

Criteriz for evalustion:

Efficacy: This was o an efficacy study. .
Pharmecnlinetic/Phurmacodynamic: The jollowing ph kinctic | x were detesmined
for plasma hwantann and kovestain acid AUCe 7z (the ared under the plasam cuxentration-tine
cunt). AUCs »/BW (hudy weight swmalized srea vnder the plasmm concentrats m-time curve): Can
(the vbnened mmasimum umccnlnum) C/BW (hdy wright pormulized observed maximum
oonoentruti Y, Tuw (the amerved time W reach the maxinum coocenmruvn ). and T, (lag time)
Budy wright and diec mrmalized mean vahols were caloulstod fof Caen (NCom) #nd AUCe >
INALGE 1o} v kvaatin and kvastatin acid.

Safety: Saloty mas evalumed by ing the oo and frequency of advene ewcots. chanpes 10
vilal sigm. physical examinstions, clectrocandsograns (EKGx) o clinical ihorati vy values,

Dats snahsh metbods: Plasos b m o it asid were characierized i tesmn of
ALCu2m. AUCe2oBW. Coms. Coa/BW. Tais. Tirpe NCaas. and RAUCo .

A full mxel which duded pender. sequence and pendor-byscquence ormn as hetween-xubject
cticcts and periol perioak-by-gender. tone. ose-by-gender, camynyer and caTymnver-hy-pender as
within-suhject effacts. wes find oved & cxumine the pender effect and o check whether dats fir b
peoden coudd he praked topether. I a sigmiticant (p<tl 1) intenwction hetween pender wnd any within-
subjout muin effect (perioxd o dose of camvver) was thscrved. the dats was cvaluted separately fur
each pender.

To macs dwe prynvlionality. bhody wrisht and dose pormulizd C, (NC.) and AUC, .,
AINAUCe -2) werr anuhyzed with 3 crossover model. winch inchuled sequence. perkst. dose and
camwner e fir each ponder. When oo evidenoe of camaner eflact (o0, 10) was fiund, 2 redaccd
el wath carmyves effect dropred from the miode] was usad 0 snatyze dhe data Crompariaom
horween danes were made.  Deviateon froen dese-hincarity was ixscated by significant diffesences
AP t15) herwren dones,

Satey edncrvalk e aod mesamomenis 2 well 25 advense cvons data werr summanized No foomal
stainticd] cvaluathm was applicd o the safay vanahics: owevern, 2 cwical incrprettion. was
potaemed

Summary A enchsions:

Efficacy resulls: Nox applicahic
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Revelts: The mean = SD pharmmacolinctic dats of krvasoain and kwastatin acid

Pharmacok oetic
=ulke (3=12) and feank (n=10; subjects sre somamarized below:

Tabic L. Mean 2 SD Valves of Lovastatin

BEST POSSIBLE COPY

Pornaeter 20y 8 -y - oy
Ca (np/onl}
Mlales L0217 252194 SA 4D
Fexaies LI 2050 2882108 PR SR ]
Co/BWinginlsiy
Mairs c o2 Lo 0.0 £ 0024 o4 00%8
Feumdes A01v 10013 9.043 1 0.0 O34 1 00y
AUC, ap, tagebsind .}
Males NS 99 6162387 3632 06
Femals 01302 [TV ES I N72328
AUC, o /BW ymyrobriml migt
Males CAv20214 0H36 210443 1826 + 00K
Fesesalon 0361 D6 oMY 00 146720003
Ty O}
Mal 31208 36218 Al108
Fowairs [REYA 35211 40112
T e A1)
Mals 3a0570 . 132228 63ty
Fexals 18221 Y FYV] 14127
Table 2.  Mcan 2 SD Valeos of Lovastatin Add
Lormtutin Acid
Pareowter 20 o -~ wy - oy
Coas tagind)
Males 1502088 3412243 409229
Females 133108 LETE S Swia2
ComsM Wimgrml ol gy
Makes e021 20013 [T P TS 008S 2uDL
Fernales 4030 £ UDIS 060 + 0053 o 2002
ALC, oy, teypobe/nd
Males 3612213 TR PIIL) [ITEYS X%
Females 3472310 &0 SKS DYz WE
AUC, o BW impetira oig!
Sales A7 20311 0938 105N 13848 ¢ 3 D6
Females | 054y 2ol LI2I 10572 180011284
T, o)
Males liz08 37218 32208
Fesale: 4020 37213 35214
h oy V1)
Blaben 158233 1281221 177298
Fermles 94223 1222 12oz6s
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e g n e g e e rg——— S 1. S e e———g

Body weight end dose mornmalized mean Co, (NCon) 308 AUCq 12, (SAUCy v} vaues of kvastatin
and vasimio 854 e sammoarized hekom?

