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Abstract investigate the possible reasons for this drug
interaction.Background. Hyperlipidaemia is an important risk

factor for cardiovascular disease in renal transplant
recipients. The aim of this study was to test the efficacy Keywords: atorvastatin; cerivastatin; cyclosporin

A; cytochrome P450; hyperlipidaemia; renal trans-and possible drug–drug interactions of the new HMG-
CoA reductase inhibitors (statins) atorvastatin and plantation
cerivastatin in cyclosporin A (CsA)-treated renal
transplant patients.
Subjects and methods. Thirty patients with stable graft

Introductionfunction and LDL cholesterol of 130 mg/dl were ran-
domly assigned to active treatment groups (10 mg
atorvastatin or 0.2 mg cerivastatin), or a control group. High prevalence of combined hyperlipidaemia with
CsA blood trough levels were controlled on a weekly elevation of cholesterol and triglycerides contributes
basis and adapted if they changed more than 25% substantially to the high morbidity and mortality from
from baseline values (100–150 ng/ml ). Lipid levels and cardiovascular disease in patients after renal trans-
routine laboratory parameters before and after a plantation [1]. Renal transplant recipients usually have
treatment period of 3 months were compared. a variety of risk factors causing hyperlipidaemia, includ-
Results. In the group treated with cerivastatin no ing genetic predisposition, obesity, diabetes and
significant changes in CsA blood trough levels occurred immunosuppressive therapy with cyclosporin A (CsA)
(CsA 116±21 ng/ml vs 110±20 ng/ml ). In contrast, and corticosteroids [1–3]. Therefore a therapy with
in the group treated with atorvastatin, four of 10 HMG-CoA reductase inhibitors (statins) seems to be
patients had a rise in CsA blood trough levels of more attractive to reduce the hyperlipidaemia-related cardio-
than 25% within 7–14 days of starting therapy. In the vascular risks [3,4]. However, some safety problems in
remaining patients no significant changes in CsA drug transplant patients treated with CsA were reported,
levels occurred. After therapy with atorvastatin or relating to elevated drug levels of statins associated with
cerivastatin, total cholesterol, LDL cholesterol, and rhabdomyolysis [5–8] or impairment of renal function
triglycerides were significantly lower compared with due to elevated CsA blood trough levels in single cases
baseline conditions. No changes of CsA or lipoprotein [7]. As CsA and many HMG-CoA reductase inhibitors
levels were present in the control group. are metabolized by the same cytochrome P450 3A4
Conclusion. In our study population both statins were enzyme system (CYP3A4) in the liver, possible drug
very effective in lowering elevated LDL cholesterol interactions have to be expected during a combination
levels. Cerivastatin did not influence CsA blood trough therapy with CsA and statins [6 ]. Recently two new
levels, whereas atorvastatin increased CsA levels in synthetic statins, atorvastatin and cerivastatin, have
four of 10 patients. Further research in a larger study been tested in clinical trials in non-transplanted patients
is necessary in order to confirm these results and to and were proven to be effective in decreasing total

cholesterol as well as triglycerides [9,10].
Atorvastatin [9] is rapidly absorbed, with a max-
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cerivastatin were administered once a day in the evening fordrug. The highly protein-bound agent (>98%) is dis-
3 months. Group C was the control group without drugtributed to liver, spleen, and adrenal glands. The drug
treatment. All 30 subjects had a similar immunosuppressiveis metabolized by the CYP3A4 enzyme in the liver into
regimen (including CsA and corticosteroids) and antihyper-its pharmacologically active metabolites. The drug and
tensive therapy (Table 2). According to the pre-fixed criteria,its metabolites are primarily excreted in bile with a CsA blood trough levels were not allowed to rise more than

mean elimination half-life of about 14 h and an inhibit- 25% above baseline values (100–150 ng/ml ) during the treat-
ory activity of about 20 h, due to its active metabolites. ment with statins, otherwise the dosage of CsA had to be
Renal dysfunction does not alter the pharmacokinetics reduced. The clinical characteristics, co-medication, and pre-
of atorvastatin (Table 1). trial lipid profile of all patients are listed in Tables 2 and 3.

