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ABSTRACT T 

Background Background 

Usee of cholesterol-lowering regimens has been shown to reduce the risk of coronary 
heartt disease (CHD), both in primary and secondary prevention. However, there have 
beenn few studies of the relative benefits and risks of the various cholesterol-lowering 
agentss in patient groups with specific factors for CHD. 

Objective Objective 
Thee primary goal of this study was to compare the proportions of adult patients with pri-
maryy hypercholesterolemia and a moderate to high risk for CHD achieving National Cho-
lesteroll  Education Program low-density lipoprotein cholesterol (LDL-C) goals with titrate-
to-goall  regimens of simvastatin and fluvastatin. 

Methods Methods 

Thiss was a multicenter, prospective, randomized, double-blind, parallel-group study 
enrollingg adult patient with type Ha of li b primary hypercholesterolemia, LDL-C levels < 
6.00 mmol/1, and triglyceride levels < 4.5 mmol/1, and either CHD or other atherosclerotic 
diseasee (the CHD, or high-risk, group), or multiple risk factors for CHD (the MRF, or 
moderate-risk,moderate-risk, group). After a 6-week washout period, patients were randomized to 18 
weekss of treatment at an initial dosage of simvastatin 10 g once daily or fluvastatin 20 mg 
oncee daily. At 6- and 12-week titration visits, the dosage in patients who had not achieved 
thee LDL-C goal could be increased to simvastatin 20 mg once daily and then 40 mg once 
daily,, or fluvastatin 40 mg once daily and then 4omg twice daily. Lipid profiles were 
obtainedd at each titration visit and at the end of treatment. In addition to the comparison 
betweenn treatments, secondary comparisons were made between the CHD and MRF sub-
groupss within each treatment group. Statistical significance was assessed using analysis 
off  variance. 

Results Results 

AA total of 478 patients were enrolled, 237 in the simvastatin group and 241 in the fluvasta-
tinn group. There were no significant between-group differences in the patients' character-
isticss at baseline. At the end of the study 60.8% (135/222) of patients in the simvastatin 
groupp had reached target LDL-C goals, compared with 35.1 % (76/216) in the fluvastatin 
groupp (p < 0.001). In the simvastatin CHD and MRF subgroups, 49% and 73%, respec-
tively,, reached the LDL-C target, compared with 19% and 50% in the corresponding fluv-
astatinn subgroups (p< 0.001). The proportion of patients requiring titration was higher in 
thee fluvastatin group than in the simvastatin group (87.1% and 64.1%, respectively; 
p=o.ooi).. The incidence of adverse events was similar between groups. 

Conclusion Conclusion 

Inn this study, more patients with primary hypercholesterolemia and CHD or multiple risk 
factorss for CHD reached LDL-C goals with simvastatin treatment and required less titra-
tionn than those who received fluvastatin treatment 
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INTRODUCTION N 

Thee risk factors for coronary heart disease (CHD) include age (> 45 years for men; > 55 
yearss or premature menopause without estrogen replacement therapy for women); fam-
ilyy history of premature CHD (definite myocardial infarction or sudden death before 55 
yearss of age in father or other first-degree male relative, or before 65 years of age in 
motherr or other first-degree female relative); current cigarette smoking (> 10/d); hyper-
tensionn (blood pressure > 140/90 mm Hg or use of anti-hypertensive medication); dia-
betess mellitus; and low high-density lipoprotein cholesterol (HDL-C) levels (< 0.90 
mmol/L).. In addition, epidemiological studies have provided convincing evidence that 
elevatedd serum cholesterol are an important risk factor for the development of atheroscle-
roticc disease1; elevated low-density lipoprotein cholesterol (LDL-C), in particular, has been 
identifiedd as a conditional risk factor for CHD. 