Tubie 3.  Baody Weight and Deve Normalized Mexn £ SD Values of Lovastatin

Paremcter 2wy *» =g - oy
NC, lag/mlstgrog)
Maikcs ©1111 2 0.0006 001 2 QU008 00012 2 00010
Fuwales O.XHO £ 00077 oLUI 1 AO0S Q0U0% + WO
KAUC, 5y, 1ageheind vl gomgt
Males oo 0I5 260107 0Lz M 00254 200190
Fexmics [JOTARLT, T 1} 00196 2 00018 60198 = 00101
-
Tuhled  Body Welght and Duse Nermulized Mesn £ SD Values of Lovestatin Acd
Lovestulla Add
Pareowctrr 20 mg 0 my “ oy
NC,o. (opioal sl ypomg}
Makes ©.0M0 3 0.0008 G012 2 00012 0LV0Y 2 0006
Femnle 00015 2 0.00% 0.0015 £ 0.0013 00016 3 0.0012
RAUC, 32, fapein/ol akyemg}
Males 0244 £ 00130 LI AYEYITT G L1 PYITE ]
Females: DATTY 4 000N IO = 0.0TIF QOMX = (Y

Safety reuhse Al paticipating subjocts peocraily sulerated the stady medicarions wedl. There were
) clmically xignificanst changes in phyxical examination, EXGs. vital angns, advense eventx, s
chinival sufety lahoran vy meavurements over the course of the study. The majpr adverse experieices
repewicd inwn several suhjects afes administration of study medication were beadache, shdomina)
pain. postural hypoterrdon, mnrczia, dyspepa and rhinific. The aiherse experiencos were either
anld ar axaderatz with a shoet duration and did mot show 2 rend with the increase of dose.

Concwsharr: Sn{kamdhmmmnnm 40. snd 60) mg were pencrally well wicrated by all
panicipants in ron of ahere evenls and clinical iborakory sty

The pharmmcokinetic pmfiles of kvastin and hwastatin acid exhibited delayed- and exsended-
relcaw charscteristics o cach dowe kevel of Lenastatin XL The ocan valucs of plasa peab (C,..0)
= aca umicr the plasa concentrats w-time carve {ALG, »y, ) of lovastatin, but it knastann acid.
m mule xohjects wore higher than thuee I female suhjeotn.  However, the differemce was mo
statisticully sagnificant. indicating that peniies did oot afica! the pharmacekinetics of Lovastatin X1

Sinx pendcr mmeractions with porid. dime «f carmwover for the key phargucokinets paramectens
(NCus and NAUCq ) oF Jovaststin ang knastatin acid exivted, e dose propwtionality was
evalusted fiv male and lemale subjects separately.

Bady weight and done pormalized valaes A Ca (NCond and ALGn (NAUCs st values of
Snasalin and kwastatin acid were coaparable s the three deses in th genders. No statistically
sigmuficant diffarcooes for these pansmetery wae fund. indicating Jdone propeethmality in the dosape
Ievels of Lanwsta X1 X0, 40. wnd 60 mg in doth males and female sabyects,

The amcnat of hwasatin wnd kwastitin acid oxcreed i urine afler adminisration of L in XL
was ncgligible kince e omuratrsans of bnatatin and knwsatin &3 in al} wrine samples aollecred
ware bedow the bower liom of (uantitsicn of the 358y ~——

Dute of report: July 27, 2000
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NDA21318.doc

Ad09 3191SS0d 1539

57 of 62



Study No. 146-102

THie of stady: A Bioavailahitity Suxty of Lowastatin XL 60 mg Given By Oue Tabizt (60 mg)
Relative w0 Lovaatin XL 60 mg Gives By Two Tabiens (20 mg 4 40 mg) Afier Single Ora! Dvne To
Heathy Sutgects

Investgator: T ———

Stody site: One study cemact in the United States

Publicathns (refcrencrsr. aone

Studied period (days): 37 days Fhmie of devdupment: 3
Inltistion dasie (Tirst patient visit): 02-Now-00
Gompletion dule (last paticnt cumpicted): (R -Dec 00

Objective: The obyective of this stody was & compere the laavailshibity of Linastatin X1 60 mg
gyen by one tabict (nor 60 mg tibict) with Lovastatin XL 60 mg given by two tabicts (one 20 mg
tahict 4 ane 40 mp tablet} in healthy pusde subjects i dorom of planma concentrations of lovestatin and

Mribodology: This was & singlccenter. epen-ishel. singic-kne, andomized, tws-periad Qosurver
study with 3 two-week washaut perid bhetween the treaunents. The subjects pandomly seceived 8
sinple ond dose of tew acparate drug siministrations ie scsigned stady penods, which consisied of one
of the foliowing temments:

Trewment A = Lovastatio X4 60 mg (one 60 mf tablat)

Trcatment B = Lovastatin XL 60 mg (anc X0 myg tabict + ane 40 mg tahket)
On the dwing day of each periad, all subgects were sorved dimoer s approimaicly $:30 p.m, fullownd
by eming at wppnxioutely H00 pm , one-hadf howe hefore hediinae.

Nomber of suhj pl d und ansh ard): Tweniy-foer (24) subjects enrallad and 24 compicted
she study.

Dlagnisk and main criterla for inchmion: Healthy male subjects 1910 45 yoan of age.

Test product, dosvAtrength/coocentrution and mode of wdminbtrstion, bkt oumber(s):
Depending an the period and assigned trestment. subjects were instrected 10 take cither ane Lanastatin
XL 60 my tubict (Lot Neo. P9OR(0] ). e e Lovastann XL 20 mg wblet (Lis No. T70R002) and ane
Lowzaain XL 40 mg wbict (Lat No. TRORUNS) ot appamimatcly H1X) pomn, conc-half bow hefore
thedume.

