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A New Statin: A New Standard 
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Summary: Numerous studies have demonstrated that treat- 
ments designed to reduce lowdensity lipoprotein cholesterol 
(LDL-C) can reduce the risk of coronary heart disease (CHD) 
events in the setting of either primary or secondary prevention. 
The rationale for aggressive lowering of LDL-C, supported 
by large obkrvational studies, is the concept that no threshold 
exists below' which reductions fail to provide addifional bene- 
fit. The statins are widely considered first-line therapy for pre- 
venting CHD events because these agents yield the greatest 
reductions in LDL-C. However, many patients do not achieve 
target LDL-C levels with the currently available statins. New- 
er, more effective statins may permit the benefits of aggressive 
LDL-C reduction to be extended to larger numbers of patients. 
A novel, highly efficacious statin, rosuvastatin (Crestor", 
AstraZeneca group of companies), is currently undergoing 
clinical investigation. Dose-ranging studies in hypercholes- 
terolemic patients have shown that rosuvastatin produces sig- 
nificant, dosedependent decreases in LDL-C when compared 
with placebo. Reductions have ranged from 34% at a dose of 
1 mg/day to 65% at 80 mg/day. This agent has been found to 
be well tolerated across the range of doses studied. Phase III 
studies indicate that rosuvastatin is more effective than atorva- 
statin, pravastatin, and simvastatin in improving the athero- 
genic lipid profiles of hypercholesterolemic patients, and more 
effective than atorvastatin in improving the atherogenic lipid 
profiles of patients with heterozygous familial hypercholes- 
terolemia. Overall, these findings suggest that rosuvastatin is a 
promising new medication for the treatment of dyslipidemias. 
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Introduction 

Extensive clinical and epidemiologic data have attested to 
the value of cholesterol reduction as a means of modifying 
atherogenic risk. Low-density lipoprotein cholesterol (LDL- 
C) has been the priqary target of efforts to prevent the adverse 
events of coronary heart disease (CHD).1.2 Current knowledge 
supports the concept that aggressive LDL-C reduction, per- 
haps even below recommended levels, is a powerful tool for 
reducing the risk of CHD morbidity and mortality in the set- 
ting of either primary or secondary prevention. 
Ofthe available lipid-lowering medications, the statins have 

the greatest potential for producing dramatic reductions in 
LDL-C and maintaining such levels over time. This class of 
agents is widely regarded as first-line therapy for patients at 
risk for atherosclerotic vascular disease. However, the differ- 
ent statins vary with regard to their pharmacologic properties, 
efficacy, and tolerability. Newer statins, with greater LDL-C- 
lowering effects, may increase our ability to extend the bene- 
fits of aggressive lipid lowering to larger numbers of patients. 

Impact of Low-Density Lipoprotein-Cholesterol 
Reduction on C0ro~1-y Heart Disease Risk 

Nearly two decades ago, the Lipid Research Clinics Core 
nary Pnmary Prevention Trial demonstrated a linear relation- 
ship between reductions in LDL-C and reductions in adverse 
CHD  event^.^ The subsequent Helsinki Heart Study c o m b  
rated this observation! However, these pioneering trials used 
agents such as bile acid sequestrants and fibric acid deriva- 
tives, which produced modest LDL-C reductions of approxi- 
mately 8 to 13%.5 Furthermore, the ability of lipid-lowering 
agents to reduce the risk of allcause mortality, as well as C W  
mortality, remained in doubt. 

In the mid-lws,  the Scandinavian Simvastatin Survival 
Study (4s) found that statin therapy was associated with a 35% 
reduction in LDL-C, a 30% reduction in the risk of all-cause 
mortality (p = 0.0003), and a 42% reduction in CHD mortality 
(95% CI, 0.46-0.73) after a median of 5.4 years of follow-up6 
Of importance is the fact that greater benefits were apparent 
among patients who had achieved the largest reduction in 
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LDL-C after 1 year of treatment. At follow-up, the incidence 
of major CHD events was 18.2% in patients who had achieved 

