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ABSTRACT

~

Lowering serum cholesterol-levels reduces.the risk of
coronary-heart disease (CHD)-related events. Statins
are commonly prescribed as first-line treatment but
many patients at high-risk for'CHD still fail to reach their
cholesterol or low-density lipoprotein cholesterol (LDL-C)
goals with statin monotherapy.

National and international guidelines for the
prevention of CHD recommend the modification of
lipid profiles and particularly LDL-C [e.g. the National
Cholesterol Education Program Adult Treatment Panel
Il (NCEP ATP Ill; 2001) and Third Joint Task Force of
European and other Societies on Cardiovascular Disease
Prevention in Clinical Practice (2003) Guidelines]. Several
recent clinical trials indicated an added benefit from
aggressive lowering of LDL-C levels. Based on these
findings, the NCEP ATP Ill revised the LDL-C target from
< 100mg/dL (2.6 mmol/L) to < 70mg/dL (1.8 mmol/L)
(optional target) for very high-risk patients and
< 130mg/dL (3.4mmol/L) to < 100 mg/dL (2.6 mmol/L)
for moderately high-risk patients.

For patients who fail to achieve their LDL-C target,
inhibiting the two main sources of cholesterol — synthesis
and uptake — can produce more effective lipid lowering,
allowing more patients to reach their LDL-C goal.
Ezetimibe is a highly-selective inhibitor of cholesterol
absorption and simvastatin is an evidence-based inhibitor
of cholesterol synthesis. The LDL-C-lowering efficacy of
targeting both major sources of cholesterol with ezetimibe
plus simvastatin was demonstrated in several multicentre,
double-blind, placebo-controlled trials in patients with
hypercholesterolaemia. For patients who do not reach
their cholesterol goal with a statin, adding ezetimibe
10mg significantly reduces LDL-C compared with statin
monotherapy. Thus, this treatment option may help
patients reach the new ‘stricter’ cholesterol goals.

This review, based on a Medline database search from
January 2000 to August 2005, considers the LDL-C-
lowering efficacy of ezetimibe and discusses the role
of this agent for patients who fail to achieve guideline
cholesterol goals with statin monotherapy.

Introduction

Coronary heart disease (CHD) is the leading cause of
mortality and morbidity not only in the industrialised
world but also in developing countries'. Serum
cholesterol levels are a major modifiable risk factor for
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CHD and several primary and secondary prevention
trials confirmed that lowering serum cholesterol
reduces the risk of CHD-related events™".

There are two main sources of cholesterol in

the body: cholesterol synthesised by the liver and
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peripheral tissues and cholesterol absorbed/reabsorbed
by the intestine. Most of the cholesterol derived from
the intestines originates from the reabsorption of
cholesterol produced by the liver (approximately two-
thirds), with a small contribution from the absorption
of dietary cholesterol (approximately one-third), and
also from the sloughing of intestinal cells”. The liver
plays a central role in maintaining cholesterol homeo-
stasis'. In addition to cholesterol synthesis, the liver
receives most of the cholesterol that is absorbed
through the intestine and is the site for degradation
and excretion of cholesterol through the bile”. There
is also evidence that the plasma cholesterol level is
influenced by the efficiency of cholesterol absorption®.
A negative correlation was observed between the
amount of absorbed dietary cholesterol and cholesterol
synthesis'®. Thus, the efficiency of cholesterol absorp-
tion may have an important role in determining plasma
cholesterol levels.

Approximately 60-70% of the total serum
cholesterol is in the form of low-density lipoprotein
cholesterol (LDL-C)". Studies have shown that the
development and recurrence of CHD is related to
high plasma LDL-C levels'. Plasma concentrations of
LDL-C can be influenced by the amount of cholesterol
that is synthesised, the amount that is excreted and/or
the amount absorbed through the intestine".