AA number of clinical studies have demonstrated that the use of cholesterol-lowering 
regimenss reduces the risk of CHD, both in primary and secondary prevention.2'6 Based 
onn the results of these studies, various national and international guidelines have been 
developedd that set specific cholesterol-lowering goals for those with different degrees of 
riskk for CHD.79 

Withh the introduction of 3-hydroxy-3-methylglutaryl-coenzyme-A (HMG-CoA) reduct-
asee inhibitors, a new therapeutic class became available for the treatment of hypercholes-
terolemia.. Current members of this class are simvastatin, pravastatin, lovastatin, fluvasta-
tin,, atorvastatin and cerivastatin. The efficacy and safety of these agents have been 
extensivelyy studied in clinical trials. However, the relative benefits and risks of the various 
cholesterol-loweringg agents in patients groups with the specific risk factors for CHD 
remainn to be clarified. 

AA recent meta-analysis including 56 monotherapy trials and 20 trials of combination 
therapyy trials underscored the importance of taking a stratified approach for different 
patientt groups.10 The present article reports the results of a multicenter, randomized, 
double-blindd comparison of the efficacy and tolerability of titrate-to-goal regimens of sim-
vastatinn and fluvastatin in patients with primary hypercholesterolemia at differing 
degreess of risk for CHD. 

PATIENTSS A N D METHODS 

Att the time of the study, the use of a titrate-to-goal regimen of statins in the treatment of 
hypercholesteromiaa was new to clinical practice in The Netherlands, and fluvastatin was 
neww on the market. The primary goal of the study was to compare the efficacy and tolera-
bilityy of titrate-to-goal regimens of simvastatin and fluvastatin, as indicated by the propor-
tionn of patients achieving LDL-C goals set by the National Cholesterol Education Program 
Expertt Panel on Detection, Evalution, and Treatment of High Blood Cholesterol in 
Adults8:: < 2.6 mmol/1 for the subgroup with CHD or other atherosclerotic disease (the 
CHD,, or high-risk, group) and < 3.5 mmol/1 for the subgroup with multiple (> 2) risk fac-
torss for CHD (the MRF, or moderate-risk, group). Secondary goals were to compare the 
meann percentage reductions in LDL-C and total cholesterol (TC) with the 2 regimens, the 
proportionn of patients requiring titration, and the tolerability of the 2 treatments. 

Thee institutional review boards of all participating centers approved the study proto-
col.. Participants gave written informed consent before receiving any study treatment. 
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StudyStudy population 

Eligiblee patients were men and women between the ages of 20 and 70 years with type Ila 
orr li b primary hypercholesterolemia, LDL-C levels < 6.0 mmol/1 (CHD group, 3.5-6.0 
mmol/1;; MRF group, 4.0-6.0 mmol/1) while following a lipid-lowering diet, and trigly-
cerdee levels < 4.5 mmol/1. At each participating site, there were to be > 12 patients each in n 
thee CHD and MRF groups. 

Thee exclusion criteria were as follows: hypersensitivity to simvastatin, fluvastatin or 
anyy component of either drug; pregnancy or lactation; inadequate contraception in pre-
menopausall  women; active liver disease, hepatic dysfunction, or unexplained persistent 
elevationss of serum aminotransferase levels > 1.5 times upper limit of normal (ULN); 
serumm creatine phosphokinase elevations > 1.5 times ULN not clearly explained by 
traumaa or excercise; homozygous familial hypercholesterolemia and all forms of second-
aryy hypercholesterolemia; inadequately controlled diabetes mellitus {fasting serum glu-
cosee > 10.0 mmol/1); recent history of alcohol or drug abuse; history of myocardial infarc-
tion,tion, coronary bypass surgery, or angioplasty within the past 3 months; unstable angina or 
clinicallyy significant ventricular arrhythmia; current therapy with any drug known to 
interactt with the study medications or to affect lipid levels; any condition or therapy that 
inn opinion of the investigator, might pose a risk to the patient or confound the results of 
thee study. Any previous lipid-lowering therapy must have been discontinued for 
>> 6 weeks before study entry. 

