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ABSTRACT

Rosuvastatin is a statin with maximum hypolipidemic effect,
to date, which makes it one of the most frequently prescribed
lipid-lowering medications. The drug has been widely studied
in large international randomized clinical trials and proven to
be highly effective. Administration of rosuvastatin at doses of
up to 40 mg/day allows to decrease low-density lipoprotein
cholesterol (LDL-C) levels by 55-63%, triglyceride levels by 28%
and to significantly increase the level of high-density lipoprotein
cholesterol by 10-14%. The effectiveness of rosuvastatin for
primary prevention of CV complications has been indicated in high
and very high risk patients, as well as in intermediate-risk persons
and patients with mildly elevated base LDL-C level. The ability
of rosuvastatin to suppress the progression of atherosclerosis
has been demonstrated by intravascular ultrasound of coronary
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arteries and by magnetic resonance imaging of carotid arteries.
Rosuvastatin is a hydrophilic statin with high hepatoselectivity, low
systemic bioavailability (very limited penetration of rosuvastatin
into extrahepatic tissues and, hence, lower risk of myotoxicity)
and minimal involvement of P450 cytochrome in its metabolism
(mostly mediated by 2C9 enzyme), which provides for good
tolerability of the drug. High hepatoselectivity and the absence of
any significant interaction with cytochrome P450 system mitigate
the likelihood of side effects and drug interactions. The above
mentioned characteristics of rosuvastatin enable its effective and
safe use in treating a wide range of patients..
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At present statins continue to hold a dominant position in the
treatment of patients with cardiovascular (CV) diseases [1, 2]. Their
ability to improve prognosis in subjects with CV diseases and at
high risk for their occurrence is confirmed by results of large-scale
randomized studies that compares statins favorably with other lipid-
lowering drugs [3, 4]. It has been established that clinical efficacy
of lipid-lowering therapy depends on the achieved level of low
density lipoprotein cholesterol (LDL-C) [5]. Results of analysis of 26
randomized clinical studies which included over 170 000 patients (a
meta-analysis by Cholesterol Treatment Trialists) have shown that
across all 26 studies, per each 1 mmol/L LDL-C reduction on statin
therapy there were further proportional reductions in the incidence
of cardiovascular death, i.e., deaths due to coronary heart disease
(CHD) were reduced by 20%, all-cause mortality by 10%, risk of
major vascular events by 23% and risk of stroke by 17% [5]. The
initial “starting” statin dose has the most pronounced effect on
LDL-C level (Table 1). If the dose of a statin is doubled then there

is an additional reduction in LDL-C level though only by 3-7% (the
so-called “six percent rule”). For that reason the success of lipid-
lowering therapy is largely determined by the choice of a drug at the
beginning of treatment.

When active therapy is required, the maximum effect can be
achieved using rosuvastatin (original drug Crestor, AstraZeneca,
United Kingdom). The effect of rosuvastatin is well studied thanks to
the GALAXY program which included 23 multicenter, randomized,
controlled clinical studies named after cosmic objects [7].
Notably, the studies COMETS, DISCOVERY, LUNAR, MERCURY-I,
MERCURY-II, ORBITAL, POLARIS, STELLAR, PULSAR, ECLIPSE,
EXPLORER, CENTAURUS and GRAVITY aimed at evaluating drug
effect on lipid profile and inflammation markers; studies ASTEROID,
METEOR, ORION, COSMOS and SATURN aimed at the assessment
of atherosclerosis progression in coronary and carotid arteries;
studies AURORA, CORONA and JUPITER aimed at the effect on
disease prognosis; PLUTO study evaluated safety and tolerability of
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rosuvastatin in children and PLANET I/l study assessed the statin
nephroprotective properties.