Statins are the most widely used lipid-lowering drugs
and for patients who achieve target LDL-C levels
with statin monotherapy no further intervention is
required. These drugs partially inhibit the synthesis of
cholesterol in the liver by inhibiting hydroxymethyl-
glutaryl-coenzyme A reductase (HMG-CoA), a key
enzyme involved in the synthesis of cholesterol®.
Reduced cholesterol synthesis leads to an increase
in LDL-receptor expression in the liver and reduced
LDL-C levels in the circulation. The efficacy of statins
in lowering LDL-C and reducing morbidity and
mortality in patients with and without CHD is well

established”'*”". In primary or secondary prevention
trials, statin monotherapy was shown to reduce the
incidence of CHD-related events by 25-60% and the
risk of death from any cause by up to 30%°**'"'">, Most
recently, the results of a prospective meta-analysis of
data from over 90000 individuals who took part in one
of 14 clinical trials of statin therapy, supports the need
to consider long-term statin therapy aiming to achieve
substantial reductions in LDL-C levels”. The authors
reported a reduction in the 5-year incidence of vascular
events such as major coronary event and stroke of
approximately 20% for each 1.0mmol/L (40 mg/dL)
reduction in LDL-C”.

Despite their reported efficacy, approximately 60%
of patients taking statins do not achieve their cholesterol
goals (see Table 1 for current recommended cholesterol
treatment goals)”. This was confirmed in the Return on
Expenditure Achieved for Lipid Therapy (REALITY)
programme and in the European Action on Secondary
and Primary Prevention by Intervention to Reduce
Events (EUROASPIRE) studies, which demonstrated
that in clinical practice across Europe, there is a lack
of adequate lipid management™”. Under-treatment
is discussed in greater detail below. Thus, many
patients do not fully benefit from the reduced risk of
CHD resulting from lipid-lowering treatment. The
significant gap between guideline recommended
treatment goals and the lipid levels actually achieved
in clinical practice highlights the urgent need for
new management strategies, particularly for high-risk
patients.

As blood cholesterol levels are maintained through
cholesterol synthesis and intestinal absorption, a
‘dual inhibition’ strategy using two different LDL-C-
lowering drugs, a cholesterol absorption inhibitor plus a
statin in a single tablet, is an approach that is expected
to effectively lower cholesterol levels, particularly in
patients who fail to achieve their target levels with
statin monotherapy.

Table 1. Current recommended cholesterol treatment goals” and recommended modifications based on recent clinical trial
evidence (adapted from Grundy et al. 2004")

Risk category

LDL-C goal

NCEP ATP III 2004

High risk: CHD or risk-equivalents (10-year risk
> 20%)

Moderately high risk: 2+ risk factors (10-year risk
10-20%)

Moderate risk: 2+ risk factors (10-year risk < 10%)

Lower risk: 0-1 risk factors

< 100 mg/dL (2.6 mmol/L) (optional goal:
< 70mg/dL, 1.8 mmol/L)*

< 130mg/dL (3.4 mmol/L) (optional goal:
< 100 mg/dL, 2.6 mmol/L)*

< 130mg/dL (3.4 mmol/L)

< 160 mg/dL (4.2 mmol/L)

Third joint task force of European and other societies on cardiovascular disease prevention in clinical practice

< 5% 10-year risk of cardiovascular death
> 5% 10-year risk of cardiovascular death

< 115mg/dL (3.0 mmol/L)
< 100 mg/dL (2.6 mmol/L)

*Recommended modification
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Aims and literature search methodology

This review considers the evidence-base supporting the
LDL-C-lowering efficacy of ezetimibe and discusses
the current and potential role of this agent for patients
who fail to achieve guideline cholesterol goals with
statin monotherapy. Clinical trials were identified
through a search of the Medline database using the
terms ‘ezetimibe’ and ‘clinical trial’ for the period

January 2000-August 2005.

Treatment goals

Indications that patients were not reaching their chol-
esterol treatment goals came from the EUROASPIRE I
and II studies®. These studies assessed almost 7000
patients with established CHD for the prevalence
of modifiable risk factors. EUROASPIRE II showed
that, although the proportion of patients treated and
controlled with lipid-lowering drugs increased since
EUROASPIRE I, most patients with CHD treated
in specialist centres were still not reaching their
cholesterol goal.

