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Hypercholesterolemia is a common problem among transplant recipients. Despite package-insert warnings about the potential
side effects of the use of statins in patients with chronic liver disease, they are often prescribed for liver transplant recipients.
Unlike statins, ezetimibe acts through inhibition of enterohepatic recirculation of lipids. We report the effectiveness and safety
of ezetimibe among liver transplant recipients because this has been evaluated previously only in kidney and heart transplant
patients. A consecutive cohort of 25 liver graft recipients with serum low-density lipoprotein (LDL) levels � 100 mg/dL (2.5
mmol/L) after a mean (�standard deviation) of 55 � 21 months following liver transplantation received ezetimibe (10 mg orally
every day) for at least 6 months. Serum lipid profiles, liver and renal function tests, and dosages and blood levels of the
immunosuppression drugs at baseline, 3 months, and 6 months were prospectively collected. The overall mean age was 58 �
12 years, and 56% were males. Statin therapy and fibrates were already being used in 32% and 20% of recipients for elevated
LDL and/or triglycerides, respectively. The immunosuppression regimen included cyclosporine in 48% of subjects, tacrolimus
in 32%, sirolimus in 48%, and mycophenolate mofetil in 44%; only 12% were on oral prednisone with a maximum daily dose
of 5 mg. After ezetimibe was started, an 18% reduction in LDL values was observed [at baseline, 147 � 35 mg/dL (3.8 � 0.9
mmol/L), and at 6 months, 120 � 31 mg/dL (3.1 � 0.8 mmol/L); P � 0.010]. After 6 months, an additional 32% achieved the
target LDL level of �100 mg/dL. None of the remaining variables, including immunosuppression drug levels, varied significantly
during ezetimibe therapy. None of the subjects required adjustments in their pharmacological dosages. One discontinued
ezetimibe 3 months later because of cost, 2 subjects had minimal nausea, 1 subject had myalgias without a rise in
creatine phosphokinase, and 1 subject had a transient elevation (3-5 times) in liver enzymes from baseline with increases
in the total and indirect bilirubin levels. In conclusion, among liver transplant recipients, hypercholesterolemia can be
effectively treated with ezetimibe with few side effects and no interaction with immunosuppressive regimens. Liver
Transpl 15:504-508, 2009. © 2009 AASLD.
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After orthotopic liver transplantation (OLT) in the adult
population, between 16% and 43% of recipients will
develop hypercholesterolemia, and 40% will develop hy-
pertriglyceridemia, with the majority suffering from
mixed hyperlipidemia.1,2 The cause of post-OLT hyper-
lipidemia is multifactorial,2 but often immunosuppres-
sion drugs are the main offenders. Corticosteroids en-
hance appetite and caloric intake, contribute to obesity,

and enhance hepatic secretion of very low-density li-
poprotein and its conversion to low-density lipoprotein
(LDL). Calcineurin inhibitors, especially cyclosporine,
bind to the LDL receptors, thereby increasing circulat-
ing levels of LDL cholesterol.2 Mammalian target of
rapamycin inhibitors are also considered some of the
offenders for hyperlipidemia, especially at a high dos-
age.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
INR, international normalized ratio; LDL, low-density lipoprotein; OLT, orthotopic liver transplantation.
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Survival rates after solid-organ transplantation have
improved over the last 2 decades, with the majority of
OLT recipients surviving beyond 5 years. Reducing car-
diovascular risk is becoming increasingly important be-
cause many OLT recipients develop posttransplant
metabolic syndrome with increasing cardiovascular
events.3 Pharmacotherapy is necessary when dietary
modifications and lifestyle changes prove inadequate.4

Agents used to treat hyperlipidemia include 3-hydroxy-
3-methyl glutaryl-coenzyme A reductase inhibitors
(statins), bile acid sequestrants, niacin, fibrates, and,
more recently, an inhibitor of cholesterol absorption,
ezetimibe. The efficacy of pravastatin and atorvastatin
has been established in patients with hyperlipidemia
after liver transplant.1,5 Often, statins are considered
first-line therapy, but most may impact calcineurin in-
hibitors serum levels through the cytochrome P-450
system. Bile acid sequestrants are also avoided because
they affect the absorption of immunosuppression
drugs. Although newer formulations of niacin are better
tolerated, there is limited experience among liver trans-
plantation recipients.

