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Summary
	 Background:	 CYP2C9*3 allele has been reported to correlate with increased plasma concentration of fluvastatin 

active form in healthy volunteers. We analyzed the correlation between the CYP2C9 genotype and 
cholesterol-lowering effect of fluvastatin in human hypercholesterolemic patients.

	Material/Methods:	 The study was prospective, without any interventions to standard procedures of hypolipidemic treat-
ment. CYP2C9 genotype was determined by PCR–RFLP assay in 87 patients on concomitant fluvas-
tatin therapy, in 48 patients on monotherapy, and in a control group of 254 healthy volunteers of 
Czech nationality. Biochemical and clinical data were collected before the initiation of fluvastatin 
treatment and 12 weeks later.

	 Results:	 The frequency of CYP2C9 alleles����������������������������������������������������������������� did not differ significantly among groups of patients and volun-
teers. The most frequently observed allele was CYP2C9*2.

		  Treatment with 80 mg of fluvastatin daily of 48 patients on monotherapy for 12 weeks resulted in 
mean low-density lipoprotein cholesterol (LDL-C) reduction by 25%, mean serum total choles-
terol (TC) reduction by 21%, and mean triglyceride (TG) reduction by 28%. The CYP2C9*1/*3 
genotype was associated with a decrease in LDL-C levels (by 40.0% for CYP2C9*1/*3, but only by 
22.4% for CYP2C9*1/*1), and with the reduction of TC (by 28.6% in CYP2C9*1/*3 versus 20.2% 
in CYP2C9*1/*1).

	 Conclusions:	 In hypercholesterolemic patients, LDL-C serum concentration was decreased more significantly 
in fluvastatin-treated subjects bearing the CYP2C9*1/*3 genotype compared to CYP2C9*1/*1 gen-
otype. However, due to rare occurrence of some CYP genotypes, it was impossible to report a de-
finitive positive genotype-fluvastatin effect association.
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Background

Hypercholesterolemia plays a crucial role in the development 
of atherosclerotic disease, which is one of the leading causes 
of mortality in the Western world. Therapy with 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibi-
tors – statins – substantially reduces cardiovascular morbid-
ity and mortality in diverse populations [1]. However, there 
is a wide interindividual variation in response to statin ther-
apy. The underlying causes of this phenomenon have been 
extensively debated, but remain uncertain. The observed 
variation in biological response to statins could be due to 
variation in patient compliance, pharmacokinetics or phar-
macodynamics and drug-drug interactions, as well as inter-
individual genetic differences in cholesterol biosynthesis, 
target lipoprotein (mainly LDL) receptor uptake or metab-
olism of particular statins. Any predictions of biological re-
sponse of individuals to statins would thus be very valuable 
for more efficacious, personalized treatments.

The first totally synthetic 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitor on the market, fluvastatin [2], 
is not the most frequently prescribed statin nowadays, but 
thanks to its well-characterized metabolism, it is particular-
ly suitable for investigations into the influence of genetic 
variability on interindividual variation in therapeutic effect. 
Statins differ in their main metabolic fates in the human 
body – while fluvastatin is metabolized primarily via he-
patic transformation by the 2C9 isoform of the genetical-
ly polymorphic cytochrome P450 enzyme (CYP2C9) [3]; 
simvastatin, lovastatin and atorvastatin are metabolized by 
CYP3A4; and pravastatin, rosuvastatin and pitavastatin do 
not seem to be significantly modified by any of the CYP 
isoforms. Thanks to its specific metabolic route through 
CYP2C9, fluvastatin is only mildly susceptible to adverse 
drug-drug interaction effects and it is less prone to phar-
macokinetic interactions compared to other HMG-CoA re-
ductase inhibitors [4]. Importantly, chemical inhibition of 
the enzymatic activity of the particular CYP isoforms has 
been shown to elevate plasma concentrations of the active 
forms of the respective statins [4]. Approximately 60% of 
fluvastatin orally administered in its active form is metab-
olized via cytochrome P450 into the inactive form. An in 
vivo study calculated that the relative contribution of the 
CYP2C9 isoform is more than 80% [5]. The 2 main metabo-
lites – 6-hydroxy and N-desisopropyl fluvastatin – are exclu-
sively generated by CYP2C9, while the third known metabo-
lite – 5-hydroxy fluvastatin – is formed by multiple pathways 
involving CYP2C9, CYP3A4, CYP2C8 and CYP2D6. The 2 
most common single‑nucleotide polymorphic (SNP) allel-
ic variants of CYP2C9 that occur in Caucasian population 
are CYP2C9*2 and CYP2C9*3. The CYP2C9*2 allele repre-
sents an SNP in exon 3 that leads to Arg144Cys mutation 
and occurs in 8%-14% of Caucasians, while the slightly less 
common CYP2C9*3 allele with an SNP in exon 7 causes 
Ile359Leu mutation and is found in 4–11% of Caucasians 
[6–8]. Importantly, both allelic variants have lower enzyme 
activity than the wild type CYP, and both would thus be pre-
dicted to elevate or modify plasma concentrations of unme-
tabolized, pharmacologically active forms of CYP substrates.

