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Comparing HM G-CoA ReductaseInhibitors
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Summary: The statins have proved to be some of the most
potent therapiesfor reducing elevated low-dengity lipoprotein
(LDL) cholesterol and lessening the risk of coronary heart
disease (CHD) and related events. Nonethel ess, there are till
questionsabout theclinical relevance of individua drug char-
acterigtics, such aschemica derivation, solubility properties,
and metabalic route, in terms of tolerability or therapeutic
benefit. At the sametime, no clear explanation has emerged
for the significantly steeper reductions in LDL cholesterol
levels achieved with atorvastatin versus lovastatin, Smve-
gtatin, pravastatin, or fluvastatin, or, morerecently, with rosu-
vastatin versus atorvastatin, although possible mechanisms
have been suggested. More studiesare needed to characterize
theeffectsof statinson high-density lipoprotein (HDL ) in dif-
ferent patient groups. Clearly, though, several statins have
yielded significant reductionsin CHD risk and have shownto
be well tolerated in both primary and secondary prevention
trials. The possibility that statinsexert pronounced effectsbe-
yond lowering blood lipids is opening other avenues of re-
searchinto the benefits of these drugs.
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Introduction

A large body of evidence demonstrates that reducing the
levelsof low-density lipoprotein (LDL ) cholesterol lessensthe
risk of coronary heart disease (CHD) and related events.1 The
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) re-
ductaseinhibitors (statins) lower LDL more consi stently and
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dramatically than other lipid-lowering agents, thusexerting a
significant impact on CHD risk.1-6

Whilethese drugs have smilar lipid-lowering effects, they
vary intheir derivation, pharmacol ogy, and pharmacokinetics.
Theolder satins (lovadtatin, pravastatin, and smvastatin) are
naturally derived, whilethe newer ones (atorvastatin, rosuver
statin, and itavastatin) are synthetic. In addition, several statin
drugs are metabolized viathe cytochrome P-450 (CY P) 3A4
enzyme system, acharacteristic with potential clinical impor-
tancefor druginteractions.”

Asdatafrom different statin trial s continue to accumul ate,
moredigtinct features of the classand of theindividua drugs
withinit will emerge. A review of observationsto date about
gtatin pharmacol ogy, effectson lipid and nonlipid (pleiotropic)
parameters, impact on clinical end points, and tolerability (in
mono- and combination therapy) will lay the groundwork for
future sudiesthat may demonstrate morestriking clinical dif-
ferencesamong thesedrugs.

Phar macology

Introduced in 1987, lovagtatin wasthe firs HMG-CoA re-
ductase inhibitor—a natural product isolated from fungal
metabolites. A similar agent, pravagtatin, followed in 1991,
aong with Smvadtatin, asemisynthetic compound consisting
of lovastatin plus an extra methyl group. Fluvastatin, ceriva-
gtatin, and atorvastatin are synthetic enantiomers, asisthein-
vestigational HM G-CoA reductaseinhibitor rosuvastatin.8 ©

Both lovagtatin and s mvastatin have aclosed lactonering,
which makesthem prodrugs; these compounds must be con-
vertedintheliver totheopenlactoneform. All theother satins
are open lactone forms. Each of the agentsin thisclasshasa
characterigtic pharmacophore group that interacts with the
binding site of HM G-CoA reductase. 10

Thepharmacokinetic and pharmacodynamic characterigtics
of the various statins are summarized in Table . Lovastatin,
smvastatin, fluvastatin, atorvastatin, and cerivastatin arelipo-
philic agents, whereas pravastatin and rosuvastetin are hydro-
philic, with negativeval ueson alog-dosescaleat pH 7.4, com-
pared with >1 for the other drugs.® Half-livesare generaly in
therange of 1to 3 h, with the exception of atorvastatin (14 h)
and rosuvagtatin (20 h).”- 11 L ovastatin, Simvastatin, and ator-
vadtatin are metabolized by the most common isoform of the
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TaBLE | Pharmacokinetic/pharmacodynamic comparison of Satins

Lipophilic/ T4, Active
Statin hydrophilic ~ (h) metabolites ~ Metabolism
Lovestatin Lipophilic  2-3 Yes CYP3A4
Simvastatin ~ Lipophilic 2 Yes CYP3A4
Pravastatin  Hydrophilic 1.5-2 No NoCYP
Fluvagtatin ~ Lipophilic 1 No CYP2C9
Atorvagtetin - Lipophilic 14 Yes CYP3A4

