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Objective: No clinical trials have been conducted to directly compare the effect of the two 

high-intensity statins, rosuvastatin and atorvastatin, on cardiovascular outcomes. However, 

three such trials have been computer-simulated using the Archimedes model, an individual-

based simulation of human physiology and behaviors, treatment interventions, and health care 

systems. The results are reviewed here.

Methods: The first simulated trial assessed clinical outcomes in patients receiving available 

doses of the two drugs. The second assessed the impact of initial treatment decisions, while the 

third assessed the effect of switching from rosuvastatin to atorvastatin.

Results: In the first simulated trial, treatment with rosuvastatin was estimated to result in greater 

reductions than treatment with atorvastatin in major adverse cardiac event (MACE) rates at 

5 years and 20 years at all doses examined (relative risk [RR]: 0.897, 0.888, and 0.930 at 5 years 

for rosuvastatin 20 mg vs atorvastatin 40 mg, rosuvastatin 40 mg vs atorvastatin 80 mg, and 

rosuvastatin 20 mg vs atorvastatin 80 mg, respectively; all P,0.05). In the second simulated 

trial, outcomes were significantly better in patients initially prescribed rosuvastatin than in 

those initially prescribed atorvastatin (RR of MACE at 5 years: 0.918; P,0.001). In the third 

simulated trial, risk of MACE was significantly greater in patients switching from rosuvastatin 

to atorvastatin than in those remaining on rosuvastatin (RR at 5 years: 1.109; P,0.001).

Conclusion: The results of these simulated clinical trials suggest improved outcomes among 

patients receiving rosuvastatin relative to patients receiving atorvastatin in various clinical 

settings.
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Introduction
According to World Health Organization statistics,1 cardiovascular disease (CVD) is 

the most common cause of mortality worldwide, being responsible for ∼30% of all 

deaths annually. Dyslipidemias, including elevated levels of total cholesterol, low-

density lipoprotein cholesterol (LDL-C) and triglycerides, as well as low levels of 

high-density lipoprotein cholesterol (HDL-C), are strongly associated with increased 

cardiovascular risk.2–4 In a meta-analysis of 26 randomized controlled trials (RCTs) 

of statin therapy, including data from 169,138 individuals, reduction of LDL-C levels 

was shown to result in a 20% relative risk (RR) reduction in coronary mortality for 

every 1 mmol/L reduction in LDL-C (rate ratio: 0.80; 95% confidence interval [CI]: 

0.74–0.87; P,0.0001).5 Despite the existence of effective treatment options, however, 

dyslipidemias remain prevalent in Europe.6–11
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Statins (3-hydroxy-3-methyl-glutaryl coenzyme A 

reductase inhibitors) are the mainstay of therapy for reduc-

ing LDL-C levels.3,4,12 Several statins are available, dif-

fering in their absorption, bioavailability, plasma-protein 

binding, excretion, and solubility profiles. Statins may be 

classified according to dose into high-, moderate-, and low-

intensity categories.3,12 High-intensity statins are defined 

in the guidelines of the American College of Cardiology/

American Heart Association (ACC/AHA) as those for which, 

on average, a daily dose reduces plasma LDL-C levels by 

50% or more. According to this definition, high-intensity 

statins comprise rosuvastatin at a dose of 20–40 mg/d and 

atorvastatin at a dose of 40–80 mg/d.12 High-intensity statin 

therapy has been shown to result in better cardiovascular 

outcomes than moderate-intensity therapy in patients with 

stable coronary heart disease or acute coronary syndrome 

(ACS).13–18 European and previous US guidelines recom-

mend target plasma LDL-C concentrations, with the most 

aggressive LDL-C level targets recommended for patients 

at the highest risk of CVD.3,4,19 The most recent set of US 

guidelines recommends high-intensity statins for the treat-

ment of all patients at high risk of CVD, regardless of their 

plasma LDL-C concentration.12

Rosuvastatin and atorvastatin: 
existing clinical trial data
Several clinical trials have demonstrated the efficacy of 

rosuvastatin and atorvastatin, as well as the superiority of 

high-intensity statin therapy over moderate- or low-intensity 

statin therapy, in the primary and secondary prevention of 

cardiovascular events.20 Approximately half of all myocardial 

infarctions and strokes occur in patients with LDL-C levels 

considered normal,21 and both rosuvastatin and atorvasta-

tin have been shown to be more effective than placebo in 

reducing cardiovascular event rates in such individuals.22,23 

Justification for the Use of Statins in Primary Prevention: 