In both treatment groups there was a preponderance of maleCerivastatin [10,11] is rapidly absorbed, with 60%
patients (two females vs eight males), whereas in the controlbioavailability unaffected by food, age, or gender. The
group the gender distribution was the opposite (eight femalesplasma concentration peak is between 1 and 3 h. The
vs two males). As the problem with uneven gender distribu-99% protein-bound drug is predominantly distributed
tion was identical in the drug treatment groups, it did notand metabolized in the liver by CYP3A4 and
seem to be important for a comparative study between bothcytochrome P450 2C8 (CYP2C8) enzymes into two statins for their potential drug interaction with CsA.

major metabolites with less activity than the parent In all patients a routine clinical evaluation including the
compound. The metabolites are excreted in stool (70%) measurement of body weight and vital signs (blood pressure,
and urine (30%). The elimination half-life of this drug heart rate) was performed before, and on days 7, 14, and 28,
is 2–3 h. Renal dysfunction does not alter the pharm- and at 3 months after starting the therapy. At the same time

points blood samples were drawn after at least a 12-h fastingacokinetics of cerivastatin significantly (Table 1).
period to measure the following parameters: red and whiteIn this randomized, open-armed study including 30
blood cell count and thrombocyte count, liver enzymes,renal transplant patients under an immunosuppressive
creatine phosphokinase (CPK), serum creatinine, urea andregimen with corticosteroids and CsA, the efficacy,
electrolytes, total cholesterol and triglycerides, LDL-choles-short-term safety, and interaction profile of the new
terol, high-density lipoprotein (HDL) cholesterol, and CsAHMG-CoA reductase inhibitors atorvastatin and blood trough levels. In addition standardized, tolerability

cerivastatin were monitored [9,10]. and safety assessments were included.

Statistical analysis
Subjects and methods

Statistical differences were determined by the Mann–Whitney
U test, differences were considered significant at P∏0.05.Patients

Thirty stable renal transplant recipients participated in this Resultsopen-armed, randomized clinical study. All subjects were in
good condition as assessed by means of physical examination, According to our study design the pretreatment lipid
vital signs, and laboratory tests, and all patients gave their profile of all patients was abnormal, without any
written, informed consent for participation in the study. statistically significant differences between the groupsInclusion criteria were: stable graft function (serum creatinine

(Table 3). In the control group without any therapy<3 mg/dl for more than 6 months after renal transplanta-
(group C) no significant changes in the lipid profile,tion), first or second renal transplantation, no changes in
CsA blood trough levels or serum creatinine occurredCsA dosage or co-medication, and constant CsA blood
(Table 3).trough levels between 100 and 150 ng/ml, (Abbott assay

using monoclonal antibodies) within 3 months before study In contrast, in patients treated with cerivastatin
entry (Table 2). Low-density lipoprotein (LDL) cholesterol (group B), after 3 months of therapy total serum
levels had to be �130 mg/dl. Patients with coronary heart cholesterol (−32%), LDL cholesterol (−38%) and
disease or those who had had a myocardial infarction within triglyceride levels (−23%) were significantly lower than
the last 6 months were excluded. All patients received a low- at the beginning of the study (P∏0.05), whereas HDL
cholesterol diet when starting the therapy. Patients participat- cholesterol remained unchanged (Table 3). CsA blooding were allocated at random to the three groups of the

trough levels were constant over the whole study periodstudy. In group A 10 mg atorvastatin and in group B 0.2 mg
(changes <25%) and CsA dosage did not have to be
adapted in any patient of group B (Table 3).Table 1. Pharmacokinetics of atorvastatin and cerivastatin (revised

In the atorvastatin group (group A) total serumin [9,10])
cholesterol (−30%), LDL cholesterol (−42%) and
triglycerides (−23%) were significantly lower afterAtorvastatin Cerivastatin
therapy (P∏0.05) and in addition an increase in HDL
cholesterol (+10%) was documented (Table 3). A riseAbsorption Rapid Rapid
in CsA blood trough levels �25% of baseline valuesMaximum plasma levels (h) 1–2 2–3

