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a b s t r a c t 

Background: The addition of ezetimibe to statin therapy has been reported to result in increased efficacy 

for reduction of LDL-C levels and achievement of lipid targets, compared with monotherapy. 

Objective: This study was designed to demonstrate the noninferiority of therapy with fixed-dose rosuvas- 

tatin plus ezetimibe formulations versus fixed dose simvastatin and ezetimibe formulations for reduction 

of LDL-C levels in Brazilian patients with hypercholesterolemia or mixed dyslipidemia. 

Methods: Phase III, multicenter, randomized, parallel, open-label, noninferiority study that included male 

and female participants (aged 21–80 years) with hypercholesterolemia or mixed dyslipidemia. After a 1- 

week screening period with washout of lipid-lowering medications when needed, patients were treated 

with simvastatin 20 mg/d for 5 weeks. Participants with LDL-C levels ≥100 mg/dL after the initial treat- 

ment were submitted to a 1-week washout period, and then randomized 1:1 to receive either com- 

bined rosuvastatin 10 mg + ezetimibe 10 mg (R/E) or simvastatin 20 mg + ezetimibe 10 mg (S/E) for 4 

weeks and, if they still did not achieve the stipulated target, doses were readjusted to rosuvastatin 20 

mg + ezetimibe 10 mg or simvastatin 40 mg + ezetimibe 10 mg, respectively, for 4 weeks. 

Results: One hundred twenty-nine participants were enrolled, including 66 in R/E and 63 in S/E. At the 

end of simvastatin 20 mg treatment period, mean LDL-C values were 124.79 mg/dL and 121.27 mg/dL for 

participants randomized to R/E and S/E arms, respectively. After 4 weeks of R/E 10 mg + 10 mg or S/E 

20 mg + 10 mg combined treatments, adjusted mean LDL-C values were 74.21 mg/dL and 85.58 mg/dL, 

respectively ( P = 0.0 0 05), and after 9 weeks, with dose adjustment to R/E 20 mg + 10 mg in 6 patients 

and to S/E 40 mg + 10 mg in 19 patients, LDL-C adjusted mean values were 75.29 mg/dL and 86.62 

mg/dL, respectively ( P = 0.0 0 06). There was a statistically significant difference between the association 

R/E and S/E ( P = 0.0013) in percentage change of LDL-C after 9 weeks of combined treatments. The ad- 

justed mean difference was estimated at –10.32% (95% CI, –16.94% to –3.70%). The LDL-C < 100 mg/dL 

target was achieved in a significantly greater proportion of participants at week 4 in the R/E compared 

with the S/E arm (84.8% vs 68.2%; P = .0257), and at week 9, the proportion was 81.2% versus 73.0%, re- 

spectively ( P = 0.23). LDL -C < 70 mg/dL was achieved at a significantly greater proportion in the R/E arm, 

both at week 4 (45.4% vs 15.9%; P = 0.003) and week 9 (40.9% vs 15.9%; P = 0.0017). A statistically sig- 

nificant difference at week 9 ( P = 0.0106) was observed in fasting blood glucose in the R/E arm, but the 

overall incidence of adverse events was not significantly different between groups. 
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The relationship between elevated LDL-C plasma levels and car-

iovascular diseases has been demonstrated in multiple clinical tri-

ls. 1–4 The use of statins to reduce LDL-C levels in individuals who

re at increased risk of major cardiovascular events is an effective

herapeutic strategy that leads to a significant reduction in the risk

f coronary and cerebrovascular events. Rosuvastatin acts by in-

ibiting 3-hydroxy-3-methylglutaryl coenzyme A reductase, which

onverts 3-hydroxy-3-methylglutaryl coenzyme A to mevalonate by

reventing the substrate from binding, blocking a crucial step in

he biosynthesis of cholesterol, upregulating LDL receptors in the

iver, and resulting in decreased levels of circulating cholesterol. 5 

he intensity of the reduction in LDL-C levels and the targets to be

chieved are set forth in treatment guidelines; however, it is not

lways possible to achieve these objectives with statin monother-

py regimens. 6–9 

Ezetimibe lowers lipids levels by inhibiting the intestinal ab-

orption of cholesterol, 10 and its combined use with statins results

n an additional reduction in LDL-C levels, thus enhancing the pos-

ibility of achieving lipid targets. 11–15 

The purpose of the present study was to evaluate the efficacy

nd safety profiles of a fixed-dose combination containing either

0 or 20 mg rosuvastatin combined with 10 mg ezetimibe, com-

ared with a fixed-dose combination containing either 20 or 40

g simvastatin with 10 mg ezetimibe for the reduction of LDL-

 levels in patients with primary hypercholesterolemia or mixed

yslipidemia. 

atients and Methods 

rial design and participants 

This was a 14-week, Phase III, multicenter, parallel, open-label,

ontrolled study conducted at 7 Brazilian study centers ( Supple-

ental Table 1 in the online version at doi:XXXXXXX), and sam-

les were processed in a central laboratory. The study protocol and

he informed consent form were approved by each participating

nstitution and the study protocol was evaluated and approved by

he Brazilian Health Surveillance Agency. 