An Intervention Trial Evaluating Rosuvastatin (JUPITER) 

enrolled patients with LDL-C levels ,3.4 mmol/L and with 

C-reactive protein levels .2 g/L. Treatment with rosuvasta-

tin 20 mg/d resulted in a 44% reduction in the incidence of 

the first major cardiovascular event per 100 person-years of 

follow-up, relative to placebo (hazard ratio [HR]: 0.56; 95% 

CI: 0.46–0.69; P,0.00001).22 The Anglo-Scandinavian Car-

diac Outcomes Trial – Lipid Lowering Arm (ASCOT-LLA) 

enrolled patients with hypertension and total cholesterol lev-

els ,6.5 mmol/L and randomized them to receive atorvastatin 

10 mg/d or placebo. Atorvastatin reduced the incidence of the 

primary composite end point of myocardial infarction and 

cardiovascular death by 36% compared with placebo (HR: 

0.64; 95% CI: 0.50–0.83; P=0.0005).23

In secondary prevention, atorvastatin 80  mg/d has 

been shown in the Treating to New Targets (TNT) study 

to be more effective than atorvastatin 10 mg/d in prevent-

ing cardiovascular events (HR: 0.78; 95% CI: 0.69–0.89; 

P,0.001),24 and in the Incremental Decrease in Endpoints 

through Aggressive Lipid Lowering (IDEAL) study to be 

more effective than simvastatin 20 mg in reducing nonfatal 

acute myocardial infarctions (HR: 0.83; 95% CI: 0.71–0.98; 

P=0.02)17 in patients with stable coronary heart disease. 

Similarly, in individuals with ACS, atorvastatin 80  mg/d 

has been shown in the Myocardial Ischemia Reduction with 

Aggressive Cholesterol Lowering (MIRACL) trial to be 

more effective than placebo (RR: 0.84; 95% CI: 0.70–1.00; 

P=0.048)25 and in the Pravastatin or Atorvastatin Evaluation 

and Infection Therapy – Thrombolysis In Myocardial Infarc-

tion 22 (PROVE IT-TIMI 22) trial to be more effective than 

pravastatin 40 mg (HR: 0.78; 95% CI: 0.67–0.91; P=0.002)26 

at preventing death and secondary cardiovascular events.

Rosuvastatin and atorvastatin have been compared head-

to-head in trials using surrogate end points to assess clinical 

outcomes. In the Comparison of the Efficacy and Safety of 

Rosuvastatin Versus Atorvastatin, Simvastatin, and Pravastatin 

Across Doses (STELLAR) study, across-dose comparisons 

showed that, in patients with LDL-C levels of 160–250 mg/dL 

and triglyceride levels ,400 mg/dL, rosuvastatin 10–80 mg/d 

reduced LDL-C levels by a mean of 8.2% more than did 

atorvastatin 10–80 mg/d (P,0.001).27 Among patients with 

LDL-C levels of 3.4–5.7 mmol/L, rosuvastatin 10 mg/d was 

shown to be significantly more effective than atorvastatin 

20  mg/d at reducing LDL-C levels (Prospective Study to 

Evaluate the Use of Low Doses of the Statins Atorvastatin and 

Rosuvastatin [PULSAR]).28 Significantly more patients receiv-

ing rosuvastatin than those receiving atorvastatin achieved 

both the US National Cholesterol Education Program Adult 

Treatment Panel III (NCEP ATP III) and European LDL-C 

target levels.3,4,19,28 Treatment with either atorvastatin 80 mg/d 

or rosuvastatin 40 mg/d has been shown to be sustainable and 

results in reductions in atheroma volume.29

Despite the trials described above, however, significant 

evidence gaps remain in the literature with regard to the 

cardiovascular outcomes of intensive statin therapy. No 

trials have assessed cardiovascular event rates in patients 

prescribed rosuvastatin in the secondary prevention setting, 

and no trials have compared event rates directly in individuals 

receiving either rosuvastatin or atorvastatin.20 One potential 

solution to bridging this evidence gap is to simulate clinical 

www.dovepress.com
www.dovepress.com
www.dovepress.com


ClinicoEconomics and Outcomes Research 2015:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

557

Rosuvastatin and atorvastatin: Archimedes-simulated clinical trials

trials using computerized models of patient physiology and 

treatment responses. This approach greatly reduces the time 

and cost required for implementing large, long-running out-

comes trials in patients at risk of CVD.