Referemr therapy, dose and mode of admioistrathn. bt somberts);  There was bo retoronce
theray

Durstion of treaiment: Smpk duse & 2

ApPEARS THIS WAY
mon ORIGINAL
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Criteriz for evalustion:

EMcacy: This was pot an eificacy soaty,

Phurmucokinctic/Phannscody namic: The pharmscokinoic paneers [Cou. AUC ., AUG, .
Tim. Tone. 303 hir | were dewommined for dovastatin and iovastatin acid. The ratins of Liwastatin XL
60 mgpLovastatin XL 21 mg + 40 mag Ff Cama. AUCs 720 303 AUCs s wert calculated.

Safety: Salcty wa evalumod by ssaessing the occamoce and fraquency of advenie expenences.,
changes in vital wigns. clectrocandiograms (EXGs). physical examinations, and clinical hburatory
values.

Date snahsb methods: Summmary statstics are presented v plrama awccntraions of knvastatin and
Imvastatin ackd & all Gmepoings by Gcstment.  Summuary satistas are ako prescoted fie plasma
ounccraratinns of kovestatio snd kvestatin acid by treatment fiv @ fodlowing  pharoaculdnetic
Paamctery: Coe. AUCq 00 AUCo oy Tay- Tow 900 1 Thexr paramcicrs were estimatod using 2
mw-cupertacnal sprviach. The AUC x0d C,,. values were compused betaeen the twn treatmenss.
Retative bivavailahitity, which is defmed as the ratio of AUC or C, v the two fresoents, was
caloulated and sumenarized.

A cnmsover mixdel. which inchaded soquence. subject-within-sequence, period, and weatment .
was wed 1o mehyze asnuad fog msfamed AUC and C, ., data. The oxtimuies of trestrment
differences and their sandard ems abtined fnw e cnwsover analysis were ased & cakulate the
selative heouvailahility and the Y% confidence imerval. ¥ the 90% amfidence imterval was within the
M2l e bequivalence of the twe peamens ws declared.

Summary/Canchndons:

Efficacy resdis: Not applicabic

Phurmacokinetic Resolts: The mean 1 SD pharmacokinetic data from 24 subjects dre sumemarinsd in
the following tahics for bwastatin md kovastatin acid:

Lorantutia
Pacameses Lovastalis X1 Lovasatis XL Relatrve R

o0 =y 2y - 40 my [ b1yt Cuoabdeacr latarval
C g iop’mdy 494279 453218} e W4T, N4
AUC, ny, (mgshrml 1 [ SE3 LY LRS- ] HC3 [ e W L.,
AUC, _, tmgredrrnd 22 My 432331 W MO, 12460
Ty 1) 33213 igii0 Tl T ) TrhTmrTem T
T thit? 129 34228 -
2 The) a8 L ¥ .
* Lo square mean rauo of Lovaasia X1 60 mgAovaain X1 20 my + 30 mp
* Higowoia mean
Source. Final Sindy Repont

Treaunend with one 60 mp tablet of Lovastatin XL «r e X0 o thict 4 eme 40 mp tabiet of
Lanaatarin XL resutied in similar pharmacukinctics of knastatin.

APPEARS THIS WAY
ON ORIGINAL
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Stanitical duts shirwe io (he abowe table indicsc it unc 60 mg tabld of Lovestatin XL was
bicquivalent 0 onc 20 mg tahlct + ooc 40 mg tahlet of Lovactatw XL, s wermn of gx 90%
onofidene imtorvals for the beast aqaare mexn ratioc of Co. AUC 2 a0 AUC,

The pharmacokinetic parameters ky lovecistin acid arc displayed in the fidkwing ahic.

Lovatatin ackd
Patamrict Lovasaio X1 Lovastatie X1 Rebpve %01
&0 mg 20me~ Wmg Bicwvailabi bty Conthdonce Ietersal
C o tnpd 4361251 $pe+ S04 8% A28, M)
AUC, o, tapeborl ) 7191436 29: 705 -3 AR, 10654
AUC, . tngrebecioad ) 7662 2463 LIzs0d 1) A2IE, 11785
Toy (s 34210 32209 -
Y O 143239 127248 -
[y ] [Y.4 s.r -
* Lea squan: mean mto of Lovastatin X1 60 mgflorasace XL Xiag + 40 oy
*Harmonoic mean
Soure Final Stedy Repon

Tresinens with one 60 mp tabkt of Linaxtatin XL o6 unc X0 mg whict + anc 40 mg tehict of
Lovadatin X1 resulied i sismila phammonkiactics of knesiaio aod.

Stanical duta shows m e abkove bk indcac thal e ) mg Wbict of Lirvastotin X1 was
tiocguivalom W e 20 mp Wabict + one 40 mp teblet of Lovaastin XL in scrms of ghe 90%
coafidence iniarvals fiy the least square mean s of Cas. AUGs 20 200 AUCe s

Salety roults: Oversll. 2 (3.3%) suhjccts orawd with ane 60 mg tahikes «of Lovastatin X1 snd 2
1X.3%) subjert trealed with ane 20 mig tubict + oo 40 myp whlct of Lovastain X1 expericnced 28
keast coe TESS (reauneni-cmerpens sipm and sympious) duning the snxdy. Spevific TESS mcuded
headache (1 sabject treated with une 60) mg tahlet 313 1 mhiect treated with one X0 mg tahict + onc
40) mg tablet). mouth ukerution (1 subject treated with ane 20 mg tablet 4+ uoc 40 g bld ). neusca
and vomating (1 sabject troated with one 20 ing tublet 4 (0e 30 mg tahlcti. pharyngitic ] thinitis {1
suhject reated with coe 60 my tabied ).

