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Abstract Dyslipidaemia is more frequent in solid organ transplant recipients than in the
general population, primarily as a result of immunosuppressive drug treatment.
Both cyclosporin and corticosteroids are associated with dyslipidaemic adverse
effects. In order to reduce the overall cardiovascular risk in these patients, lipid-
lowering drugs have become widely used, especially HMG-CoA reductase inhib-
itors (statins). Cyclosporin, as well as most statins (lovastatin, simvastatin,
atorvastatin and pravastatin) are metabolised by cytochrome P450 (CYP)3A4, so
a bilateral pharmacokinetic interaction between these drugs is theoretically pos-
sible. However, results from several studies show that statins do not induce in-
creased systemic exposure of cyclosporin. A small (but not clinically relevant)
reduction in systemic exposure of cyclosporin has actually been shown in many
studies. Cyclosporin-treated patients on the other hand show several-fold higher
systemic exposure of all statins, both those that are metabolised by CYP3A4 and
fluvastatin (metabolised by CYP2C9). Therefore, the mechanism for this inter-
action does not seem to be solely caused by inhibition of CYP3A4 metabolism,
but it is probably also a result of inhibition of statin-transport in the liver, at least
in part.

Other lipid-lowering drugs, such as fibric acid derivatives, bile acid
sequestrants, probucol, fish oils and orlistat are also used in solid organ transplant
recipients. Most of them do not interact with cyclosporin, but there are reports
indicating that both probucol and orlistat may reduce cyclosporin bioavailablility
to a clinically relevant degree. There is no information on possible interaction
effects of cyclosporin on the pharmacokinetics of lipid-lowering drugs other than
statins, but it is not likely that any clinical relevant interference exists with fish
oil, orlistat, probucol or bile acid sequestrants.
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With the use of new and more powerful immu-
nosuppressive drugs acute rejection episodes and
early graft survival rates have significantly im-
proved in solid organ transplantation. Other fac-
tors, such as chronic rejection and cardiovascular
disease, have therefore become dominant factors
for overall patient and graft survival.[1] Dyslipidae-

mia is an independent risk factor for chronic car-
diovascular disease in the general population and
the incidence of post-transplant dyslipidaemia is
higher than in the general population. The use of
cyclosporin and corticosteroids, in particular, has
led to an increased incidence of post-transplant
dyslipidaemia.[2] No large prospective studies ex-



amining the effect of lipid lowering intervention
with hard cardiovascular endpoints have yet been
performed in solid organ transplanted patients.
Even though such hard end-point data do not exist,
the use of lipid lowering drugs, especially HMG-
CoA reductase inhibitors (statins), has increased in
transplant recipients.

The scope of the present review is not the lipid
lowering effect of these drugs but their pharmaco-
kinetic interactions with the widely used immuno-
suppressive drug cyclosporin. This interaction has
previously been shown to lead to severe adverse
effects, such as muscle toxicity, which in some
patients have lead to rhabdomyolysis and renal
failure when statins and cyclosporin were com-
bined.[3,4] Although this problem was first recog-
nised with the combination of lovastatin and
cyclosporin, all statins (with the exception of
fluvastatin) have been reported to induce rhab-
domyolysis in cyclosporin-treated patients.[4]

From the alternative perspective, alterations in
cyclosporin pharmacokinetics may induce under
immunosuppression (induction of cyclosporin
metabolism) or adverse effects such as nephrotox-
icity, hypertension, glucose intolerance and dys-
lipidaemia (inhibition of cyclosporin metabo-
lism).[5]

Most studies presented in the literature have not
been designed to investigate pharmacokinetic in-
teractions, but rather for the lipid-lowering effect
and/or safety. Most of these studies do not report
the area under the blood concentration versus time
curve (AUC) but only trough concentrations of
cyclosporin. The pharmacokinetic knowledge ob-
tained from these studies is limited since trough
concentrations show high variability, and a poor
correlation with AUC and the general efficacy of
cyclosporin. It is also important to recognise that
transplant recipients generally receive several dif-
ferent drugs and multiple pharmacokinetic interac-
tions are possible. It is therefore difficult to inter-
pret the pharmacokinetic results from these studies
for likely responsible mechanisms or the clinical
relevance. In this article, the pharmacokinetic in-
teractions between cyclosporin and lipid-lowering

drugs are reviewed from all published results, al-
though some studies are not primarily designed for
pharmacokinetic interaction investigation.