The Archimedes model
The Archimedes model is an individual-based simulation 

of human pathophysiology and behaviors, treatment inter-

ventions, and health care systems. It is used to conduct 

virtual clinical trials and has demonstrated a high degree of 

accuracy.30–38 The model was originally developed to provide 

US decision makers with information about the outcomes that 

could be expected from clinical and administrative policies 

and programs,30,31 and is built using data from clinical trials, 

observational studies, and retrospective studies.32–34 Multiple 

diseases are included in the model, including obesity, meta-

bolic syndrome, hypertension, dyslipidemia, CVD, diabetes 

mellitus and associated complications, nondiabetic retinopa-

thy, chronic obstructive pulmonary disease, and cancers of 

the breast, colon, and lung.

The Archimedes model is continuously updated to incor-

porate the latest medical evidence and is unique in that it 

includes multiple levels of detail: epidemiological, clinical, 

and physiological. Each patient in a population is modeled 

as an individual, with unique risk factors, characteristics, and 

history of disease progression and treatment. Thus, the model 

represents the heterogeneity of a real population and enables 

analysis of multiple subpopulations. Virtual populations are 

created using a real population data set, typically that from the 

National Health and Nutrition Survey (NHANES),39 which 

is representative of the general US population.

The Archimedes model has been extensively validated, 

retrospectively against .50 clinical trials (full details of 

which can be found online34) and prospectively against 2 

trials: the Diabetes Prevention Program (DPP)40 and the 

Collaborative Atorvastatin Diabetes Study (CARDS).41 For 

CARDS, predictive validation was performed under formal 

supervision by two independent reviewers, and predictions 

were submitted in a sealed, dated envelope .1 month before 

the results were known to the principal investigators. The 

model accurately predicted the rates of myocardial infarction 

and stroke in individuals with diabetes mellitus, as well as the 

effects of atorvastatin on the incidence of CVD.32,33

Archimedes-simulated clinical trials 
of rosuvastatin and atorvastatin
The Archimedes model has been used to run three simu-

lated clinical trials comparing rosuvastatin and atorvastatin. 

The first simulated trial assessed clinical outcomes in patients 

prescribed varying available doses of the two drugs,42,43 while 

the second assessed the impact of initial treatment decisions 

in patients with dyslipidemia.44 The third assessed the impact 

of switching treatment from rosuvastatin to atorvastatin.45

To perform these virtual clinical trials, the core Archi-

medes model was expanded to include data on rosuvastatin 

20 mg/d and 40 mg/d doses from the JUPITER and STEL-

LAR trials, and data on atorvastatin 40 mg/d and 80 mg/d 

from the CARDS, ASCOT-LLA, STELLAR, and TNT 

trials.22–24,27,41 The effect of statins on clinical outcomes is 

modeled based on their effects on plasma lipid levels (primar-

ily the total cholesterol to HDL-C ratio) and other pleiotropic 

effects, calibrated against trial results to capture additional 

benefits of treatment beyond those resulting directly from 

lipid biomarker changes.46

Comparing the effectiveness of 
rosuvastatin and atorvastatin

Summary: A simulated trial was run to compare the effects 

of rosuvastatin and atorvastatin treatment over 20 years. The 

primary outcome was first major adverse cardiovascular 

event (MACE). Rosuvastatin was estimated to result in 

significantly greater reductions in MACE than treatment 

with atorvastatin.

In the first of the three virtual clinical trials of rosuvastatin 

and atorvastatin, outcomes were assessed in patients receiving 

varying available doses of each drug.42,43 A virtual population 

was created, based on the NHANES 1999–2006 data set, of 

individuals aged 45–70 years with a 10-year cardiovascular 

Framingham Risk Score (FRS) of at least 5% (N=55,000).47 

Subpopulations were also assessed: those with an FRS of 

5%–10% (n=21,902), 10%–20% (n=23,908), or .20% 

(n=9,190); those with a European Systematic Coronary Risk 

Evaluation (SCORE) of at least 5% (n=16,687) or .10% 

(n=5,065); those with diabetes mellitus (n=10,301); and those 

in the secondary prevention setting with a previous diagnosis 

of myocardial infarction or stroke (n=3,060).

The simulated trial included a washout period during 

which previous lipid-lowering therapies were discontinued, 

following which patients were run through a series of trial 

arms in each of which they were treated with one of the target 

therapies. The same simulated individuals were run through 

the different rosuvastatin and atorvastatin treatment arms 

to improve comparability and to isolate treatment effects. 