StudyStudy design 

Thiss was a multicenter, prospective, randomized, double-blind, parallel-group study con-
ductedd by 25 investigators at 20 centers in The Netherlands. After a 6-week washout 
period,, which included a 2-week placebo period, patients were randomized to 18-weeks of 
double-dummyy treatment at doses within the approved ranges for both study drugs. 
Initiall  doses were simvastatin 10 mg once daily or fluvastatin 20 mg once daily. At 6- and 
12-weekk titration visits, the dosages in patients who had not achieved the LDL-C goal 
couldd be increased to simvastatin 20 mg once daily and then 40 mg once daily, or to fluv-
astatinn 40 mg once daily and then 40 mg twice daily. 

StudyStudy measurements 

Att week -6, -2, o, 6,12,18, blood samples were drawn after > 12-hour fast for determina-
tionn of blood chemistry and lipid profile Total cholesterol, HDL-C and triglyceride levels 
weree measured using standard techniques. Commercially available enzymatic methods 
weree used to determine TC and triglyceride levels11"13; HDL-C levels were measured after 
precipitationn of apolipoprotein B-containing lipoproteins using an enzymatic calorimetric 
procedure14;; and LDL-C was calculated according to the Friedewald formula.1516 Blood 
pressuree was measured in the supine position using a sphygmomanometer and stetho-
scope. . 

Coordinationn of laboratory assessments through a virtual central laboratory (VCL) 
allowedd titration to goal in a double-blind fashion. Whereas laboratory assessments were 
performedd at the local hospital laboratories at the investigative sites, the VCL performed 
centrall  data management. Use of a common calibrator and a common reference range 
harmonizedd lipid results for the study population. This process has been described else-
where.17,18 8 
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EfficacyEfficacy and toferability assessment 
Thee primary study end point was the percentage of patients reaching target LDL-C levels. 
Secondaryy end points included percentage reductions in LDL-C and TC levels in all 
patientss and in the CHD and MRF subgroups, as well as the proportion of patients 
requiringg titration. 

Adversee events were assessed by the investigator at each visit and classified as mild 
(thee patient was aware of the event but could easily tolerate it), moderate (sufficient to 
interferee with daily activities) or severe (incapacitating, leading to inability to carry out 
dailyy activities). Tolerability was assessed based on the number of patients discontinuing 
treatmentt because of clinical adverse experiences and on changes in laboratory values 
(alaninee aminotransferase, aspartate aminotransferase, creatine phosphokinase). 

StatisticalStatistical analyses 
Thee study was designed to have 80% statistical power to detect a difference in mean per-
centagee change from baseline LDL-C in each subgroup. Allowing for a dropout rate of 15 
%,, 115 patients were required in each subgroup of each arm, for a total of 230 patients in 
eachh treatment arm. This sample size would give > 95% power to detect a difference in 
thee overall percentage of patients reaching LDL-C goals. 

Thee baseline comparability of the 2 treatment groups with respect to demographic 
andd clinical characteristics and baseline lipid levels was assessed using the Fisher exact 
testt for dichotomous variables, the Wilcoxon rank sum test for ordered categorical varia-
bles,, and the 2-sample t-test for the continuous variables. Baseline values were derived 
fromfrom the mean of the values obtained at week -2 and day o for lipids and vital signs and 
thee last measurement obtained during the baseline period for laboratory safety variables. 

Efficacyy analyses were performed using all-the-patients-treated approach. All patients 
withh lipid-level data both from baseline and during treatment were included in the study 
analyses.. If data were missing for a particular visit, values were carried forward from the 
previouss visit. Between-group comparisons of response were made using Cochran-Man-
tel-Haenszell  test, with stratification for risk factor status and center. Between-group com-
parisonss of the percentage reductions in lipid levels were performed using an analysis-of-
variancee model, which included treatment, investigator, and risk factor status as main 
effects.. Consistency of treatment response between centers and between risk factor sub-
groupss was assessed by separate examinations of the interaction of treatment by risk fac-
torr status for all weeks. 