EFFICACY OF ROSUVASTATIN THERAPY

Lipid-lowering effect

Administration of rosuvastatin at doses of 5-40 mg/day enables
to decrease LDL-C levels by 39-55% (to 52-63% according to meta-
analyses data) [8, 9]. This is the most potent statin in terms of its
ability to reduce the level of total cholesterol (TC) and LDL-G, also its
proven ability to decrease triglyceride (TG) level and increase the level
of high-density lipoprotein cholesterol (HDL-C) [10]. Rosuvastatin at
doses of 10-40 mg/day can increase the HDL-C level to 14% and
reduce the TG level to 28% in patients with hypercholesterolemia.
That said, 90% of the maximally possible rosuvastatin lipid-lowering
effect is achieved at 2 weeks after the start of treatment. The intensity
of lipid-lowering effect makes rosuvastatin the drug of choice for the
treatment of familial hypercholesterolemia (FH) [11]. Rosuvastatin
has been approved in the USA for use in children with FH aged 10
years and older [12] and in Europe for children with FH aged 6 years
and older [13]. Treatment can be started at the earlier age in children
with severe FH [14].

Use for primary prevention in case of mildly raised LDL-C

Rosuvastatin efficacy in patients with mildly raised LDL-C at
baseline was demonstrated in a multinational randomized, double-
blind, placebo-controlled trial JUPITER (Justification for the Use of
statins in Prevention: an Intervention Trial Evaluating Rosuvastatin)
which included subjects with elevated levels of highly- sensitive
C-reactive protein (hs-CRP) [15]. The study participants were men
> 50 years old and women >60 years old without CHD or diabetes
mellitus (DM), with LDL-C level <3.4 mmol/L and hs-CRP level >2
mg/dL. All participants were randomly assigned to the rosuvastatin
20 mg/day group (n=8901) or placebo group (n=8901). Participating
medical centers were located in 26 countries. After 12 months of
treatment with rosuvastatin 20 mg/day the levels of LDL-C, hs-CRP
and TG decreased by 50%, 37% and 17%, respectively, and the level
of HDL-C raised by 4% [16]. After a 2-year follow-up the number

Table 1. Lipid-lowering efficacy of statins
according to STELLAR study [6]

The dose

of statin Rosuvastatin Atorvastatin = Simvastatin  Pravastatin
LDL-C
10 mg -46% -37% -28% -20%
20 mg -52% -43% -35% -24%
40 mg -55% -48% -39% -30%
80 mg - -91% -46% -
TG
10 mg -20% -20% -12% -8 %
20 mg -24% -23% -18% -8%
40 mg -26% -27% -15% -13%
80 mg - -28% -18% -
HDL-C
10 mg +8% +6% +5% +3%
20 mg +10% +5% +6% +4%
40 mg +10% +4% +5% +6%
80 mg - +2% +7% -

Note: LDL-C - low-density lipoprotein cholesterol, HDL-C
— high-density lipoprotein cholesterol, TG — triglycerides.

of myocardial infarction (MI) cases decreased by 46%, number
of strokes by 52%, revascularization requirements and episodes
of unstable angina by 53% and MI+stroke+cardiovascular death
combinations by 53% [16]. On the whole, over a 2-year follow-
up of patients receiving rosuvastatin 20 mg/day there was a 44%
reduction in the probability of reaching the primary endpoints (MI,
stroke, unstable angina, revascularization, CV death) (OR 0.56;
95% Cl: range 0.46-0.69, p<0.00001) and a 20% reduction in the
probability of reaching the secondary endpoints (all-cause mortality)
(OR 0.80; 95% Cl: range 0.67-0.97, p<0.02) as compared to placebo
[16]. Results of the JUPITER trial open up a wide perspective for
primary prevention of CHD and atherosclerosis in subjects with
normal cholesterol level and elevated level of hs-CRP. However, the
measurement of the hs-CRP level is not included in the commonly
used scales for risk stratification, and the expedience of its use in
order to solve the issue of statin administration to decrease the
risk of CV diseases has not been established. Moreover, despite
there is an association between hs-CRP elevation and CHD, there
is no compelling evidence regarding reduced frequency of CV
complications as a function of lower level of hs-CRP [17]. In the
JUPITER trial the majority of patients either had hypertension
(57%) or had been smokers (15%), i.e., had the risk factors which
should be paid attention to in the first place [18]. In support of the
abovementioned data, a recently completed HOPE-3 trial in the
intermediate risk subjects not suffering from CV disease failed to
demonstrate that the difference in efficacy of statin therapy is related
to elevated hs-CRP level at baseline [19].