LDL-C reduction of 134%, but was nearly halved-to 
)0.6Yiin those who had attained a reduction of 45 to 70% 
(Fig. 
In the third of patients whose levels of LDL-C were reduced 

to 127 to 266 mgldl(3.3-6.9 mmov1) at 1 year, the rate of ma- 
jor CHD events in the subsequent 4 years was 18.9%. The rate 
of CHD events at follow-up was substantially lower (13.3%) 
in patients who had LDL-C levels of 105 to 126 mgldl(2.8- 
3.2 mmoVI) at 1 year and was even lower (1 1.0%) in those 
who had levels of 58 to 104 mgldl(1.5-2.7 mmoM) at 1 year. 
Indeed, each 1% reduction in LDL-C resulted in a 1.7% re- 
duction in the risk of CHD events (p <0.00001).7 

During the past 10 years, numerous angiographic studies 
have shown that lowering LDL-C delays or arrests the pro- 
gression of coronary atherosclerosis. In a meta-analysis of 
eight angiographic trials evaluating stat in^,^'^ Thompson 
identified a linear relationship between LDL-C level and di- 
ameter of coronary artery stenosis (Fig. 2).16 A 240% reduc- 
tion in LDL-C was re@ired to halt the progression of disease, 
which suggests that aggressive lipid lowering may be required 
to achieve a substantial impact on CHD risk. Notably, howev- 
er, the degree of LDL-C reduction needed to arrest progxssion 
of atherosclerosis was achieved only in trials that used statins 
in combination with other lipid-lowering therapies, such as 
nicotinic acid, colestipol, cholestyramine, or gemfibrozil. Fur- 
thermore, many patients failed to achieve recommended levels 
of LDL-C in the major statin trials. For example, less than 30% 
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FIG. 1 Rate of major coronary events at a median of 5.4 years of 
follow-up according to percentage reduction in lowdensity lipopro- 
tein cholesterol (LDL-C) achieved after 1 year of treatment with sim- 
vastatin in the 4s trial. Adapted from Ref. No. 5. Reprinted from the 
EurHeaiiJ, 19.(suppM),M15-M21 Fig. 3 withpermissionofHar- 
court Publishers Ltd. 91998 The European Society of Cardiology. 

of patients receiving simvastatin in the 4s  trial attained an 
LDL-C level el00 mgldl(< 2.6 mmoVl), as recommended by 
the National Cholesterol Education Program (NCEP) for indi- 
viduals with established CHD.'*5 Observations such as these 
have generated interest in developing statins with greater effi- 
cacy in lowering LDL-C. 
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Relative Efficacy of Available Statins 

The available statins vary with regard to their pharmaco- 
logic properties and relative efficacy in reducing LDL-C.” 
Atorvastatin produces the greatest documented reductions in 
LDL-C in patients at risk for CHD or with confirmed athero- 
sclerosis.18-22 For instance, in a trial of 662 patients, the pro- 
portion who achieved target LDLC levels (as defined by the 
NCEP) after 12 weeks at starting doses was significantly 
higher in those receiving atorvastatin than lovastatin, simva- 
statin, or fluvastath.18. 19.21 The superiority of atorvastatin was 
apparent in 344 patients at risk for CHD as well as in 3 18 with 
documented atherosclerosis. Treatment doses were then titrat- 
ed from Week 12 to Week 54, at which time the proportion of 
patients achieving target LDL-C levels was significantly 
greater with atorvastatin than with the other statins in patients 
at risk for CHD, and significantly greater than fluvastatin in 
those with documented atherosclerosis. In addition, an 8- 
week trial of patients with hypercholesterolemia demonstrat- 
ed that atorvastatin was significantly more effective in lower- 
ing LDL-C than milligramequivalent doses of pravastatin, 
lovastatin, simvastatin, and fluvastatin.20 

New Statin in Development 

Other statins with increased efficacy are currently in devel- 
opment. One such agent is rosuvastatin (Crestor’”), a highly 
efficacious, orally active, hepatoselective, hydrophilic syn- 
thetic statin that appears to have a reduced potential for drug- 
drug interactions via the cytochrome P450 3A4 sy~tem.2~ The 
pharmacologic properties of rosuvastatin have been estab- 
lished in preclinical studies and evaluations in healthy volun- 
t e e r ~ . ~ ” - ~ ~  Recently, the effects of rosuvastatin on LDL-C and 
other lipid parameters were examined in a dose-ranging pro- 
gram involving patients (men 18-70 years old and postmeno- 
pausal women 50-70 years old) with primary hypercholes- 
terolemia.28 The program was conducted in two stages at 14 
northern European centers. First, patients were randomized to 
receive double-blind placebo or rosuvastatin (1,2.5,5,10,20, 
or 40 mg/day) or open-label atorvastatin (10 or 80 mglday, as 
a benchmark for responses) for 6 weeks. In a second, follow- 
up trial, patients were randomized to receive double-blind 
placebo or rosuvastatin 40 or 80 mglday in a 1: 1:2 ratio for 
6 weeks. The second trial was prospectively designed to be 
analyzed in combination with the first. 

