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ADDITIONA LL EFFICACY OF MILLIGRAM-EQUIVALEN T DOSES OF ATORVASTATI N OVER 

SIMVASTATI NN - A SWITCH STUDY 

Background Background 

Elevatedd LDL-cholesterol (LDL-C) plays a pivotal role in the development of atherosclero-
siss and constitutes a conditional risk factor for subsequent coronary heart disease (CHD). 
Thiss single-blind multicenter study in a large cohort of hypercholesterolemic patients 
withh or without CHD, was designed to evaluate the additional LDL-C lowering effect of 
atorvastatinn over milligram-equivalent doses of simvastatin. 

MethodsMethods and Results 

3788 patients treated with either simvastatin 20 or 40 mg, with baseline LDL-C values > 
2.66 mmol/1 were randomized to 4 groups: patients on 20 mg simvastatin were rand-
omizedd to either simvastatin 20 mg (n=i29) or atorvastatin 20 mg (n=i24) and patients 
onn 40 mg simvastatin were randomized to simvastatin 40 mg (11=64) o r atorvastatin 40 
mgg (n=6i). The investigator was blinded for study medication during the 8 weeks treat-
mentt phase, the patient not. Lipid profiles were measured at screening, randomization 
andd at study completion. The primary efficacy parameter was the relative change in LDL-
CC concentration within and between groups. Statistical significance was assessed with 
analysiss of variance. No significant differences in baseline patient characteristics were 
foundd with regard to demographic variables, vital signs, cardiovascular risk factors, con-
comitantt medication or lipid profiles. The mean {  SD) relative decreases of LDL-C from 
baselinee were: 14.0  14.1% for atorvastatin 20 mg (n=i07) versus 3.3  14.1% for simvas-
tatinn 20 mg (n=io8) and 14.7  15.2% for atorvastatin 40 mg (n=55) versus 2.9  12.7% 
forr simvastatin 40 mg (n=54). The relative change of LDL-C from baseline in the overall 
atorvastatinn group (n=i62) versus the overall simvastatin group (n=i62) was 14.2  14.4% 
versuss 3.2  13.6%. This entails an additional decrease of 11% in the atorvastatin versus 
thee simvastatin group. 

Adversee events, which were observed in a significantly higher frequency in the atorv-
astatinn groups, were mild of intensity in most cases. 

Conclusion Conclusion 

Ourr results indicate that hypercholesterolemic patients on simvastatin 20 or 40 mg who 
aree switched to a milligram-equivalent dose of atorvastatin, will reach significantly lower 
LDL-CC values within 8 weeks of treatment, with a greater percentage of high risk patients 
reachingg their EAS or NCEP targets. 
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INTRODUCTION N 

Elevatedd low-density lipoprotein (LDL)-cholesterol plays a pivotal role in the development 
off  atherosclerosis and constitutes an independent risk factor for subsequent coronary 
heartt disease (CHD)1"2. The results of several landmark studies have established that 
decreasingg LDL-cholesterol (LDL-C), using 3-hydroxy-3-methyl glutaryl coenzyme A 
(HMG-CoA)-reductase-inhibitorss (statins), has a beneficial effect in both primary and sec-
ondaryy prevention of cardiovascular disease (CVD), without influencing non-cardiovascu-
larr mortality3"7. 

Statinss competitively inhibit the enzyme HMG-CoA reductase, which catalyzes the 
conversionn of HMG-CoA to mevalonic acid, the rate-limiting step in the biosynthesis of 
cholesterol.. By inhibiting HMG-CoA reductase activity in the liver, the hepatocellular 
demandd for cholesterol is increased. This results in an increased number of LDL-recep-
torss on the surface of liver cells, which leads to an increased clearance of plasma LDL by 
thee liver8 and consequent lowering of plasma LDL-C levels. Furthermore, very low-den-
sityy lipoprotein (VLD L)-particle production by the liver is decreased, which yields a 
decreasee of plasma triglycerides and contributes to a further lowering of LDL-C9. 