Rosuvastatin Hydrophilic 20 Yes CYP2C9,CYP2C19

cytochrome P-450 system, namely CY P 3A4. Fluvastatin and
rosuvastatin are primarily metabolized by CY P2C9 and a0,
inthecaseof thelatter agent, by CY P2C19. Rosuvastatin does
not undergo any appreci ablemetabolism by cytochromeP-450
3A4; thus, thisagent presentsless potential for drug—drugin-
teractionsthan someother statins.”- 12

Effectson Lipids

The multicenter, randomized, open-label CURVES study
compared the effects of five different statinson LDL choles-
terol levelsin 534 patients.13 Dose-dependent reductions in
LDL cholesteral were significantly greater with atorvastatin
than with milligram-equivalent doses of lovastatin, simva-
statin, pravagtatin, or fluvastatin (Fig. 1). Over the doserange
of 10to 80 mg, atorvastatin reduced L DL cholesterol by 38to
54%. Agents with even greater lipid-lowering effects have
been under investigation. In atwo-phaseinvestigationinvolv-
ing 206 patientswith hyperchol esterolemia, rosuvastatin pro-
duced highly significant, dose-dependent reductionsin LDL
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*Significantly less than atorvastatin 10 mg (p<0.02).
'Significantly less than atorvastatin 20 mg (p<0.01).
Significantly greater than mg-equivalent dose of compatative
agents (p<0.01).

Fic.1 Reductionsinlow-density lipoprotein cholesterol (LDL-C)
with gtetinsin the CURVES study. Reproduced from Ref. No. 13
with permission.

cholesterol when compared with placebo; atorvastatin was
used asabenchmark comparator.4

A morerecent 12-week, multicenter, randomized, double-
blind, placebo-controlled trial found that reductionsin LDL
weresignificantly greater with rosuvastatin than with atorva
gatin (Fig. 2).15 This comparison of thetwo agentsin 516 pa-
tientswith hypercholesterolemiareveded L DL reductions of
40and 43% with rosuvastatin 5 mg and 10 mg, respectively, as
opposed to 35% with atorvastatin 10 mg (p< 0.01 vs. rosuva
gtatin 5mg, p<0.05vs. rosuvastatin 10 mg).

Another recent randomized, double-blind tria in 502 pa-
tients found significantly greater reductionsin LDL choles-
terol with rosuvastatin as opposed to pravastatin or smva-
statin.1® At 12 weeks, rosuvastatin 5 and 10 mg had reduced
LDL cholesteral by 42 and 49%, respectively, compared with
28% for pravastatin 20 mg (p<0.01 vs. both rosuvastatin
doses) and 37% for simvastatin (p<0.01 vs. rosuvastatin 5
mg, p<0.001 vs. rosuvastatin 10 mg).

Inthe CURVES study, the 40-mg dose of atorvastatin pro-
duced agreater reductionintriglyceridelevel sthan did the 40-
mg doseof fluvastatin, lovastatin, pravastatin, and Smvastatin;
other dosesdid not produce different effectsamong the statins
for triglycerides!® Elsewhere, rosuvastatin aso has been
shown to produce significant reductionsin triglyceridelevels,
abeit notin adose-related manner. 14

A largebody of datagathered over the past decade has con-
firmed the significant inverse rel ationship between high-den-
sty lipoprotein (HDL) cholesterol levelsand therisk of CHD
events,1”-18 but the potential impact of satinsonHDL remains
only partially understood. In arecent review, researchers sug-
gested severa possible mechanisms for this effect.1® Statins
might bring about anincreasein themessenger RNA (MRNA)
for apolipoprotein A-1 (apoA-1) at the promoter site. Theele-
vationin mRNA for apoA-| appearsto bereversed by adding
mevalonate, suggesting an underlying process related to
prenylated proteinsor isoprenoids. Alternatively, statinsmay
increase apoA-l expression by inhibiting Rho activation.
Reduced Rho stimulates peroxisome proliferator activated re-
ceptor-o (PPAR«), whichinturnisknownto increase apoA-|
expression, as shown in studies of fibrates. Furthermore,

L)