The inclusion criteria were male or female participants aged

1 to 80 years, diagnosed with primary hypercholesterolemia or

ixed dyslipidemia. Participants were eligible if they were receiv-

ng prior treatment with statins and had a LDL-C level ≥130 mg/dL

ut ≤220 mg/dL with triglyceride (TG) level ≤350 mg/dL or if they

ere not receiving prior treatment with statins and had an LDL-C

evel ≥160 mg/dL and ≤220 mg/dL, with TG level ≤350 mg/dL. Pa-

ients could not have any other clinically significant comorbidities

n addition to hyperlipidemia that could interfere with the study

valuations. Participants had to agree to maintain a low-cholesterol

iet throughout the study and be able to understand and accept

he instructions received during the study visits. 

National Cholesterol Education Program Adult Treatment Pro-

ram (ATP) III guidelines 16 define high cardiovascular risk by the
zetimibe fixed dose combination in both 10 mg/10 mg and 20 mg/10 mg

nificantly lower levels of LDL-C compared with simvastatin and ezetimibe

0 mg/10 mg, respectively. The fixed-dose combinations were both effective

ian study population. ClinicalTrials.gov identifier: NCT01420549. ( Curr Ther

X) 

© 2020 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND license.

( http://creativecommons.org/licenses/by-nc-nd/4.0/ )

resence of clinical atherosclerotic disease that confers high risk

or coronary heart disease (CHD) events (CHD risk equivalent):

linical CHD, symptomatic carotid artery disease, peripheral arte-

ial disease, abdominal aortic aneurysm, and also the presence of

ajor risk factors (other than LDL-C levels) like cigarette smoking,

ypertension (blood pressure > 140/90 mm Hg or taking antihyper-

ension medication), low HDL-C, and age 45 years [women > 55

ears]. These data were collected, together with results of comple-

entary laboratory tests. Metabolic syndrome is recognized by ATP

II as a secondary target of risk-reduction therapy, after the pri-

ary target; that is, LDL-C level. 16 

Exclusion criteria included participants with heart failure de-

ermined to be New York Heart Association class III or IV, 16 

lood dyscrasia, unstable angina pectoris, myocardial infarction

uring the past 3 months, planned myocardial bypass, periph-

ral or carotid percutaneous intervention during the past 90

ays, renal insufficiency (estimated glomerular filtration rate

 30 mL/min/m 

2 ), history of alcoholism that could compromise

ompliance with drug treatment, comorbidities that might hinder

he interpretation of results or contraindicate the lipid-lowering

herapy (eg, uncontrolled hypothyroidism determined by thyroid-

timulating hormone > 8 μIU/mL), uncontrolled diabetes (eg, gly-

ated hemoglobin > 8%), active liver disease, antiretroviral ther-

py for HIV, neoplasm (except for adequately treated skin cancer

ithin the past 5 years), concomitant immunosuppressive ther-

py (eg, transplant recipients and rheumatic disease), uncontrolled

ystemic arterial hypertension, hypersensitivity to any component

f the investigational product, aspartate transaminase or alanine

minotransferase more than twice the normal upper limit of the

entral laboratory reference range or creatine phosphokinase more

han 3 times the normal upper limit of the central laboratory ref-

rence range. Concomitant use of prohibited drugs was consid-

red as a discontinuation criterion for the trial, based on its po-

ential to interfere with treatment efficacy, and safety profile of

he participants. Prohibited drugs were macrolides, antifungals, fi-

rates, digoxin, warfarin, tacrolimus, niacin, cyclosporine, fusidic

cid, nefazodone, chlorzoxazone, and antiviral and antituberculosis

rugs (eg, rifampicin, isoniazid, pyrazinamide, or ethambutol). All

ther concomitant medications were recorded, evaluated, and con-

idered to have no potential influence on the efficacy of the study

rugs. 