Atorvastatin,, a well established statin, has been shown to be effective in lowering 
LDL-CC levels10. This LDL-C lowering effect has been verified in several studies11"12, and is 
greaterr than achieved by other milligram (mg)-equivalent dosages of marketed statins. 
Simvastatin,, another commonly used statin, has been available for ten years in many 
countries.. Its maximum approved daily dose is 80 mg13. Data from the 4S study showed 
thatt long-treatment with simvastatin is safe, improves survival in CHD patients and is 
costt effective314. 

Comparativee studies between atorvastatin and simvastatin with regard to LDL-C, over 
aa dosing range from 10 to 80 mg, have been performed elsewhere15"16, but these studies 
includedd a relatively small number of patients in some of the treatment arms. 

Wee therefore designed a single-blind multicenter study in a large cohort of hypercho-
lesterolemicc patients, to evaluate the additional LDL-C lowering efficacy of atorvastatin 
overr milligram-equivalent dosages of simvastatin. 

MATERIAL SS & METHODS 

Thiss multicenter, single-blind, randomized, parallel-group, 8-weeks comparative study, 
evaluatedd the efficacy of once-daily doses of atorvastatin 20 and 40 mg compared with 
once-dailyy doses of simvastatin 20 and 40 mg. Five centers in the Netherlands enrolled 
patientss in this study. The protocol and its amendments were approved by the Institu-
tionall  Review Boards. Patients provided a written informed consent prior to entering the 
study. . 

PATIENTS S 

Eligiblee participants were women and men between the age of 18 and 80 years, currently 
onn treatment with either 20 or 40 mg simvastatin with LDL-C values > 2.6 mmol/1, and 
triglyceridess values < 4.5 mmol/1 at week o and 4. Patients with any of the following con-
ditionss were excluded: all forms of secondary dyslipidemia; history of myocardial infarc-
tion,, coronary angioplasty, cerebrovascular disease, coronary bypass surgery or any other 
surgicall  procedure within the preceding 3 months; patients with active liver disease, 
hepaticc or renal dysfunction, or any significant abnormality the investigator believed 



666 PART II 

couldd compromise the patient's safety or successful participation in the study. Patients 
consumingg more than 4 alcoholic drinks per day or taking concurrently drugs known to 
affectt lipid levels or known to interact with the study medication were excluded. Pregnant 
orr breast-feeding women were excluded. Other lipid lowering medication than simvasta-
tinn was to be discontinued for a minimum of 8 weeks. 

TREATMENTT SCHEDULE 

Afterr a 4 week simvastatin-run-in phase, 378 patients were randomized to four parallel-
groups.. Patients in each treatment group received any of four single-blind medications: 
200 mg or 40 mg atorvastatin or 20 mg or 40 mg simvastatin for a period of 8 weeks. All 
patientss knew the medication they took, the investigator however was blinded for the 
studyy medication. 

LABORATOR YY METHODS 

Alll  centers used the Virtual Central Laboratory (VCL) in Zeist, the Netherlands, as the 
centrall  laboratory for validating measurement of efficacy and safety (clinical laboratory) 
results.. At all visits (week o, week 4 and week 12) the laboratory testing was performed at 
thee local laboratory site. For the standardization of results the laboratory test results were 
standardizedd using a calibrator sample measurement provided by "network VCL labs". 
Thee results of the calibrator sample were mathematically related to a reference measure-
ment.. The clinical laboratory results reported were converted using mathematical rela-
tionstions obtained from the calibrator measurement. Validity of the applied conversion 
factorss was monitored by regular check-ups and daily internal laboratory QC monitoring 
off  the participating laboratories, to which the VCL monitors had access. The Dutch regis-
trationn authorities have given their consent with this method. LDL-C was calculated 
accordingg to the formula of Friedewald1718. Total cholesterol and triglycerides were deter-
minedd by an enzymatic calorimetric procedure19"23. HDL-C was also determined, after 
precipitationn of VLDL-C and LDL-C, via an enzymatic calorimetric procedure24"25. 