To assess the level of goal attainment in patients
receiving lipid-lowering therapy in usual clinical
practice, the REALITY programme initiated a series of
observational studies™. These included almost 60000
patients in nine European countries, with treatment
goals defined according to national and international
guidelines. Results indicated that only 30% of all
treated patients achieved their cholesterol plasma level
goal in the first year of treatment™. In the Spanish
arm of the study > 70% of patients did not achieve
their LDL-C goal. REALITY confirmed that there is
a lack of adequate uptitration of statin dosage in lipid
management and that patients are failing to reach their
cholesterol goals across Europe”. Similar observations
have been reported in smaller studies across North
America””".

The threshold serum total cholesterol and LDL-C
concentrations above which diet and drug therapy
should be initiated have been defined by the National
Cholesterol Education Program (NCEP)¥. In 2001
the NCEP Adult Treatment Panel III (NCEP ATP III)
issued an evidence-based set of guidelines on cholesterol
management. These 2001 guidelines recommended a
target of < 100mg/dL (2.6 mmol/L) for very high-risk
patients, < 130mg/dL (3.4 mmol/L) for moderately
high-risk patients and < 160mg/dL (4.2 mmol/L) for
low-risk patients’. Other, more recent, guidelines,
including those published by the Third Joint Task Force
of European and other Societies on Cardiovascular
Disease Prevention in Clinical Practice® and the British
Hypertension Society (BHS IV) advocate broadly
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similar targets for LDL-C levels®. The European
guidelines recommend a target of 2.5mmol/L
(96 mg/dL) for patients with established cardiovascular
disease or diabetes™ while the British Hypertension
Society advocates an LDL-C target of < 2.0 mmol/L
(78 mg/dL)*.

Since the publication of NCEP ATP III report™ in
2001, five major statin trials have been published —
Prospective Study of Pravastatin in the Elderly at Risk
(PROSPER), Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial — Lipid
Lowering Trial (ALLHAT-LLT), Heart Protection
Study (HPS), Anglo-Scandinavian Cardiac Outcomes
Trial - Lipid Lowering Arm (ASCOT-LLA), and
Pravastatin or Atorvastatin Evaluation and Infection
Therapy — Thrombolysis in Myocardial Infarction
(PROVE-IT) - that addressed issues which had not
been examined in previous clinical trials®”***’. These
studies suggested that reducing LDL-C to targets below
those recommended at the time might be necessary to
obtain greater clinical benefit. PROVE-IT concluded
that in patients who have recently had an acute coronary
syndrome, intensive lipid-lowering treatment (with
atorvastatin 80 mg) provides greater protection against
death or major cardiovascular events when compared
with a standard regimen (with pravastatin 40mg)”. In
light of these new data, in 2004, the NCEP ATP III
updated their guidelines' and recommended that for
very high-risk and moderately high-risk patients there
should be a therapeutic option for physicians to reduce
target LDL-C goals to < 70mg/dL (1.8 mmol/L)
and < 100mg/dL (2.6 mmol/L), respectively. For
patients in lower-risk categories there were no changes
in treatment goals'®. The current NCEP ATP III
cholesterol treatment goals and their recommended
modifications based on recent clinical evidence are
shown in Table 1. The NCEP ATP III goals have been
supported by results from the Treating New Target
(TNT) study®. This trial compared the efficacy of
atorvastatin 80 mg (aimed at reducing LDL-C < 75 mg/
dL [1.9mmol/L]) and atorvastatin 10 mg (with a
target LDL-C of < 100mg/dL [2.6 mmol/L]) in 10001
patients with stable CHD followed up for 5 years.
Patients with the lower goal had a significantly reduced
incidence of major cardiovascular events compared
with patients with the higher LDL-C goal as their
target™. Thus, there is substantial evidence supporting
the concept that for circulating cholesterol levels