Normalityy of residuals and homogeneity of variances were tested using the Shapiro-
Wilkss test and the Levene's test, respectively. The Fisher's exact test was used to compare 
treatmentt groups with respect to the incidence of clinical and laboratory adverse experi-
ences.. Statistical significance was assessed at the 5% level of probability. 

RESULTS S 
AA total of 478 patients were randomized to the 2 treatment groups; 237 in the simvastatin 
groupp (CHD 119; MRF 118) and 241 in the fluvastatin group (CHD 121; MRF 120). The 
characteristicss of the treatment groups did not differ significantly at baseline (Table I). No 
significantt interaction of treatment-by-risk factor status interaction was found, nor was 
theree any significant of sex or age with any of the outcome variables. 
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Tablee 1 Patient characteristics at baseline 

Agee (years  SD) 
Sexx (percentage) 
Male e 

Female e 
CHDD status(percentage) 
CHD D 
MRF F 
TCC (mmol/l ) 
LDL-CC (mmol/l ) 
HDL-CC (mmol/l ) 
TCC (mmol/l ) 
Totall cholesterol/ HDL-C ratio 

Simvastatin n 
nn = 237 

56.55 (8.7) 

162(68.4%) ) 
755 (31.6%) 

119(50.2%) ) 
118(49.8%) ) 
6.766 (0.74) 

4.744 (0.61) 
1.14(0.28) ) 
1.94(0.86) ) 
6.23 3 

Fluvastatin n 

nn = 241 

56.00 (8.8) 

170170 (70.5 %) 
711 (29.5%) 

1211 (50.2%) 
120(49.8%) ) 
6.777 (0.76) 
4.700 (0.57) 

1.18(0.34) ) 
1.988 (0.92) 
6.14 4 

Total l 
n-478 8 

56.44 (8.7) 

3322 (69.5%) 
146(30.5%) ) 

240240 (50.2 %) 
2388 (49.8%) 
6.777 (0.75) 
4.722 (0.59) 
1.166 (0.31) 
1.966 (0.89) 
6.19 9 

Dataa are presented as mean  standard deviation, SD = standard deviation, CHD - coronary heart disease, MRF -
multiplee risk factors for coronary heart disease, TC = total cholesterol, LDL = low density lipoprotein, HDL = high 
densityy lipoprotein, TC = triglycerides, differences were not significant. 

AA total of 471 patients (98.5 %) had diagnosis secondary to hypercholesterolemia at 
screening,, most commonly of a cardiovascular nature, with similar proportions of 
patientss in the 2 treatment groups having such diagnoses. Sixty patients had previously 
takenn lipid-lowering therapy, 31 (13.1 %) in the simvastatin group and 29 (12.0 %) in the 
fluvastatinn group. A total of 426 patients took concomitant medications (none of them 
lipid-loweringg drugs), while receiving study therapy, 207 (87.3 %) in the simvastatin 
groupp and 219 (90.9 %) in the fluvastatin group. 

Off  the 478 patients entering the study, 438 (91.6 %) completed all 18 weeks of treat-
ment,, 222 (93.7 %) in the simvastatin group and 216 (89.6 %) in the fluvastatin group. 
Thirty-threee patients (14 [5.9%] in the simvastatin group and 19 [7.9%] in the fluvastatin 
group)) discontinued treatment because of a clinical adverse experience. One patient in 
thee simvastatin group and 6 in the fluvastatin group discontinued treatment for other 
reasons.. There were no significant differences between the treatment groups with respect 
too discontinuations. 

Att the end of the study, 60.8 (135/222) of the patients in the simvastatin group (CHD 
499 %, MRF 73%) had achieved target LDL-C levels, compared with 35.1 % (76/216) of 
patientss in the fluvastatin group (CHD 19 %, MRF 50 %). The odds ratio of attaining the 
LDL-CC goal was 1.77 for simvastatin versus fluvastatin (95 % C.I. 1.47 to 2.13). At each 
timee point, there was a a significant difference between the proportion of patients reaching 
treatmentt goals with simvastatin and fluvastatin (p < 0.001). The same effect was 
observedd in the 2 risk factor subgroups, although the difference was more pronounced in 
thee CHD group. The odds ratio was 2.56 for simvastatin versus fluvastatin in the CHD 
groupp (95% C.I. 1.76-3.75), compared with 1.44 (95% C.I. 1.17-1.77) in the MRF group. 
Figuree 1 shows the percentages of patients achieving treatment goals each week, by treat-
mentt group and risk factor subgroup. 