Consistent with this idea, the plasma levels of 3R, 
5S-fluvastatin (the active form) were found to be up to 
3-fold higher in healthy volunteers of the *3/*3 than in 

those of the *1/*1 genotype. This correlation between the 
presence of CYP2C9*3 and fluvastatin pharmacokinetics 
was not reflected in the cholesterol-lowering effect of the 
drug [9], but that could have been due to the fact that the 
study was carried out on healthy volunteers, and might not 
have been representative of a typical treatment regime. 
The subjects took fluvastatin daily only for 2 weeks, and 
their baseline lipid levels and the daily administered dose 
of fluvastatin (40 mg of racemic form) [9] were lower than 
in patients normally requiring fluvastatin treatment. We 
thus hypothesized that the prospective association between 
CYP2C9 genotype and the hypolipidemic efficacy of fluvas-
tatin could be more pronounced in a group of real hyper-
cholesterolemic patients with pathologically elevated base-
line lipids levels. This could be clinically relevant and have 
a direct impact on the preferred efficacious treatment re-
gime in genetically defined subgroups of hypercholester-
olemic patients on fluvastatin.

Material and Methods

Subjects and data collection

All subjects were of Czech nationality and gave their writ-
ten informed consent prior to participating in the trial. The 
study protocol was approved by the Ethics Committee of the 
General University Hospital in Prague. Fluvastatin-treated 
patients were recruited by the internal medicine ward of the 
General University Hospital in Prague under exclusion and 
inclusion criteria. The exclusion criteria were: history of di-
abetes mellitus, any liver disease, any other disease causing 
modification of metabolic functions, previous treatment 
with fluvastatin, concomitant therapy with strong CYP2C9 
inducers or inhibitors, history of stomach or gut surgery in-
fluencing drug absorption, any known or suspected cancers, 
immunosuppressive treatment, pregnancy or ongoing breast-
feeding, and alcoholism. The inclusion criterion for enrol-
ment in the trial was the initiation of treatment of hyper-
cholesterolemia by fluvastatin in 80 mg daily per oral dose 
in compliance with the standard therapeutic approach in 
the hospital. All patients were treated by Lescol XL fluvas-
tatin (Novartis Pharmaceuticals). Concomitant use of other 
medications was documented and possible drug-drug inter-
actions were recorded. No interventions to standard thera-
peutic procedures have been done during the study, except 
for 1 extra blood sampling for DNA isolation. The untreat-
ed control group of unrelated healthy Czech Caucasian vol-
unteers was recruited as a control population for CYP2C9 
genotype distribution. Biochemical data, including plasma 
creatine kinase, ALT, AST, GMT, and ALP, electrolyte bal-
ance and plasma lipid levels before and 12 weeks after flu-
vastatin treatment, were determined by standard methods 
in the Institute for Clinical Biochemistry and Laboratory 
Diagnostics of the General University Hospital.

CYP2C9 genotyping

Genomic DNA was isolated from peripheral leukocytes by 
QIAmp Blood mini Kit (Qiagen). Purified DNA was stored 
at 4°C until polymerase chain reaction – restriction frag-
ment length polymorphism (PCR-RFLP) analysis was car-
ried out using previously described methods and primer sets 
[10]. Taq DNA polymerase, other PCR reagents and restric-
tion enzymes were from Fermentas (Lithuania). The PCR 
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products of the 2 used amplicons were separated by elec-
trophoresis on 3% agarose gel and identified by ethidium 
bromide staining. An allele was assigned as CYP2C9*2 when 
the 372 base pair (bp) PCR product of the first amplicon 
contained a Cfr 13I restriction site that yielded fragments 
of 253 and 119 bp upon cleavage by Cfr 13I. Similarly, an 
allele was assigned as CYP2C9*3 when the 137 bp product 
of the second amplicon was digested into fragments of 104 
and 33 bp by Sty I. Whenever the cleavage of an amplicon 
produced the expected cleavage fragments, but also left 
the original PCR product intact, the subject was assigned 
as heterozygous in the respective allele. The subjects with-
out any of these 2 variants were assumed to be homozygous 
wild-type carriers of CYP2C9*1.