All doses of rosuvastatin significantly reduced levels of 
LDL-C in the 189 patients included in the per-protocol anal- 
ysis when compared with placebo (p c 0.00 1) (Fig. 3). A lin- 
ear dose-response relationship was apparent, with LDL-C 
reductions ranging from 34% with the 1 mg dose of rosuva- 
statin to 65% with the 80 mg dose. According to linear re- 
gression analysis, each doubling of the rosuvastatin dose 
produced an additional 4.5% decrease in the level of LDL-C. 
Furthermore, reductions in LDL-C occurred rapidly, with 
90% of the effect evident by Week 2 across the dose range. 
Atorvastatin produced similar reductions (a decrease of 44% 

at 10 mg and 59% at 80 mg). Compared with placebo, all 
doses of rosuvastatin significantly reduced total cholesterol 
and apolipoprotein B (pcO.001) in a linear fashion (no sta- 
tistical comparisons with atorvastatin were performed, since 
it was included as a clinical benchmark only). Furthermore, 
all rosuvastatin doses increased levels of highdensity l i p -  
protein cholesterol (HDL-C) (range, 9-14%) and decreased 
levels of triglycerides, albeit not in a dose-dependent manner 
(a dose-dependent response would not be expected in this 
patient population, since they were not recruited on the basis 
of low HDL-C or elevated triglyceride levels). The safety 
profile of rosuvastatin compared favorably with those of 
atorvastatin and placebo. 

Preliminary findings of three phase III studies have also 
confirmed the positive effects of rosuvastatin on LDL-C and 
other lipid parameters, suggesting that rosuvastatin is more ef- 
fective than atorvastatin, pravastatin, and simvastatin in im- 
proving the atherogenic lipid profiles of hypercholesterolemic 
patients, and more effective than atorvastatin in improving the 
atherogenic lipid profiles of patients with heterozygous famil- 
ial hypercholesterolemia. In all of these trials, active treatrrfent 
was well tolerated and the Occurrence of adverse events was 
similar among all treatment groups. 

In one phase III study, 516 patients with primary hyper- 
cholesterolemia were randomized to receive placebo, 10 mg 
atorvastatin, 5 mg rosuvastatin, or 10 mg rosuvastatin once 
daily for 12 ~ e e k s . ~ 9  Both doses of rosuvastatin produced 
greater reductions in LDL-C than did atorvastatin at Week 12; 
these differences were statistically significant (Fig. 4). In addi- 
tion, more rosuvastatin patients achieved NCEP target LDL-C 
levels than did patients treated with atorvastatin. For example, 
at 12 weeks, 84% of patients treated with either dose of rosu- 

Dose (mg) 

P 1 2.5 5 10 20 40 80 10 80 
E 

rn Atorvastatin 

*p<0.001 vs. placebo. 
Baseline range: 4.7-5.1 mmoVl(181.7-197.2 mddl). 5 

FIG. 3 Dose-related reductions in LDL-C after 6 weeks of treatment 
with rosuvastatin and atorvastatin. No statistical comparisons were 
made with atorvastatin. LDL-C = low-density lipoprotein choles- 
terol, SE = standard error. Adapted from Ref. No. 28. Reprinted 
from AmerJ Curdiof, Olsson AG, Pears JS, McKellar J, Caplm 
Raza A, Pharmacodynamics of new HMG-CoA reductase inhibitor 
ZD4522 in patients with primary hypercholesterolaemia, 2000. With 
permission from Excerpta Medica Inc. 