Systemic availability (%) 12 60 occurred in four of 10 patients, all male (26–54%,
Protein bound (%) 98 99 Figure 1a–d), requiring a reduction of the CsA daily
Metabolism CYP3A4 CYP3A4, CYP2C8 dosage according to the study protocol. All four
Elimination Bile 70% Bile, 30% Urine

patients had significantly elevated CsA blood troughElimination half-life (h) 14 2–3
levels on day 7, the first time-point CsA blood levels
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Table 2. Characteristics of patients, immunosuppressive protocols, and antihypertensive therapy

Atorvastatin group cerivastatin group control group

Patients (n) 10 10 10
Female/male (n) 2/8 2/8 8/2
Age (years)±SD 52±14 51±11 49±14
Transplant life (months)±SD 55±34 42±30 72±38
Body weight (kg)±SD 71.7±13* 50.7±10* 70.3±14*
Smokers (n) 0 1 0
Methylprednisolone (mg/day) (n) 4 4 4
CsA (mg/day) 190±60 150±57 202±48
CsA (mg/kg body weight/day) 2.7±0.9 3.0±0.8 2.9±0.9
Artrial hypertension (n) 10 10 10
AT1 receptor blockers (n) 3 1 4
ACE inhibitors (n) 3 3 4
Loop diuretics (n) 7 8 4
Ca antagonists (n) 6 7 6
Beta blockers (n) 5 7 7
Alpha blockers (n) 2 1 1
Clonidine (n) 2 2 2

AT1-receptor blocker, angiotensin II receptor blocker; ACE inhibitors, angiotensin converting enzyme inhibitors; Ca antagonists, calcium
channel blocker; n, number of patients in group A, B or C. Other data are means±SD.
*P<0.05 comparing the atorvastatin group (A), cerivastatin group (B), and control group (C).

Table 3. Biochemical profile in 30 kidney-transplanted patients before and after 3 months of therapy (statins/diet or diet only)

Atorvastatin group Cerivastatin group Control group
Dose (10 mg/day) Dose (0.2 mg/day)

Before After Before After Before After

Total cholesterol (mg/dl ) 275±46 192±28* 305±23 207±39* 245±37 249±39
LDL cholesterol (mg/dl ) 185±47 106±28* 200±17 129±37* 169±51 172±57
HDL cholesterol (mg/dl ) 44±12 51±13 47±12 50±8 55±12 60±10
Triglycerides (mg/dl ) 205±73 158±83* 264±95 204±78* 156±51 163±57
Serum creatinine (mg/dl ) 1.2±0.6 1.22±0.5 1.8±0.5 1.55±0.4 1.4±0.6 1.4±0.6
CsA dosage (mg/day) 190±60 178±60 150±57 150±57 202±0.9 202±0.9
CsA blood level (ng/ml ) 112±11 121±28 116±21 110±20 121±18 133±23
CPK (U/l ) 35.7±15 41.7±16 23.4±4.4 28.6±7 36.5±14 34.7±8.5
AST (U/l ) 8.8±1.2 9.8±1.7 7.0±0.9 7.1±0.8 8.9±1.2 8.0±1.0
ALT (U/l ) 12.8±4.0 12.9±6.0 6.25±1.0 7.1±1.0 9.0±2.2 7.7±1.9

AST, aspartate aminotransferase; ALT, alanine aminotransferase; CPK, creatinine phosphokinase. Before, value obtained before the
treatment; After, value obtained after 3 months of treatment. Data are means±SD.
*P<0.05 as compared to baseline values.

were controlled after starting statin therapy. In these calcium-antagonists without showing any changes of
CsA blood trough levels.four patients mean CsA daily dosage was reduced from

211±40 mg before to 177±33 mg after starting atorva- In both groups treated with statins, serum creatinine
levels remained stable and further side-effects orstatin therapy, and accordingly CsA dosage per kg

bodyweight (bw) was lowered from 3.1±0.8 mg/kg bw changes in laboratory parameters did not occur. The
hypolipidaemic response of LDL cholesterol and totalbefore to 2.7±0.7 mg/kg bw after starting therapy.