Statistical analysis

The evaluation of fluvastatin’s hypolipidemic effect and 
its genotype-dependency was done by Student’s t test. 
Throughout the study, arithmetic mean and standard devia-
tion were used as central tendency and dispersion measures, 
respectively. Statistical significance was considered at P<0.05 
or P<0.001, as indicated. The expected genotype frequencies 
were calculated from the observed allelic frequencies using 
Hardy-Weinberg equilibrium (p2+2pq+q2=1). Prevalence was 
compared by the chi-square test, and 95% confidence inter-
val (95% CI) of genotype frequencies was calculated. Data 
were processed using Microsoft Excel 8.0 (Microsoft, USA) 
and Statgraphics Plus 3.1 (StatPoint, Inc., USA).

Results

Demographic characterization of the participants

The effect-observing pharmacodynamic part of our study 
involved 87 hypercholesterolemic participants treated for 
the first time in their treatment regime with fluvastatin (flu-
vastatin all patients, median age 59 years). From within this 
group, 48 subjects on fluvastatin monotherapy (75% males, 
median age 57 years) were selected by excluding patients 
treated with CYP2C9 inducers or inhibitors, patients taking 
any other hypolipidemic medications in the 8 weeks prior 
to our study, and patients that were on concomitant thera-
py with any potentially lipid-lowering agent, including over-
the-counter medicines. All hypercholesterolemic subjects 

and control group of 254 healthy volunteers were geno-
typed for CYP2C9 alleles as described in Methods. The de-
mography and allelic frequency data of the analyzed groups 
of subjects are summarized in Table 1.

Frequency of CYP2C9 alleles was similar among 
fluvastatin-treated patients and a control group of healthy 
volunteers

As summarized in Table 1, the CYP2C9*2 allele occurred in 
9.8% of fluvastatin-treated patients and 12.2% of healthy vol-
unteers, while the less common CYP2C9*3 variant was found 
in 5.9% of healthy volunteers and 5.7% of fluvastatin-treated 
patients. Approximately 9.2%, and 2.3% of the fluvastatin-
treated subjects and 9.8%, and 0.4% of healthy volunteers 
were *1/*3 and *2/*3 heterozygotes, respectively. While the 
*3/*3 and *2/*2 genotypes were identified in 0.8% and 2.0% 
of healthy volunteers, no fluvastatin-treated subjects were 
homozygous for these alleles, likely reflecting their smaller 
group size (Table 2). Overall, demographic characteristics 
of the patients in different genotype groups were compara-
ble, genotype frequency distribution did not show a signifi-
cant deviation from the Hardy-Weinberg equilibrium, and 
genotype frequencies were comparable to those published 
for other Caucasian populations (see Discussion). The ob-
served allelic frequencies and genotype distribution did 
not differ among healthy volunteers and patients on con-
comitant treatment or fluvastatin monotherapy (P=0.001), 
indicating that CYP2C9 polymorphism is not a predicting 
factor for hypercholesterolemia, assuming that genotype 
expression is age-independent. In our further analysis of 
genotype dependency of fluvastatin treatment we focused 
on the group of patients on fluvastatin monotherapy to ex-
clude any possible effects of drug-drug interactions.

Fluvastatin treatment caused no significant adverse 
effects and had a positive hypolipidemic effect

All related adverse effects were recorded during the course 
of the study. To facilitate detection of any previously undiag-
nosed diseases potentially complicating interpretation of the 
data, patients’ clinical biochemical indicators for liver func-
tion (ALT, AST, GMT, ALP), electrolyte balance and gen-
eral metabolism were examined before, during the study, 
and after at least 12 weeks of treatment with 80 mg dose of 

