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Different effects of itraconazole on the pharmacokinetics of
fluvastatin and lovastatin
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Aims The effects of itraconazole on the pharmacokinetics of fluvastatin and
lovastatin, two inhibitors of HMG-CoA reductase with different pharmacokinetic
properties, were studied.
Methods Two separate randomized, placebo-controlled, cross-over studies, each
involving 10 healthy volunteers, were carried out. The general design was identical
in both studies. The subjects took either 100 mg itraconazole or matched placebo
orally once daily for 4 days. On day 4, 40 mg fluvastatin or 40 mg lovastatin was
administered orally. Plasma concentrations of fluvastatin, lovastatin, lovastatin acid,
itraconazole and hydroxyitraconazole were determined up to 24 h.
Results Itraconazole had no significant effect on the Cmax (190±124 ng ml−1

vs 197±189 ng ml−1 (mean±s.d.)) or total AUC (368±153 ng ml−1 h vs
324±155 ng ml−1 h) of fluvastatin compared with placebo. However, the t1/2,z of
fluvastatin was slightly prolonged by itraconazole (2.8±0.49 h vs 2.4±0.51 h;
P<0.05). The Cmax of lovastatin was increased about 15-fold (P<0.01) and the
total AUC more than 15-fold (P<0.01) by itraconazole. Similarly, the Cmax and
total AUC of lovastatin acid were increased about 12-fold (95% CI, 5.3 to 17.7-fold;
P<0.01) and 15-fold (95% CI, 4.6 to 26.2-fold; P<0.01) by itraconazole,
respectively. The t1/2,z of lovastatin averaged 3.7±3.8 h and that of lovastatin acid
4.7±4.0 h during the itraconazole phase; these variables could not be determined
in all subjects during the placebo phase.
Conclusions Itraconazole, even at a small dosage of 100 mg daily, greatly elevated
plasma concentrations of lovastatin and its active metabolite, lovastatin acid. Lovastatin
should therefore not be used concomitantly with itraconazole and other potent
CYP3A4 inhibitors, or the dosage of lovastatin should be greatly reduced while
using a CYP3A4 inhibitor. In contrast, fluvastatin concentrations were not
significantly increased by itraconazole, indicating that fluvastatin has much less
potential than lovastatin for clinically significant interactions with itraconazole and
other CYP3A4 inhibitors.
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inhibitors [5–8]. The cause of these interactions was at first
Introduction

unclear, but a recent in vivo study strongly suggests that
they result at least partly from inhibition of theFluvastatin and lovastatin are inhibitors of 3-hydroxy-

3-methylglutaryl-coenzyme A (HMG-CoA) reductase, the CYP3A4-mediated metabolism of lovastatin [9]. The aim of
the present study was to characterize the effect of itraconazolerate-limiting step in cholesterol synthesis, which are widely

used in the treatment of hypercholesterolaemia. Lovastatin on the pharmacokinetics of fluvastatin and, in particular, to
evaluate the hypothesis that fluvastatin is less liable tois an inactive lactone pro-drug which is hydrolysed in vivo

to lovastatin acid, a competitive inhibitor of HMG-CoA interact with CYP3A4 inhibitors such as itraconazole than
lovastatin.reductase [1]. However, the oxidative metabolism of

lovastatin is primarily mediated by CYP3A4 [2]. The
pharmacokinetics of fluvastatin differ considerably from
those of lovastatin; fluvastatin is not a pro-drug and it Methods
appears to be metabolized mainly by CYP2C9 [3, 4].

Concomitant use of lovastatin and, for example, cyclospor- Subjects
ine, erythromycin or itraconazole is associated with a

Ten healthy volunteers participated in the fluvastatin studyconsiderably increased risk of skeletal muscle toxicity, a rare
(five women and five men; age range, 20–25 years; weightbut potentially serious side-effect of HMG-CoA reductase
range, 54–85 kg) and 10 in the lovastatin study (two women
and eight men; age range, 19–24 years; weight range,Correspondence: Kari T. Kivistö, MD, Department of Clinical Pharmacology, University

of Helsinki, Haartmaninkatu 4, FIN-00290 Helsinki, Finland. 55–90 kg). All volunteers gave their written informed
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consent. They were determined to be healthy by a medical from 1 h after the last itraconazole dose on day 4 up to
25 h. Itraconazole and hydroxyitraconazole concentrationshistory, a physical examination and blood chemistry tests