' There is also evidence from two

‘lower is better
trials (the Greek Atorvastatin and Coronary-Heart-
Evaluation study [GREACE] and the Aggressive Lipid
Lowering Initiation Abates New Cardiac Events study
[ALLIANCEY]) that treating to target by forced titration
with atorvastatin results in significant reduction in

clinically relevant vascular events***. In the GREACE
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trial, patients in the atorvastatin and ‘usual care’ groups
had comparable LDL-C levels at baseline [180mg/dL
(4.6 mmol/L) and 179 mg/dL (4.6 mmol/L), respect-
ively], but those in the atorvastatin group achieved a
significant reduction in LDL-C from baseline (46%;
p < 0.001) during treatment compared with a mean
reduction of 5% in the ‘usual care’ group. Moreover,
in the GREACE trial, 95% of patients treated with
atorvastatin achieved the NCEP ATP III LDL-C goal of
< 100mg/dL (2.6 mmol/L) and the lower the LDL-C,
the better was the outcome in terms of clinical event
reduction™’,

When considering the results of the statin studies
described above it should be noted that comparable
studies have not yet been reported for other lipid-
lowering agents and the option of a lower LDL-C
goal for high-risk patients is optional at present in the
NCEP ATP III guidelines.

Inhibiting the two sources of
cholesterol

To date, statin monotherapy has been the leading
treatment for hypercholesterolaemia and remains the
first-line choice for the majority of patients. However,
reductions in plasma cholesterol levels obtained with
statin monotherapy may have limits as a deficiency
in the supply of cholesterol from one major source
may be compensated for by increased activity of the
other pathway'*". The increase in side effects such as
liver abnormalities associated with the higher doses of
statins needed to achieve greater LDL-C reductions
may limit their clinical utility in a large proportion
of patients’*. In addition to inhibiting cholesterol
synthesis, hepatic cholesterol levels can be lowered
by reducing the intestinal absorption of cholesterol.
It follows that when both production and absorption
are inhibited simultaneously plasma LDL-C levels fall
more markedly”"™. In many therapeutic areas (e.g.
hypertension, diabetes, cancer, severe infections and
asthma) it is common practice to use a combination of
two (or more) agents that affect different physiological
pathways to achieve adequate control. This is why
several formulations include two drugs in one tablet.
This approach may also help with compliance, since
many high-risk patients need to take several drugs.
Ezetimibe, the first selective cholesterol absorption
inhibitor, is a potent inhibitor of dietary, intestinal
and biliary cholesterol absorption**. Several studies
suggest that ezetimibe binds to the brush border of the
small intestine. More specifically, ezetimibe binds to
the Niemann Pick C1-Like 1 (NPC1L1) protein, which
is believed to be involved in cholesterol absorption' ™.
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Ezetimibe was shown to inhibit > 50-55% of chol-
esterol absorption in patients with mild-to-moderate
hypercholesterolaemia®. Unlike pancreatic lipase
inhibitors, ezetimibe does not affect the absorption of
triglycerides and unlike bile-acid sequestrants, it does
not affect the absorption of fat-soluble vitamins or bile
acids™. Ezetimibe is not principally metabolised by the
CYP-450 pathway and, therefore, has a low potential
for clinically relevant drug interactions with commonly
prescribed drugs, including oral contraceptives®,
glipizide™, fenofibrate®*" or fluvastatin®. However,
there is a report suggesting that a lower dose of
ezetimibe may be necessary in patients taking
ciclosporin®. This is an important consideration for
patients with co-morbidities’ . As a large proportion
of the cholesterol in the intestine is derived from
biliary secretion'!, ezetimibe can be very effective
in lowering cholesterol, even in patients on low-
cholesterol diets.