Compliance with prescribed therapy was assumed to be 

100%, and treatment of other cardiovascular risk factors was 
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modeled according to guideline recommendations,48,49 with 

compliance with guidelines calibrated against that observed in 

the NHANES data set. The primary outcome of the study was  

first MACE, defined as the first occurrence of fatal or nonfatal 

myocardial infarction/stroke or cardiovascular death.

At 1  year, mean reductions in the total cholesterol to 

HDL-C ratio in the population with an FRS of at least 5% 

were 43% for rosuvastatin 20 mg/d, 45% for rosuvastatin 

40 mg/d, 38% for atorvastatin 40 mg/d, and 41% for atorvas-

tatin 80 mg/d. These reductions were in line with results from 

the STELLAR trial.27 In the same population, mean reduc-

tions in LDL-C levels were 53% for rosuvastatin 20 mg/d, 

56% for rosuvastatin 40 mg/d, 49% for atorvastatin 40 mg/d, 

and 53% for atorvastatin 80 mg/d.

Rosuvastatin 20 mg/d significantly improved outcomes in 

the overall population with an FRS of at least 5% at 5 years, 

relative to atorvastatin 40 mg/d (RR of MACE: 0.897; 95% CI: 

0.884–0.911). The RR was approximately similar at 20 years, 

and in each of the subpopulations analyzed, with a slight 

decrease in benefit for the higher-risk groups. Comparing rosu-

vastatin 40 mg/d with atorvastatin 80 mg/d, the RR of MACE 

at 5 years was 0.888 (95% CI: 0.869–0.906); while comparing 

rosuvastatin 20 mg/d with atorvastatin 80 mg/d, the RR of 

MACE at 5 years was 0.930 (95% CI: 0.916–0.943).43

The number needed to treat (NNT) with rosuvastatin 

relative to the active comparator atorvastatin to prevent one 

incidence of MACE at 5 years, in the overall population with 

an FRS of at least 5%, was 268 for rosuvastatin 20 mg/d vs 

atorvastatin 40 mg/d, 254 for rosuvastatin 40 mg/d relative 

to atorvastatin 80 mg/d, and 408 for rosuvastatin 20 mg/d vs 

atorvastatin 80 mg/d (Figure 1). NNT values decreased as 

risk increased, and in the secondary prevention population, 

NNT values were 70, 63, and 137 for rosuvastatin 20 mg/d 

vs atorvastatin 40 mg/d, rosuvastatin 40 mg/d vs atorvastatin 

80 mg/d, and rosuvastatin 20 mg/d vs atorvastatin 80 mg/d, 

respectively.

Impact of initial statin treatment 
decisions

Summary: A second simulated trial assessed the effects 

of initiating statin therapy with either rosuvastatin or ator-

vastatin, and intensifying treatment as necessary. Risk of 

MACE was estimated to be significantly reduced over 10 

years in patients initially prescribed rosuvastatin relative to 

those initially prescribed atorvastatin.

The second of the three virtual clinical trials assessed 

the impact of starting patients on statin therapies of different 

intensities and titrating treatment until LDL-C target levels 

were reached.44 In this trial, the virtual population consisted of 

patients aged 45–70 years who had LDL-C levels exceeding 

conservative US ATP-III targets19 after a washout period dur-

ing which no lipid-lowering drugs were received (N=50,025). 

Subpopulations were also assessed, consisting of patients with 

diabetes mellitus, those with a history of myocardial infarction 

or stroke, those with LDL-C levels more than double their 

aggressive ATP-III targets, those classified as being at moder-

ate cardiovascular risk according to standard ATP-III guide-

lines, and those classified as being at high cardiovascular risk 

according to standard ATP-III guidelines.19
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Figure 1 Number needed to treat to prevent one incidence of MACE at 5 years by treatment with rosuvastatin relative to treatment with atorvastatin, according to risk group.
Notes: Smaller values indicate greater benefit. For the FRS 5%–10% group, no analysis was performed comparing rosuvastatin 20 mg with atorvastatin 80 mg. Adapted 
from Schuetz CA, van Herick A, Alperin P, Peskin B, Hsia J, Gandhi S. Comparing the effectiveness of rosuvastatin and atorvastatin in preventing cardiovascular outcomes: 
estimates using the Archimedes model. J Med Econ. 2012;15(6):1118–1129.42 Copyright © 2015. Adapted with permission of the author and publisher (Taylor and Francis Ltd, 
http://www.tandfonline.com).
Abbreviations: FRS, Framingham Risk Score; MACE, major adverse cardiovascular event; SCORE, Systematic Coronary Risk Evaluation.
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The trial used a multiarm design, in which, after the wash-