One of the TESS (headache expericnced ty Subject 13 while treaard with one 20 mg tehict + onc
40 mg whict) was cunsidered by the investigator ) he evderats ;e snemsity. Al other TESS were
onsidered by (e mvostigaon W he mild 0 imensite. None of the TESS carntinacd an SAE. amt
mw «f the TESS rexulicd in the premuture disonotioustion «of 2y subies faw the study. Three of
fhe TESS (headuche. nanca. and wmiting experienced by Subjact 12 whike treated with one 20 my
tihict + une 40 ;g tahict) wore cumsiderod by Ui iovestizaur to he possibly selaied 0 stdy
medicatks. AR other TESS war amxidersd by the imveslipann oot w3 be relsied o stady
acdicaton

Exmminarion of individual serum chemistry parameiens indicates refatively mis reatment-assaciaicd
chanpes during each weatment arm. Fur all chemiary parameten, the chanpes observed durimg the
Lovastatin XL 6} mg tabict treatmens are similar & thime with she Linacatin XL vac 20 mg tahict +
onc 40 g uhiet treanent.  For th the Livastatin XL 6) mp tremment periots, there were
doctions o «5H UA i mcan CPK from hascline & endpoim. These seductions in CPK were mat
onnsidered t0 he clnically mesningiul.

The results of the hemailogicnl analyses sbow o clinically meanmetul changes for subjects reociving
anc 60 my tablat of Lainustatin X1 or o 20 mg tshlet ¢ onc 40 sag tahlet of Lovasiatin X1

There were oo clinically significant changes ahserved in phviical cuaminanms and vital gigne (hsd
prosswee, pulse. and hady temporstst) during the study. h;khxn.lhﬂrmmm‘-lh
cImicatty sigmificam EXG abaormalitics.

Condeduns:  Lovasaiin XL taken a¢ one 60 my tablct was Bocquivalent wy Lavastatin XL
administerad a5 onc 20 my lahict ¢ one 40 mg tabict on the hasin of the knastatin Cons. AUC 7. and
AUC, . being within the defined critens for hiooquivalency. Brooquivalency was abus estahlishod foe
all 3 purametens (Ce AUCo e 30d AUC, L) for hnastatin avid. The data dcmxwntraied 2 similar
T a0d Toa, 1w restment with ane 60 my tabict of Lowastatio XL compared wath ane 20 mg abics +
ane 30 mg whict of Lowsstatm XL Lovaaarin X1 taken either as 3 sangle 60 mg tuhlet of a$ one 21
mg tbdet ¢ onc 40 myp tehict was gencrally well kberacd b all participants o torms of adverse
cxpericves and clinical it wanury tosts.

Duate nl report: Junuary 26. 2001
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Study No. 146-103

Titke of study: A Bumvailshility Study of Lovastatin X1 40 s Tahlet (Final Marketing Jonge
Product) Relative 10 MEVACOR® 40 mg Tubict Aficr Single Oral Dowe Too Hoalthy Subjects

investipstonr:
Study she: One study cenier in the Unised Suncs

Publicstbons (referenoes): monc

Studicd period (days); 35 dayx
Initiution date (first patient visit): 10-0c1-00
Compicthon dale (ast putient completed): 13-Nov-00

Abjective: The objective of this sy was 0 deiamine the twoevailability of the fmal marketing
inage of Lovastatin XL (40 mg tablet) retutive 0 Mevaoar (40 mg tabict) in healthy male subyects in
T of plasing concontrstions of kwastatin and Sovaststin acid.
Methodology: This was 3 sinpc-conter, apen-lubel, sinpic-done. randomized. two-nerdegn nwver
dsign with a rwo-wock washoast period hetween the Scutinents,  The subjocts eandomly feceived a
single el dose of two &Y drug administrations in assignod stady periods, which coenisted of onc
ot e folhrwing:

Tecamment A = Lovastatin XL 40 myg (mne Lonasiatin X1 40 myp tabies).

Trcament B = Movacr 40 mg (e Movacre 40 mg ahict).

Phnse of development: |

In each smady perind. buth stody medications were sbmmitiered af approimatcly §:00 am sfier an
overmight fast

Number of subjects (pl d snd anslyard): Twenty-doex (24} subjects eoralied and 24 complescd
the sudy.

Dingrnb and muin criterts for Inclesion: Healthy male subyacts 15 10 45 years of age.

Test product. dusestrengtihonicentration and mode of admsinistration. hat bers): Subicin
sore intructed s take one Lovasuain XL 40 my (Lot No. 780R005) tahict st approxicutely $:00 am
ey mnavernight Bt

Refervnce therapy, dosr and mode of administration. kt numbenis): Subjat sere antructed bo
ks 1ne Mevaoiw 40 my (Lt No. K0625) tahict a approxinmicty 800 am after an overnight fast

Duration of treatment: Smgle dowe 3 2

Criteris for rvaluation:

Efficacy: This was sxit an cificacy ssudy.