The other six patients showed no relevant increase in cholesterol was similar to patients on atorvastatin and
cerivastatin (Table 3).CsA blood trough levels and remained on a mean

daily dosage of 2.4±0.9 mg CsA/kg bw. (Table 4).
Co-medication in the artorvastatin treated-patients was
very similar in both subgroups. However, three of the Discussion
six patients not showing any changes in CsA blood
trough levels were on AT1-receptor blockers and only Efficacy and short-term safety of atorvastatin andtwo patients on calcium antagonists, whereas charac- cerivastatin in CsA-treated renal transplant recipientsteristically all four patients of the atorvastatin group
that required reduction of CsA daily dosage received Cerivastatin and atorvastatin were very effective in

reducing total cholesterol, LDL cholesterol andcalcium antagonists. On the other hand, seven of ten
cerivastatin-treated patients also received different triglycerides in renal transplant recipients [9,10], with-
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(a) (b)

(c) (d)

Fig. 1. (a–d) Increase of CsA blood trough level and reduction of CsA dosage in patients Nos 1–4 after atorvastatin therapy. Shown are
CsA blood trough levels 3 months before until 28 days after starting atorvastatin therapy.

Table 4. CsA dosage (mg/day and mg/kg body weight/day) and CsA blood trough levels in the atorvastatin-treated patients (including
subgroups) before and 3 months after therapy

Atorvastatin group Atorvastatin group
6/10 patients 4/10 patients
(no drug interaction) (drug interaction)

Before After Before After

CsA dosage (mg/day) 179±75 179±75 211±40 177±33
CsA dosage (mg/kg body weight/day) 2.4±0.9 2.4±0.9 3.1±0.8 2.7±0.7
CsA blood level (ng/ml ) 109±15 124±28 114±9 122±27*

*After reduction of baseline CsA dosage (−17%).

out any difference between these two compounds. The in transplant patients has been described for the lipho-
philic statins simvastatin and lovastatin, and verytrend for atorvastatin in elevating HDL cholesterol

could be a drug effect itself [9] or due to possibly recently for atorvastatin [6,7,13], but the experience
with new agents such as atorvastatin or cerivastatin iselevated drug levels of atorvastatin caused by concom-

itant CsA therapy. Elevated atorvastatin levels have still very limited. Despite the lack of severe side-effects
of atorvastatin and cerivastatin in our patient popula-been described earlier for a combination therapy of

atorvastatin with other CYP3A4 substrates like itro- tion, our results about the safety profile of these drugs
should still be interpreted with caution because of theconazol or erythromycin [9,12]. In our study, both

statins were administered in a reduced dosage because small number of patients and the short treatment
periods.of safety concerns.

Despite four patients developing elevated CsA blood
trough levels after treatment with atorvastatin, no Drug–drug interactions of atorvastatin or cerivastatinfurther relevant side-effects were documented with with CsA in renal transplant recipientseither of the two statins. No significant changes in liver
enzymes, CPK, or serum creatinine levels occurred. Several different mechanisms of drug–drug interactions

between CsA and statins affecting the metabolism orThere was no evidence of myalgia or myopathy after
3 months of therapy, although according to the liter- excretion of each of these drugs have been discussed

in the literature [6,19]. First of all biliary excretion, anature there should be a higher risk for this specific
side-effect of statins especially in transplant recipients important way for elimination of statins, could be

reduced by concomitant CsA treatment [6,18]. Perhaps[6,13]. The undesirable side-effect of rhabdomyolysis
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more relevant are the drug interactions due to the P-glycoprotein may play an important role in net drug
absorption and drug–drug interactions of sharedintestinal and hepatic CYP3A4 enzyme system, as

both statins and CsA are metabolized in the cells by CYP3A4/P glycoprotein substrates [23].
In conclusion atorvastatin and cerivastatin are bothCYP3A4 and therefore compete for this enzyme system

in different tissues [9,10]. In addition, atorvastatin and highly effective drugs for the treatment of post-
transplant hyperlipidaemia. Due to the differentCsA, have another common pathway of detoxification,

namely the transport via the multidrug resistance gene pharmacokinetic properties of atorvastatin and cerivas-
tatin, renal transplant patients treated with CsA andproduct (MDR1), P-glycoprotein. Both drugs are

extruded out of intestinal, bile duct and hepatic cells atorvastatin seem to have an increased risk of drug-
interaction-induced variations in CsA blood troughby this transmembrane efflux pump [14,15,21].