out period, patients began treatment with either atorvastatin 

(10 mg/d, 20 mg/d, 40 mg/d, or 80 mg/d) or rosuvastatin 

(10  mg/d, 20  mg/d, or 40  mg/d). A simvastatin treatment 

arm was also included. As in the first simulated clinical trial, 

the same simulated patient population was used in each arm 

of the study. Within each arm, the proportion of individu-

als initiating treatment at each dose was calibrated to US 

pharmacy claims data using an algorithm that minimized 

overtreatment. Patient compliance was calibrated to produce 

ATP-III target LDL-C level attainment rates consistent with 

those from previous publications.50,51

In follow-up visits for the first 5 years (6 weeks after the 

start of the trial, and periodically thereafter at frequencies 

ranging from 5 months to 1 year, consistent with ATP-III 

guidelines), patients were eligible for treatment intensifica-

tion if their LDL-C levels were still above target. Those 

eligible for intensification could remain on their current treat-

ment, increase the dose of their currently prescribed statin if 

not already at the maximum dose, or switch from atorvastatin 

to rosuvastatin 10 mg/d, 20 mg/d, or 40 mg/d. The assign-

ment of each eligible patient to a different intensification 

option was randomized, with proportions of individuals 

intensifying treatment calibrated at Year 1 against pharmacy 

claims data. For example, for patients initially prescribed 

simvastatin 20 mg/d, 13% increased their simvastatin dose 

and 1% switched to rosuvastatin at 1 year, exactly in line 

with claims data. After 5 years, no further intensification was 

offered, and patients remained on their current statin for a 

further 5 years until the end of the simulation. Treatment of 

other cardiovascular risk factors was modeled according to 

guideline recommendations, with compliance with guidelines 

calibrated against that observed in the NHANES data set.48,49 

The primary end point of the trial was MACE, as defined in 

the first simulated trial.42

After 1 year, mean reductions in LDL-C concentrations 

were 34% and 38% for those initiating treatment with ator-

vastatin and rosuvastatin, respectively. The corresponding 

proportions of patients meeting their conservative ATP-III 

target LDL-C levels were 69% and 73%. For the primary 

end point, the RR of MACE at 5 years was 0.918 (95% CI: 

0.898–0.938; P,0.001) for initial treatment with rosu-

vastatin relative to atorvastatin (Figure 2). At 10  years, 

the corresponding RR was 0.919 (95% CI: 0.906–0.932; 

P,0.001). RRs were approximately similar in all subgroups 

analyzed, with a slight decrease in benefit for higher-risk 

groups. The NNT to prevent one incidence of MACE was 275 

for initial treatment with rosuvastatin relative to atorvastatin 

0.918 (0.898–0.938)

Relative risk (95% CI)

0.8 0.9 1.0

0.899 (0.859–0.940)

0.917 (0.861–0.972)

0.921 (0.899–0.944)

0.920 (0.893–0.947)

0.932 (0.898–0.965) Previous CVD

LDL-C 2 x ATP-III goal

ATP-III high risk

ATP-III moderate risk

Diabetes mellitus

All

Figure 2 Five-year relative risk of MACE for initial treatment with rosuvastatin relative to atorvastatin, separated according to risk group.
Note: Adapted from van Herick A, Schuetz CA, Alperin P, Bullano MF, Balu S, Gandhi S. The impact of initial statin treatment decisions on cardiovascular outcomes in clinical care 
settings: estimates using the Archimedes model. Clinicoecon Outcomes Res. 2012;4:337–347.44 Copyright © 2012; permission conveyed through Copyright Clearance Center, Inc.
Abbreviations: ATP, adult treatment panel; CI, confidence interval; CVD, cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; MACE, major adverse 
cardiovascular event.
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at 5 years and 135 at 10 years. NNT values decreased as risk 

increased, with the lowest numbers observed in the subgroup 

with previous CVD (NNT 105 at 5 years).

Impact of switching treatment from 
rosuvastatin to atorvastatin

Summary: A third simulated trial assessed the effects of 

initiating therapy with rouvastatin, and switching to ator-

vastatin after 6 weeks. The cumulative incidence of MACE 

over 10 years was estimated to be higher among patients 

switching to atorvastatin than among patients remaining 

on rosuvastatin.