Pharmacokinetic/Pharmacodynamic: The phermacrkinetic paruresers [Cu. AUCoian. AUCu o
T Tan. 800 1., | were determined for ovastatin and kvastatio acid. The ratos of Lovastain XL/
Movac Jor Copy AUGC, 40, s0d AUC, . woae csiculated.

Safety: Safery was cvaluused by ing the uce wd frequency of sdvenic expericnes.
chanpes o vital signs. clctncwtiograss (EKGs), physical examinatims, and clinicsl Labonstiry
values.

Dats snalysis methods: S Y Matistics siT pr ) fox coacenisations of kwastatn and
Wnvasiain acikd @ af memoini by tresment.  Sunmary stamitis wre sho preseated fie plasou
iy of kn in and kwastatin acid by tsemment fiv the Julhmwing pharmacolanetic
armeters; Com AUCoun. AUCot Taus. Tiep. il Lie. Theae pwameters woxe extimated wsing a
so-cooyarumental appruach. The ALIC and O, were compared betwern the fwo trestments.
Relative bicsvailehility, which is defined as the matio of AUC ar Coy for the ben trostments, was
Sk ulacd sad aemmarized. ’
A cnwuwer mmxkel. which inchuded x hject -writhin x. perid. ) weutsnen v,
way vucd & analyze kvc-umdammlALCde._w The extisnuates of rratment dfferences and
ey axtod omrs obained frim the tnnaver amalysds werir msed e cakulate e relansve
howvailahility and the 903 anfidence ienal. I the %0% confidonce imerval was oontanad i e
merval e bicooyuivalence of Lhe two tresmenis was declared,

Sommary/Conclandons:

Efficucy results: Not spplicahie

Pharmacokinctic Results: The mcan 3 SD pharnmculinetic data B 24 subjects are summuarized in
the hdlirmang tables fur kwastaiin and hvastatin acud:

Lo astutin

Faracpeter Lovestatia X). Mt oty Mese Razh™
Coug gt} INLLY 21118 12

Al s (nyvheiod 1212204 N2 149

AUCq 0 ingobrml ¥ €82 X8 WIS 148

Timy thr) 251058 e):u2

T thr? Wa2s Srx22

o ther 3 (Y4

*Rane = Lowirsanst XLASvacor

" Hamawsc masan
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Lovestntis wcid

Pty Lovastane X1 Shrvacor Garewric Mene Rabu®
Cope tapimd ¥ 337219 3T 1m o

AUC o tageiaiod } KD 200 “@a:1?2 1.9

ALC e tngeiatmd ) wa24 3131139 L

T, thrt 2810 8320} -

T e Ut 11225 56228 -

[~ (g o -

* Ratio = Lovasstio XL/Mevacos

* Haroumic oean

Source. Final Stedy Repon
L m XL ext d ded-rek chanoeristics s ifcsied by » prokmped To, and a
Geinyed T, comparcd o Mevadur. ks b n Forpl } i lntls. the mean T, and

T s bt lnnmmn XL were 25 puun and 104 hownrs. lcqrmwl\ oompard & 0.1 houn and
5.1 s fir Mevaxr, The mean Cous was bighes by Linvadtatin XL (339 np/ml ). compwred with
Mesucow (280 og/ml). Comprared with Mevacrs. the relstive biowvailahility of Lovadastion XL as
nrawured by AUCe an was $1% grosier in tormm of kovastatin conccatranion.

Sinsilur 20 kvastatin data. Lo in XL exhihitcd cxicnded-releme chanaieristics » aaniicacd by a
prodonged T, md a dotayed T,,. compared o Mevaae. for Jovastatin acid.  For plaama knauastin
scid levels. the ncan Ty, and Ty for Lovastatm XE wore 2.4 hinws sod 112 boun, respectively,
oompared 10 03 hm and 5.6 o For Mevatrr.  The mean Can was hiphey fir Mevuowr
(3.75 ag/mlL} pared with Lo in XL (3.37 ng/mil.). Cooparcd with Mevacer, the relative
e vailuhility of Lovastatin X1 o macasured by AUCs e ws 3% preater in wnns «f hwasiatio acid
omntston.

Safety rowlts: Owerall 4 (16.7%) subjects weakd with Loveaatin XL ad 4 (16.7% ) subjocts
wreated with Mevacor expericaced st keast one teatment-eIcrpont sign «r sympeom (TESS) during
the study. Al of these TESS were considared by the investigaton W he waild in intonsity. Nooe of
the TESS cvnstituted & scriows sdvernse expericoce, and none of the TESS resulted an the premature
dicnatmuation of any suhjea from the saxdy. Three of the TESS iphanynritis and ahdkotninal pain
expericnced by sibjects treated with Lonastatin XL, and beadache experienced by 3 subyect sresied
with Mevacue) were cunsidered by the investigaions by he powsihly related k shdy medicatin. Al
other TESS were cunidared by the investigaton no 0 de relaled s stady medic atin.