Ezetimibe is a novel drug that inhibits the absorption
of dietary and biliary cholesterol without affecting
the absorption of triglycerides or fat-soluble vitamins.6

It has been used alone and in combination with
statins for patients affected by hypercholesterolemia.
Ezetimibe has been shown to be effective in patients
after heart and kidney transplantation, but there is a
lack of data for OLT recipients.7 Following our previous
study on the prevalence of metabolic syndrome and
hyperlipidemia among OLT recipients3 and the encour-
aging experience with ezetimibe in kidney transplant
recipients,8 ezetimibe was introduced for the treatment
of hypercholesterolemia in our patients after OLT. The
aim of this study was to assess the effectiveness and
safety of ezetimibe as monotherapy or in combination
with statins in adult OLT recipients with hyperlipid-
emia.

PATIENTS AND METHODS

Since our posttransplant metabolic syndrome study,3

hyperlipidemia has been managed aggressively in our
program. The first priority is to minimize prednisone
and discontinue it if possible. All patients are advised
on dietary changes and regular exercise according to
the recommendations of the Working Group on Hyper-
cholesterolemia and Other Dyslidemias.9 During a pa-
tient’s annual follow-up visit, lipid profiles are routinely
reviewed; an attempt is made to reduce sirolimus and
calcineurin inhibitors with consideration of conversion
of cyclosporine to tacrolimus in nondiabetic subjects as
per our previous study.10 In subjects with LDL � 100
mg/dL, statins are introduced. The 2 drugs of choice in
our program are pravastatin (starting daily dose of 10
mg) and fluvastatin (starting dose of 20 mg every sec-
ond day). Pravastatin is not significantly metabolized
via the cytochrome P-450 system, whereas fluvastatin
is water-soluble and has minimal interactions with cal-
cineurin inhibitors. The dose of statins is titrated up-

ward once every 3 to 6 months to achieve a target LDL
level of �100 mg/dL or until subjects develop intoler-
ance to statins. Since the publication of local experi-
ence with ezetimibe,8 all liver transplant recipients in
our program with elevated LDL � 100 mg/dL for more
than 12 months have been offered prescriptions for
ezetimibe.

Among 207 patients followed at the Atlantic Multi-
Organ Transplant Program in Halifax, Canada, 25 con-
secutive adult OLT recipients were identified during
their routine annual clinic visit who had elevated hy-
percholesterolemia (fasting serum LDL � 100 mg/dL)
and who received at least 1 dose of ezetimibe either as
monotherapy or in combination with a statin.

We conducted a retrospective analysis of all the data
extracted from the Atlantic Multi-Organ Transplant
Program database. These data included demographics,
immunosuppression regimen (including respective
dosages and blood immunosuppressive drug levels),
liver enzyme and function tests, serum creatinine, fast-
ing serum lipid profiles, lipid management regimens,
and ezetimibe dosage. All these routine blood tests had
been completed at baseline and then at 3 and 6 months
after the start of ezetimibe. The study was approved by
the Capital District Research Ethics Board (Halifax,
Canada).

Statistical analysis was performed with Minitab soft-
ware, version 14 (Minitab, State College, PA), with stan-
dard methodology, including the Student t test for con-
tinuous variables, �2 test for nonparametric data, and
analysis of variance whenever means at baseline, 3
months, and 6 months were being compared. A P
value � 0.05 was considered significant.

RESULTS

The baseline patient characteristics and their treat-
ment modalities are described in Table 1. The overall
mean age (�standard deviation) was 58 � 12 years with
56% males. Subjects were already on statins (32%) and
fibrates (20%) for high LDL and/or triglyceride levels.
The immunosuppression drugs were cyclosporine
(48%), tacrolimus (32%), sirolimus (48%), mycopheno-
late mofetil (44%), and prednisone (12%), but in the
latter group, the maximum dose was only 5 mg. The
ezetimibe dose was 10 mg/day in 92% of cases, with 2
subjects taking only 10 mg of ezetimibe every second
day. The reduced dose was initiated temporarily when a
study suggesting a possible interaction between cyclo-
sporine and ezetimibe was published.11

After ezetimibe was started, we observed an 11% re-
duction in total cholesterol levels from 236 � 46
mmol/L at baseline to 208 � 46 mmol/L at 6 months
(P � 0.022) and an 18% reduction in LDL cholesterol
levels from 147 � 35 mmol/L at baseline to 120 � 31
mmol/L at 6 months (P � 0.010). The remaining vari-
ables for the lipid profile did not show significant differ-
ences (Fig. 1). Furthermore, after 3 and 6 months of
therapy with ezetimibe, 28% and 32% achieved the tar-
get LDL level of �100 mg/dL, respectively. Of those who
achieved the target LDL level of �100 mg/dL, 62% had

EZETIMIBE IN OLT 505

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



been on stable doses of statins for at least 12 months.
During treatment with ezetimibe, no adjustments were
required in medication dosages. We observed no signif-
icant variations in immunosuppression drug levels.
There were no significant biochemical variations during
the ezetimibe therapy (Table 2).