The later analysis of the JUPITER ftrial results has shown a similar
reduction in the relative risk of a composite cardiovascular endpoint
against the backdrop of rosuvastatin therapy for subjects under and
over 70 years of age. The number of subjects who had to be treated
with rosuvastatin for 4 years to prevent one major cardiovascular
event was 24 subjects in a group over 70 years of age and 36
subjects in a group under 70 years of age [20]. Therefore, the
JUPITER trial demonstrated the significance of rosuvastatin as a
drug for primary prevention of GV diseases among subjects with
originally mildly elevated LDL-C level, that may be explained by
additional reduction of LDL-C level and pleiotropic drug effect which
results in stabilization of the atherosclerotic process.

Primary prevention in intermediate risk subjects

The HOPE-3 trial demonstrated the effectiveness of rosuvastatin
for primary prevention of CV diseases in intermediate risk subjects
from different populations. A total of 12705 subjects from 21
countries were randomly assigned to rosuvastatin 10 mg/day group
or placebo group. The primary composite endpoints were CV death,
non-fatal Ml or non-fatal stroke. The secondary composite endpoints
were revascularization, heart failure and resuscitated cardiac arrest
counted in addition to the primary endpoint events. The median
follow-up was 5.6 years. The mean level of LDL-C in rosuvastatin
group was lower by 26.5%. There was a significant superiority of
rosuvastatin in terms of reduction of primary (3.7% versus 4.8%,
p=0.002) and secondary (4.4% versus 5.7%, p<0.001) composite
endpoints as compared to placebo [19].

SUPPRESSION OF ATHEROSCLEROTIC PROCESS

Effect on atherosclerotic plaques

The ability of rosuvastatin to suppress the progression of coronary
atherosclerosis was demonstrated in the ASTEROID study (A Study
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To evaluate the Effect of Rosuvastatin On Intravascular ultrasound-
Derived coronary atheroma burden). A total of 349 patients with
CHD who received no statins at study entry have been enrolled in the
study. The state of atherosclerotic plaques (ASP) was monitored in
blood vessels which did not undergo prior endovascular treatment
and were narrowed to a degree not exceeding 50% of luminal
dimension. Administration of rosuvastatin 40 mg/day resulting in a
53% reduction of LDL-C from the baseline (mean LDL-C level was
1.6 mmol/L) after 2 years of the follow-up (n=349) led to significant
reduction of ASP volume according to results of the intravascular
ultrasound imaging [21]. Table 2 presents the dynamics of ASP
volume as a function of the achieved LDL-C level. The reduction of
normalized total ASP volume and reduction in ASP buildup in the
10-mm-long arterial segment was noted in 78% of patients and the
reduction of relative ASP volume in 64% of patients.

A small randomized, double-blind ORION study was carried
out to evaluate the dynamics of ASP volume and composition in
carotid arteries after 24 months of treatment with rosuvastatin
using magnetic resonance imaging [22]. The comparison of ASP
parameters was performed in 33 patients receiving rosuvastatin
whose baseline level of LDL-C was >2.6 and <6.5 mmol/L. Over
the 24-month treatment period the LDL-C level was decreased by
38.2% in rosuvastatin 5 mg/day group and by 59.9% in rosuvastatin
40/80 mg/day group (p<0.001). There was a 41.4% reduction in the
mean wall-to-lumen ratio in a zone originally occupied by a lipid-
rich necrotic core of ASP (p=0.005). No significant changes in ASP
volume have been observed at that.

The SATURN study (The Study of coronary Atheroma by
inTravascular Ultrasound: the effect of Rosuvastatin vs. atorvastatiN)
was composed of several consequential evaluations of indices
reflecting the composition of coronary atherosclerotic plaques (ASP)
obtained by intravascular ultrasound with radio frequency spectral
analysis in patients receiving rosuvastatin 40 mg/day for 24 months
(n=71) [23]. A direct relationship was found between the reduction
of LDL-C, CRP and elevation of HDL-C levels on the one hand and
regression of atheroma volume with reduction of its fibro-lipid
component and increase of its calcification on the other. No changes
in the volume of fibrous cap and necrotic core have been found.

The ability of intensive statin therapy (rosuvastatin 40 mg/day) to
decrease the size of the atheromatous lipid core was proposed in
the YELLOW study (Reduction in YEllow Plaque by Aggressive Lipid
LOWering Therapy) in which drug effect was evaluated after 7 weeks
of therapy in patients (n=87) undergoing percutaneous coronary
intervention due to multiple coronary lesions [24]. However, from
the authors’ perspective, their findings need to be confirmed in a
larger trial with a longer follow-up period.