Rosuvastatin Rosuvastatin Atorvastatin
5mg 10 mg 10 mg

N
o

—30 —28_3p

|
N
o

|
[$)
o

lipid parameters at 12 weeks
NS
o O o o
| S

_Change (%) from baseline

Placebo

Fic.2 Reductionsinlow-density lipoprotein cholesterol (LDL-C)
andincreasesin high-density lipoprotein cholesterol (HDL-C) with
rosuvastatin versus atorvastatin. 0 = Total cholesteral, & =LDL-C,
m =HDL-C. Datafrom Ref. No. 15.
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gatinsmay reducetheactivity of cholesterol ester transfer pro-
tein (CETP) to varying degrees, depending on the agent.
Higher doses of atorvastatin may not inhibit CETP activity as
strongly as some of the other statins, although dataon CETP
inhibition are contradictory.2’ Theextent towhich any or all of
these mechanisms contributetoincreasesin HDL cholesterol
levelsisfar from clear, but all the statins could potentidly dis-
play suchactions.

Increases in HDL cholesteral levels ranged from 3.0 to
9.9% with the statins eval uated in the CURVES study.3 The
amount of the increase did not differ significantly between
atorvagtatin and the other agents except a a dose of 40 mg,
when elevationsin HDL cholesterol weresignificantly grest-
er with smvastatin than with atorvastatin (p< 0.05). Inare-
cent study of rosuvastatin, HDL cholesterol levelsincreased
by 10.0to 14.4% over basdlinein the same dosagerange used
inthe CURVES study.# Levels of HDL cholesterol alsoin-
creased morewith rosuvastatin at adosage of 5 mg or 10 mg
than with atorvastatin 10 mg in arecent 12-week tria. With
rosuvagtatin 5mgand 10mg, HDL levelsrose 13% (p< 0.01)
and 12% (p<0.05) over baseline, respectively, vs. 8% with
atorvastatin.1®

The CURV ESinvestigatorsare planning to repeat the pro-
tocol, using alarger number of patientsand including rosuva:
statin asone of thetrestment armsin the Statin Therapiesfor
Elevated Lipid Levels Compared Across Dose Ranges to
Rosuvastatin (STELLAR) study. More than 2,000 patients
will be randomized to 6 weeks of treatment with either rosu-
vadtatin, simvastatin, or atorvastatin (each in doses of 10, 20,
40, or 80 mg) or pravastatin (10, 20, or 40 mg). The primary
end point will bethe percentagereductionin LDL cholesteral
levels, secondary end points will include changes in other
lipoprotein levels, and safety will be assessed with careful at-
tention to adverse events. In atrial extension, al patientswho
arenot initialy randomized to rosuvastatin will receive rosu-
vadtatin 10 mg for at least 12 weeks.

Effectson Clinical End Points

Fivemgjor trials2-8 have confirmed that therapy with lova
statin, smvastatin, or pravastatin hasbeneficid effectsonhard
clinical end pointsin the primary and secondary prevention of
CHD events. Pravadtatin reduced rates of magjor coronary
events (CHD death or nonfatal myocardid infarction) in high-
risk patientswith no evidence of CHD by 33%, comparedwith
placebo.8 Hypercholesterolemic patients with no history of
CHD had 37% fewer CHD events (fatal or nonfatal myocar-
dia infarction, unstable angina, or sudden cardiac deeth) with
lovastatin therapy than with placebo.2 Among patientswith es-
tablished CHD, pravastatin and simvastatin reduced major
coronary eventsby 230 34%.3°

Morerecently, datafrom the Heart Protection Study?! sug-
gested that statin therapy lowers CHD death rates among pa-
tientswith average or below-averagelipid levelswho are till
at increased risk because of previous myocardia infarction,
noncardiac occlusive arterial disease, treated hypertension, or

diabetes. Across al these patient groups, the rate of CHD
events was 24% lower among patients taking smvastatin 40
mg/day over the 5.5-year study period than among Similar pa-
tientstaking placebo. A benefit was seen regardlessof basdine
LDL level.

Other studies have suggested beneficia effects of statin
therapy on surrogate end points, including markersof athero-
sclerotic regression or progression as assessed by quantitative
coronary angiography?2 23 or high-resolution ultrasound.* As
evidence mountsthat other surrogate end pointscorrelatewith
CHD events, it is likely that lipid-lowering therapy will be
found to affect them.