The mexn and modian chemistry lawestary vahees o hasclme and duning the active sesfocnt periods
wore congasshie fir Lovastatin X1 and Mevacor, With the exception of arestine pinspiskumase
(CPX). cxamiomum of indviduad serum chemivtry parunciens imdicates selanvely minof treatmens-
aswxcisted changes in each reatment smn. For herb the Lenastatin X1, and Mevaone eutmens periads,
there were larpe reductions (~ 130 LAY in maean CPK from bascline 1o endpoint. Theae soduction o
CPK weore mut comsidered w be chinically mesmngiul.

The resubs of the bematbogical snalyses sinvw o cliically macuningful changes fix palents receiving
Larvaamstin XL ar Mevacor.

Therr were B clinicully significant changes observed in physical examinatuws sod vital signs (koo
peessure and palse) during the study.  In sddition. there wore o subjects with climically significant
EKG shourmulitics.

Condmians:  Lawvastatin XL exhibited dclayed- and extendedselease characienstios oonmpared
Mcevaces,  This was characterized by a palmgcd T and a delsyed Too. with Lovastatin XL
siministrtion_ cosapared with Mevacor ad The 5y N humnunhn ol hnustatio am!
hwavatm acd, as mewswared by the AUCo .0 08 AUC . was greasr fix Limsstatim XL than fue
Mevarir. This indicales that mwr drug sus ahavhed in the pusromietinal oact fnwn Lovastann XL
than fnmm Mevaar. Single 40 my dowes (F Lanastaun XE and Mevaar were geacrally well skorated
by all participants in ierms of sdvens experiences and clinical lahorsory kese.

Duie of npnn Dacember 30, 200X}
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MEMO

Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing Memorandum
Date: 18-May-2001

INDA: 21-316 ISponsor: Aura Labs, Inc
Brand Name: . [Priority S
Classification:
iGeneric Name: Lovastatin ER Indication(s): Hyperlipidemia
rug Class: Lipid Altering Agents _[Date of Submission: | 30-March-2001
osage Form: 10/20/40/60 mg Tablets  JRoute of Admin.: Oral
Dosing Regimen: | 10-60 mg q.d. ﬁue Date of 26-September-2001
eview:
ivision: DPE-II _[Medical Division: | DMEDP
Reviewer: Sang M. Chung [Tream Leader: Hae-Young Ahn
ftems included in NDA (CTD) Yes No | Request
Table of Contents present and sufficient to locate reports, X
tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical Methods X
Bioavailability and Bioequivalence Studies X
Mass Balance Study X
BA Studies X
Absolute BA
Relative BA
BE Studies X
Average BE X
Population BE X
Individual BE X
Food-Drug Interaction X
Dissolution Tests (In Vitro-in Vivo Comparison Studies) X
Studies Using Human Biomaterials X
Plasma Protein Binding Studies
Biood/Plasma Ratio
Metabolism Studies Using Hepatocytes, Microsomes,etc
In Vitro Drug Interaction Studies
Human Pharmacokinetics Studies X
PK, and Initial Safety and Tolerability in Heaithy X
Volunteers
Single Dose X
Multiple Dose X
PK, and Initial Safety and Tolerability in Patient X
Volunteers
Single Dose X
Multiple Dose X
Dose Proportionality X
Single Dose X
Multiple Dose X
NDA 21316 — ‘Lovastatin ER Aura Labs, Inc 30-MAR-2001 Page 1 of 2
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Itemns included in NDA (CTD) ) Yes
PK in Population Subsets to Evaluate Effects of Intrinsic X
Factors
Ethnicity
Gender X
Pediatrics
Geriatrics
Renal Impairment
Hepatic Impairment

PK to Evaluate Effects of Extrinsic Factors
Drug-Drug interaction: Effects on Primary Drug
Drug-Drug Interaction: Effects of Primary Drug

Population PK studies

Summary Table of PK/PD Studies

PK/PD studies in Volunteers

PK/PD studies in patients

individual Datasets for all PK and PK/PD studies in X

electronic format

Other X
Genotype/Phenotype Studies
Chronopharmacokinetics
Literature X

Reguest

DX INKDCK XXX L [ X

XX

Submission in Brief

Aura Lab., Inc has submitted this NDA for =——— 2 lovastatin extended-release tablets for
indication of dyslipidemia and secondary prevention of coronary heart disease. The indications
are based on Mevacor® labeling, the approved immediate-release product.

Nine human pharmacokinetic studies are included in this application:

e Eight studies for 1) dose proportionality, 2) relative bioavailability studies relative to Mevacor®
as a reference product, 3) food effecton —— | and 4) dosage form equivalence in healthy
volunteers and

« One multiple dose study in hypercholesterolemia volunteers

This application is filable.

QBR questions: (Key Issues to be Considered)

1. What are lovastatin and lovastatin acid pharmacokinetics from ——— mpared to those from
Mevacor® ?

2. Is there dose-dumping phenomenon ?

3. Is there food effet ON —e——

Sign/Date

Sang M. Chung, Ph.D., Reviewer Hae-Young Ahn, Ph.D., Team Leader

CC: NDA 21-316 (orig, 1 copy), HFD-850(Lee), HFD-510(Simoneau), HFD-870(Ahn, Chung), HFD-
850(Lesko), CDR.