The data of this study do not show any elevation of levels, compared with patients receiving CsA and ceriv-
astatin. Especially if co-medication with otherCSA blood trough levels after a 3-month therapy with

cerivastatin, which could be explained by the fact that CYPP3A4 substrates such as antibiotics or calcium
antagonists is necessary, CsA-treated transplant recipi-cerivastatin in comparison with CsA has a very low

binding affinity to CYP3A4 and was administered in ents should be monitored carefully for CsA blood
trough levels and possible toxic side-effects of thea low dosage. Our results are in agreement with those

of other drug–drug interaction studies using different different drugs. As the treatment of renal transplant
recipients with statins is necessary in many cases andCYP3A4 substrates (itraconazole, erythromycin, or

mibefradil ) together with cerivastatin [10,16,17]. might be even beneficial for the prophylaxis of chronic
rejection [24,29,30], long-term effects of atorvastatinAlthough serum levels of cerivastatin were not meas-

ured in our study, they are also not expected to be or cerivastatin should be investigated in a larger popu-
lation of kidney transplant patients.significantly higher, because cerivastatin can be metab-

olized by CYP3A4 and alternatively by CYP2C8,
which is not involved in the metabolism of CsA [16 ].

Acknowledgements. This work was supported by a grant from BayerDrug interaction studies with atorvastatin and other AG, Germany.
CYP3A4 substrates showed moderate to severe elev-
ated drug levels of atorvastatin and, in some cases, of
the concurrent drug as well [6,9,12]. Although the
affinity of atorvastatin to CYP3A enzymes is similar References
to that of cerivastatin, it has to be considered that the

1. Ong CS, Pollock CA, Caterson RJ, Mahony JF, Waugh DA,therapeutically effective serum levels of atorvastatin
Ibels LS. Hyperlipidemia in renal transplant recipients: naturalare 50-fold higher than the average cerivastatin serum history and response to treatment. Medicine, Baltimore, 1994;

levels. It should be noted that rhabdomyolysis in a 73: 215–223
2. Ballantyne CM, Podet EJ, Patsch WP et al. Effects of cyclospor-patient treated with atorvastatin and CsA was reported

ine therapy on plasma lipoprotein levels. JAMA 1989; 262: 53–56very recently [13]. Most case reports describing severe
3. Southworth MR, Mauro VF. The use of HMG-CoA reductaserhabdomyolysis in patients receiving statins show

inhibitors to prevent accelerated graft artherosclerosis in heart
co-medication with other CYP3A4 substrates, such as transplant patients. Ann Pharmacother 1997; 31: 489–491
macrolide antibiotics, ketoconazole or calcium antag- 4. Cheung AK, DeVault GA Jr, Gregory MC. A prospective study

on treatment of hypercholesterolemia with lovastatin in renalonists (mibefradil ) [25–27]. Drug–drug interactions in
transplant patients receiving cyclosporine. J Am Soc Nephroltransplant recipients receiving CsA are very complex,
1993; 12: 1884–1891as these patients are often treated simultaneously 5. Rehman MA, al-Sulaiman MH, Mousa DH et al. Effects of

with multiple drugs, which are metabolized by the simvastatin in hyperlipidemic renal transplant patients receiving
cyclosporine. Transplantation 1995; 60: 397–399cytochrome P450 enzyme system. In our study, all

6. Christians U, Jacobsen W, Floren SC. Metabolism and drugpatients with elevated CsA blood trough levels after
interaction of 3-hydroxy-3-methylglutaryl coenzyme A reductaseatorvastatin therapy received calcium antagonists as
inhibitors in transplant patients: are the statins mechanistically

co-medication. These drugs are well-known substrates similar? Pharmacol Ther 1998; 80: 1–34
of CYP3A enzymes and elevated CsA drug levels have 7. Meier C, Stey C, Brack T, Maggiorini M, Risti B, Krähenbühl S.
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