SAFETY Y 

Adversee events were recorded at each clinic visit. Laboratory values were evaluated 
accordingg to guidelines established in the protocol. Alanine aminotransaminase (ALAT), 
andd creatine phosphokinase (CPK) were measured at all visits. Patients were withdrawn 
fromm the study if ALAT levels increased > 3 x upper limit of normal (ULN) for 2 consecu-
tivetive measurements or if CPK level increased to > 6 x ULN. All patients who were receiv-
ingg study medication were evaluated. 

Att each visit, patients were asked about their health status and adverse events. 
Adversee events that emerged during the treatment phase or that increased in intensity or 
frequencyy from the start of the study were summarized by the number and percentage 
(incidence)) of patients with an event for each treatment group. 

STATISTICA LL METHODS 

Thee primary analysis of efficacy was performed in all patients who took randomized med-
icationn and in whom baseline and 12 week LDL-C levels were available (intention to treat). 
Forr this purpose the average LDL-C of week o and 4 was used as baseline value (LDL-Cb) 
andd the LDL-C at week 12 as the treatment value (LDL-Ct). The relative change was calcu-
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latedd as a 100 x (LDL-Cb - LDL-Ct)/LDL-Cb % change in LDL-C concentration. The statis-
ticall  significance of the difference in treatment was calculated using analysis of variance, 
withh stratum (20 versus 40 mg) and center as covariates. Statistical analysis were per-
formedd at the 0.05 significance level using two-sided tests. Similar calculations were per-
formedd for the relative change in TC, HDL, and TC concentrations. LDL-C levels could be 
influencedd by sex, type of dyslipidemia (familial hypercholesterolemia versus other), 
baselinee LDL-C levels (above versus below 4.0 mmol/1) and cigarette smoking. Therefore, 
thesee variables were included in the ANOVA to estimate corrected intervention effects. 

Thee percentage of the patients who did not meet their E AS / NCEP goal at baseline, 
butt reached it at 12 weeks were compared between the treatment groups, using Mantel 
Haenszell  Chi-square tests. 

Safetyy analysis were performed in all patients who took randomized medication 
(intentionn to treat). Fisher's exact tests were used for comparing number of adverse 
eventss in medication groups. 

RESULTS S 

Patients Patients 
AA total of 381 patients gave informed consent. Of these 3 did not participate since in retro-
spectt the inclusion criteria were not met. A total of 324 of the 378 who received trial med-
icationn (86%) had LDL-C measurements (baseline and treatment LDL-C) available and 
thuss could be included in the efficacy evaluation. The characteristics of the four treatment 
groupss did not differ signficantly at baseline (table 1) nor did the lipid parameters (table 
2). . 

Tablee 1 Baselin e demographic s and clinica l characteristic s 

Treatmen tt  grou p 

Agee (years  SD) 
Malee sex 
Weightt (kg  SD) 
Lengthh (cm  SD) 
BMII (kg/mm2 ) 
Hypertension n 
Cigarettee smoking 
Familiall Hypercholesterolemia 
Historyy of myocardial infarction 
Historyy of angina pectoris 
Historyy of coronary atherosclerosis 
Historyy of premature CHD in 
parent,, offspring or sibling 
<555 years (if male) or 
<655 years (if female) 
EASS risk high/mod/mild* 
NCEPP risk high/mod/mild* 

Atorvastati n n 
20S-20A A 
n=124 4 

555 2 
877 (70%) 
811 5 
174174 9 
277 4 
400 (33%) 
311 (26%) 
455 (38%) 
422 (35%) 
555 (46%) 
588 (48%) 
600 (50%) 

103/2/2 2 
65/20/20 0 

40S-40A A 
n=61 1 

544 2 
400 (66%) 
799 1 

0 0 
277 3 
18(30%) ) 
10(16%) ) 
344 (57%) 
299 (48%) 
277 (44%) 
377 (61%) 
366 (59%) 

53/-/1 1 
39/8/8 8 

Simvastati n n 
20S-20S S 
n= l29 9 

2 2 
900 (70%) 
811 4 
1733 9 
277 4 
366 (29%) 
355 (28%) 
399 (32%) 
477 (38%) 
622 (50%) 
677 (54%) 
39(31%) ) 