NDA 21316 ~ ‘/lovastatin ER Aura Labs, Inc 30-MAR-2001 Page 2 of 2
C:\dmautop\temp\21316filing.doc



/ A}

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

- e e e e - ——

Sang Chung
6/26/01 05:05:38 PM
PHARMACOLOGIST

Hae-Young Ahn
7/5/01 11:50:04 AM
BIOPHARMACEUTICS -

PEARS THIS WAY
AP ON ORIGINAL



AN

Amendment of
Clinical Pharmacology and Biopharmaceutics Review

NDA: 21-316

Brand Name: Altocor™ Tablets

Generic Name: Lovastatin extended-release tablets
Strength(s): 10, 20, 40, 60 mg

Sponsor: Aura Laboratories, Inc.

401 Hackensack Ave.
Hackensack, NJ 07601

Submission Date: 30-March-2001
Submission Type: Original Application — Immediate release to Modified release
Reviewer: Sang M. Chung, Ph.D.

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

Executive Summary

The sponsor submitted 505(b)2 application (NDA 21-316) of lovastatin, a cholesterol lowering
agent. In the original application, the sponsor described that lovastatin release had extended as
well as delayed characteristics from the formulation with significantly longer T.ax, and lower C ..
of lovastatin and lovastatin acid compared to those of Mevacor, immediate release product.

During a teleconference held on January 3, 2002, the sponsor wanted to remove description
about —~——m™———" of the formulation because the product was formulated with enteric
coating material However, the rate of delivery is
slower in acidic media.

The sponsor’'s claim was consistent with in vitro dissolution data. There was certain degree of
lovastatin release in the simulated gastric fluid after 4 hours with the proposed dissolution
method. Therefore, it was agreed that the sponsor would delete description of ——
—~——— of the formulation from the label because =~ ~———— is normally associated
with products that are

The teleconference lead amendment of Clinical Pharmacology and Biopharmaceutics Review in
the following aspects:

1. Phase IV commitment to devélop a dissolution method and specification for assuring
delayed characteristics of the formulation is not required any more.

2. The following recommended dissolution method and specification should be required not
as an interim basis.

Dissolution Method; USP apparatus 2 (paddle) at 50 rpm, medium (800 mL) of —
sodium lauryl sulfate/sodium phosphate buffer (0.01M), pH 6.5 and temperature 37°C.



Dissolution specification;

Time (hr) Amount Dissolved (%)

2 —
8 ————
3. ~—— release was recommended as a description of both extended and -——

release characteristics in the label. The term ~—— should be replaced by ‘extended’
because the sponsor would remove — " from the label.

4. The formulation is composed of an enteric coating material. Therefore, it is recommended
that drug-drug interaction study between Altocor and antacid to monitor clinical concerns
of the role of enteric coating material in an altered pH environment. The sponsor agreed
to do the interaction study to measure pharmacokinetics of Altocor and it should be a
Phase IV commitment.

Therefore, sections of Phase IV Commitment and Reviewers Comments in Clinical Pharmacology
and Biopharmaceutics Review are amended accordingly and should be changed as follows:

IPhase IV Commitment

The sponsor should conduct a drug interaction study comparing the pharmacokinetics of
lovastatin and lovastatin acid with and without concomitant antacid.

Reviewers Comments

The foliowing dissolution method and specification is recommended:

Dissolution Method; USP apparatus 2 (paddle) at 50 rpm, medium (900 mL) of —— , sodium
laury! sulfate/sodium phosphate buffer (0.01M), pH 6.5 and temperature 37°C.

Dissolution specification;

Time (hr) Amount Dissolved (%)
5 . ]
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OFFICE OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS

REVIEW
NDA: 21-316
Submission Date(s): 18-February-2002
Brand Name Altocor
Generic Name Lovastatin ER
Reviewer Sang M. Chung, Ph.D.
Team Leader Hae-Young Ahn, Ph.D.
OCPB Division Division of Pharmaceutical Evaluation 2 (DPE-2)
OND division Metabolic and Endocrine (HFD-510)
Sponsor Aura Laboratories, Inc.
Submission Type Amendment for dissolution method and specification
Strength(s) 10 mg, 20 mg, 40 mg, and 60 mg
Indication Lipid altering

EXECUTIVE SUMMARY

In the original NDA, the sponsor proposed the following dissolution method and
specification:

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml — sodium lauryl sulfate (SLS)/
sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

Time (hr) Specification

a— ——’

2 —_——
8 P

16

The Division (DPE-2) requested justification of ——__  concentration and the
following dissolution condition and specification were recommended based on the
provided data:

¢ Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml — sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

lof 3



Time (hr)  Specification

2 —

8 —

o P

In this amendment the sponsor provided more dissolution data and it is summarized as
follows:

e  Mean (range) amount dissolved in — SLS, pH 6.5 dissolution medium

Time 10 mg 20 mg 40 mg 60 mg
(hr)

1 4 — 4 — 1 0~
2 23 — 20 — 10 — 5~

8 85 — 8 80 — 75 -
16 90 89 — 88 —— 84 —

e  Mean (range) amount dissolved of 60 mg in —=~—=——"_ SLS, pH 6.5 dissolution medium

Time - —_— -— -
o)

1 0o - 0 — 0 — 0 —
2 3 - 3 — 3 — 3 -

4 28 — 28 — 3] — 32 —
8 72 - 73 72 — 73 —
16 84 84 — 80 — 83 —

The sponsor proposed the following based on the above data:
For 10 mg and 20 mg,

e Dissolution condition: TUSP apparatus II (paddle) at 50 RPM, 900 mi — sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

Time (hr)  Specification

2 —

8 .

