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Summary

Background: In addition to lowering plasmalevelsof low-
density lipoprotein cholesterol (LDL-C), dtatins also raise
high-density lipoprotein cholesterol (HDL-C).

Hypothesis: Recent studieshave shown that trestment with
simvastatin results in larger increases in HDL-C than those
seenwith atorvagtatin. Theresultsof threeclinica studiesare
analyzed, comparing the effects of smvastatin and atorvas-
tatin on HDL-C and gpolipoprotein A-1 (apo A-l) inthetotd
cohort and in severa subgroups of hyperchol esterolemic pa-
tients. Thethree studieswerea | multicenter, randomized clin-
ical tridsthat included smvastatin (20-80 mg) and atorvas-
tatin (1080 mg) trestment arms. The subgroup analyses
performed were gender; age (<65 and = 65 years); basdine
HDL-C(mde <400r 240mg/dl; femae: <450r >45mg/dl),
basdlineLDL-C (<160 or =160 mg/dl), and basdinetriglyc-
erides(<2000r =200 mg/dl).

Results: Both drugs produced similar increasesin HDL-C
levelsat low doses; however, at higher drug doses (40 and 80
mg), HDL -C showed asignificantly greater increasewithsim-
vadtatinthanwith atorvastatin (p < 0.05t0 < 0.001). Therefore,
whileHDL-C remained consistently elevated acrossall doses
of simvagtatin, there appeared to be a pattern of decreasing
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HDL-Cwithanincreasingdoseof atorvastatin. A similar neg-
ative dose response pattern was a so observed with gpo A-l in
atorvastatin-treated patients, suggesting a reduction in the
number of circulating HDL particles a higher doses. Both
drugsreduced L DL -C and triglycerides in a dose-dependent
fashion, with atorvagtatin showing dightly grester effects. The
differential effectsof atorvagtatin and smvastatinon HDL-C
and apo A-l were observed for both the whole study cohorts
and al subgroupsexamined; thus, no cond stent treatment-by-
subgroup interactionswere observed.

Conclusion: The data presented show that, acrossdifferent
hyperchol esterolemic patient subgroups, s mvastatinincreas-
esHDL-C and apo A-I morethan atorvastatin a higher doses,
with evidence of a negative dose response effect on HDL-C
and apo A-l with atorvastatin, but not S mvastatin.

Key words: gtatins, high-density lipoprotein, apolipoprotein
A-l, Smvadtatin, atorvastatin

Introduction

The hydroxy-methylglutaryl coenzymeA (HMG CoA) re-
ductaseinhibitors(statins) smvastatin, lovastatin, and pravas-
tatin have been shown to reduce morbidity and mortality from
coronary heart disease (CHD) in both primary and secondary
prevention settings.16 Although the primary god of statin
therapy isto reduce the plasmalevel s of low-density lipopro-
tein cholesteral (LDL-C), thereisnow considerable evidence
that statinsmay exert their beneficial effectsthrough averiety
of mechanisms. Some involve modification of plasmalipids
other than LDL-C (e.g., lowering triglycerides[ TG] andrais-
ing high-density lipoprotein cholesterol [HDL-C]), and others
areunrdatedtolipids(e.g., anti-inflammatory and anti-throm-
botic effects).”° Asthese mechanisms are elucidated, it may
beimportant toidentify differencesthat may exist betweenthe
different marketed statins.

Resullts of previous studies in hypercholesterolemic pa-
tients showed that while atorvastatin and simvastatin both
lower LDL-C and TG in adose-dependent manner, they dif-
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ferintheir effectson HDL-C. At low doses, both drugsraise
HDL-C to comparablelevels, and whilethisHDL -C-raising
effectismaintained acrossall dosesof smvastatin, it appears
to be attenuated with increasing doses of atorvastatin,10 11
Herewereport theresults of apost-hoc analysisof three com-
parative studies to determine whether this differentia effect
of atorvastatin and simvastatin on HDL-Cisageneralized ef-
fect in hypercholesterolemic patientsor isdriven by apartic-
ular subset of patients.