The study’s enrollment phase occurred from March 2013 to July

014 and the final patient visit was in November 2014, so the data

nalysis was carried out between December 2014 and March 2015,

hen the final study report was issued. For data analysis, the clin-

cal criteria for the definition of patients at high cardiovascular risk

ere all reviewed considering both the ATP III as well as the new

uidelines for the treatment of dyslipidemia published after the

onclusion of the study, to verify exactly which type of risk pro-

le was included in the study. 8 , 17 

To confirm the degree of cardiovascular risk, we used the Global

isk Score, and also the criteria published in the 2013 American

ollege of Cardiology/American Heart Association Guideline on the

reatment of Blood Cholesterol to Reduce Atherosclerotic Cardio-

ascular Risk in Adults. 17 , 18 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1. Flow chart for the randomization process of the treatment arms. 
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andomization and procedures 

Eligible participants were randomized at a ratio of 1 to 1 to

ach arm of the study. Randomization was determined by a com-

uter program using a randomization list generated by a computer

lgorithm per a permutation regimen with a block size of 4 per-

ormed by an independent statistics company, and allocated via

lectronic case report form to research centers per demand for in-

lusion. Although the treatment was open label, employees of the

ponsor did not participate in randomization, nor did they partic-

pate in the clinical and laboratory assessments performed during

he study. 

The study was conducted over 15 weeks and comprised 7

tudy visits divided into the screening period to confirm the

ligibility (week –6 to –5); the run-in period during which el-

gible participants after a 1-week washout period were treated

ith simvastatin 20 mg for 5 weeks (week –5 to –1); and the

ombined treatment period (week 0 to 9) during which partici-

ants who maintained LDL-C ≥100 mg/dL after the run-in period

ere randomized to 1 of the study treatments: rosuvastatin 10

g + ezetimibe 10 mg (Trezete; Aché Laboratórios Farmacêuticos

A, Guarulhos, São Paulo, Brazil) or simvastatin 20 mg + ezetimibe

0 mg (Vytorin; Merck and Co, Inc, Whitehouse Station, NJ) for

 weeks (weeks 0–9). At week 4, participants’ LDL-C levels were

ssessed and, from week 5, those with LDL-C < 100 mg/dL had the

edication dose maintained for another 4 weeks, whereas those

ho presented with LDL-C levels ≥100 mg/dL had their doses

eadjusted to rosuvastatin 20 mg + ezetimibe 10 mg or simvastatin

0 mg + ezetimibe 10 mg, for 4 weeks ( Fig. 1 ). 

rimary and secondary objectives 

The primary objective of this study was to evaluate the efficacy

f a fixed-dose combination containing either 10 or 20 mg rosu-

astatin combined with 10 mg ezetimibe in a noninferiority com-

arison with a fixed-dose combination either 20 or 40 mg sim-
astatin with 10 mg ezetimibe for the reduction of LDL-C levels

ompared with a stipulated baseline in participants with primary

ypercholesterolemia or mixed dyslipidemia. 

The primary end point was the percentage of LDL-C decrease at

he end of 9 weeks of treatment, compared with baseline (preran-

omization), wherein participants who achieved LDL-C level < 100

g/dL were considered to have been successfully treated. 

The secondary end points were the decrease in HDL -C, TG, C-

eactive protein (CRP), and apolipoprotein B (Apo-B) levels after 9

eeks of treatment, compared with baseline levels; and the rate

f success at 9 weeks of treatment in achieving LDL-C < 70 mg/dL

nd non-HDL-C < 100 mg/dL. The safety profile outcomes included

dverse events and changes in laboratory tests and vital signs. 

tatistical analysis 

Demographic characteristics as well as clinical and laboratory

ata were evaluated prerandomization and summarized by de-

criptive statistics, considering study participants from the intent-

o-treat and per-protocol populations. 

The 1-sided hypothesis test (noninferiority study) with a signif-

cance level ( α) of 5%, testing power (1 – β) of 80%, 52% success

ate among the control participants, and test sensitivity (minimum

etectable difference) of 20% were considered for sample calcula-

ion. 

The primary efficacy evaluation was performed using a quanti-

ative approach to LDL-C levels, established by the difference be-

ween the value at the end of treatment (week 9 or last mea-

urement after randomization for participants who discontinued 

reatment early) and baseline (week –1), compared with baseline

(LDL final – LDL baseline ) / LDL baseline ) × 100). 

For noninferiority assessment, the bilateral 95% CI for the ra-

io of the mean LDL final / LDL baseline were compared between the

est rosuvastatin plus ezetimibe (R/E) and comparator simvastatin

lus ezetimibe (S/E) treatments and the bilateral 95% CI for the dif-

erence between the means of the LDL-C percentage variations of
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Fig. 2. Study flow chart. R10E10 = rosuvastatin 10 mg + ezetimibe 10 mg; R20E10 = rosuvastatin 20 mg + ezetimibe 10 mg; S20E10 = simvastatin 20 mg + ezetimibe 10 mg; 

S40E10 = simvastatin 40 mg + ezetimibe 10 mg. 
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r  
he treatments [((LDL final – LDL baseline ) / LDL baseline )) × 100) R + E] –

((LDL final – LDL baseline )/LDL baseline )) × 100) S + E] was calculated. 