A ‘dual inhibition’ strategy of inhibiting both syn-
thesis and absorption using ezetimibe and a statin
has the advantage of influencing both major sources
of cholesterol gain (Figure 1)*. The benefits of ‘dual
inhibition’ have been demonstrated with ezetimibe
plus a statin in several large multicentre, double-blind,
placebo-controlled trials in patients with hyperchol-
esterolaemia. In a recent study®, 788 patients with
primary hypercholesterolaemia were randomised to
ezetimibe 10 mg plus simvastatin 10, 20, 40 or 80mg
or atorvastatin monotherapy 10, 20, 40 or 80 mg over
a 6-week period. After 6 weeks, the mean decrease in
LDL-C was significantly greater for ezetimibe 10 mg
plus simvastatin 10mg compared with atorvastatin
10mg alone (-46.1% vs. -37.2%, respectively;
P <0.001). After 4 weeks of therapy, ezetimibe 10mg
plus simvastatin 80 mg was significantly superior
to atorvastatin 80mg for LDL-C decrease (-59.4%
vs. =52.5%, respectively; p < 0.001). All treatments
were well tolerated®” (Figure 2). Furthermore, a
significant improvement in vascular function during
statin—ezetimibe combination therapy compared with
statin monotherapy has recently been reported®,
suggesting a more effective restoration of endothelial
function.

Reaching treatment goals

The introduction of the new lower treatment goals
recommended by the NCEP ATP III', will result in an
increased number of patients not on target. This group
will include patients on statin monotherapy, those who
cannot tolerate higher doses of a statin and patients
who cannot tolerate any statin.

© 2006 LIBRAPHARM LTD - Curr Med Res Opin 2006; 22(3)
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Figure 1. Dual lipid-lowering action: mechanism of action for statins and ezetimibe
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Figure 2. Efficacy and safety of ezetimibe co-administered with simvastatin compared with atorvastatin in adults with
hypercholesterolaemia. Mean change in low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) for ezetimibe plus simvastatin versus atorvastatin, (a) decrease in LDL-C, (b) increase in HDL-C”,
(Reprinted from Ref. 43. ©2004 with permission from Excerpta Medica, Inc.)
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Patients who do not reach their
cholesterol goal with statin monotherapy

The success of statin dose titration is limited, as most
LDL-C reduction is achieved with the starting dose.
In fact, doubling the dose of a statin only provides
an approximate 6% additional reduction in LDL-C
— the ‘rule of six’*". In a prospective study by Foley
et al., patients with CHD were treated with a statin,
followed by dose titration to achieve an LDL-C goal
of < 100mg/dL (2.6 mmol/L); only 31% achieved their
goal within 6 months of starting treatment”. While
statins are well tolerated and adverse events are rare,
the potential for side effects such as myotoxicity rises
with the increase in dose used®.

A marked increase in adverse events and dis-
continuations because of them during high-dose statin
therapy was recently reported in the Incremental
Decrease in End Points Through Aggressive Lipid
Lowering (IDEAL) study in almost 9000 adults with
a history of acute myocardial infarction®. In this study
patients received either high-dose atorvastatin (80mg/
day) or ‘usual dose’ simvastatin (20 mg/day). Some
patients in this trial were taking atorvastatin 40 mg or
simvastatin 40mg. There was no difference between
the treatment groups with respect to the primary
endpoint of the study — occurrence of a major coronary
event — although mean LDL-C levels were markedly
lower in the high-dose statin group (81 mg/dL
[2.1 mmol/L] in the atorvastatin group vs. 104 mg/dL
[2.7mmol/L] in the simvastatin group) but there were
significant differences in favour of the more aggressive
treatment on a number of the secondary endpoints
including the occurrence of non-fatal myocardial
infarction®. However, significantly more patients in
the atorvastatin group discontinued treatment due to
non-serious adverse events; transaminase elevations
alone accounted for withdrawal of 43 patients from
the atorvastatin arm compared with 5 patients in the
simvastatin arm (p < 0.001)*.

So far, there is no convincing evidence showing that
ezetimibe monotherapy can cause rhabdomyolysis.
However, some cases have been reported in patients
receiving combined statin and ezetimibe therapy
and rarely among patients receiving ezetimibe mono-
therapy; as with all recently introduced drugs caution
must be exercised”™*.

Combining other lipid-lowering agents such as
bile acid sequestrants, fibric acid derivatives and
niacin with statin therapy is an additional strategy for
further reducing LDL-C levels. Bile acid sequestrants
and niacin, when combined with statins, have been
reported to reduce LDL-C by an additional 7-20%
and 42% (in one study), respectively” ™. In a review of
clinical trials, where fibrates were co-administered with
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statins, LDL-C was lowered by an average of 30% from
baseline’. However, the efficacy of these combinations
is limited by increased potential for non-adherence,
adverse events and drug-drug interactions’""”.