Methods

Study Designsand Patient Char acteristics

Post-hoc subgroup analyses were performed on datafrom
three multicenter, randomized clinical trials originaly de-
signed to comparethelipid-modifying efficacy of variousdos-
esof smvagtatin and atorvastatin in hyperchol esterolemic pa
tients. Thesethree studieswere sdl ected because they wereal

comparativetrials sponsored by Merck & Co., Inc.; therefore,
datawere available for performing retrospective anayses. A
pooled analysiswas not performed because of alack of com-
mon, clinically equipotent dosesacrossstudies, and alargedi-
versty instudy designsand treatment durations. Key study de-
sign details and basdline patient characteristics are shown in
Tablel and have been described in detail in previous publica
tions.10-13 Treatment effects on the plasmalevels of HDL-C,
LDL-C, and TG were assessed in dl three studies, and gpo
A-l was measured in Study #2 and Study #3. The following
subgroups were investigated: gender; age (<65 and =65
years); baseline HDL-C (male: <40 or =40 mg/dl; femae:
<45or 245mg/dl), basdine LDL-C (<160 or =160 mg/dl),
and basdline TG (<200 or = 200 mg/dl).

Statigtical Analyses

Efficacy endpointswere andyzed for percent change from
basdineinlipidlevels. Analyseswere based on theintention-

TaBLE | Summary information for Smvastatin versus atorvastatin multicenter, randomizedtrias

Recto Kageen/lllingworth Crouse
(Study #1) (Study #2) (Study #3)
(n=258) (n=826) (n=846)
Study design Open-label crossover split-plot Double-blind, paralld, Open-labd,
study with two 6-week treatment 36-week study with doseescalation pardle 12-week study
periodsand 1-week washout at 6and 12weeks
Patient digibility LDL-C=130mg/dl LDL-C=160mg/dl Eligiblefor pharmacol ogic therapy
TG<350mg/dl TG<350mg/dl accordingto NCEPATPII
TG<350mg/dl
Primary endpoint LDL-C HDL-C LDL-C
Drug doses Simvastatin 20 mg Weeks1-6 Simvagtatin40 mg
Atorvastatin 10 mg Simvastatin 40 mg Atorvastatin 20 mg
Simvastatin 40 mg Atorvastatin20 mg Simvastatin 80 mg
Atorvastatin20mg Weeks6-12 Atorvastatin40 mg
Simvedtatin 80 mg
Atorvastatin40 mg
Weeks12-36
Simvastatin 80 mg
Atorvastatin80 mg
Peatient demographics
Mean age 53 4 53
Gender (% male) 51 53 58
Race (Yo white) 64 84 84
Basdinelipids:
mean (SD); mg/dl
LDL-C 1934+538 206.9+49.6 2138+61.1
TG?2 166.0+ 79.6 1655+83.7 166.5+92.1
HDL-C 472+122 50.8+11.8 478+12.7
ApoA-I b 152.0+26.8 1453+ 27.7

aVauesaremedians.
b Not measured.

Abbreviations: LDL-C =low-dendty lipoprotein cholesterol, HDL -C = high-density lipoprotein cholesterol, TG = triglycerides, NCEP= Nationa

Cholesterol Education Program, ATP 11 = Adult Trestment Panel |1, Apo A-1 = gpoliproprotein A-l, SD = standard deviation.
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to-treat populations, which included al randomized patients
with basdlineand at | east one post-trestment measurement. Al
Satistica testsweretwo-tailed with o =0.050. Subgroup anal-
yses were performed on data measured a consstent time
pointsacrossthethreestudies. Andyseswere based on patients
who completed 6 weeks of treatment. However, if patientsre-
ceived acommon dosefor 12 consecutiveweeksor longer, the
average of the 6-week intervalswas used. For Studies#1 and
#3, analyses were based on the 6-week and average of 6- and
12-week measurements, respectively. Study #2 andyseswere
performed for each dose schedule—that is, based on measure-
ments at Week 6, Week 12, and the average of Weeks 18, 24,
30, and 36. The consstency of the between-treatment differ-
ences over time (Weeks 18 to 36) was assessed by the treat-
ment-by-week interaction and was nonsignificant for thelipid
endpoints. Table! showsdrug doses examined acrossall three
studies. Subgroupswereandyzed using aparametric analysis
of variancemodd that included factorsfor trestment, subgroup
and treatment-by-subgroup interaction (Studies #2 and #3),
andfor center, dose, period, treatment, subgroup, trestment-by-
doseinteraction, and trestment-by-subgroup interaction (Study
#1). Additiona factors were included in the above model
(Study #1) duetothe complexity of thestudy design. Between-
trestment inferential testing was performed only when the
trestment-by-subgroup interaction was significant. Inferential
subgroup results were cautioudy interpreted, recognizing the
possibleeffect of repeated testing onthetype 1 error rate.