Fluvastatin all Fluvastatin monotherapy Healthy volunteers

Total number 87 48 254

Male 62 36 94

Female 25 12 160

Age span (years) 25–89 25–84 22–28

Average age (years) (mean ± SD) 59.8±11.8 58.3±11 24.6±1.4

Allelic frequency CYP2C9*2 9.8 11.4 12.2

Allelic frequency CYP2C9*3 5.7 6.2 5.9

Average number of concomitant drugs 4.1 3.0 –

Table 1. �Demographic and allelic frequency data for the subject groups involved in the study. All patients were fluvastatin naïve, and fluvastatin 
monotherapy patients group did not undergo any concomitant therapy.
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fluvastatin; they did not reveal any idiosyncrasy or abnor-
mal elevation of any markers or biochemical parameters. 
Fluvastatin was well tolerated by all participants – patients 
did not complain spontaneously, and fluvastatin treatment 
had no effect on the activities of creatine kinase at the ad-
ministered dose of 80 mg daily. To assess the efficacy of hy-
polipidemic therapy, the threshold limits were defined as 
follows: low-density lipoprotein cholesterol (LDL-C) levels 
between 2.2–3.4 mmol/l, serum total cholesterol (TC) levels 
between 3.83–5.2 mmol/l, and triglyceride (TG) levels be-
tween 0.68–1.69 mmol/l. After 12 weeks of fluvastatin mono-
therapy of hypercholesterolemic patients, their plasma lipid 
levels became significantly reduced (P<0.001, Table 3), dem-
onstrating the efficacy of the treatment. Triglyceride levels 
fell on average by 28.1% (ranging between 5.0–72.9%), TC 
by 21.5% (6.2–49.4%) and LDL-C by 25.0% (2.6–82.4%). 
Eighty-nine percent of patients reached more than 10% re-
duction in TG levels, 84% of patients reached more than 
10% reduction in TC, and 92% of patients reached more 
than 10% reduction in LDL-C.

CYP2C9 genotype and the hypolipidemic effect of 
fluvastatin treatment

We next investigated the correlation between the lipid-reg-
ulating effect of fluvastatin monotherapy and CYP2C9 geno-
type. Subjects carrying the *1/*3 genotype achieved a great-
er reduction in plasma levels of LDL-C than subjects with 
*1/*1 or *1/*2 genotypes (39.95% vs. 22.35% or 29.92%, 
respectively) with statistical significance of P<0.05 (Table 3). 
In addition, subjects bearing the CYP2C9*1/*3 genotype had 

slightly greater reductions in TC than *1/*2 or *1/*1 car-
riers (28.56% vs. 20.16% or 25.00%, respectively). In con-
trast, the reduction in plasma levels of TG did not show any 
correlation with CYP2C9 genotype, fluctuating around 28% 
in all genotype subgroups (see Table 3). No genotype-relat-
ed dependency was observed for high-density lipoprotein 
levels (data not shown).

The upper threshold for clinically normal levels of LDL-C 
(3.4 mmol/l) was reached by 87.5% of all fluvastatin mono-
therapy patients, and among these the allelic frequencies of 
CYP2C9*3 was 6.0% (5 heterozygous subjects) and the allel-
ic frequencies of CYP2C9*2 was 10.7% (9 heterozygous sub-
jects). The threshold for TC level (5.2 mmol/l) was reached 
by 60.4% of patients which the CYP2C9*3 was present in 8.6% 
cases (5 heterozygous subjects), and CYP2C9*2 was present 
in 15.5% cases (9 heterozygous subjects). Plasma concen-
tration of TG reached the threshold point (1.69 mmol/l) 
in 58.3% patients, of whom 7.1% carried the CYP2C9*3 al-
lele (4 heterozygous subjects) and 10.7% were carriers of 
CYP2C9*2 (6 heterozygous subjects). The number of pa-
tients that met the clinical threshold concentrations after 
the 12 weeks of treatment is detailed in Table 3. Despite 
the clear effects of CYP2C9*3 presence on the treatment-
induced reduction in LDL-C and TC levels, there was no 
statistically significant correlation between the CYP2C9 gen-
otype and the overall final clinical outcome of fluvastatin 
treatment, as judged by the treatment adjustment of plasma 
lipid levels to threshold ranges mentioned above. The dif-
ferences in the distribution of CYP2C9 genotypes between 
the groups of patients reaching and not reaching normal 

CYP2C9 genotype *1/*1 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3

Cytochrome P450 enzyme activity Normal Minor 
reduction

Moderate 
reduction

Moderate 
reduction

Moderate 
reduction

Very 
low

Healthy subjects 
(n=254)

No. 170 51 25 5 1 2

% 66.9 20.1 9.8 2.0 0.4 0.8

95% CI 61.14–72.71 15.15–25.00 6.18–13.51 0.26–3.67 0.00–1.16 0.00–1.87

All patients on fluvastatin 
(n=87)