An additional evaluation of morphological changes of coronary
ASP in patients receiving rosuvastatin 40 mg/day for 8-12 weeks
(n=85) was performed using the intravascular optical coherence

Table 2. Dynamics of ASP volume as a function of the
achieved LDL-C level as found in the ASTEROID study

Change in
LDL-C Patient number ASP volume p

(% median)
<1,8 mmol /| 254 -0,9 <0,001
1,8-2,6 mmol /| 78 -0,3 0,09
>2,6 mmol /| 17 -0,2 NS

Note: ASP — atherosclerotic plaque;
LDL cholesterol — low-density lipoprotein cholesterol;
NS — non-significant.

tomography in the YELLOW II (Reduction in Goronary Yellow Plaque,
Lipids and Vascular Inflammation by Aggressive Lipid Lowering)
study [25]. An independent relationship was found between the
atheroma fibrous cap thickening and improvement of reverse
cholesterol transport that could contribute to morphologic changes
associated with ASP stabilization. Also, changes in the transcriptome
profile of peripheral blood mononuclear cells have been found that
needs further investigation in order to establish the mechanisms of
ASP stabilization in patients receiving high-dose statin therapy.

In conclusion, the ALTAIR study from Japan (Aggressive Lipid-
Lowering Treatment Approach Using Intensive Rosuvastatin for
Vulnerable Coronary Artery Plague Randomized Trial) which also
carried out the assessment of coronary ASP using angioscopy and
intravascular ultrasound imaging (n=37), has shown the increased
stabilization of ASP for both high-dose rosuvastatin (20 mg/day)
and low-dose rosuvastatin (2.5 mg/day) administered for 48
weeks [26]. However, high-dose rosuvastatin appeared to be more
effective in the initiation of ASP volume regression.

Slowing the changes in the intima-media complex

The ability of rosuvastatin 40 mg/day to slow progression of
intima-media thickness (IMT) in patients with elevated LDL-C
level and asymptomatic carotid atherosclerosis who are in the
low cardiovascular risk group was demonstrated in a 24-month
randomized, double-blind, placebo-controlled METEOR (Measuring
Effects on intima media Thickness: an Evaluation Of Rosuvastatin)
study [27]. The study cohort comprised 984 patients including 702
patients in rosuvastatin group and 282 patients in placebo group
with maximum IMT ranging between 1.2 mm and 3.5 mm. After
a 2-year follow-up period the IMT progression was observed in
placebo group whereas a trend toward the IMT regression was
found in rosuvastatin group.

Slower carotid IMT progression was also found after 2 years
of rosuvastatin therapy in children with heterozygous form of
FH (n=197) aged 6 years or older as shown in the CHARON
(Hypercholesterolemia in  Children and Adolescents Taking
Rosuvastatin Open Label) study [28]. It should be noted that
currently there is no compelling reason to use the IMT parameter in
clinical practice for evaluation of CV risk in FH or treatment efficacy
although this parameter might come in handy from a scientific
standpoint [13].

TREATMENT SAFETY

Pharmacological particulars of rosuvastatin

Rosuvastatin is a hydrophilic statin with high hepatoselectivity,
low systemic bioavailability (very limited penetration of rosuvastatin
into extrahepatic tissues and, hence, lower risk of myotoxicity) and
minimal involvement of P450 cytochrome (CYP) in the metabolism
of rosuvastatin (mostly mediated by 2C9 enzyme) that determines
good tolerability of rosuvastatin [29]. There is no evidence of
clinically significant pharmacokinetic drug-drug interactions
between rosuvastatin and other drugs known to inhibit CYP enzymes
[30]. Administration of rosuvastatin does not limit consumption of
grapefruit juice, nor is there an increased risk of rhabdomyolysis as
rosuvastatin is a non-CYP3A4-metabolized statin [31].

Rosuvastatin is excreted largely unchanged [32]. Hepatic
elimination of rosuvastatin from the serum involves transporter
proteins (hepatobiliary transporters) which secure its hepatic
uptake and biliary clearance. The examples of transporter proteins
responsible for transport of rosuvastatin, and medications affecting
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the transporters are presented in Table 3. The elimination half-life
of rosuvastatin is approximately 20 hours. About 10% of the drug is
excreted by the kidneys. Pharmacodynamics and pharmacokinetics
of rosuvastatin does not depend on the time of day the drug is
administered [33].