1. Statins

All statins, with the exception of pravastatin, are
almost completely metabolised before elimination.
The metabolism of atorvastatin, lovastatin and
simvastatin is primarily mediated by cytochrome
P450 (CYP)3A4,[6-8] while cerivastatin (now with-
drawn from the market) is subjected to metabolism
by both CYP3A4 and CYP2C8.[9] Pravastatin is
also in part metabolised by CYP3A4 but is mainly
subjected to several conjugation reactions[10,11]

and about 10% of an oral dose of pravastatin is,
unlike the other statins, excreted unchanged via the
kidneys.[12] Fluvastatin is also a CYP3A4 substrate
but it is primarily metabolised by CYP2C9.[13,14]

Since cyclosporin is also mainly metabolised by
CYP3A4, bilateral pharmacokinetic interactions
with all statins are theoretically likely to occur.
With the recently published studies, data are now
available for all statins and their pharmacokinetic
interactions with cyclosporin. However, a problem
with most of these studies is that an appropriate
control group without cyclosporin is lacking and
the systemic exposure of statins is instead com-
pared with healthy, often historical, controls.

There is an overlap for many drugs between the
affinity to CYP3A4 and the affinity to P-glycopro-
tein (P-gp),[15] and many of the drugs metabolised
via CYP3A4 are also transported via other mole-
cules such as organic anion transporting polypep-
tides (OATP).[16] The presence of increased sys-
temic exposure of statins when co-administered
with cyclosporin may, therefore, be due to either
transport interactions or inhibited CYP3A4 meta-
bolism, or a combination of these mechanisms. In
respect to this it should also be mentioned that
cyclosporin is highly bound to lipoproteins in
plasma and a general lipid-lowering effect will,
therefore, possibly alter its free fraction. Akhlaghi
et al.[17] have investigated the effect of simvastatin
on the free fraction of cyclosporin and found an
increase of about one third. Whether this is due to
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an interaction with simvastatin or is an effect due
to lipid lowering is not known. In addition, García-
Sáiz et al.[18] showed a weak association between
cyclosporin trough concentration/dose ratio and
cholesterol levels in some transplant recipients.

1.1 Lovastatin

Olbricht et al.[19] investigated the bilateral inter-
action between lovastatin and cyclosporin in 21
renal transplant recipients receiving lovastatin 20
mg/day for 28 days. Cyclosporin AUC0-∞ was un-
changed by addition of lovastatin to the treatment
regimen; however, lovastatin AUC0-24 was 20-fold
higher at day 28 compared with healthy historical
controls not receiving cyclosporin. Lovastatin also
showed an almost 90% increase in AUC0-∞ from
day 1 to day 28. This accumulation over time may
indicate that lovastatin clearance or distribution
volume are significantly affected in cyclosporin-
treated patients leading to a half-life closer to the
dose administration interval.

In a study including several different control
groups, Gullestad et al.[20] investigated lovastatin
AUC0-8 in both renal and heart transplant recipi-
ents. Six heart and five renal transplant recipients
on cyclosporin therapy, five renal transplant with-
out cyclosporin therapy, five psoriasis patients
treated with cyclosporin and eight non-cyclo-
sporin treated hypercholesterolaemic, but other-
wise healthy, controls were included in this study.
They all received lovastatin 10 mg/day over 10
days. The three groups of patients treated with
cyclosporin showed at least 5-fold higher
lovastatin AUC0-8 compared with those not treated
with cyclosporin, and heart transplant recipients
tended to have higher AUC0-8 compared with the
other cyclosporin-treated patients. There were no
available data on cyclosporin concentrations in
this study.

Traindl et al.[21] investigated 12 renal transplant
recipients who received lovastatin 20 mg/day for
6 months. Serum trough cyclosporin concentra-
tions were stable (numerical increase of about 4%)
during the study period; however, there is no infor-
mation on cyclosporin doses or possible dose ad-

justments during the investigation period.
Lovastatin concentrations were not measured in
this study.