In the third simulated clinical trial, the effect of switch-

ing patients from rosuvastatin to atorvastatin was assessed.45 

In this trial, the virtual population was created based on the 

NHANES 1999–2008 data set and consisted of patients aged 

45–70 years who had LDL-C levels exceeding conservative 

US ATP-III targets19 after a washout period during which no 

lipid-lowering drugs were received (N=50,038). Subgroups 

assessed included patients with diabetes mellitus, those with a 

history of myocardial infarction or stroke, those with LDL-C 

levels more than double their aggressive ATP-III targets, 

those classified as being at moderate cardiovascular risk 

according to standard ATP-III guidelines, those classified 

as being at high cardiovascular risk according to standard 

ATP-III guidelines, and those whose LDL-C levels exceeded 

ATP-III goals after initial statin therapy.19

After the initial washout period, all patients were 

prescribed rosuvastatin at doses of 10  mg/d, 20  mg/d, or 

40 mg/d, matching pharmacy claims data and minimizing 

overtreatment. Overall, 74% received rosuvastatin 10 mg/d, 

while 23% received 20  mg/d and 3% received 40  mg/d. 

Compliance was assumed to be 100%. After 6 weeks, patients 

had a follow-up visit at which participants in the experimen-

tal arm were switched to atorvastatin at twice their original 

rosuvastatin dose, while those in the control arm remained 

on rosuvastatin. The same population was used in both arms 

of the trial. Additionally, patients for whom LDL-C levels 

remained above ATP-III targets were eligible for intensifi-

cation of either rosuvastatin or atorvastatin therapy, accord-

ing to the arm of the trial that they were in. As in the trial 

assessing the effects of initial treatment decisions, patients 

continued to have follow-up visits at varying frequencies 

for 5  years, during which treatment could be intensified 

if LDL-C levels remained above target. After 5 years, no 

further intensification was offered, and patients remained 

on their current treatment until the end of the simulation 

at 10 years. Treatment of other cardiovascular risk factors 

was modeled according to guideline recommendations, with 

compliance with guidelines calibrated against that observed 

in the NHANES data set.48,49 The primary outcome of the trial 

was MACE, as defined previously.

The overall reduction in patients’ LDL-C levels was 48% 

at 1 year and 47% at 5 years when individuals remained on 

rosuvastatin, with the reduction being 43% at both 1 year and 

5 years when patients were switched to atorvastatin. ATP-III 

LDL-C target levels were attained by 91% of those remaining 

on rosuvastatin and 87% of those switching to atorvastatin, 

at both 1  year and 5  years. The cumulative incidence of 

MACE was higher in patients who switched to atorvastatin 

than in those who remained on rosuvastatin (Figure 3). At 

5 years, the RR of MACE was 1.109 (95% CI: 1.092–1.127; 

P,0.001) for patients who switched to atorvastatin relative 

to those who remained on rosuvastatin. At 10 years, the cor-

responding RR was 1.115 (95% CI: 1.103–1.127; P,0.001). 

The number needed to harm (NNH) resulting in one extra 

MACE was 262 at 5 years and 117 at 10 years, for patients 

who switched to atorvastatin relative to those who remained 

on rosuvastatin. RRs were similar across all subpopula-

tions assessed, and NNHs were lower among higher-risk 

subgroups. The NNH at 5 years among those with previous 

CVD was 126 for patients switching to atorvastatin relative 

to those remaining on rosuvastatin.

Results in clinical context
The simulated clinical trials of rosuvastatin and atorvastatin 

described above have filled an important gap in the literature, 

comparing the effectiveness of these two high-intensity sta-

tins in reducing the incidence of cardiovascular events. On 

the basis of the simulated trials, greater efficacy has been 

estimated for rosuvastatin than for atorvastatin in improving 

cardiovascular outcomes at all doses and in all risk groups 

tested. In the overall population, in the first simulated trial, 

the NNT to prevent one incidence of MACE in direct dose 

comparisons was 268 for rosuvastatin 20  mg/d vs ator-

vastatin 40 mg/d, 254 for rosuvastatin 40 mg/d relative to 

atorvastatin 80 mg/d, and 408 for rosuvastatin 20 mg/d vs 

atorvastatin 80  mg/d. The LDL-C-lowering effectiveness 

ratio for rosuvastatin compared with atorvastatin was 4:1, 

given the similar molecular weights of the two compounds; a 

20 mg/d dose of rosuvastatin had an effect similar to that of an 

80 mg/d dose of atorvastatin. The 20 mg/d dose of rosuvasta-

tin reduced mean LDL-C levels by .50% from the baseline. 