Altogether, it has been found that the range of tolerance and
safety of rosuvastatin therapy is comparable to that of other statins
[10]. Analysis of data has shown that the frequency of complications
does not significantly increase when a more aggressive approach
to lipid-lowering statin therapy is used [35]. Rosuvastatin dosing
adjustments toward reduction in drug dose may be preferable for
Asian people or patients with stage 4 chronic kidney disease (CKD)
(severe kidney failure) and patients receiving protease inhibitors
or cyclosporine [10]. For statin-intolerant subjects with high risk
for CV disease the possibility of an intermittent dosing regimen
must be considered. Significant reduction of LDL-C levels due to
rosuvastatin administration every other day or twice weekly has
been reported [36].

Rosuvastatin drug-drug interactions

Caution should be exercised when rosuvastatin is co-administered
with cyclosporine, gemfibrozil and protease inhibitors (used in the
treatment of HIV infection) because of the risk of toxicity due to
potential pharmacokinetic interactions

[37]. The above mentioned drugs are inhibitors of transporter
proteins which mediate the hepatic uptake of rosuvastatin (Table 3).
Co-administration of rosuvastatin 20 mg/day with combined protease
inhibitor lopinavir/ritonavir 400/100 mg/day in healthy volunteers
resulted in a 5-fold increase in maximum rosuvastatin plasma
concentration [38]. Therefore, rosuvastatin is not recommended for
HIV patients receiving treatment with protease inhibitors.

Co-administration of rosuvastatin with cyclosporine leads to
a 11-fold increase in rosuvastatin plasma concentration without
any effect on cyclosporine plasma concentration [39]. Use of
cyclosporine is a contraindication for prescribing rosuvastatin at a
dose of 10 mg/day and higher. Co-administration of rosuvastatin
with gemfibrozil leads to a 2-fold increase in peak rosuvastatin
plasma concentration [40]. It was shown that the combination
lipid-lowering therapy with statins and fibrates or statins and
nicotinic acid increases the risk of myopathy perhaps because
each drug may cause myopathy on its own. Although there is
no evidence in favor of possible pharmacokinetically significant
interaction between rosuvastatin and fenofibrate, the possibility
of their pharmacodynamic interaction cannot be ruled out. As a
precautionary measure, concomitant administration of fibrates
with rosuvastatin at a dose of 40 mg/day is contraindicated. When

Table 3. Rosuvastatin transporter proteins and
their affecting medicinal products [34]

Proteins- _
e Substrate Inhibitors
ciclosporin, elthrombopag,
BCRP gefitinib
ciclosporin, elthrombopag,
gemfibrozil, rifampicin,
OATP1B1 HIV protease inhibitors
) (atazanavir, lopinavir, ritonavir,
rosuvastatin saquinavir, tipranavir)
ciclosporin, rifampicin, HIV
OATP1B3 protease inhibitors (atazanavir,
lopinavir, ritonavir, saquinavir)
0AT3 diclofenac, probenecid,

cimetidine

taken concurrently with gemfibrozil, fibrates or nicotinic acid, the
recommended initial dose of rosuvastatin is 5 mg/day.

Rosuvastatin can enhance the anticoagulant effect of warfarin
although the mechanism of such drug interaction is so far obscure.
Currently, a careful monitoring of international normalized ratio is
recommended when rosuvastatin is co-administered with warfarin
[41].

Co-administration of rosuvastatin with erythromycin results in a
20% decrease in AUC (area under the plasma concentration-time
curve) of rosuvastatin and reduction by 30% of peak rosuvastatin
plasma concentration [42]. Such effect is due to enhanced intestinal
motor response to erythromycin.

It has been established that co-administration of rosuvastatin with
oral contraceptives results in increased AUG of ethinylestradiol and
AUC of norgestrel by 26% and 34%, respectively [43]. This must
be taken into account during selection of oral contraceptive dose.