1.2 Simvastatin

Arnadottir et al.[22] performed a controlled in-
teraction study in renal transplant recipients, in-
cluding five cyclosporin recipients and five who
did not receive cyclosporin. Simvastatin AUC0-24

was approximately 3-fold higher in the cyclo-
sporin-treated patients. Cyclosporin concentra-
tions were not reported in this study, but in another
study by the same group[23] there was no indication
that simvastatin 20 mg/day interfered with blood
cyclosporin concentrations. Campana et al.[24]

showed a 6-fold higher systemic exposure of
simvastatin in cyclosporin-treated patients when
comparing seven cyclosporin-treated heart trans-
plant recipients with seven non-transplanted pa-
tients. Trough cyclosporin concentrations in-
creased non-significantly by about 12% in this
study.

Rehman et al.[25] treated 20 renal transplant re-
cipients with simvastatin 10 mg/day for 6 months
(18 patients completed the trial) and reported that
trough cyclosporin concentrations remained in the
normal range, although no information regarding
dose adjustment was given. In addition, Martinez
Hernandez et al.,[26] Capone et al.,[27] Pflugfelder
et al.[28] and Vanhaecke et al.[29] did not find any
significant changes in trough cyclosporin concen-
trations in studies of similar design.

Akhlaghi et al.[17] studied 32 heart transplant
recipients for a period of at least 6 months who
were receiving simvastatin. Both the daily dose
and trough concentration of cyclosporin decreased
during the investigation period. Therefore, it is dif-
ficult to draw any definite conclusions regarding
any possible interaction effect of simvastatin on
cyclosporin pharmacokinetics. However, in a sub-
population of 12 patients, the same authors mea-
sured the free fraction of cyclosporin. Both the un-
bound fraction of cyclosporin and the apparent
clearance of cyclosporin were increased by co-
administration of simvastatin.[17] This may indi-
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cate that the clinical significance of this interaction
is low as long as the efficacy of cyclosporin is pro-
portional to its free concentration, which in this
situation would be relatively unchanged. The
mechanism responsible for this change in cyclo-
sporin pharmacokinetics could be a decreased
plasma lipoprotein binding as a result of the overall
lipid-lowering effect of simvastatin in these pa-
tients.

Lepre et al.[30] did not find any significant dif-
ferences in trough cyclosporin concentrations in
51 renal transplant recipients in a double-blind,
placebo-controlled trial with simvastatin.

1.3 Pravastatin

Castelao et al.[31] investigated the effect of
pravastatin treatment over 12 months in renal
transplant recipients. However, the daily dose of
cyclosporin was decreased during this period and
so trough cyclosporin concentrations were propor-
tionally decreased as well, therefore, no absolute
conclusions can be drawn regarding pravastatin in-
terference with cyclosporin pharmacokinetics.
Similarly, no significant change in trough cyclo-
sporin concentrations was present in heart trans-
plant recipients.[32] However, in these cyclosporin-
treated heart transplant recipients a significantly
increased systemic exposure of pravastatin was
present with the AUC0-∞ 23-fold higher than in
non-transplanted controls. Olbricht et al.[19] and
Park et al.[33] also showed a significantly higher
systemic exposure of pravastatin in cyclosporin-
treated patients (5- and 12-fold, respectively).
However, this higher pravastatin exposure was not
associated with an accumulation over the month of
administration. This may indicate that cyclosporin
mainly changes pravastatin pharmacokinetics in
such a way that does not influence its half-life to
any major degree. Either there is only a change in
bioavailability or the change in clearance or distri-
bution volume is not large enough to alter the half-
life to a degree required to induce an accumulation.
Olbricht et al.[19] reported a non-significant change
in cyclosporin AUC0-∞ (numerical decrease of
about 4%), while cyclosporin trough levels were

significantly decreased by about 15% in the study
by Park et al.[33]