16 —_—
For 40 mg and 60 mg,

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml —— -sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e Specification:

Time (hr)  Specification

2 a——
8 q—
16 -

2of 3



The concentration of -— was decided by the sponsor to provide a saturated
solution of 10 times the expected lovastatin concentration in the medium. The two
specifications proposed by the sponsor appear to be based on Level 1 of acceptance
criteria, USP XV. However, the Agency routinely set the specification based on Level 2
of acceptance criteria to assure better product quality control.

Therefore, the Division recommends the following dissolution method and specification:

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml —— sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification based on level 2, USP XV:

Time (hr)  Specification

2 T—
PR
16

RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceutics, Division of Pharmaceutical
Evaluation II has reviewed the amendment submitted on February 18, 2002 and
recommends the following dissolution method and specification:

e Dissolution condition: USP apparatus Il (paddle) at 50 RPM, 900 ml — sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification based on level 2, USP XV:

Time (hr)  Specification

2 —

8 —_—

16 —
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AMENDMENT OF
CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA: 21-316
Submission Date(s): 02-MAY-2002
Brand Name Altocor
Generic Name Lovastatin ER
Reviewer Sang M. Chung, Ph.D.
Team Leader Hae-Young Ahn, Ph.D.
OCPB Division Division of Pharmaceutical Evaluation 2 (DPE-2)
OND division Metabolic and Endocrine (HFD-510)
Sponsor Aura Laboratories, Inc.
Submission Type Amendment for dissolution method and specification
(N021316-N000 BZ)
Strength(s) 10 mg, 20 mg, 40 mg, and 60 mg
Indication v Lipid altering
EXECUTIVE SUMMARY

In the original NDA, the sponsor proposed the following dissolution method and
specification:

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml — sodium lauryl sulfate (SLS) /
sodium phosphate buffer (0.01M), pH 6.5, at 37°C '

e  Specification:

Time (hr) Specification

——
2

8 —
16 ~—

The Division (DPE-2) requested justification of ——— concentration and the
following dissolution condition and specification were recommended based on the
provided data:

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 ml —— . sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

s  Specification:

C:\dmautop\temp\Amendment 3.doc 1of 3



Time (hr) Sﬁeciﬁcation
2 —_—
8 —

r—

In the first amendment (19-FEB-2002, NO0O AZ), the sponsor adjusted ~—
.concentration to —— for a saturated solution of 10 times the expected lovastatin
concentration in the medium. The proposed condition and specifications was as follows:

For 10 mg and 20 mg,

¢ Dissolution condition: USP appafatus I (paddle) at 50 RPM, 900 ml ~ sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

Time (hr)  Specification

2 e nd

8 ——

16 ———
For 40 mg and 60 mg,

¢ Dissolution condition: USP apparatus I (paddle) at 50 RPM, 900 ml -~ sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

Time (hr)  Specification
2 —

8 —_—

16 —

The specifications proposed by the sponsor appeared to be based on Level 1 of
acceptance criteria, USP XV. However, the Division recommended the following
dissolution method and specification based on Level 2 of acceptance criteria to assure
better product quality control.

e Dissolution condition: USP apparatus II (paddle) at 50 RPM, 900 m! - sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification based on level 2, USP XV:

Time (hr) _ Specification
2 . e,

8 _

In this amendment, the sponsor accepted the Division’s recommendation with
expansion of range on both 8 and 16-hour specification as follows:

C:\dmautop\temp\Amendment 3.doc 20f 3




e Dissolution condition: USP apparatus I (paddle) at 50 RPM, 900 ml -— sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C e

¢  Specification:

Time (hr)  Specification

2 p—
i 8 —
16 J—

The expansion on 16-hour specification was prirngrily for 60 mg strength in stability
program, which was within 10% of the proposed limit.

Upon review of provided additional dissolution data, — expansion of range on 8-hour
specification is acceptable. However, the expansion of range on 16-hour specification is
not acceptable for assurance in product quality between batches.

Therefore, the Division recommends — expansion only on 8-hour specification as
follows:

e Dissolution condition: USP apparatus II (paddle) at S0 RPM, 900 ml — sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

e  Specification:

Time (hr)  Specification
2 e
8 n——

16

The Division’s recommendation was conveyed to the sponsor through teleconference on
17-May-2002 and the sponsor accepted it.

RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceutics, Division of Pharmaceutical
Evaluation II has reviewed the amendment submitted on May 02, 2002 and recommends
the following dissolution method and specification:

e Dissolution condition: USP apparatus IT (paddle) at 50 RPM, 900 ml — sodium lauryl
sulfate/sodium phosphate buffer (0.01M), pH 6.5, at 37°C

"o Specification based-on level 2, USP XV:

Time (hr)  Specification

2 r—

8 ——

16 —_

C:\dmautopMemp\Amendment 3.doc 3o0f 3




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

Sang Chung
5/17/02 01:20:37 PM
PHARMACOLOGIST

Hae-Young Ahn
5/17/02 02:53:32 PM
BIOPHARMACEUTICS

APPEARS THIS WAY
ON ORIGINAL