Reaults
Cohort Analyses

The comparative effects of smvastatin and atorvastatin on
HDL-C, apo A-l, LDL-C, and TG for each study cohort have
been reported previoudy.10-13 These overdl resultsare shown
here (Fig. 1), but for the purposes of this presentation, the data
fromal three sudiesfor agiven lipid endpoint (e.g., HDL-C)
are provided together and summarized by statin and dose. For
HDL-C(Fig. 1A) andgpo A-1 (Fig. 1B), apattern of decreasing
mean percent changes from basdlinewith increasing doses of
atorvastatin was seen, but with simvastatin, the percent changes
from basdlinefor both lipid componentswere consistently in-
creased acrossall doses. In contrast to their effectson HDL-C
and apo A-|, both drugsreduced LDL-C (Fig. 1C) and TG (Fig.
1D) in a dose-dependent fashion, with the LDL-C- and TG-
lowering effect of 10, 20, or 40 mg of aorvastatin greater than
that seenwith 20, 40, and 80 mg simvastatin, respectively.

Subgroup Analyses

Comparative effects of smvastatin and atorvastatin on
HDL-Cinthefive subgroupsexamined are shownin Figure 2
(A-E). Acrossall subgroups, the pattern of HDL -C response
to aorvadtatin and s mvastatin wassimilar tothat observed for
thestudy cohorts. Thus, whileHDL-Cwas, ingenerd, consis-
tently increased by all doses of smvagtatin, the HDL-C re-
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Fic.1 Effect of increasing doses of atorvastatin (left) and simvastatin (right) on high-density lipoprotein cholesterol (HDL-C) (A), apolipoprotein A-1 (apo A-I) (B), low-density lipoprotein

cholesteral (LDL-C) (C), and triglycerides (TG) (D). Individuad studies are represented by symbol shape: Recto (o ), Kastelein/lllingworth (»), Crouse (). Symbol sizesfrom smallest to largest
reflect treatment group sizes of < 50, 51-100, 101200, 201-300, and > 300, respectively. Thetwo graph pointsfrom the K astelein/lllingworth study for 80 mg simvastatin represent two different

treatment time points: 12 weeks (simvastatin 80 vs. atorvastatin 40 mg), and an average of 18, 24, 30, and 36 weeks (simvastatin 80 vs. atorvastatin 80 mg). SE
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sponse to atorvastatin generally decreased with increasing
atorvastatin dose. No cons stent trestment by subgroup inter-
actionswas observed, indicating similar treatment effectson
HDL-C acrossthe subgroups. However, acrossall sudiesand
for both drugs, high baseline TG and low baseline HDL-C
were strong predictors of a higher HDL-C-raising effect
(p<0.001).

The differentia effects of atorvastatin and Smvastatin on
apo A-l werealso maintai ned across the five subgroups (data
not shown). Similarly, no consistent subgroup effect was ob-
served onthedose-dependent reduction of LDL-Cand TG ob-
served with either drug (datanot shown).