No. 62 15 8 0 2 0

% 71.3 17.2 9.2 0 2.3 0

95% CI 61.75–80.77 9.30–25.18 3.12–15.27 0.00 0.00–5.45 0.00

Patients on fluvastatin 
monotherapy 

(n=48)

No. 33 9 4 0 2 0

% 68.7 18.8 8.3 0 4.1 0

95% CI 55.64–81.86 7.71–29.79 0.51–16.15 0.00 0.00–9.82 0.00

Allele frequency in 
Caucasians# % 65.3 20.4 11.6 0.9 1.4 0.4

Table 2. �Prevalence of the CYP2C9 genotypes among fluvastatin patients, patients on fluvastatin monotherapy and healthy volunteers in 
comparison to the published frequency data for Caucasians [8].
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plasma lipid levels were not statistically significant. In con-
clusion, CYP2C9 polymorphism indeed seems to have an im-
pact on the lipid-lowering efficacy of fluvastatin in hyper-
cholesterolemic patients, but this effect does not directly 
translate into clinically significant differences in individu-
als heterozygous for the *3 allele.

Discussion

Our study suggests that the CYP2C9*3 allele does partly influ-
ence the response to fluvastatin treatment in hypercholester-
olemic patients. We found that heterozygous CYP2C9*1/*3 
carriers had a greater reduction in plasma LDL-C levels 
than wild-type subjects. They also showed a greater reduc-
tion in TC, but this effect lacks statistical significance due 
to low allelic frequencies of CYP2C9*3. Both of these ef-
fects were specific to the CYP2C9*1/*3 carriers and were 
not found in CYP2C9*3/*2 patients (2 subjects). This find-
ing may just reflect the small sample size, or patient compli-
ance, or an interaction between *2 and *3. The CYP2C9*3 
allele-specific effects would be more pronounced in homo-
zygous CYP2C9*3/*3 subjects, but those were not found in 
our fluvastatin monotherapy patients due to their low fre-
quency and limited sample size in our study.

CYP2C9 polymorphisms occur at high frequency in most 
of the ethnic populations and the CYP2C9*3 allele is more 
frequent in Caucasian populations than in Asians (11.6% 
vs. 3.5%) and African Americans (4.3%). Among European 

nations, the frequency of CYP2C9*3 allele varies from 6% to 
10%: 10% in the Spanish [11], 9.5% in Croats [12], 9% in 
Italians [13], 8.5% in the British [14], 8.0% in French [15], 
6.7% in Russians [16], and 6.6% in Swedes [17]. Allelic fre-
quency of CYP2C9*3 in the Czech population (5.9%) falls 
at the lower margin of this range and does not differ be-
tween the fluvastatin-treated and the control groups [18]. 
The latter suggested that CYP2C9*3 itself is not a suscepti-
bility factor for hypercholesterolemic disease.

The lipid-lowering effect of fluvastatin among all 87 patients 
(irrespective of CYP2C9 genotype) in our study was com-
pared to the data presented by Novartis Pharma in Leskol 
XL prescribing information for physicians. Lipid-lowering 
data for Leskol XL (80 mg per tablet) from three 24-week 
controlled trials are as follows: LDL-C reduction by 35%, 
TC reduction by 25% and TG reduction by 19%, which cor-
responds reasonably well to the data obtained in our study: 
25%, 21% and 28%, respectively.

We did not detect any genotype-related increase in observed 
adverse events nor any abnormalities in creatine kinase activ-
ities, indicative of negligible adverse-effects of fluvastatin at 
the doses administered (80 mg daily). Fluvastatin is generally 
known for its high safety and low potential for interactions, 
and thanks to these qualities it is frequently and prefera-
bly administered to patients with medical history of trans-
plantations [19]. Because of the non-intervention design of 
our study, patients did not undergo any pharmacokinetics 

CYP2C9 genotype *1/*1 *1/*2 *1/*3 *2/*3 All

Number of subjects (n=33) (n=9) (n=4) (n=2) (n=48)