(including blood haemoglobin, serum creatine kinase, were determined by h.p.l.c. as previously described [12].
The limit of quantification was 10 ng ml−1 for bothcreatinine and alanine aminotransferase) before entering the

study. None of them had continuous medications, with the compounds. The within-day CV was <10% for both
compounds at relevant concentrations. The between-dayexception of one and three females who were using oral

contraceptive steroids in the lovastatin and fluvastatin studies, CV was 2.1% (mean, 196 ng ml−1, n=10) for itraconazole
and 3.7% (mean, 198 ng ml−1, n=10) for hydroxyitracona-respectively.
zole. At a mean concentration of about 20 ng ml−1, the
between-day CV was <10% for both compounds (n=10).Study design

Two separate randomized, placebo-controlled, cross-over
Pharmacokinetics

studies with two phases, separated by a wash-out period of
3 weeks, were carried out. The general design was identical The pharmacokinetics of fluvastatin, lovastatin and lovastatin

acid were characterized, as appropriate, by peak concen-in both studies. The subjects were given either 100 mg
itraconazole (Sporanox, Janssen, Beerse, Belgium) or tration in plasma (Cmax), time to Cmax (tmax), area under

the plasma concentration-time curve (AUC) and eliminationmatched placebo orally once daily at 08.00 h for 4 days.
On day 4, 40 mg fluvastatin (one Canef 40 mg capsule, half-life (t1/2,z ). The terminal log-linear phase of the plasma

concentration-time curve was identified visually for eachAstra Ltd, Kirkkonummi, Finland) or 40 mg lovastatin (one
Mevacor 40 mg tablet, Merck Sharp & Dohme B.V., subject. The elimination rate constant (lz) was determined

by a linear regression analysis of the log-linear part of theHaarlem, Netherlands) was administered orally with 150 ml
water at 09.00 h, i.e. 1 h after the last dose of itraconazole. plasma concentration-time curve. The t1/2,z was calculated

from the equation: t1/2,z=ln 2/lz. The AUC values wereThe subjects fasted for 1 h before administration of fluvastatin
or lovastatin. A warm standard meal was served 4 h and a calculated by the trapezoidal rule, with extrapolation to

infinity by dividing the last measured concentration by lz.light standard meal 8 h after fluvastatin or lovastatin intake.
The subjects were not allowed to drink grapefruit juice or The lz for lovastatin and lovastatin acid could not be

accurately determined in all subjects during the placeboalcohol during the study days and the previous 24 h. The
study protocol was approved by the Ethics Committee of phase due to low plasma drug concentrations. For itracona-

zole and hydroxyitraconazole, the AUC (1,25 h) on day 4the Department of Clinical Pharmacology, University of
Helsinki, and the Finnish National Agency for Medicines. was determined by the trapezoidal rule.

Blood sampling and determination of plasma drug concentrations Statistical analysis

Results are expressed as mean values±s.d. or, in case ofOn day 4, a forearm vein was cannulated and timed blood
samples were drawn just before fluvastatin or lovastatin was tmax, as median with range. 95% confidence intervals (CI)

were calculated for selected variables. The pharmacokineticadministered and 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 h later.
The blood samples (10 ml each) were taken into tubes that variables between the two pretreatments (itraconazole and

placebo) were compared with a paired t-test (two-tailed).contained ethylenediaminetetra-acetic acid (EDTA). Plasma
was stored at −40° C until analysis. Plasma concentrations The Wilcoxon test was used for analysis of tmax. The data

were analysed with the statistical program Systat forof lovastatin and lovastatin acid were determined by high
performance liquid chromatography (h.p.l.c.), as previously Windows, version 5.0 (Systat, Evanston, USA). The level

of statistical significance was P<0.05.described [10]. Simvastatin was used as an internal stan-
dard. The limit of quantification was 2.5 ng ml−1 for both
compounds. The within-day coefficient of variation (CV)

Results
was 4.1% (mean, 9.9 ng ml−1, n=10) for lovastatin and
7.8% (mean, 10.1 ng ml−1, n=10) for lovastatin acid. The

Fluvastatin
between-day CVs were 6.0% (mean, 10.1 ng ml−1, n=4)
and 2.7% (mean, 48.1 ng ml−1, n=5) for lovastatin and Pretreatment with itraconazole had no significant effect on

the Cmax (190±124 ng ml−1 vs 197±189 ng ml−1) or total8.3% (mean, 9.4 ng ml−1, n=4) and 3.0% (mean,
50.6 ng ml−1, n=5) for lovastatin acid. AUC (368±153 ng ml−1 h vs 324±155 ng ml−1 h) of

fluvastatin (Table 1, Figure 1). The total AUC of fluvastatinFluvastatin concentrations were determined by h.p.l.c.
using automated solid phase extraction and fluorescence during the itraconazole phase relative to that during the

placebo phase averaged 1.27 (95% CI, 0.89–1.65). The t1/2,zdetection [11]. The limit of quantification for fluvastatin
was 0.4 ng ml−1. The within-day CV for fluvastatin was of fluvastatin was slightly prolonged by itraconazole

(2.8±0.5 h vs 2.4±0.5 h; P<0.05).4.3% at 0.49 ng ml−1 (n=6) and 2.4% at 43.6 ng ml−1 (n=
8). The between-day CV was 2.5% (mean, 21.3 ng ml−1,
n=8).