Supplementary, qualitative, and quantitative analyses were per-

ormed for LDL-C levels, as follows: proportion of participants who

chieved the effective response rate, defined as ≥50% of the LDL-

 level after 9 weeks of treatment, compared with baseline; pro-

ortion of participants who achieved an LDL-C level < 100 mg/dL

fter 9 weeks of treatment; and proportion of participants who

chieved an LDL-C level < 70 mg/dL after 9 weeks of treatment.

he treatment arms were compared using the exact 95% CI for the

ifference between the proportions and Pearson χ2 test. The gen-

ralized estimating equations method was employed for the ad-

ustment of the linear model. The last observation carried forward

ata imputation method was used in the statistical analyses. The

ncidence of adverse events was calculated by dividing the number

f study participants who reported at least 1 adverse event episode

y the total number of participants evaluated in the safety popula-

ion in each treatment arm. 

esults 

The study enrollment phase occurred from March 2013 to July

014 and the final patient visit was in November 2014. Of 254 par-

icipants enrolled in the run-in phase, 129 participants were eligi-

le for the treatment phase and randomized at the ratio of 1 to 1

or treatment with rosuvastatin 10 mg + ezetimibe 10 mg (R/E arm

 = 66) fixed-dose combination, or simvastatin 20 mg + ezetimibe
0 mg (S/E arm n = 63) fixed-dose combination, for the first 5

eeks. 

The intent-to-treat population had 129 participants random-

zed, including 66 in the R/E arm and 63 in the S/E arm. Af-

er 5 weeks, 119 participants remained in treatment, including 59

89.4%) in the R/E arm, of whom 6 (10.2%) had their doses in-

reased, and 60 (95.2%) in the S/E arm, of whom 19 (31.7%) had

heir doses increased. Treatment was concluded by 59 out of 66

89.4%) and 58 out of 63 (92.1%) participants in the R/E and S/E

rms, respectively. Two participants discontinued the study treat-

ent due to adverse effects concerning other comorbidities not re-

ated to the study medication (pulmonary tuberculosis in 1 case

nd pneumonia in the other case, and 8 were lost to follow-up

r had no compliance; that is, participants who did not receive at

east 1 dose of the product under investigation). The safety popu-

ation comprised 129 participants, including 66 (100%) in the R/E

rm and 63 (100%) in the S/E arm (100%) ( Fig. 2 ). 

aseline characteristics 

The mean (SD) age of participants in the study was 59.3 (9.1)

ears, and they were predominantly women (83.7%) . No patients

ounger than age 21 years were included in the study. Regarding

iagnosis, most of the patients enrolled presented with primary

ypercholesterolemia (63.6%), whereas mixed dyslipidemia was ob-

erved in 36.4%. Associated comorbidities were present in both

tudy arms. The most frequent conditions in the R/E and S/E arms,

espectively, were arterial hypertension (75.8% and 66.7%), type 2
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Table 1 

Demographic and baseline clinical characteristics in the study’s intention to treat (ITT) population. 

Variable 

Rosuvastatin + Ezetimibe 

(n = 66) 

Simvastatin + Ezetimibe 

(n = 63) 

Total 

(n = 129) 

Demographic 

Gender Female 55 (83.3%) 53 (84.1%) 108 (83.7%) 

Male 11 (16.7%) 10 (15.9%) 21 (16.3%) 

Age, mean (SD), y Mean (SD) 59.39 (8.7%) 59.16 (9.6%) 59.28 (9.1%) 

Race White 51 (77.3%) 45 (71.4%) 96 (74.4%) 

Non-white 15 (22.7%) 18 (28.5%) 33 (25.6%) 

BMI, mean (SD), kg/m 

2 Overweight (25-30) 25 (37.9%) 25 (39.7%) 50 (38.8%) 

Obesity ( > 30) 29 (43.9%) 25 (39.7%) 54 (41.9%) 

Normal ( < 25) 12 (18.2%) 13 (20.6%) 25 (19.4%) 

Medical history 

Diagnosis Mixed dyslipidemia 26 (39.4%) 21 (33.3%) 47 (36.4%) 

Primary hypercholesterolemia 40 (60.6%) 42 (66.7%) 82 (63.6%) 

Tobacco use Never smoked/ex-smoker 55 (83.3%) 59 (93.7%) 114 (88.4%) 

Smoker 11 (16.7%) 4 (6.3%) 15 (11.6%) 

Comorbidities Controlled hypertension 37 (56.1%) 31 (49.2%) 68 (52.7%) 

Uncontrolled hypertension 13 (19.7%) 11 (17.5%) 26 (20.2%) 

Diabetes 23 (34.8%) 21 (33.3%) 44 (34.1%) 