1.4 Fluvastatin

Although not designed to investigate cyclo-
sporin pharmacokinetics in fluvastatin-treated pa-
tients, the study of Schrama et al.[34] showed that
five of nine heart transplant recipients and one of
ten kidney transplant recipients included in the
study reduced their daily cyclosporin doses after
introduction of fluvastatin to their drug regimen.
In accordance with this reduction of cyclosporin
dose, the cyclosporin AUC after 8 weeks of flu-
vastatin treatment was about 15% (nonsignificant)
lower. However, Holdaas et al.[35] did not find in-
dications to adjust the daily dose of cyclosporin in
14 renal transplant recipients treated with
fluvastatin 20–40 mg/day over 20 weeks. Trough
cyclosporin concentrations actually tended to be
lower when combined with fluvastatin treatment.
In a study of similar design Martínez-Castelao et
al.[36] found that dose adjustment of cyclosporin
was necessary in fluvastatin treated patients. In
contrast with these findings, neither Li et al.[37] nor
Hadjigavriel and Kyriakides[38] found any effect of
fluvastatin treatment on trough cyclosporin con-
centrations in studies on renal transplanted pa-
tients.

Goldberg and Roth[39] investigated systemic ex-
posure of fluvastatin in 20 renal transplant recipi-
ents. The patients received fluvastatin 20 mg/day
for 14 weeks and the AUC of fluvastatin was 200%
greater than that of healthy controls. These results
are supported by recent results showing 3.1 to 3.5-
fold higher AUC0-24 of fluvastatin in ten male heart
transplant recipients compared with ten healthy
male volunteers.[40] The trough cyclosporin con-
centration was not significantly changed over 4
weeks in these transplant recipients.

1.5 Atorvastatin

Demetriou et al.[41] investigated the effect of
atorvastatin 10 mg/day in 24 renal transplant recip-
ients. Neither daily dose nor trough cyclosporin
concentrations were changed during this 3-month
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study. However, Renders et al.[42] investigated the
effect of atorvastatin 10 mg/day over 3 months in
ten cyclosporin-treated renal transplant recipients.
Four of the ten patients had to reduce their cyclo-
sporin dose because trough cyclosporin concentra-
tions increased by more than 25%. These four
patients showed a small increase in trough concen-
tration, although the dose had been reduced by an
average of 17%. In the six patients who did not
adjust their dose, trough cyclosporin concentra-
tions were 13% higher compared with pre-treat-
ment values. This study indicates that atorvastatin
induces a potentially clinical relevant increase in
systemic exposure of cyclosporin, at least in some
patients.

However, Åsberg et al.[43] showed that the sys-
temic exposure of cyclosporin, measured as AUC0-12,
significantly decreased by about 10% in 21 renal
transplant recipients after 4 weeks of treatment
with atorvastatin 10 mg/day. However, this reduc-
tion in cyclosporin AUC is probably not of clinical
relevance. In this study the systemic exposure of
atorvastatin was also shown to be about 6-fold
higher in the cyclosporin-treated patients than in
historical controls not receiving cyclosporin.

1.6 Cerivastatin

Cerivastatin has been withdrawn from the mar-
ket because of a high incidence of adverse effects
compared with other statins. Mück et al.[44] inves-
tigated the effect of cerivastatin 0.2 mg/day, ad-
ministered to twelve renal transplant patients re-
ceiving cyclosporin and in controls not receiving
cyclosporin. The AUC0-12 of cyclosporin was not
significantly affected by cerivastatin co-adminis-

tration but showed a numerical decrease of about
10%. The systemic exposure of cerivastatin and
metabolites were also measured in this study.
Compared with healthy controls, the cyclosporin
treated renal transplant recipients had an approxi-
mately 4-fold higher cerivastatin AUC. Renders et
al.[42] investigated the effect of cerivastatin 0.2
mg/day over 3 months in ten cyclosporin-treated
renal transplant recipients, but found no significant
change in trough cyclosporin concentrations.

1.7 Statin Effects on Cyclosporin
Pharmacokinetics

The overall interpretation of the literature data
is that statins, regardless of whether they are pri-
marily metabolised by CYP3A4 or not, do not in-
teract with cyclosporin to a degree that is clinically
relevant. However, considering the narrow thera-
peutic range of cyclosporin and the high inter-
individual variability shown in these studies, it
could still be advisable to intensify the cyclosporin
monitoring at start of statin therapy or during dose
adjustments in transplanted patients. The literature
does not indicate any difference between different
types of solid organ transplantation, at least not
between heart and kidney transplant recipients.
However, most of the published studies only report
trough cyclosporin concentrations and the primary
aim in most of these studies has been to investigate
the lipid lowering efficacy and/or overall safety.
Selection of studies reporting AUC measurements
of cyclosporin without significant dose changes
during the study (table I)[19,43,44] indicate a numer-
ically small, but probably not clinically relevant,
decrease in systemic exposure of cyclosporin.