Lovastatin and lovastatin acid
To assess the comparability of plasma itraconazole and

hydroxyitraconazole levels between the lovastatin and Itraconazole considerably increased the plasma concen-
trations of both lovastatin and lovastatin acid, comparedfluvastatin studies, plasma itraconazole and hydroxyitracona-

zole concentrations were determined in all samples, i.e. with placebo (Table 1, Figure 2). The Cmax of lovastatin
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Table 1 The pharmacokinetic variables
of fluvastatin 40 mg (mean±s.d. or
median and range) in 10 subjects (study
I) and those of lovastatin 40 mg in 10
subjects (study II), following
pretreatment with placebo or 100 mg
itraconazole once daily for 4 days.

Mean ratio of
Placebo phase Itraconazole itraconazole to placebo

Variable (control ) phase (95% CI)

Study I: Fluvastatin
Cmax (ng ml−1) 197±189 190±124 1.33 (0.60–2.06)
tmax (h) 1.5 (0.5–3)† 1 (0.5–2)†
t1/2,z (h) 2.4±0.5 2.8±0.5*
Total AUC (ng ml−1 h) 324±155 368±153 1.27 (0.89–1.65)

Study II: Lovastatin
Cmax (ng ml−1) 4.0±1.3 50.3±38.2** 14.5 (6.8–22.2)
tmax (h) 2 (1–3)† 2.5 (1–4)†
t1/2,z (h) 2.6±1.6 3.7±3.8

(4 subjects)
Total AUC (ng ml−1 h) <15# 222±112** >14.8

Study II: Lovastatin acid
Cmax (ng ml−1) 5.3±2.4 51.5±37.4** 11.5 (5.3–17.7)
tmax (h) 4 (2–4)† 4 (3–6)†

t1/2,z (h) 6.1±3.2 4.7±4.0
(5 subjects)

Total AUC (ng ml−1 h) 34.0±36.5 291±172** 15.4 (4.6–26.2)

*Significantly different from the placebo phase, P<0.05. **Significantly different from the placebo
phase, P<0.01. †Median (range). #The mean total AUC of lovastatin during the placebo phase could
not be determined accurately but averaged less than 15 ng ml−1 h.
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Figure 1 Plasma concentrations of fluvastatin in 10 healthy
volunteers (mean±s.e. mean) after a 40 mg oral dose, following
pretreatment with 100 mg itraconazole (closed circles) or placebo
(open circles) once daily for 4 days.

was increased about 15-fold (P<0.01) and the total AUC
more than 15-fold (P<0.01) by itraconazole. The t1/2,z of
lovastatin averaged 3.7±3.8 h during the itraconazole phase,
but during the placebo phase it could be determined in only
four subjects (mean, 2.6 h) due to the low plasma lovastatin
concentrations.

The Cmax and total AUC of lovastatin acid were increased
about 12-fold (95% CI, 5.3-fold to 17.7-fold; P<0.01) and Time (h)
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15-fold (95% CI, 4.6-fold to 26.2-fold; P<0.01) by Figure 2 Plasma concentrations of lovastatin (a) and lovastatin
itraconazole, respectively. The t1/2,z of lovastatin acid was acid (b) in 10 healthy volunteers (mean±s.e. mean) after a 40 mg
4.7±4.0 h during the itraconazole phase; in the placebo oral dose of lovastatin, following pretreatment with 100 mg
phase, it could be determined in only five subjects, itraconazole (closed circles) or placebo (open circles) once daily

for 4 days.averaging 6.1 h.
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on CYP3A4, inhibition of CYP3A4 by itraconazole resultsItraconazole and hydroxyitraconazole
in greatly elevated plasma lovastatin concentrations, leading
to a corresponding increase in lovastatin acid levels. UnlikeThe mean plasma concentrations of itraconazole and its

active metabolite hydroxyitraconazole on the day of fluvas- lovastatin, fluvastatin seems to be metabolized primarily by
CYP2C9; CYP3A4 does not play a significant role intatin or lovastatin administration are shown in Figure 3. The

AUC (1,25 h) of itraconazole was 1921±849 ng ml−1 h fluvastatin biotransformation [3, 4].
Lovastatin has a low oral bioavailability due to incompletein the fluvastatin study and 2018±966 ng ml−1 h in the

lovastatin study and that of hydroxyitraconazole was absorption and extensive first-pass metabolism [13].
Considering that the Cmax and AUC of lovastatin and5497±2083 and 5557±2335 ng ml−1 h, respectively.