Separatee analyses of the percentage change from baseline in TC, LDL-C, HDL-C, trig-
lyceridee levels and TC/HDL-C ratio were performed at weeks 6,12 and 18. The mean per-
centagee changes from baseline in the lipid profile are summarized in Table II. 
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Tablee 2 Efficacy at week 18 

Totall cholesterol 

CHD D 

MRF F 

LDL-cholesterol l 

CHD D 

MRF F 

HDL-cholesterol l 

Triglycerides s 

Totall cholesterol/ HDL-choles-

terol l 

Simvastatin n 

-- 26.6 % 

-- 30.2 % 

-25.11 % 

-35 .9% % 

-41.11 % 

-35 .2% % 

++ 9.7% 

-17.88 % 

-31 .9% % 

Fluvastatin n 

-- 20.1 % 

-- 24.2 % 

-19 .5% % 

-27 .8% % 

-31 .8% % 

-- 26.9 % 

++ 6.5% 

-10 .7% % 

-23 .7% % 

p-value e 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 

CHDD = coronary heart disease, MRF = multiple risk factors for coronary heart disease, LDL = low density lipoprotein, 
HDLL = high density lipoprotein. 

Weekk 6 Weekk 12 Weekk 18 

ISimvastatir r 

II Fluvastatin 

Figure!! Proportion of patients achieving target low-density lipoprotein cholesterol (LDL-C) levels at the 3 study 
visits,, by treatment group and risk factor subgroup. CH D = coronary heart disease; M RF = multiple risk 
factorss for CHD. All differences were significant (p<o.ooi). 

Thee overall TC reduction at the end of the study was 26.6 % in the simvastatin group and 
20.11 % the fluvastatin group (p < 0.001). By risk factor subgroup, the CHD and MRF sub-
groupss had respective TC reductions of 30.2 % and 25.1 % with simvastatin, compared to 
24.22 % and 19.5 % with fluvastatin (p <o.ooi). At the end of study, LDL-C levels had 
decreasedd significantly more in the simvastatin group than in the fluvastatin group (35.9 
%% vs 27.8 %, respectively; p < 0.001) (Figure 2). Differences between simvastatin and flu-
vastatinn were also signigicant at week 6 (31.5% vs 19.7 %; p < 0.001) and week 12 (33.6% 
vss 23.3%; p < 0.001. There were significantly greater increases in HDL-C levels with sim-
vastatinn than with fluvastatin at week 12 (7.8 % vs 5.0 %; p = 0.025) and week 18 (9.7 % vs 
6.55 %; p = o.035)(Figure 3). Triglyceride levels decreased significantly more in the simvas-
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oo 6 12 18 

Week k 

Figuree 2 Mean (  SE) percentage reduction from baseline in low-density lipoprotein cholesterol levels, all-patients-
treatedd approach. At the end of study (week 18), mean percent reduction from baseline in LDL-Cholesterol 
wass 36% in the simvastatin group and 28% in the fluvastatin group. At all weeks, there was a significant 
(p<o.ooi)) difference between simvastatin and fluvastatin with respect to mean percent change from 
baselinee in LDL-Cholesterol. 

tatinn group than in the fluvastatin group at week 12 (15.9 % vs 8.9 %; p = 0.008) and 
weekk 18 (17.8 % vs 10.7 %; p = o.on)(Figure 4). 

Att the end of the study, a greater proportion of patients required titration in the fluvas-
tatinn group than in the simvastatin groupp (87.1 % vs 64.1 %, p = 0.001). This finding held 
truee in both the CHD and MRF subgroups (CHD, 96.7 % fluvastatin vs 83.2 % simvasta-
tin;; MRF 77.5 % vs 44.9 %). 