These results are in line with data from the STELLAR and 

PULSAR trials showing that rosuvastatin is more effective 
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Figure 3 Kaplan–Meier cumulative incidence of MACE for patients who switch from rosuvastatin to atorvastatin (dotted line) and for patients who remain on rosuvastatin 
(solid line).
Note: Adapted from Folse H, Sternhufvud C, Andy Schuetz C, Rengarajan B, Gandhi S. Impact of switching treatment from rosuvastatin to atorvastatin on rates of 
cardiovascular events. Clin Ther. 2014;36(1):58–69.45

Abbreviation: MACE, major adverse cardiovascular event.

than atorvastatin at reducing patients’ LDL-C levels.27,28 The 

benefits of beginning treatment with an appropriate-intensity 

statin therapy have also been demonstrated, in comparison 

with starting therapy with a lower-intensity statin and titrating 

until LDL-C targets are met.

Many previous studies have shown that patients with dys-

lipidemia are often undertreated in clinical practice; the 2006–

2007 European Action on Secondary and Primary Prevention 

through Intervention to Reduce Events (EUROASPIRE) 

III survey conducted in 22 European countries found that 

79.8% of patients with coronary heart disease were receiving 

lipid-lowering therapy, varying across countries from 41.6% 

(Lithuania) to 95.4% (Finland).52 A total of 51.1% of patients 

had elevated total cholesterol levels ($4.5 mmol/L), while 

54.5% had raised LDL-C levels ($2.5 mmol/L), 36.7% had 

low HDL-C levels (,1.0 mmol/L for men and ,1.2 mmol/L 

for women), and 34.7% had increased triglyceride levels 

($1.7  mmol/L).52 Thus, the treatment of dyslipidemia in 

these patients was inadequate. The use of lipid-lowering 

therapy has, however, increased considerably since the first 

EUROASPIRE survey conducted in 1995–1996.53

Similarly, the Centralized Pan-European Survey on the 

Under-treatment of Hypercholesterolaemia (CEPHEUS) has 

found that, in eight European countries, achievement of LDL-C 

target levels among patients who had received lipid-lowering 

therapy for at least 3 months was only 55.3%,54 whereas 

the European Study on Cardiovascular Risk Prevention and 

Management in Usual Daily Practice (EURIKA) showed that 

across 12 European countries, among treated patients with 

dyslipidemia, only 41.2% attained both their total cholesterol 

and LDL-C targets. An Italian nationwide survey has also 

yielded similar evidence of inadequate lipid control.55 Among 

878 consecutive patients who suffered a cardiovascular event 

requiring hospitalization, LDL-C was ,100 mg/dL in ∼57% 

and ,70 mg/dL in only 20% of patients.

Several studies have also demonstrated that, while most 

physicians agree with guideline recommendations for the 

reduction of cardiovascular risk, they do not follow them 

aggressively enough.56,57 Prescribed statin doses are often 

too low.58–61 Titration rates from low-intensity statins to 

higher-intensity treatment are also low according to several 

studies,44,62,63 in addition to the pharmacy claims data from 

the US against which the Archimedes-simulated study was 

calibrated.

It has therefore been suggested that an improved strat-

egy for statin treatment would be to start patients on an 
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intensity of statin therapy appropriate to their global level 

of cardiovascular risk.64 Multiple studies have demonstrated 

improved goal achievement in patients treated using such 

an approach, and the results of the Archimedes-simulated 

study, showing improved clinical outcomes in patients 

treated aggressively from the start of their therapy, are in 

agreement with this.60,64–68 The approach is also in line with 

recommendations in the 2013 ACC/AHA guidelines on the 

treatment of blood cholesterol, which recommend moderate- 

or high-intensity statin therapy for patients in four stratified 

risk groups (individuals with clinical atherosclerotic CVD 

[ASCVD], individuals with LDL-C levels $190  mg/dL, 

individuals aged 40–75  years with diabetes mellitus who 

have LDL-C levels of 70–189 mg/dL, and individuals without 

clinical ASCVD or diabetes mellitus who are 40–75 years of 

age with LDL-C levels of 70–189 mg/dL and an estimated 

10-year ASCVD risk of $7.5%).12 In a retrospective study 

conducted in the US,69 it has been shown that lower statin 

titration rates are required for patients initiated on rosuvas-

tatin treatment than for those in whom treatment with other 

statins has been initiated.