For example, statin therapy isshowing promisein patients
with acute coronary syndrome (ACS). In the Myocardial
| schemia Reduction with Aggressive Cholesterol Lowering
(MIRACL) study, recurrent ischemic eventsin the first 16
weekswerereduced significantly in patientswith ACStreat-
ed with atorvastatin 80 mg/day.2> In arecent study using data
from the Swedish Register of Cardiac Intensive Care (RIKS-
HIA), early initiation of statin treatment was associated with
reduced 1-year mortality in patients with acute myocardial
infarction.2

Pleiotropic Effects

TheHeart Protection Study hasadded weight totheintrigu-
ing theory that the antiatherogenic effects of statintherapy ex-
tend beyond lipid lowering—that they are, infact, pleiotropic.
Basic research suggests that the statins may exert such non-
lipid effectsas modifying endothelial function, mediatingin-
flammatory responses, promoting plaque stability, and inhibit-
ing thrombus formation.2% Statins stabilize endothelid nitric
oxide synthase (eNOS) mRNA and increase the release of ni-
tric oxide from the endothelium.2” Notably, reduced stability
of eNOS isthe mgjor factor contributing to endothelial dys-
function in cardiovascular disease states (including CHD,
myocardial ischemia, cerebra ischemia, and diabetes). Statins
also increase the number of endothelial progenitor cells and
promotetheir function, resulting in angiogenesisthrough the
protein kinase AK T/eNOS pathway.2” In addition, they arrest
the creation of vascular cell adhesion moleculesin endothelia
cdlsand limit the formation of CD11b and CD18 on leuko-
cytes.28 22 Other work has shown that tatinsreduce levels of
plasminogen activator inhibitor-1 whileincreasing the produc-
tion of tissue plasminogen activator in endothelid cells and
lowering the expression of tissuefactor.30.31

Several studies have examined the effect of statinson in-
flammation. The Cholesterol and Recurrent Events (CARE)
trial involving patients who had suffered acute myocardia
infarction found a significant association between levels of
high-sengtive C-reactive protein (hs-CRP, amarker of inflam-
mation and predictor of CHD risk) and subsequent risk in a
placebo group.32 The Pravastatin | nflammation/CRP Evalu-
ation, a large-scale, prospective, randomized trid, revealed
that pravastatin reduced CRPlevelssignificantly, by 17%at 24
weeks (p<0.001).3 An anaysis of datafrom 5,742 patients
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inthe Air Force/Texas Coronary Atherosclerosis Prevention
Study recently demonstrated a significant 15% reduction of
CRP levels by lovagtatin.3* Another study of hypercholes-
terolemic patientswithout CHD showed that ratesof coronary
eventsincreased significantly withincreasesin basdlinelevels
of CRP, and that lovastatin significantly reduced CRPlevels.3
Inaddition, arecent short-term study found that hs-CRPlevels
were reduced by 15 to 25% when hyperlipidemic patients
weretreated with Smvastatin, pravastatin, or atorvastatin.36

The datins also decrease levels of isoprenoid proteins
(GGPP and FPP), which are important in cellular signaling,
and they may reduce osteocl astic activity, with possiblerele-
vancein ogteoporosis. Furthermore, the statinsmay reducethe
formation of beta-amyloid depodits, thereby possibly decreas-
ing therisk of dementia. In addition, these agents may reduce
levelsof reactive oxygen species(i.e., superoxideand hydrox-
yl radicals), exert anti-inflammatory activities that could re-
ducetherisk of diabetes, and produce antithrombotic effects
that could reducetherisk of deep vein thrombosis.3": 38 More
research is needed to clarify whether such effects may trans-
lateinto additional clinical benefit beyond LDL reductionin
patientstreated with statins.

Tolerability

Morethan 25,000 patientsreceived lovadtatin, S mvagtatin,
or pravastatininthesix major, large-scaleclinicd triasinvolv-
ing morethan 50,000 patientswith hypercholesterolemia 2.
39,40 No serious morbidity or mortality was observed during
thesetrias, and therewerefew drug interactions. Subsequent
work hasaso found no appreciable tolerability issuesamong
patientstaking atorvastatin or rosuvastatin.1341

The withdrawd of cerivagtatin from the U.S. market in
2001, however, because of reports of serious myopathy and
rhabdomyolysis, prompted concernsregarding the statinsasa
drug class. Investigatorsfirst noted apossibleincreasein the
risk of myotoxicity with combined statin-fibrate therapy in
a 1990 report of 12 cases of myopathy or rhabdomyolysis
among patients taking lovastatin plus gemfibrozil 2 Since
then, reportsof 52 deathsfrom rhabdomyolysisworldwidein
patients taking cerivastatin led to its withdrawa .*3 The in-
creased risk of myotoxicity appearsto be greater with cerivar
statin rather than generally present with al statins; among the
416 U.S. casesof fatd or nonfata statin-related rhabdomyol-
ysis, 10 times as many were associated with cerivastatin as
with other statins.*