Discussion

Low plasma HDL-C has been identified as an important
CHD risk factor. Follow-up of the Framingham Heart Study
revedled that HDL-C levelswereinversdy related to theinci-
dence of myocardid infarction,* and in the Helsinki Heart
Study, HDL-C levelswerepredictive of futurecoronary artery
diseaserisk in patientswith Type | lahyperlipoproteinemial®
Based on an analysisof four mgjor trids, Gordon et al. found
that therisk of CHD wasreduced by 2to 3% for every 1 mg/dl
increase in HDL-C.1 More recently, the Veterans Affairs
High-Density Lipoprotein Cholesteral Intervention Trid (VA-
HIT) provided evidencethat raising HDL-C and lowering TG
in patientswith low levelsof HDL-C and normal or near nor-
mal LDL-Clevelscan substantialy reducetherisk of nonfatal
myocardial infarction and CHD-rel ated death.1”

All gtatins produce dose-dependent reductionsin the plas-
malevelsof LDL-Cand TG. TheHDL-Clevelsareonly mod-
estly increased by statin therapy, and differences have been
shown between Smvastatin and atorvatatin, 1% 11.18.19 |n the
present analysis, data from three previoudy published com-
parativetrialsweresummarizedtoillustratethedifferential ef-
fectsof atorvastatin and smvastatin acrosstheir dosageranges
onHDL-Candapo A-l. Ingeneral, HDL-C and apo A-l were
comparably increased across the smvastatin dosage range;
however, there appeared to be a dose-related attenuation of
these responseswithincreasing dosesof atorvastatin. Further-
more, subgroup anaysesdemonstrated that thisdifferentia ef-
fect was maintained in patient subgroups characterized by
gender, age, and basdlinelevelsof HDL-C, TG, and LDL-C.
The LDL-C and TG reductions by atorvastatin and simvas-
tatin observed in the present anadysisweretypical of what has
been reported by others.20-22 Atorvastatin produced dightly
greater reductionsin LDL-C (—37to —54% for atorvastatin
vs. —35t0 —49%for smvadtatin) and TG (—22to —31%for
atorvastatinvs. —22 to —26% for smvastatin). However, the
overall pattern of response (dose-dependent reductions) was
the samefor both drugs and was maintained across al of the
subgroupsexamined.

The subgroup analysisreported herewas conducted before
the recent release of the National Cholesterol Education Pro-
gram (NCEP) Adult Treatment Plan 111 (ATPII1) guidelines®
Nevertheless, the age and lipid cutoffs selected are generally
consistent with the new recommendations. The cutoff values

used for LDL-C (160 mg/dl) and TG (200 mg/dl) coincide
withthe ATP111-defined lower limit of thehigh” category for
both lipid parameters. For HDL-C, ATP 11 designateslevels
<40 mg/dl as categorically low for both men and women.
However, becausewomentypicdly havehigher HDL-Clevels
than men, the guidelines aso recommend that an HDL-C lev-
el <50 mg/dl be defined asamarginal risk factor for women.
Inthepresent analysis, theHDL -C cut pointswere <40 mg/dl
for men and <45 mg/dl for women.

The differentia effects of Smvadtatin and atorvastatin on
HDL-C were consistent acrossal subgroups defined by base-
linelevelsof LDL-C, TG, or HDL-C. Thus, the pattern of re-
sponsethat was observed acrossthe dosagerangeinthewhole
study cohorts (sustained with Smvastatin and attenuated with
atorvastatin) appeared to be unrelated to basdlinelipid levels.
With both drugs, however, the magnitude of the HDL-C re-
sponsewas significantly higher (p<0.001) inall groupswith
low HDL-C or high TG levelsat basdine. Thesetwo lipid ab-
normdlities congtitute the lipid components of the metabolic
syndrome?* 2> and, as such, often occur together. In the pre-
sentanalysis, basdlineHDL-Clevelsof patientsinthehigh TG
subgroupsweregenerdly 5-10% lower than those of patients
withlow TG. Asaresult, itisdifficult to distinguish therela
tiveimportance of thesetwo basdineeffectsontheHDL-Cre-
sponse to statin trestment. The studies used for thisanalysis
were not placebo controlled; therefore, these and other base-
lineeffectsobserved (e.g., LDL-C and TG werereduced S g-
nificantly moreinthehigh LDL-C and TG subgroups, respec-
tively) may bedueto regressionto the mean. Nevertheless, this
analysis provides evidence that smvastatin and atorvastatin
may differ in their capacity to provide multifactorial benefit
to hypercholesterolemic patientswho are at particularly high
risk of CHD because of abnormal levels of HDL-C or TG.
Ballantyneet al.28 conducted apost-hoc andysison datafrom
the Scandinavian Simvastatin Survival Study (4S) to assessthe
added CHD risk of low HDL-C and high TG in patientswith
elevated LDL -C (210-310 mg/dl) and ahistory of myocardia
infarction and/or angina. They found that patientsinthelowest
HDL-C quartile (<39 mg/dl) and highest TG quartile (> 159
mg/dl) had agreater risk of CHD events on placebo and bene-
fited more from smvastatin treatment than did patientsin the
highest HDL -C quartile (HDL-C >52 mg/dl) and lowest TG
guartile (<98 mg/dl).26