100/6/2 2 
71/17/19 9 

40S-40S S 
tt=64 tt=64 

0 0 
322 (50%) 
799 7 
1722 0 
277 4 
155 (23%) 
13(20%) ) 
322 (50%) 
144 (22%) 
299 (45%) 
300 (47%) 
277 (42%) 

53/-/1 1 
31/10/13 3 

** some patients could not be classified 
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EffectsEffects on lipid concentrations 
Thee changes in LDL-C concentrations for the 20 mg and 40 mg groups are given in table 
22 and 3, respectively. Overall, the decrease of LDL-C levels versus baseline was 3.2 % (3.64 
too 3.50 mmol/1) in the simvastatin group versus 14.2 % (3.61 to 3.07 mmol/1) in the ator-
vastatinn group (p=o.oooi). Separate analysis per dosage group (20 or 40 mg) showed 
similarr results (p=o.ooi in the 20 mg and the 40 mg group). Corrected for differences in 
LDL-CC at baseline, center, dose, type of dyslipidemia, sex and cigarette smoking a 10.9% 
greaterr decrease in LDL-C concentration was associated with atorvastatin versus simva-
statinn use (95% confidence interval, 7.8 to 13.9%). 

Thee overall relative decrease in total cholesterol (11.1 versus 1.9%, p=o.oooi) was in 
favourr of atorvastatin. In the atorvastatin groups an overall relative decrease of 7.5% {1.59 
too 1.40 mmol/1) in TG concentrations was observed, versus an increase of 5.6% (1.61 to 
1.633 mmol/1) in the simvastatin groups (p=o.ooo2). 

Thee overall relative change in HDL-C concentration was a decrease of 1.3 % (1.28 to 
1.266 mmol/1) in the atorvastatin versus an increase of 1.3% (1.32 to 1.33 mmol/1) in the 
simvastatinn treated patients (p=o.o4). 

However,, when broken down per treatment arm, i.e. HDL-C change from 20 mg sim-
vastatinn to 20 mg atorvastatin or HDL-C change from 40 mg simvastatin to 40 mg ator-
vastatin,, these differences were not statistically significant, and very small in absolute 
numbers. . 

AdverseAdverse events 
InIn the atorvastatin groups 54 of the 185 patients experienced a total of 71 adverse events 
versuss 32 of the 193 patients in the simvastatin group, who experienced a total of 39 
adversee events (p=o.oo5). Most adverse events were considered to be of mild intensity. 
Influenza-likee symptoms were the most frequently reported adverse events followed by 
myalgiaa and headache, which were reported mostly in the atorvastatin group. Other 
adversee events were less frequent, elevations of ALAT and CPK above three times and six 
timess the upper limit of normal were not reported during the randomized treatment 
phase. . 

DISCUSSION N 

Wee have compared the relative efficacy and short-term safety of a switch from milligram 
equivalentt doses of simvastatin to atorvastatin, in a large cohort of hypercholesterolemic 
patients. . 

Ourr results clearly indicate that a change from 20 mg simvastatin to 20 mg atorvasta-
tinn and from 40 mg simvastatin to 40 mg atorvastatin yields additional LDL-C reductions 
off  14.0 and 14.7%, respectively (p=o.ooo2). Triglycerides in the atorvastatin group 
decreasedd by 7.5% while it incresased in the simvastatin groups by 5.6% (p=o.oooi). 

Ourr findings confirm and extend data from the literature16. The Comparative Dose 
Efficacyy Study of Atorvastatin Versus Simvastatin, Pravastatin, Lovastatin, and Fluvastatin 
inn Patients with Hypercholesterolemia (CURVES) trial was an open-label, parallel-group, 
8-weekk evaluation that enrolled 534 men and women, aged 18 to 80, with LDL-C concen-
trationss of > 4.2 mmol/1 and triglyceride concentrations of < 4.5 mmol/1. Findings in 
CURVESCURVES determined that atorvastatin is the most efficacious HMG-CoA reductase inhib-
itorr for lowering LDL-C, producing significantly greater reductions (p <o.oi) in the 10-, 
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20-,, and 40-mg dosages (-38%, -46%, and -51%, respectively) than the milligram equiva-
lentt doses of simvastatin, pravastatin, lovastatin, and fluvastatin16. 