Ischemic heart disease 2 (3.0%) 2 (3.2%) 4 (3.1%) 

Chronic kidney disease 0 (0.0%) 1 (1.6%) 1 (0.8%) 

Metabolic syndrome 48 (72.7%) 38 (60.3%) 86 (66.7%) 

Blood Pressure, mean (SD) 

SBP (mmHg) 129,14 (15,64) 128,06 (15,82) 128,61 (15,68) 

DBP (mmHg) 78,02 (10,13) 78,86 (9,02) 78,43 (9,58) 

Lipid profiles, mean (SD) 

HDL-C (mg/dL) 54,50 (12,20) 55,03 (10,29) 54,76 (11,27) 

Non-HDL-C (mg/dL) 194,58 (33,32) 191,57 (27,16) 193,11 (30,39) 

TC (mg/dL) 249,08 (34,72) 246,62 (29,00) 247,88 (31,95) 

LDL-C (mg/dL) 163,62 (29,56) 160,89 (24,48) 162,29 (27,12) 

TG (mg/dL) 154,71 (61,89) 148,49 (51,75) 151,67 (57,02) 

SD = Standard Deviation; BMI = Body Mass Index; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; HDL-C = high density lipoprotein cholesterol; LDL-C = low 

density lipoprotein cholesterol; TC = Total Cholesterol; TG = Triglycerides 
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b  

t  
iabetes (34.8% and 33.3%), ischemic heart disease (3.0% and 3.2%),

nd metabolic syndrome (72.7% and 60.3%). The baseline charac-

eristics of the patients enrolled in the study are summarized in

able 1 . 

The patients’ baseline characteristics were further evaluated

or cardiovascular risk assessment according to Brazilian, 18 North

merican, 8 and European 

19 guidelines for blood cholesterol man-

gement, and 108 patients (83.7%) were considered at high cardio-

ascular risk, whereas 21 patients (16.3%) were at intermediate or

ow risk. 

rimary efficacy variables 

Mean (SD) total cholesterol and LDL-C values before the start

f the run-in period with simvastatin were 248 (32) mg/dL and

62 (27) mg/dL, respectively. Baseline values at the beginning of

he treatment period with the R/E (10/10 mg) and S/E (20/10 mg)

ombinations were considered from the end of the run-in period

ith the use of simvastatin 20 mg, and mean (SD) of the LDL-C

alues were 125 (20) mg/dL for the group randomized to R/E and

21 (17) mg/dL for S/E. 

Treatment with the fixed-dose combinations were used for

 weeks, wherein during the first 4 weeks, rosuvastatin 10

g + ezetimibe 10 mg or simvastatin 20 mg + ezetimibe 10 mg

oses were used, administered once daily. 

After 4 weeks of R/E 10 mg + 10 mg or S/E 20 mg + 10 mg com-

ined treatments, adjusted mean LDL-C values were 74.21 mg/dL

nd 85.58 mg/dL, respectively ( P = 0.0 0 05). Dose increases due

o failure to achieve the LDL-C target of < 100 mg/mL were re-

uired in 6 patients in the R/E arm and in 19 patients in the

/E arm, with increases in the combination doses to rosuvas-

atin 20 mg + ezetimibe 10 mg and simvastatin 40 mg + ezetimibe

0 mg for another 4 weeks. At the end of 9 weeks, LDL-C ad-
usted mean values were 75.29 mg/dL and 86.62 mg/dL, respec-

ively ( P = 0.0 0 06) (see Supplemental Table 2 in the online version

t doi:XXXXXX) 

In the assessment of mean absolute percentages of LDL-C vari-

tion, including the monotherapy phase with simvastatin 20 mg/d

nd the combined therapy phase (with rosuvastatin + ezetimibe or

imvastatin + ezetimibe), the total variations were –51.3% and –

3.3% for R/E and S/E combinations, respectively (see Supplemen-

al Figure in the online version at doi: XXXXX). 

The least square estimates of percentage variation of the LDL-C

evels indicated a mean reduction in LDL-C of –39.5% (95% CI, –

4% to –35%) for the R/E arm, and –29.1% (95% CI, –34% to –24%)]

or the S/E arm. The adjusted mean difference was estimated at

10.32% (95% CI, –16.94% to –3.70%). At study week 4, it was ob-

erved that the mean LDL-C level for the R/E arm was 13% lower

ompared with the mean LDL-C level for the S/E arm ( P = 0.0 0 05),

nd a similar result was observed at week 9 ( P = 0.0 0 06). ( Supple-

ental Table 3 in the online version at doi:XXXXXX). 

econdary efficacy variables 

The mean variations of HDL-C, TG, non-HDL-C, CRP, Apo-B

lasma levels, and the percentage of LDL-C target levels achieve-

ent throughout the study were analyzed as secondary efficacy

ariables. 