Table I. Interaction studies presenting effects on AUCs of cyclosporin when co-administrated with different statins. Changes in systemic
exposure of the respective statin are also given (clinical exposures of cyclosporin were comparable in all studies)

Study Statin Change in AUCCsA Change in AUCstatin (%) p-Value

Olbricht et al.[19] Lovastatin (20 mg/day for 28 days) ± +1900 Not tested

Olbricht et al.[19] Pravastatin (20 mg/day for 28 days) ± +400 Not tested

Mück et al.[44] Cerivastatin (0.2 mg/day for 7 days) ± +400 NS

Åsberg et al.[43] Atorvastatin (10 mg/day for 28 days) –9.5% +500 0.013

AUCCsA = area under the blood concentrations versus time curve of cyclosporin; NS = not significant; Statin = HMG-CoA reductase inhibitor;
± indicates no change.
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Only one of these studies actually shows a statisti-
cally significant reduction of cyclosporin AUC
(9.5 ± 18%).[43]

1.8 Cyclosporin Effects on Statin
Pharmacokinetics

A review of the literature reveals that the sys-
temic exposure of statins is several-fold higher in
cyclosporin-treated patients. The primary metabo-
lic pathway of the different statins does not seem
to be relevant for this interaction since all statins
have been reported to be subject to this interaction.
However, the major drawback with these interac-
tion studies is the lack of appropriate control
groups. Only one study[20] actually compared sys-
temic exposure of the statin (lovastatin) in cyclo-
sporin-treated with non-cyclosporin-treated trans-
plant recipients (azathioprine and prednisolone
immunosuppression). Although these non-cyclo-
sporin treated renal transplant recipients had a
longer post-transplant time, this is the best control
group presented so far. This study supports that the
increased systemic exposure of statins found in the
other studies, although only compared with non-
transplanted patients, is most probably caused by
an interaction with cyclosporin. Psoriasis patients
treated with cyclosporin also showed a comparable
increase in lovastatin exposure in this study by
Gullestad et al.[20] There was also a tendency for
higher exposure of the statin in heart compared
with renal transplant patients in this study. The lim-
ited number of patients may explain why this dif-
ference did not reach statistical significance. There
are no other indications from the literature that dif-
ferent types of solid organ transplantation affect
statin exposure differently.

Regardless whether a statin is primarily meta-
bolised by CYP3A4, they all show an increased
systemic exposure when cyclosporin is co-admin-
istered, in non-transplanted as well as transplanted
patients. Therefore, it is unlikely that this interac-
tion is due to inhibition of CYP metabolism. How-
ever, pravastatin may be less extensively affected
by cyclosporin co-administration. Olbricht et
al.[19] showed that there was no accumulation of

pravastatin over 28 days of drug administration,
whereas the lovastatin AUC had almost doubled at
day 28 compared with day 1. It is possible that the
more flexible elimination of pravastatin, including
both CYP metabolism and renal elimination of un-
changed and conjugated pravastatin, limits the in-
teraction potential of cyclosporin with pravastatin
compared with lovastatin.[19] Smith et al.[45] inves-
tigated lovastatin pharmacokinetics in a rat model
of cyclosporin-induced cholestasis. The metabo-
lism of cyclosporin was not changed in this study
indicating that the altered disposition of lovastatin
found was due to an effect on drug transport. An in
vitro study showed that the lactone forms of
atorvastatin, simvastatin and lovastatin, respec-
tively, inhibited P-glycoprotein (P-gp) transport in
a concentration-dependent manner.[46] However,
neither pravastatin or fluvastatin nor the acidic
forms of atorvastatin, simvastatin or lovastatin
showed any relevant P-gp inhibition. However, P-
gp transport interaction may explain the interaction
between cyclosporin and at least atorvastatin,
simvastatin and lovastatin as observed in clinical
studies. This finding is also in agreement with the
findings that pravastatin, and maybe also fluva-
statin, may show a different potential for cyclo-
sporin interference. Atorvastatin has also been
shown to inhibit P-gp transport in another in vitro
system.[47] In addition, other transporter molecules
may be involved in statin transport in different
compartments of the body. For example, most
statins have been shown to be transported by the
liver specific OAPT2 transporter (Human Hepatic
Organic Anion Transporting Polypeptide)[48] and,
in vitro, atorvastatin has also been shown to be
transported by the H+-monocarboxylic acid co-
transporter (MCT) in a CACO-2 cell line.[49]