Drugg therapy is almost always needed to achieve the target lipid goals set by the NCEP 
andd EAS. Aggressive therapy is justified in patients who exhibit clinical atherosclerotic 
disease,, including angina pectoris, and who have a history of documented myocardial inf-
arction,, coronary artery bypass graft or angioplasty, peripheral artery disease or aortic 
aneurysm26. . 

Yett data indicate that most of these patients are not receiving the treatment they need 
too prevent additional myocardial infarctions and cardiovascular events. One study showed 
thatt as few as 25% of hypercholesterolemic patients actually received cholesterol-lowering 
therapyy after surviving a myocardial infarction27. In another study, only about 30% of 
individualss with heterozygous familial hypercholesterolemia reported being told by their 
physicianss that they had this disorder and of those, only 40% were receiving cholesterol-
loweringg medication28. Altogether, approximately 23% showed reasonably controlled 
cholesteroll  levels28. Several other assessments have determined that most CHD patients 
aree not only not being treated to NCEP and EAS target5, but a major proportion is not 
evenn offered cholesterol screening29. 

Thee importance of treating patients to lower cholesterol levels to decrease the risk of 
developingg atherosclerosis is well accepted. However, whether there is a threshold below 
whichh cholesterol reduction does not translate into any additional clinical benefit is the 
subjectt of some debate. Clinical trials of cholesterol lowering have produced conflicting 
results.. In a subanalysis of the CARE study, researchers found that the incidence of cardi-
ovascularr events fell progressively as LDL-cholesterol levels were reduced from 4.5 to 3.2 
mmol/130.. However, further reductions to as low as 1.8 mmol/1 had littl e impact on risk, 
suggestingg a threshold effect at a LDL-cholesterol level of 3.2 mmol/130. 

AA subanalysis of the 4S study showed that, on average, drug therapy with simvastatin 
loweredd LDL-cholesterol levels by 35% and reduced the incidence of heart attacks by 
34%31.. The goal was to reduce total cholesterol to below approximately 5.2 mmol/1. How-
ever,, many patients achieved greater reductions, which produced continuing but progres-
sivelyy smaller reductions in heart attack risk. The subgroup analysis of the 4S trial esti-
matedd that each additional 1% reduction in LDL-cholesterol reduced the risk of major 
coronaryy events by i.j%n. The Post Coronary Artery Bypass Graft (Post-CABG) trial was 
thee first randomized study prospectively designed to answer the question of whether an 
aggressivee approach to cholesterol lowering is more effective than a moderate approach32. 
Ass the Post-CABG trial was designed as an angiographic trial, it did not have the statisti-
call  power to detect differences in clinical events between the aggressive and moderate 
treatmentt arms. However, strong trends were seen and there was a significant reduction 
inn the need for revascularization. The Post-CABG trial has demonstrated that an aggres-
sivee approach to lipid lowering is beneficial32. 

Withh regards to side effects, the increased prevalence of predominantly mild adverse 
eventss as reported in the atorvastatin groups, could partially be related to more aggressive 
lipidd lowering or, more likely, to the single-blind design. Fifty percent of patients insuffi-
cientlyy controlled by simvastatin, but who tolerated this medication well, were switched to 
atorvastatin.. This change of medication was open-label to the patient, but blinded to the 
investigator,, which might have caused an alleged rise in subjective side effects. These 
resultss should be regarded with caution, since controlled data from literature do not 
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supportt a higher adverse event rate of atorvastatin compared to other statins. 
Inn conclusion, our results indicate that hypercholesterolemic patients on simvastatin 

200 or 40 mg who are switched to a milligram-equivalent dose of atorvastatin, will reach 
significantlyy lower LDL-C values within 8 weeks of treatment, with a greater percentage 
off  patients reaching their EAS or NCEP targets. 
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