Rifampicin  (antibiotic which is highly active against
Mycobacterium tuberculosis) can affect the function of CYP
enzymes and transporter proteins. Some data imply the possibility of
interaction between statins and rifampicin. Experimental data have
shown that rifampicin significantly inhibits hepatobiliary transport of
rosuvastatin whereas imatinib has no effect on rosuvastatin plasma
elimination [44]. Co-administration of rosuvastatin with rifampicin
had no significant effect on pharmacokinetics of rosuvastatin in a
small group (n=18) of healthy men [45]. Considering the data on
rifampicin ability to suppress the activity of transporter proteins
OATP1B3 and OATP1B1 involved in transport of rosuvastatin, a
combination of these drugs can be fraught with the risk of drug
interaction and occurrence of side effects (Table 3).

Combination of rosuvastatin with fenofibrate, ezetimibe, omega-3
fatty acids, azole-based antifungal compounds or clopidogrel
seems to be safe considering the known pharmacokinetics and
pharmacodynamics of these drugs, which attests against the
likelinood of their interaction [37]. A clinically significant interaction
between rosuvastatin and digoxin can be hardly anticipated.
Therefore, rosuvastatin can be considered as a relatively safe and
well tolerated drug which side effects are commonly associated
with statin therapy.

TOLERANCE IN SPECIAL POPULATIONS

Chronic kidney disease

Rosuvastatin therapy in patients with end-stage chronic kidney
disease (CKD) was studied in the AURORA (A study to evaluate
the Use of Rosuvastatin in subjects On Regular haemodialysis:
an Assessment of survival and cardiovascular events) trial, the
first large international trial aimed at evaluating the efficacy of
statin therapy on CV morbidity and mortality in a given category
of patients. Administration of rosuvastatin 10 mg/day for patients
with stage 5 CKD (n=2776) undergoing hemodialysis therapy for at
least three months before the AURORA study entry, did not show
any benefits in terms of the lower risk for CV complications as
compared to placebo [46]. Results of other clinical studies leave
the expediency of statin therapy for patients with stage 5 CKD in
abeyance. Statin therapy is considered reasonable if patients with
CV disease and CKD have already been taking it at the time when
hemodialysis therapy was commenced [47]. Although patients with
stage 3-5 CKD are at high or very high GV risk, according to clinical
guidelines statins are mainly indicated for subjects who are not in
need for hemodialysis therapy. Creatinine clearance <30 mL/min is
a contraindication for administration of rosuvastatin.
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Chronic heart failure

Good tolerance of rosuvastatin has been shown in such a
difficult category of patients with New York Heart Association
(NYHA) class IlI-IV heart failure as demonstrated by the CORONA
(Controlled Rosuvastatin multinational study in heart failure) trial
[48]. This study included more than 5 000 patients (average age
- 73 years) with severe ischemic heart disease who have been
randomly assigned to rosuvastatin 10 mg/day group (n=2514)
or placebo group. The study duration was just under 3 years. No
significant differences in mortality rate between the active therapy
group and placebo group have been found although the number
of hospitalizations due to CV diseases was significantly reduced.
According to its authors, the study main positive outcome was
good tolerance and safety of a long-term administration of
rosuvastatin 10 mg/day in the population of patients with NYHA
class llI-IV heart failure. Similar results were obtained in the
GISSI-HF study where administration of rosuvastatin 10 mg/
day in subjects with NYHA class II-IV heart failure (n=2285),
regardless of the etiology, did not affect disease outcome and was
characterized by good treatment tolerance [49]. For that reason,
according to clinical guidelines, the occurrence of heart failure
in subjects already receiving statins bespeaks no need for their
withdrawal. It should only be borne in mind that statin therapy
on its own is not recommended for patients with heart failure
(although it does no harm) unless there are no other indications
for its prescription.

Conclusion

A pronounced lipid-lowering effect of rosuvastatin and its
good tolerability made it one of the most frequently prescribed
drugs which are used in clinical practice to diminish the risk of
cardiovascular complications. High efficacy of rosuvastatin was
demonstrated in large international and multinational randomized
clinical trials using the original drug Crestor (AstraZeneca, United
Kingdom). Its high hepatoselectivity and the absence of any
significant interaction with cytochrome P450 system mitigate the
likelihood of side effects and drug interactions. This provides the
possibility of effective and safe rosuvastatin use across a broad
spectrum of patients.
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