One subject discontinued the drug 3 months later
because of cost, 2 subjects had grade 1 nausea,12 and
1 subject had myalgias without a rise in creatine phos-
phokinase. In 1 subject, 6 months after ezetimibe was
started, there was a transient 3-fold elevation in alanine
aminotransferase and aspartate aminotransferase and
a 5-fold elevation in alkaline phosphatase from baseline
that resolved spontaneously 2 weeks later without ad-

justments in medications. This was associated with a
rise in total and indirect bilirubin. The hepatic imaging
studies were nondiagnostic. Despite these biochemical
changes, this subject remained asymptomatic through-
out the event without long-term consequences.

DISCUSSION

Hyperlipidemia occurs in all solid-organ transplants,
but prevalence rates vary, being greatest for heart
transplant recipients and least for OLT recipients.13 As
in the general population, control of hyperlipidemia is
one of the cornerstones for management of cardiovascular
risk factors for recipients of solid-organ transplants. In
addition, in transplantation, hypercholesterolemia may
be associated with transplant vasculopathy, an unusu-
ally accelerated form of atherosclerotic disease.14 In car-
diac transplant recipients, graft vasculopathy takes the
form of de novo coronary artery disease; in renal trans-
plant recipients, vasculopathy manifests as chronic rejec-
tion. Some authors consider vanishing bile duct syn-
drome a manifestation of endothelial pathology in liver
grafts similar to what has been observed in cardiac and
renal transplants at the vascular level.14

Potential causes of hyperlipidemia in transplant re-
cipients include diet, genetic predisposition, and the
effects of immunosuppression drugs. Patients with

TABLE 1. Baseline Characteristics of the Patient

Population

Age (mean � standard

deviation) 58 � 12 years

Gender: male 14 (56%)
Duration post-OLT 55 � 21 months
Primary indication for OLT

Cryptogenic cirrhosis 9 (36%)
Hepatitis C virus 6 (24%)
Primary biliary cirrhosis 4 (16%)
Alcohol-related cirrhosis 2 (8%)
Miscellaneous 4 (16%)

Immunosuppression drugs (%
subjects on therapy): daily
dose

Cyclosporine (20%) 150 � 83 mg
Tacrolimus (68%) 2.5 � 1.3 mg
Sirolimus (52%) 2.8 � 1.6 mg
Mycophenolate mofetil (40%) 1050 � 438 mg
Prednisone (12%) 4.2 � 1.4 mg

Antilipid agents (daily dose
range)*

Atorvastatin (20-40 mg) 1 (4%)
Fluvastatin (10-20 mg) 4 (16%)
Pravastatin (10-40 mg) 2 (8%)
Rosuvastatin (10-20 mg) 1 (4%)
Fenofibrate (micronized; 200

mg)
5 (20%)

Lipid profile
Total cholesterol 236 � 46 mg/dL
Low-density lipoprotein 147 � 35 mg/dL
High-density lipoprotein 54 � 22 mg/dL
Triglycerides 195 � 321 mg/dL

Other cardiovascular risk
factors

Diabetes mellitus 16 (64%)
Hypertension 18 (72%)
Obesity (BMI � 30 kg/m2) 14 (56%)
Posttransplant metabolic

syndrome
20 (80%)

Abbreviations: BMI, body mass index; OLT, orthotopic
liver transplantation.
*All doses for antilipid agents were stable for at least 12
months before ezetimibe was started and throughout the
study period.

Figure 1. Lipid profile of liver transplant recipients treated
with ezetimibe.
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end-stage parenchymal liver disease often have low se-
rum cholesterol levels because of impaired hepatic syn-
thesis and lipid esterification,15,16 whereas serum cho-
lesterol may be high in cholestatic disorders17 when
parenchymal function is reasonably well preserved. Se-
rum triglycerides may be elevated in obstructive jaun-
dice and, less often, in parenchymal liver disease.17

Ezetimibe is the first lipid-lowering drug that inhibits
intestinal uptake of dietary and biliary cholesterol with-
out affecting the absorption of fat-soluble nutrients; it
was approved by the US Food and Drug Administration
in the fall of 2002 as therapy for hypercholesterolemia
in combination with a statin or alone. This drug is
rapidly absorbed and primarily metabolized in the
small intestine and liver to its glucuronide, with little
oxidative cytochrome P450–mediated metabolism.18

Ezetimibe and its glucuronide undergo enterohepatic
recycling and have a plasma half-life of approximately
22 hours in humans. Ezetimibe, the glucuronide me-
tabolite, or both are excreted in feces (90%) and urine
(10%).