Therisk of CHD increaseswithincreasing agein bothmen
and women; however, women tend to develop CHD 10-15
yearslater than men.?” Thus, malegender asaCHD risk must
be qualified with agerange designations. The ATP 111 guide-
linesclassify older adultsas= 65for men and= 75 for women.
Theupper agelimit for patient eigibility for all three studies
used in the present analysis was 70; therefore, a cutoff of 65
for both men and women was used for the subgroup analysis.
Theoveral pattern of HDL-C responsein S mvastatin-versus
atorvadtatin-treated patientswas cons stent acrosstheageand
gender subgroups. Intwo of thethree studies, however, HDL -
C responses were significantly lower (regardless of drug) in
women, due possibly to the dightly higher basdine HDL-C
levels of women in these two studies (53 and 55 mg/dl in
womenvs. 44 and 47 in men, respectively).
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Theeffectsof Smvastatin and atorvastatin on gpo A-1 were
similar tothose observed for HDL-Cinthetotal cohort andin
all subgroups. Whilethe apo A-1 increasewasgenerdly con-
sistent with smvastatin, it decreased with increasing doses of
atorvastatin and was decreased below basdline in the 80 mg
group. Theseresults suggest that the effect of atorvastatin on
HDL-C may bedue, at least in part, to areduced number of cir-
culating HDL particles. Theoverdl apo A-l response, regard-
lessof drug, wassignificantly higher in patientswith low base-
lineHDL-C, but wasnot influenced by gender or basdine TG
levels, as was observed for the HDL-C response. Thus, the
lower HDL-C responsesinwomen and patientswith low base-
line TG are more likely due to a reduced concentration of
HDL -associated cholesterol rather than to areduced number
of HDL particles.

Little is known about the HDL-C- and apo A-I-raising
effectsof statinsin general or why there are dose-related dif-
ferences between atorvastatin and simvastatin. Careful con-
sideration of the differences in the structure, metabolism,
pharmacokinetics, or interaction with HMG CoA reductase
havefailed to reveal factorsthat could account for the differ-
ence between atorvastatin and s mvastatinon HDL-C and apo
A-l. Since the unfavorable response to atorvastatin is seen
most clearly at the highest dosg, it seemspossiblethat it may
be dueto an off-target activity.

Conclusion

In the present analysis, smvastatin and atorvastatin pro-
duced large dose-dependent reductionsin LDL-C and TG,
but differed in their capacity toincrease HDL-C and apo A-l,
particularly at higher doses. Whereas HDL-C and apo A-I
were generally increased by all doses of simvastatin, there-
sponses of both lipid parameters were attenuated with in-
creasing doses of atorvastatin. Thenegative dose-response ef-
fect of atorvastatinon HDL -C appeared to bedue, inpart, toa
reductionin thenumber of circulating HDL particles; howev-
er, an additional effect on cholesterol metabolism cannot be
ruled out. Regardless of mechanism, thedifferentia effectsof
simvagtatin and atorvagtatin on HDL -C and apo A-l were ob-
served inall subgroups of hypercholesterolemic patients ex-
amined, including those with the added CHD risk of low
HDL-Cor high TG plasmalevels.
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