There was no significant difference in the AUC (1,25 h) of lovastatin acid were greatly increased by itraconazole, with
only a minor effect on their t1/2,z, as well as the fact thatitraconazole or hydroxyitraconazole between the two studies.
significant quantities of CYP3A4 are present in the gut wall
and liver, it is likely that the interaction between lovastatin

Discussion
and itraconazole results mainly from inhibition of the
CYP3A4-mediated first-pass metabolism of lovastatin.The results of this study demonstrate that plasma concen-

trations of the pro-drug lovastatin and its active metabolite, In a previous study, a 4-day pretreatment with itracona-
zole, 200 mg daily, increased the AUC of lovastatin andlovastatin acid, are greatly increased by a daily dose of

100 mg itraconazole. By contrast, itraconazole had no lovastatin acid about 20-fold [9]. One aim of the present
study was to evaluate the effect of a lower itraconazolesignificant effect on plasma fluvastatin concentrations.

However, the half-life of fluvastatin was slightly prolonged dosage, 100 mg daily, on lovastatin pharmacokinetics.
Although the lower itraconazole dosage appeared to have aby itraconazole, but this should not have any clinical

relevance. The increase in the total AUC of lovastatin acid slightly smaller effect on the plasma levels of lovastatin and
lovastatin acid, it also is associated with a clinically significantby itraconazole was, on an average, 15-fold, but showed

marked interindividual variation. Itraconazole appeared to risk of interaction with lovastatin.
Considering the marked effect of itraconazole 100 mghave a similar effect on the total AUC of lovastatin;

however, this interaction could not be accurately quantified, daily on plasma lovastatin and lovastatin acid concentrations
as well as its lack of effect on plasma fluvastatin, it is unlikelysince the lovastatin concentrations during the placebo phase

were often below the limit of quantification. that a clinically significant interaction would occur between
fluvastatin and higher dosages of itraconazole. In a recentThese results are in good agreement with the knowledge

of the biotransformation of lovastatin and fluvastatin. The study, AUC values for fluvastatin were about 2-fold higher
in hypercholesterolaemic renal transplant patients receiv-pro-drug lovastatin is partly hydrolysed to the active

metabolite, lovastatin acid; this metabolic pathway is not ing fluvastatin 20 mg day−1 concomitantly with cyclosporine
than in hypercholesterolaemic patients who had not under-dependent on the CYP enzymes. In contrast, formation of

the other major metabolites of lovastatin is catalysed by gone renal transplantation and were not receiving cyclospor-
ine [14]. However, this difference in the AUC of fluvastatinCYP enzymes, primarily by CYP3A4 [2]. Thus, although

the hydrolysis of lovastatin to lovastatin acid is not dependent observed between the two groups may be related more to
underlying diseases, such as decreased renal function, in the
transplant patients than to cyclosporine therapy. In any
event, it should be noted that apart from inhibiting CYP3A4,
cyclosporine and itraconazole may increase plasma concen-
trations of HMG-CoA reductase inhibitors and other drugs
by inhibiting P-glycoprotein mediated drug elimination
[15, 16].

Concomitant administration of the CYP3A4 inhibitors
cyclosporine and erythromycin has been shown to increase
the incidence and severity of the skeletal muscle toxicity of
lovastatin [5, 6, 8]. In addition, a severe case of rhabdomy-
olysis occurring in a patient receiving both itraconazole
(200 mg day−1) and lovastatin has been reported [7]. These
interactions probably result from the greatly elevated blood
and tissue concentrations of lovastatin acid; normally,
monotherapy with lovastatin is well tolerated due to the
low levels of lovastatin acid.Time (h)
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The biotransformation of the pro-drug simvastatin is
Figure 3 Plasma concentrations of itraconazole (open circles, similar to that of lovastatin [13] and it might therefore be
fluvastatin study; closed circles, lovastatin study) and

expected that simvastatin would also interact with itracona-hydroxyitraconazole (open triangles, fluvastatin study; closed
zole and other potent CYP3A4 inhibitors to a clinicallytriangles, lovastatin study) after intake of 100 mg itraconazole
significant degree. Indeed, several recent case reports indicateorally once daily for 4 days. Each curve represents mean±s.e.
that concomitant therapy with simvastatin and itraconazole,mean in 10 healthy volunteers. The time zero (0) refers to the
cyclosporine or other CYP3A4 inhibitors predisposes toadministration of fluvastatin or lovastatin (i.e. 1 h after the last

dose of itraconazole). myositis and rhabdomyolysis [17–20]. These case-reports
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