AA total of 197 patients had > 1 clinical adverse experience during treatment, 91 (38.4 
%)%) in the simvastatin group and 106 (44.0 %) in the fluvastatin group. The investigator 
judgedd 77 of these events (32 [13.5 %] in the simvastatin group, 45 [18.7 %] in the fluvasta-
tinn group) to be possibly or definitively related to treatment. Fifteen patients had serious 
adversee experiences during treatment period, 8 (3.4 %) in the simvastatin group, 7 (2.9%) 
inn the fluvastatin group. Thirty-three patients (14 [5.9 %] in the simvastatin group, 19 [7.9 
%]]  in the fluvastatin group) were withdrawn from treatment because of a clinical adverse 
experiences.. None of these differences were statistically significant. 

DISCUSSION N 

Inn this study, simvastatin was more effective than fluvastatin in a titrate-to-goal regimen. 
However,, because of the inclusion and exclusion criteria, these results cannot be extrapo-
latedd to the general population. In patients with multiple risk factors for CHD, a signifi-
cantlyy greater proportion of patients achieved LDC-C goals with simvastatin than did 
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Simvastatin n 

Fluvastatin n 

Week k 

Figuree 3 Mean (  S.E) percentage increase from baseline in high-density lipoprotein cholesterol levels, all-patients-
treatedd approach. At the end of study (week 18), mean percent increase from baseline in HDL-cholesterol 
wass 10% in the simvastatin group and 7% in the fluvastatin group. At week 12 and 18, there was a significant 
differencee (respectively p= 0.025 a n t ' ) between simvastatin and fluvastatin. 

Simvastatin n 

Fluvastatin n 

3 3 

-15' ' 

— I I 

18 8 

Week k 

Figuree 4 Mean ) percentage reduction from baseline in triglyceride levels, all-patients-treated approach. At the 
endd of study (week 18), mean percent reduction from baseline in triglyceride levels was 18% in the 
simvastatinn group and 11% in the fluvastatin group. At week 12 and 18, there was a significant difference 
(respectivelyy p= 0.008 and p=o.on) between simvastatin and fluvastatin. 
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fluvastatin;fluvastatin; in patients with CHD or other atherosclerotic disease, this proportion was 
evenn greater. Over 18 weeks of treatment, the proportion of patients requiring titration 
wass lower with simvastatin than with fluvastatin. Compared with fluvastatin, simvastatin 
wass significantly more effective in reducing TC, LDL-C and triglyceride levels, and the 
TC/HDL-CC ratio. Both regimens were well tolerated, with no significant differences in 
thee incidence of clinically relevant adverse experiences between treatments. 

CONCLUSIONS S 

Loweringg LDL-C levels to or below recommended levels89 has been shown to prevent cor-
onaryy events. As al class, the HMG-CoA reductase inhibitors have potent LDL-C lowering 
effectss and are well tolerated. We compared doses within the approved range for simvas-
tatinn with those for fluvastatin, at the time a new entry on the Dutch market. The 2 drugs 
weree effective in lowering LDL-C levels with similar tolerability profiles. However, at the 
endd of the study at the end of the study, 60.8 % of patients in the simvastatin group had 
reachedd target LDLC levels (CHD 49 %, MRF 73 %), compared to 35.1 % of patients in the 
fluvastatinfluvastatin group (CHD 19 %, MRF 50 %). Thus, simvastatin was the more effective sta-
tin,tin, producing greater LDL-C reductions at lower milligram-equivalent doses than fluvas-
tatin.. These results may be helpful in selection of the most effective and efficient 
regimenss for patients at differing degrees of risk for CHD. 

Thee authors acknowledge the financial support of Merck Sharpe and Dohme BV, Haar-
lem,, The Netherlands, for the execution of this study. None of the authors received com-
pensationn from Merck Sharp and Dohme for their participation in this trial. 
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