Comparison of the mean (SE) HDL-C from week –6 to week

1, evaluated for both arms, indicated a significant reduction

 P = 0.0015), estimated at –3% (1%). However, there was no statis-

ically significant difference between weeks –1 and 9 ( P = 0.9265;

5% CI, 0.97–1.03). 

Mean (SE) TG levels from week –6 to week –1, evaluated for

oth arms, indicated a statistically significant ( P = 0.0014) reduc-

ion, estimated at –9% (3%). Furthermore, there was a significant
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Fig. 3. Percentage of low-density lipoprotein cholesterol targets achievement(LDL-C > 100mg/dL and LDL-C > 70mg/dL) per treatment group and study week, intention-to- 

treat population. 

Table 2 

Summary and frequency (n [%]) of adverse events (AEs) experienced by ≥1.0% of participants per treatment group and protocol period. 

AE Total (N = 129) Treatment 

Rosuvastatin + Ezetimibe (n = 66) Simvastatin + Ezetimibe (n = 63) 

Run-in ∗ Treatment Run-in ∗ Treatment 

Increased fasting plasma glucose 15 (11.6) 3 (4.5) 3 (4.5) 6 (9.1) 3 (4.5) 

Myalgia 8 (6.2) 1 (1.5) 2 (3.0) 1 (1.5) 4 (6.1) 

Elevation of creatine phosphokinase 4 (3.1) 0 (0.0) 2 (3.0) 1 (1.5) 1 (1.5) 

Urinary tract infection 3 (2.3) 1 (1.5) 1 (1.5) 0 (0.0) 1 (1.5) 

Low back pain 3 (2.3) 0 (0.0) 2 (3.0) 0 (0.0) 1 (1.5) 

Headache 3 (2.3) 1 (1.5) 1 (1.5) 0 (0.0) 1 (1.5) 

Diarrhea 2 (1.6) 1 (1.5) 0 (0.0) 1 (1.5) 0 (0.0) 

Tonsillitis 2 (1.6) 1 (1.5) 0 (0.0) 0 (0.0) 1 (1.5) 

Reduction of bone mineral density 2 (1.6) 0 (0.0) 1 (1.5) 0 (0.0) 1 (1.5) 

Hypertriglyceridemia 2 (1.6) 0(0.0) 0 (0.0) 0 (0.0) 2 (3.0) 

Hypertension 2 (1.6) 0(0.0) 1 (1.5) 1 (1.5) 0 (0.0) 

∗ 5-week period of simvastatin (20 mg/d) treatment. 
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t  
ifference between weeks –1 and 9 ( P = 0.0012; 95% CI, 1.05–1.21),

hen a mean (SE) reduction of 13% (4%) was observed in TG levels.

At week 4, it was observed that the mean (SE) non-HDL-C level

or the R/E arm was 12% (3%) lower, compared with the level for

he S/E arm ( P = 0.0 0 08). The difference between the arms ob-

erved at week 4 prevailed at week 9 ( P = 0.0018; 95% CI, 0.83–

.96). 

Comparison of the mean (SE) CRP levels from week –6 to week

1 indicated a statistically significant ( P = 0.0085), reduction, esti-

ated at –20% (8%). Furthermore, there was a statistically signifi-

ant difference between weeks –1 and 9 ( P = 0.0114; 95% CI, 0.05–

.41), when a mean (SE) reduction of 26% (12%) was observed in

RP levels. 

At week 4, it was observed that the mean (SE) level of Apo-

 for the R/E arm was 13% (3%) lower compared with the level

or the S/E arm ( P = 0.0 0 05). The difference between the arms ob-

erved at week 4 prevailed at week 9 ( P = 0.0063; 95% CI, 0.83–

.97). 

The LDL-C < 100 mg/dL target was achieved by 84.8% of pa-

ients in the R/E arm, compared with 68.2% in the S/E arm at week

 ( P = 0.0257), and by 81.2% versus 73.0%, respectively, at week 9

 P = 0.23). Achievement of the LDL-C < 70 mg/dL target was signif-

cantly greater for the R/E arm, both at week 4 (45.4% vs 15.9%;

r  
 = 0.003) and at week 9 (40.9% vs 15.9%; P = 0.0017), with a dif-

erence between the arms for a response considered effective of

0.85% at week 4 ( P = 0.017) and of 17.75% at week 9 ( P = 0.043)

( Fig. 3 ). 

afety profile and tolerability 

The incidence of adverse events was calculated by dividing

he number of research participants who reported at least 1 ad-

erse event episode by the total number of participants evalu-

ted. A total of 93 adverse events were reported, including 40

43%) in the R/E arm and 53 (57.0%) in the S/E arm. The most fre-

uent adverse events were increased fasting plasma glucose, de-

ned as fasting plasma glucose levels between 100 and 125 mg/dL

4.5%), myalgia (3.0%), increased creatine phosphokinase (3.0%),

nd back pain (3.0%) in the R/E arm, and increased fasting plasma

lucose (4.5%) and myalgia (6.1%) in the S/E arm. The creatine

inase levels assessed were considered normal in 82.5% of pa-

ients at the end of the study and in the remaining 17.5% of pa-

ients, these changes were not considered clinically significant (see

able 2 ). 