An interaction with statin transport in the liver
may result in two different pharmacokinetic alter-
ations, both of which could explain the increase in
systemic exposure seen in vivo. First, since statins
are mainly distributed to the liver, a restriction of
the transport in the liver would give a significant
reduction of its distribution volume resulting in an
increase in plasma concentration. Alternatively, a
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decreased liver transport of statins may induce a
decreased intrinsic clearance by reducing avail-
ability to the metabolising enzymes and/or inhib-
iting excretion into the bile.

As discussed earlier by Olbricht et al.,[19] an-
other interesting finding, albeit with historical con-
trols, is that, although the systemic exposure of
statins is increased several-fold in cyclosporin-
treated transplant recipients, the lipid-lowering ef-
fect is the same and out of proportion to the in-
creased systemic exposure. In fact, atorvastatin
was not shown to induce any significantly different
lipid-lowering effect in renal transplant recipients
compared with the historical controls even though
the AUC0-24 of atorvastatin was 6-fold higher.[43]

This is consistent with a proposed transport inter-
action between cyclosporin and atorvastatin reduc-
ing the total distribution volume (and therefore in-
creasing the systemic exposure) by reducing
distribution to the liver. Such a restricted availabil-
ity to the liver may explain a relatively lower lipid-
lowering efficacy in this situation.

2. Fibric Acid Derivatives

Fibric acid derivatives (fibrates), such as
gemfibrozil, fenofibrate, bezafibrate and cipro-
fibrate, are generally well absorbed, show high
plasma protein (albumin) binding and are primar-
ily metabolised by CYP3A4. The metabolites are
primarily excreted by the kidneys. The pharmaco-
kinetic properties of fibric acid derivatives have
been reviewed by Miller and Spence.[50] Some re-
port an interaction between cyclosporin and fibric
acid derivatives but only trough concentrations
have been measured. Pisanti et al.[51] treated 40
renal transplant recipients with gemfibrozil for
several months, and neither the dose nor the trough
cyclosporin concentrations were changed to any
significant degree in these patients. No change in
trough cyclosporin concentrations was found in a
study of 48 heart transplant recipients treated with
gemfibrozil.[28] However, Fehrman-Ekholm et
al.[52] have shown cyclosporin concentrations to be
lower in renal transplant recipients when com-
bined with gemfibrozil. Significantly lower trough

cyclosporin concentrations have also been shown
in heart transplanted patients receiving fenofib-
rate,[53] although another report indicated no
change in cyclosporin concentrations during co-
administration with fenofibrate in this patient pop-
ulation.[54]

2.1 Effects on Cyclosporin Pharmacokinetics

Because of the lack of appropriate pharmacoki-
netic investigation of this topic, no clear conclu-
sions can be drawn regarding the interaction be-
tween fibric acid derivatives and cyclosporin. Both
a lack of interaction as well as decreased cyclo-
sporin concentrations have been reported. The
mechanism for a possible reduction of cyclosporin
concentrations has not been investigated but could
possibly be associated with a general lipid-lower-
ing effect rather than a CYP interaction.

3. Bile Acid Sequestrants

Bile acid sequestrants (resins) are highly
charged quaternary ammonium salts, which may
interfere with drug absorption as a result of non-
specific binding in the gastrointestinal tract. On the
basis of the chemical properties of cyclosporin no
significant direct interaction is expected and some
studies support this. Jensen et al.[55] investigated
the effect of cholestyramine 4g, given as a single
dose at noon, on cyclosporin concentrations in six
renal transplant recipients. Neither the trough con-
centrations nor the AUC of cyclosporin was signif-
icantly affected; however, the AUC was numeri-
cally increased by about 10%. In the studies by
Pflugfelder et al.[28] and Keogh et al.[56] no signif-
icant changes in cyclosporin concentrations were
found when given concomitantly with a bile acid
sequestrant.