The efficacy and safety of ezetimibe in the nontrans-
plant patient population with primary hypercholester-
olemia has been established in large studies.19

Ezetimibe has also been proven to provide complemen-
tary efficacy for the management of hypercholesterol-
emia by its addition to ongoing statin therapy20 as well
as its coadministration with a statin.21 Recently, the
results of the ENHANCE study were published, con-
firming the safety of the combination of ezetimibe and
simvastatin in further lowering LDL cholesterol.22 How-
ever, the combination was no more effective in reducing
atherosclerosis than simvastatin by itself. This negative
finding was felt to be related to the relatively short
duration of the study.

All trials that have examined the effectiveness and
safety in heart23,24 and kidney8,25,26 transplant pa-
tients have concluded that ezetimibe is well tolerated
and effective for the treatment of dyslipidemia in solid-

organ transplant recipients, especially those with statin
intolerance or resistance.

Statins are considered effective and safe in OLT pa-
tients.7 Despite package-insert warnings, statins are
used in chronic liver disease patients27 and liver trans-
plant recipients,7 but control is suboptimal because of
perceived adverse effects, especially by primary care
providers. This retrospective study reflects local expe-
rience with the use of ezetimibe in a limited number of
stable OLT recipients. Ezetimibe was shown to be effec-
tive in lowering LDL cholesterol, causing neither graft
dysfunction nor significant alterations in the biochem-
ical profiles of these subjects. There were also no ad-
justments required in the dosage of immunosuppres-
sion drugs because no significant variations were seen
in cyclosporine 2-hour peak or tacrolimus trough lev-
els. No serious adverse events were documented in the
first 6 months of therapy with ezetimibe in these recip-
ients. Although there have been rare case reports of
jaundice, these occurred in subjects receiving ezetimibe
together with multiple potentially hepatotoxic
drugs.28-31 In our case, we could not attribute to the
drug the transient cholestatic hepatitis with jaundice in
our patient 6 months after ezetimibe was started.

There were several limitations due to the retrospec-
tive nature of this observational study, relatively small
number of subjects, and short period of therapy. How-
ever, our findings are important as they provide evi-
dence that the use of ezetimibe helps this patient pop-
ulation reach its lipid goal with minimal adverse events.
The results observed in our population may provide a
safety net for physicians to consider ezetimibe either as
monotherapy or in combination with a statin for the
management of hyperlipidemia in OLT recipients. More
importantly, this study provides support for future
larger and long-term investigations of the role of
ezetimibe, with or without statins, in the control of
hyperlipidemia and reduction of cardiovascular risk in
OLT recipients.

TABLE 2. Biochemical Profile and Immunosuppression Drug Levels During Ezetimibe Therapy

Baseline 3 Months 6 Months P Value

ALT (IU/L) 52 � 43 50 � 37 69 � 124 0.669
AST (IU/L) 39 � 30 38 � 29 45 � 60 0.814
ALP (IU/L) 137 � 84 148 � 84 178 � 163 0.451
Bilirubin (�mol/L) 12 � 6 11 � 6 21 � 40 0.306
Albumin (g/L) 40 � 4 39 � 4 39 � 4 0.748
INR 1.0 � 0.2 1.0 � 0.3 1.0 � 0.3 0.808
Creatinine (�mol/L) 127 � 65 132 � 80 136 � 133 0.959
Cyclosporine (ng/mL)* 463 � 241 470 � 429 356 � 276 0.825
Tacrolimus (ng/mL)† 3.7 � 1.7 3.8 � 2.5 4.3 � 2.2 0.732
Sirolimus (ng/mL)† 5.8 � 3.2 4.4 � 2.0 7.5 � 4.7 0.180
Mycophenolate mofetil (ng/mL)† 3.4 � 3.1 1.2 � 0.6 0.8 � 0.3 0.096

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR,
international normalized ratio.
*Two-hour peak levels.
†Trough levels.
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