Liver enzymes (alanine aminotransferase and aspartate amino-

ransferase) were considered normal in 97% of patients and in the

emaining 3%, this variation did not affect the safety profile of
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he study. Quantitative analysis of blood glucose levels revealed

eans of 97 mg/dL at the beginning of the study and 102 mg/dL

t the end of the 9 weeks of the study in the R/E group, and

he mean difference observed between the run-in period and the

rst 4 weeks of combined treatment was 3.43 mg/dL. The total

ifference throughout the study, including the run-in period, was

.24 mg/dL. There were no statistically significant differences be-

ween the R/E and S/E study arms at study weeks –1 ( P = 0.7381)

nd 4 ( P = 0.9359). However, there was a statistically significant

ifference at week 9 ( P = 0.0106) New cases of diabetes (patients

ho had fasting glucose levels < 126 mg/dL or glycated hemoglobin

6.5% at the beginning of the study and exceeded these values at

he end of treatment) were not observed after use of the R/E com-

ination, and 1 patient (1.5%) occurred after use of the S/E combi-

ation . 

Only 2 patients (1 in each arm) discontinued the study medica-

ion due to adverse events that were related to other comorbidities

ot related to the study medication (pulmonary tuberculosis in 1

atient and pneumonia in the other patient), and no adverse event

ith the R/E combination was considered severe. 

iscussion 

The use of statins in a monotherapy regimen has proven to be

ffective in lowering LDL-C levels; however, many high-risk pa-

ients fail to achieve LDL-C level targets, even with the use of high

oses. 7 , 9 Rosuvastatin appears to be at least twice and 4 times

ore potent than atorvastatin and simvastatin, respectively, and at

east 8 times more potent than pravastatin and lovastatin. 20 The

omparison of the Efficacy and Safety of Rosuvastatin versus Ator-

astatin, Simvastatin, and Pravastatin Across Doses trial reported

hat 10 to 80 mg rosuvastatin significantly reduced LDL-C by a

ean of 8.2% more than atorvastatin 10 to 80 mg, 26% more than

ravastatin 10 to 40 mg, and 12% to 18% more than simvastatin 10

o 80 mg. 21 

In our study, treatment with a fixed-dose combination contain-

ng either 10 or 20 mg rosuvastatin combined with 10 mg eze-

imibe treatment resulted in a reduction of LDL-C levels that was

ignificantly greater than those obtained with a fixed-dose com-

ination of either 20 or 40 mg simvastatin combined with 10 mg

zetimibe, without increasing the risk of adverse events. The ro-

uvastatin + ezetimibe combination in the doses that were used

n this study also allowed more patients to reach LDL-C level

argets. 

Several studies have demonstrated that the addition of ezetim-

be to treatment with statins provides important synergistic de-

rease in LDL -C concentrations. 22–32 In a previous study that in-

luded participants with coronary heart disease or type 2 diabetes,

he addition of ezetimibe 10 mg to run-in therapy with simvas-

atin 20 mg proved to be a more effective strategy than doubling

he simvastatin dose to 40 mg/d, resulting in more intense reduc-

ion of LDL-C, total cholesterol, and total cholesterol to HDL-C ratio,

s well as significantly increasing the likelihood of achieving LDL-C

evels < 100 mg/dL, regardless of the level of LDL-C at the begin-

ing of treatment. 33 

In a combined analysis of 3 identical, prospective, Phase III,

ouble-blind, controlled studies, patients with primary hyperc-

olesterolemia were randomized to receive placebo, a combina-

ion of simvastatin + ezetimibe at doses of 10 mg/10 mg, 10 mg/20

g, 10 mg/40 mg, or 10 mg/80 mg; ezetimibe 10 mg; or simvas-

atin 10 mg, 20 mg, 40 mg, or 80 mg, for 12 weeks. The simvas-

atin + ezetimibe combination proved to be significantly more ef-

ective both for lowering LDL-C (52.5% vs 38.0%, respectively) and

o decrease CRP levels (31.0% vs 14.3%, respectively) than simvas-

atin alone, when evaluated at equivalent doses. 34 
When compared with rosuvastatin 40 mg, the combined use of