A. G. Olsson: A new statin 111-2 1 

FIG. 4 Rosuvastatin phase 111 trials: Mean changes from baseline in low-density lipoprotein cholesterol (LDL-C) at 12 weeks29- 
18 weeks.3' 

and 

vastatin met the LDL-C target, compared with 73% of patients 
receiving atorvastatin. The treatment difference was evident in 
all risk categories and more marked in the high-risk patients 
(target LDL-C I 100 mg/dl). Compared with atorvastatin or 
placebo, treatment with 5 or 10 mg rosuvastatin also produced 
significantly greater decreases in total cholesterol and apolipo- 
protein B levels (pd.05) and significantly greater increases in 
HDL-C and apolipoprotein A-I levels (p < 0.05). 

In a similar study, 502 patients with hypercholesterolemia 
were randomized to receive 20 mg simvastatin, 20 mg prava- 
statin, 5 mg rosuvastatin, or 10 mg rosuvastatin once daily for 
12 ~ e e k s . ~  Compared with simvastatin and pravastatin, both 
doses of rosuvastatin produced significantly greater reduc- 
tions in LDL-C at 12 weeks (Fig. 4). Moreover, a higher per- 
centage of patients receiving rosuvastatin achieved NCEP 
target LDL-C levels than did patients treated with simvastatin 
and pravastatin. At Week 12,87% of patients receiving rosu- 
vastatin 10 mg and 7 1 % of those receiving rosuvastatin 5 mg 
achieved the treatment target, compared with only 53 and 
64% of patients receiving pravastatin and simvastatin, respec- 
tively. Again, the advantage of rosuvastatin treatment was 
most marked in the NCEP high-risk group. Statistically sig- 
nificant improvements in favor of rosuvastatin were also seen 
for total cholesterol and apolipoprotein B levels (p < 0.05) and 
lipid ratios (p < 0.01). A third phase III study demonstrated the 

benefits of rosuvastatin in patients with heterozygous familial 
hyperch~lesterolemia.~~ This 18-week study involved weight- 
ed randomization of all patients to once-daily treatment with 
either rosuvastatin (n = 435) or atorvastatin (n = 187). After re- 
ceiving an initial dosage of 20 mg rosuvastatin or atorvastatin, 
patients were force-titrated to 40 and 80 mg at 6-week inter- 
vals. Compared with atorvastatin, rosuvastatin produced sig- 
nificantly greater decreases in LDL-C (p < 0.001) (Fig. 4) and 
total cholesterol (p<O.001) and greater increases in HDL-C 
(pcO.001) at 18 weeks; similar statistical benefits were Seen 
at Weeks 2,6, and 12. After 18 weeks, rosuvastatin also sig- 
nificantly increased apolipoprotein A-I levels (p c 0.001), sig- 
nificantly decreased apolipoprotein B levels (p < 0.00 I), and 
significantly improved lipid ratios (p <0.001). Moreover, ro- 
suvastatin enabled 61% of these severe, difficult-to-treat pa- 
tients to meet the NCEP target LDL-C level, compared with 
46% in the atorvastatin group (24%. rosuvastatin vs. 3%, ator- 
vastatin for NCEP high-risk patients). 

Conclusion 

Epidemiologic observations and data from clinical inter- 
vention studies support the strategy of lowering LDL-C to 
modify atherogenic risk. Because of the superiority of statins 
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in reducing LDL-C, they are widely regarded as first-line ther- 
apy for patients at risk for atherosclerotic vascular disease and 
its adverse sequelae. It is important to note, however, that 
many patients do not achieve recommended levels of LDL-C 
in major trials of statins. The development of statins with 
greater LDL-C-lowering effects may permit more aggressive 
management of hypercholesterolemic patients. 

The new, highly efficacious statin rosuvastatin has been 
shown to produce significant, dosedependent reductions in 
LDL-C levels across a wide range of doses. In addition, data 
from recent phase In studies suggest that rosuvastatin is more 
effective than atorvastatin, pravastatin, and simvastatin in im- 
proving the atherogenic lipid profiles of hypercholesterolemic 
patients, and more effective than atorvastatin in improving the 
atherogenic lipid profiles of patients with heterozygous famil- 
ial hypercholesterolemia. Overall, these trials suggest that the 
introduction of such new “superstatins” in coming years may 
allow clinicians to extend the benefits of lipid-lowering thera- 
py to a greater number of patients and to make even greater in- 
roads with respect to cardiovascular risk reduction. 
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