4. Probucol

Probucol is a highly lipid soluble antioxidative
compound with poor absorption characteristics. It
is mainly eliminated through the bile and faeces.
There are indications from the literature that pro-
bucol inhibits cyclosporin absorption but the
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mechanism is not clear. Gallego et al.[57] per-
formed a withdrawal study in ten renal transplant
recipients. After a 5-week period on stable therapy,
probucol was withdrawn for another 5 weeks.
Trough cyclosporin concentrations were signifi-
cantly lower during probucol treatment. In agree-
ment with this, Wakasugi et al.[58] have reported
several cases with lower blood cyclosporin con-
centrations (about half) when probucol and cyclo-
sporin were co-administered. A study in a rat
model supports these findings and it seems that
such an interaction may be caused by interference
with cyclosporin absorption.[59] In this in vitro
study, probucol induced a 30% reduction in cyclo-
sporin AUC when cyclosporin was given orally but
no effect on cyclosporin concentrations was seen
when cyclosporin was administered intravenously.
No change in elimination half-life or distribution
volume was found in this study.

5. Fish Oils

Oil from cold-water fish show a high content of
polyunsaturated fatty acids. In particular, the ω-3
fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) found in such fish oil
extracts have been shown to reduce very low-
density lipoprotein cholesterol and triglyceride
levels.[60] Since cyclosporin is highly lipophilic, an
absorption interaction with fish oil is theoretically
possible. One group has conducted several studies
with fish oil in renal transplant recipients and pri-
marily found that fish oil does not affect cyclo-
sporin concentration differently from coconut
oil.[61,62] However, in one study they showed sig-
nificantly higher trough cyclosporin concentra-
tions in renal transplant patients receiving fish
oil.[63] However, these studies were all performed
with the old formulation of cyclosporin (Sandi-
mmun®1), and since the new microemulsion pre-
concentrate formulation (Neoral®) is less depend-
ent on dietary fat and bile acids for absorption,[64]

the effect of fish oil is probably less, if present at
all, with Neoral®.

6. Orlistat

Although it can be disputed whether or not or-
listat really is a lipid- and/or cholesterol-lowering
drug it reduced low-density lipoprotein (LDL)
cholesterol significantly more than in a control
population (not transplanted patients) and the ef-
fect on LDL-cholesterol seems to be independent
of overall bodyweight reduction.[65] Orlistat de-
creases the absorption of fat by inhibiting gastro-
intestinal lipases and has a low bioavailability
(3%). Therefore, an absorption interaction with
cyclosporin is possible since cyclosporin is de-
pendent on lipid absorption, especially the
Sandimmun® formulation.

Six case reports have been published so far, both
in heart and kidney transplant recipients. Nägele et
al.[66] showed a marked reduction in cyclosporin
AUC (cyclosporin administered as Sandimmun®),
from 2832 to 700 µg • h/L when co-administered
with orlistat. Moreover, le Beller et al.[67] showed
similar effects with cyclosporin administered as
Sandimmun® and trough cyclosporin concentra-
tions were more than halved during orlistat treat-
ment. This patient was switched to the Neoral® for-
mulation and apparently the effect of orlistat was
ameliorated. However, Schnetzler et al.[68] re-
ported a case of clinically relevant orlistat interac-
tion with cyclosporin administered as Neoral®.
Trough cyclosporin concentration was more than
halved in this patient. Errasti et al.[69] describes two
cases where the trough cyclosporin concentrations
(Neoral®) were almost halved in renal transplant
recipients during coadministration with orlistat.
One of these patients showed a reduced renal func-
tion after the incident, and the authors speculate
that this might be connected to the transient under
immunosuppression. In another renal transplant re-
cipient, orlistat has also been shown to decrease
trough cyclosporin concentrations even though the
administration of the two drugs were separated by
2 hours.[70]