he same dose with ezetimibe 10 mg for 6 weeks led to a signif-

cantly greater number of patients with LDL-C < 100 mg/dL (79.1%

s 94.0%; P < 0.001) at the end of treatment, as well a significantly

ower LDL-C levels (81.5 mg/dL vs 56.9 mg/dL). 35 

In another study with higher doses of simvastatin, the ad-

ition of ezetimibe 10 mg/d after a 6-week run-in treatment

eriod with either rosuvastatin 10 mg or 20 mg, or simvas-

atin 40 mg or 80 mg, also led to a greater reduction in LDL-

 levels when used in combination with rosuvastatin (63.5% vs

7.4%; P < 0.001), and a greater achievement of LDL-C level

 100 mg/dL (95.6%) and LDL-C level < 70 mg/dL (77.0%). 36 The

uperiority of the use of ezetimibe combined with statins, com-

ared with progressive titration of statins alone in the reduction

f LDL-C levels, as well as in the achievement of targets below

00 mg/dL and 70 mg/dL, were also confirmed by a systematic

eview. 37 

This study was the first we are aware of to evaluate the efficacy

f the rosuvastatin + ezetimibe fixed-dose combination, compared

ith simvastatin + ezetimibe in a Brazilian population. The study

ncluded Brazilian men and women aged 21 to 80 years with hy-

ercholesterolemia uncontrolled by statin monotherapy, a number 

f whom also had common comorbidities. This suggests the results

ay be applicable to other, similar adult populations. 

As opposed to the GRAVITY 

38 study, run-in treatment com-

rised solely simvastatin 20 mg/d for 5 weeks, and simvas-

atin + ezetimibe combination doses did not exceed 40 mg due

o the greater risk of myopathy observed with use of simvas-

atin 80 mg and guidelines pertaining to use of this dose. 38 We

ound a greater total absolute percentage reduction of LDL-C levels

ith rosuvastatin + ezetimibe combination compared with simvas-

atin + ezetimibe combination with a significantly greater rate of

chievement of the LDL -C < 70 mg/dL targets after 4 and 9 weeks

f treatment. 

A small decrease in HDL-C levels was observed in our study and

ave been previously reported following the use of lipid-lowering

rugs. 39 , 40 Although increased HDL-C levels are desirable, the ben-

fits of significant reduction in LDL-C, Apo-B, non-HDL-C, and CRP

utweigh, in terms of cardiovascular risk prevention, the decrease

n HDL-C levels observed. 

The majority of our study population had associated comorbidi-

ies, including a high prevalence (66.7%) of patients with metabolic

yndrome. These characteristics enabled a comparative evaluation 

f the treatment outcomes in a patient population for whom more

ntense reductions in LDL-C levels are both necessary and recom-

ended. 

Comparison of the outcomes found here with studies of the use

f single-agent rosuvastatin in patients with metabolic syndrome

r type 2 diabetes, although this specific assessment was not part

f the initial study hypothesis, suggests that adding ezetimibe to

osuvastatin could represent an efficient strategy for a more in-

ense lipid level reduction recommended in these patient popula-

ions. 41–43 

The fact that the protocol for this study was approved based

n the National Cholesterol Education Program ATP III 16 treat-

ent guidelines should be considered a limitation because con-

iderable changes were made to these recommendations in sub-

equent guidelines. 9 , 15 However, the need for intense reduction

n LDL-C levels in patients with high cardiovascular risk contin-

es to be considered a fundamental principle in the treatment of

igh cardiovascular risk patients, as seen in a recent report from

he American College of Cardiology/American Heart Association 

hat recommends this for patients at very-high-risk for atheroscle-

otic cardiovascular disease. It is reasonable to add ezetimibe to

aximally tolerated statin therapy when LDL-C levels remain ≥70

g/dL ( ≥1.8 mmol/L). 44 , 45 
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Results of this study can be considered applicable to patient

opulations at high risk for cardiovascular disease because the

ajority of patients had this profile. However, this may also

e applicable to patients with intermediate or low cardiovascu-

ar disease risk because a number of such patients were also

ncluded. 

Although the results suggest superiority of the R/E combi-

ation compared with the S/E combination, this study was not

esigned with sufficient statistical power to prove this superi-

rity, and longer-term studies in larger groups of patients are

eeded. 

onclusions 

Rosuvastatin and ezetimibe fixed-dose combination in both

0 mg/10 mg and 20 mg/10 mg doses, respectively, pro-

ided significantly lower levels of LDL-C compared with simvas-

atin + ezetimibe in doses of 20 mg/10 mg and 40 mg/10 mg, re-

pectively. The fixed-dose combinations were both effective and

ell tolerated in this Brazilian study population. 
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