In the third simulated clinical trial, an increased cardio-

vascular risk was demonstrated for patients who switched 

from rosuvastatin to atorvastatin relative to those who did not 

switch treatments. A process of switching from rosuvastatin 

to atorvastatin may occur, now that generic atorvastatin has 

become available while the patent on rosuvastatin remains 

in place. Several previous studies have demonstrated that 

such switching can occur; for instance, in Germany, when 

the introduction of a reference pricing system resulted in the 

requirement for patient co-payments for the prescription of 

atorvastatin relative to generic statins, individuals previously 

prescribed atorvastatin showed higher rates of nonadherence 

and discontinuation of treatment relative to patients previ-

ously prescribed other statins that were unaffected by the 

reference pricing system (P,0.0001).70

Similarly, in Norway, 40% of patients prescribed ator-

vastatin switched to generic simvastatin after reimburse-

ment regulations were introduced that encouraged this.71 

In Iceland, when regulations were introduced that meant 

that for the majority of patients only simvastatin 10 mg/d 

or 20 mg/d could be reimbursed, rates of cholesterol-level 

goal attainment were significantly reduced.72 Mean plasma 

concentrations of both total cholesterol and LDL-C were 

increased. Switching from high-intensity to moderate- or 

low-intensity statin treatments has been shown to result in 

significantly lower levels of LDL-C-level goal attainment.18,73 

Among patients with ACS who were prescribed atorvastatin 

80 mg/d on hospital discharge and who either switched to a 

moderate-intensity statin or remained on their initial therapy, 

treatment switching was an independent predictor of adverse 

clinical outcomes (HR: 2.7; 95% CI: 1.7–5.1; P=0.004).18

Limitations of the Archimedes 
model
The simulated trials described were all conducted using a 

mathematical model, and as such, are subject to dependence 

on the evidence used to produce it. For statin treatment, this 

included the results of CARDS, ASCOT, JUPITER, and the 

TNT trial. Uncertainty in the true treatment effects of statins, 

reflected in the 95% CIs of these studies, propagates into the 

results of the simulated trials. A further significant limitation 

is the fact that the model does not include adverse events 

related to statin treatment. As a result of this, it is not possible 

to comment on the estimated occurrence of adverse events in 

the different treatment arms of each trial. It was also assumed 

that compliance to the prescribed treatment in each trial was 

100%. Although this enables the pharmacologic treatment 

effect of statins to be modeled, it does not take into account 

reductions in adherence to treatment over time that occur in 

the real world, which can be as high as 50% within the 1st 

year of treatment.74 Analysis of pharmaceutical claims data 

during calibration of the model also revealed a small but 

significant proportion of individuals reducing their initially 

prescribed statin treatment intensity. The effects of statin 

therapy have also been assumed to remain constant over the 

duration of the trials, but the trial results used to create the 

model had durations of less than the 5- to 20-year timescale of 

the simulated trials. In addition, the three end points included 

in the definition of MACE, namely, myocardial infarction, 

stroke, and cardiovascular death, do not all reflect the same 

disease process or effect of statin treatment. However, they 

are hard clinical end points of direct importance to patients 

and have thus been assessed as a composite end point.

Conclusion: clinical perspective
The results of the Archimedes-simulated clinical trials are 

clinically meaningful, with implications for statin prescription 

practices. The results highlight the greater estimated efficacy 

of rosuvastatin relative to atorvastatin in reducing the occur-

rence of cardiovascular events in various clinical settings. 

According to the European Society of Cardiology/European 

Atherosclerosis Society (ESC/EAS) guidelines on CVD pre-

vention, patients requiring the most aggressive statin therapy 

include all those defined as being at very high cardiovascular 

risk: those with established CVD, those with type 1 or type 
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2 diabetes mellitus with target organ damage, those with 

moderate-to-severe chronic kidney disease, and those with 

a SCORE of at least 5%.4,75 According to the ACC/AHA 

guidelines, patients who should be prescribed a high-intensity 

statin include those with established ASCVD, those with 

LDL-C levels .190 mg/dL, and those with type 1 or type 2 

diabetes mellitus with an estimated 10-year risk of ASCVD 

of at least 7.5%. The results from the simulated trials suggest 

that rosuvastatin should be preferred to atorvastatin as the 

high-intensity statin therapy for such patients.

Although RCTs remain the gold standard in evidence-

based medicine, the cost and time required to conduct them 

often means that they are not feasible. When RCT evidence is 

missing but is needed to inform best clinical practice, simu-

lated clinical trials can provide valuable insight into the likely 

outcomes of treatment variation. The Archimedes model used 

in the simulated trials described in this review has been exten-

sively validated both retrospectively and prospectively, demon-

strating its applicability to real-world clinical practice.32–34
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