A 1995 analysisof datafrom 516 patientsyielded evidence
that combined gtetin-fibratetherapy posesno excessrisk of ad-
verseeffectson skeeta muscle. Only 1% of these patientshad
significant, drug-related increasesin cregtinekinase (CK), and
only 1% had significant muscle pain requiring drug discontin-
uation.*> No cases of rhabdomyolysis were observed. More
recently, areview of 36 clinical tridsinvolving atota of 1,674
patients treated with statins plus fibrates found CK levels
greater than 10 timesthe upper limit of normal inonly 0.12%
of patients and no cases of rhabdomyolysis.*6 Mot of the

studiesin thisanalysis, however, excluded patientswith rena
or hepaticimpairment, both of which are suspectedrisk factors
for statin-fibrate—associated myopathy. Other risk factorsin-
clude advanced age, female gender, increased serum cresti-
nine, high-dose statin therapy, use of gemfibrozil rather than
another fibrate, hypothyroidism, and concomitant use of
CY P3A4-inhibiting medications such as erythromycin and
azoleantifungal agents.46.47

Although postmarketing reportsof adverseeventshavebeen
very limited compared with thelargenumber of personstaking
approved atins, aclinical advisory wasrecently issued by the
American Collegeof Cardiology/American Heart Association/
National Heart, Lung, and Blood Ingtitute to provide updated
recommendationsfor the appropriate use of statins, including
cautions, contraindications, and monitoring.*®

Themain pointsmadeinthe statement are;

 Therearenodlinically important differencesintherate
of fatal complications among patients teking atorva
datin, fluvastatin, lovastatin, pravastatin, or smvadtatin

 Statin therapy appearsto carry asmall risk of myopa-
thy. Sincemost cases occur in patientswho are at risk
for the condition, if statins are used with appropriate
caution, thelikelihood of developing clinically impor-
tant myopeathy issubstantially reduced

» The combination of astatin plusnicotinic acid seems
to carry alower risk for myopathy than does a statin
plusafibrate

» Myopathy is more likely to occur at higher statin
doses; thus, doses should not exceed thoserequired to
atainthe ATPIII god of therapy

« All personsstarting statin therapy should beinstructed
to report muscle discomfort or weakness or brown
urine immediately, which should then prompt a CK
measurement.

Early trid ssuggested apossibleincreasein cancer risk with
statin therapy, but subsequent analyses have proved that con-
cern unfounded. Data from 6,721 cancer-free patients (> 65
yearsold) who weretaking lipid-lowering drugs showed that
patients treated with statins had a 28% lower risk of cancer
after 2.7 years of follow-up than those treated with bile acid
resins®® Likewise, the five magjor gatin trials (involving
30,817 patientsfollowed for 5to 6 years),2-6 analyzed togeth-
er, showed noincreasedrisk of al cancersor site-gpecific can-
cerswiththeuse of statin therapy over a5-year period. >

Conclusion

Clinical triasto dateindicatethat the derivation of astatin
(i.e., natura or synthetic) hasno bearing on clinica pharmaco-
logic effects. Morework isrequired to determinewhether the
relative hydrophilicity or lipophilicity of a compound may
have abearing on efficacy or tolerability. Metabolismthrough
the CY P system may beimportant, asthere appear toberele-



P. H. Jones: Comparing HMG-CoA inhibitors 1-19

vant clinical differencesin drug interactions with statins that
arenot metabolized by thiscytochrome system.

Thevariousdatinsdiffer somewhat withregardtotheir LDL
cholesterol-Howering effects. Clinicd trials show greater de-
creases in LDL cholesteral with atorvastatin or rosuvastatin
thanwith other agentsinthisclass. Notably, recent datasuggest
that the LDL cholesteroldowering ability of rosuvastatin may
be even greater than that of atorvastetin. To date, not dl statins
have been evduated with regard to their effectson hard clinicdl
end points(e.g., CHD event rates), but thebody of evidenceac-
cumulated thus far suggests that al agents in this class will
eventudly proveto havesgnificant benefits. Withtheexception
of cerivadtatin, the statinsdo not appear to differ withregardto
overd| tolerability or incidence of adverse effects. Pleiotropic
effectsaremost likely aclasseffect, and futureresearch promis-
esto shed morelight on the extent of these effects.
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