1 The use of tradenames is for identification purposes only
and does not imply endorsement.
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These six case reports indicate that orlistat may
interact with cyclosporin absorption in a clinically
relevant manner. A randomised, crossover de-
signed study in 30 healthy volunteers supports the
hypothesis of an absorption interaction between
orlistat and cyclosporin.[71] All but one participant
showed a decrease in steady state cyclosporin con-
centrations with concomitant orlistat administra-
tion. Both AUC0-12 and Cmax were significantly re-
duced by an average of 30 and 24%, respectively.
Separating the dose of cyclosporin and orlistat by
3 hours did not alter the results. For the safety of
the healthy volunteers, the dose of cyclosporin was
only 50 mg/day in this study and this yielded
trough concentrations of 10–20 µg/L. However,
this is not supposed to influence the overall inter-
pretation of the results.

7. Conclusion

Since cyclosporin has a narrow therapeutic in-
dex in solid organ transplant recipients it is impor-
tant to be aware of all potential pharmacokinetic
interactions that may alter its systemic exposure.
Statins are the most widely used lipid-lowering
drugs and interaction studies have been performed
with all the different statins without showing any
clinically relevant changes in blood cyclosporin
concentrations. On the basis of studies measuring
trough cyclosporin concentrations it seems like
probucol almost halves the exposure of cyclo-
sporin when co-administrated. This is also sup-
ported by an experimental rat study. In addition,
orlistat has been shown to reduce the systemic ex-
posure of cyclosporin by more than 50% in several
case reports and by 30% in a crossover study in
healthy volunteers. The literature is conflicting re-
garding the effects of fibric acid derivatives on
cyclosporin pharmacokinetics and both unaltered
as well as significantly reduced cyclosporin con-
centrations have been reported. However, this in-
teraction has only been investigated using trough
cyclosporin concentrations, therefore, no clear
conclusions can be drawn from these results. Be-
cause of the chemical properties of bile acid
sequestrants, no interaction with cyclosporin is an-

ticipated and the literature supports this hypothe-
sis. Fish oils also seem to be without clinically rel-
evant interactions with cyclosporin in the old for-
mulation of cyclosporin (Sandimmun®).

Only statins have been investigated for the re-
verse interactions, that is cyclosporin interacting
with the pharmacokinetics of lipid-lowering drugs.
Since most statins as well as cyclosporin are me-
tabolised by CYP3A4 this is a possible interaction
mechanism between these drugs. All statins have
been investigated for this interaction and all statins
show significantly increased systemic exposure in
cyclosporin-treated patients, including fluvastatin,
pravastatin and cerivastatin, which have alterna-
tive elimination routes to CYP3A4. The interac-
tion of cyclosporin with statin pharmacokinetics
is, therefore, apparently not solely caused by inhi-
bition of CYP3A4. Experimental and in vitro stud-
ies may indicate that this interaction is due to, at
least in part, a transport interaction in the liver.
Both these interactions are possible but the relative
contribution to the overall interaction may differ
between statins.

In summary, the literature on the interaction of
lipid-lowering drugs with cyclosporin is generally
insufficient for definite conclusions to be made. In
the main, only trough cyclosporin concentrations
have been measured and since these are poorly cor-
related to the systemic exposure, which does
correlate with cyclosporin efficacy, it is not possi-
ble to draw clinically relevant conclusions from
these studies. With these limitations in mind, only
probucol and orlistat seem to interact with cyclo-
sporin to a significant degree that may be of clini-
cal relevance.

The effect of cyclosporin on lipid-lowering
drugs has only been investigated for statins. All
statins show a several-fold increase in the systemic
exposure in solid organ transplant recipients re-
ceiving cyclosporin as part of their immunosup-
pressive therapy. However, the controls in these
studies have not been optimal since it is difficult
to find transplant recipients not using cyclosporin
or another calcineurin inhibitor. This limits the
conclusions that can be made from these studies
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but it seems that cyclosporin-treated transplant re-
cipients should receive dosages of statins in the
lower dosage range. Several case reports reporting
rhabdomyolysis when using ‘normal’ dosages of
statins in cyclosporin-treated transplant recipients
supports this.
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