LDL-C

BL 3.83±0.98 4.09±0.89 3.17±0.55 4.51±0.06 3.86±0.95

FU 2.98±0.73 2.87±0.63 1.91±1.10 3.60±0.90 2.89±0.82

% 22.35** 29.92** 39.95* 20.29 24.96**

Number of subject below/above threshold 3.4 mmol/l 29/4 8/1 4/0 1/1 42/6

TC

BL 6.60±1.23 6.53±1.04 6.13±1.51 6.89±0.33 6.56±1.21

FU 5.27±0.95 4.89±0.81 4.38±0.86 5.87±0.64 5.15±0.96

% 20.16** 25.00** 28.56 14.80 21.48**

Number of subjects below/above threshold 5.2 mmol/l 16/17 8/1 4/0 1/1 29/19

TG

BL 2.43±1.97 2.08±0.53 2.23±0.89 2.16±0.41 2.34±1.68

FU 1.73±1.48 1.48±0.47 1.60±0.82 1.77±0.53 1.68±1.28

% 28.79** 28.53* 28.25 18.10 28.12**

Number of subjects below/above threshold 1.69 mmol/l 19/14 5/4 3/1 1/1 28/20

Table 3. �Plasma levels of low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), and triglycerides (TG) before (BL -baseline) and 12 
weeks of follow-up after (FU) fluvastatin treatment, in relation to CYP2C9 genotype in fluvastatin naïve and monotherapy patient group (48 
subjects at all). All lipid level values are in mmol/l and are represented as mean ± SD. P-value of significance in reduction from baseline to 
final follow up was * P<0.05, or ** P<0.001. The% reduction in levels (hypolipidemic effect) was calculated as follows:  
� 
% =  100*100






n

n

n
BL
n

FU

 ; where n = number of patients in a subgroup.
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testing, such as measurement of plasma concentrations of 
fluvastatin metabolites, to validate previous findings that the 
mean plasma levels of the active enantiomer of fluvastatin 
(single dose of 40mg) were 3-fold higher in the CYP2C9*3 
carriers than in non-carriers [9].

The metabolism of fluvastatin is well documented by in vitro 
studies. The racemic mixture of the active 3R, 5S-fluvastatin 
and its inactive 3S, 5R enantiomer is primarily metabolized 
to 5-hydroxy-, 6-hydroxy- and N-desisopropyl-fluvastatin by 
CYP2C9. This route accounts for about 50% to 80% of the 
total clearance, although alternative metabolic enzymes such 
as CYP3A4, CYP2C8 and CYP2D6 are also involved in forma-
tion of 5-hydroxy fluvastatin. However, the CYP3A4 may be 
a genetic determinant of interindividual differences in re-
sponse to certain statins (simvastatin, lovastatin, and atorv-
astatin), and hypolipidemic efficacy of fluvastatin is not de-
pendent on CYP3A4 [20]. The possible effect of SNPs of 
these CYP enzymes is likely to be concealed by the varia-
tion derived from compliance, diet, living condition of the 
patients, concomitant therapy and disease and other envi-
ronmental variables, and the central position of CYP2C9 
enzyme and its polymorphism in fluvastatin metabolism 
remains relevant.

Genetic variations in other genes can provide theoretical 
explanations for the interindividual variability of fluvas-
tatin treatment – from the genetic variation in the choles-
terol/lipid pathways and spatial arrangement of the recep-
tors to the transporters and other metabolizing enzymes. 
Fluvastatin transport in the human body is more complex 
than that of other statins because of its relatively high lipo-
philicity, which allows, at least partly, passive diffusion via 
the hepatocyte plasma membrane and increased absorption 
in the gut by transcellular passive diffusion [21]. In addi-
tion, numerous studies claimed that fluvastatin is not trans-
ported by the P-glycoprotein drug transporter [21–23], un-
like some other statins, but it rather seems to be a substrate 
for organic anion transporters OATP1B1, OATP1B3, and 
OATP2B1, which are rich in SNPs [24,25]. Some of these, 
especially OATP2B1, have been reported to play an impor-
tant role in statin uptake into hepatocytes and were impli-
cated in modulating the pharmacological action and effi-
cacy of fluvastatin [26]. Furthermore, it was reported that 
genetic polymorphism in cholesteryl-ester transfer protein 
could also be associated with variable lipid response to flu-
vastatin [22], and there are SNPs in other genes not explic-
itly associated with fluvastatin transport, metabolism or re-
ceptors that impact the efficacy of the treatment.

Conclusions

In conclusion, although the limited size of patient cohorts 
and the consequent absence of rare genotypes including 
CYP2C9*3/*3 homozygous subjects make our results pre-
liminary in nature, the study nevertheless suggests that the 
CYP2C9*3 allele might correlate with a better LDL-C low-
ering efficacy of fluvastatin.
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