A large number of trials demonstrated the benefit of
adding ezetimibe to other lipid-lowering drugs (Table
2). In a community-based, randomised clinical trial, the
Ezetimibe Add-on to Statin for Effectiveness (EASE)
trial, involving > 3000 patients with LDL-C above the
NCEP ATP III target by risk category, the efficacy of
ezetimibe 10 mg with a stable dose of five different
statins was evaluated. Ezetimibe co-administered with
any statin reduced LDL-C by an additional 23% (p =
0.001) compared with a statin plus placebo. Of the
total population, ezetimibe co-administered with a
statin allowed 71% of patients to reach their cholesterol
goal versus 20.6% for statin plus placebo (p = 0.001).
Of patients with > 2 CHD risk factors, ezetimibe co-
administered with a statin allowed 75.1% of patients to
reach their cholesterol goal versus 32.2% for statin plus
placebo (p = 0.001)". In a recent randomised study
in patients with hypercholesterolaemia and CHD, the
addition of ezetimibe 10mg to ongoing atorvastatin
therapy 10mg or 20mg led to a mean reduction in
LDL-C from baseline of 31.1% compared with 4.2%
for placebo (p £0.001); in 81.3% of patients in the
combination therapy group achieved an LDL-C
goal of <2.6mmol/L (100mg/dL) compared with
21.8% of patients in the atorvastatin monotherapy
group (p <0.001)”. In a similar study also conducted
in patients with hypercholesterolaemia and CHD,
ezetimibe 10 mg plus simvastatin 10mg or 20myg,
resulted in a 27.1% mean reduction in LDL-C from
baseline compared with 4.1% for placebo added to the
statin (p < 0.001 for both doses)”. In this study 80.4%
of patients in the combination therapy group achieved
an LDL-C goal of < 2.6 mmol/L (100 mg/dL) compared
with 17.4% of those receiving simvastatin monotherapy
(p <0.001)”. In a randomised study in patients with
hypercholesterolaemia with LDL-C > 130mg/dL
(3.4mmol/L), ezetimibe 10 mg co-administered with
rosuvastatin 10 mg significantly reduced mean LDL-C
compared with rosuvastatin alone after 2 weeks
of treatment (-61.4% vs. —44.9%, respectively;
P <0.01)". A similar study, in which ezetimibe 10mg
was added to the current statin regimen, showed that
the addition of ezetimibe resulted in a further 21%
reduction in LDL-C with 71.5% of patients achieving
their LDL-C goal compared with 18.9% of those on
statin only (p < 0.001), suggesting that equivalent
effects can be produced regardless of the statin’. In
a retrospective subgroup analysis of this trial, 83.6%
and 71.8% of patients with diabetes mellitus or the
metabolic syndrome, respectively, achieved their
LDL-C goal (p <0.001)”°. Most recently in a study
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in which switching from atorvastatin monotherapy
(10mg/day) to ezetimibe/simvastatin (10/20 mg/day)
was compared to doubling the dose of atorvastatin
in hypercholesterolaemic patients with atherosclerosis
or coronary heart disease, combination therapy
produced significantly greater decreases from
baseline compared with atorvastatin monotherapy in
LDL-C (-32.8% vs. =20.3%, respectively; p <0.001),
total cholesterol (-20.3% vs. —=13.0%; p < 0.05),
non-high density lipoprotein cholesterol (HDL-C)
(=27.9% vs. =17.0%; p < 0.05), apolipoprotein (apo)
B (-23.4% vs. —=14.7%; p < 0.05) and an increase in
HDL-C (+1.8% vs. 0.4%; p < 0.05)".

Patients with CHD are more likely to reach their
cholesterol goals with ezetimibe co-administered with
simvastatin than with statin monotherapy. In a parallel-
group study by Feldman et al., 710 patients with CHD
or CHD risk-equivalents were randomised to ezetimibe
10mg co-administered with simvastatin 10, 20 or 40mg
or simvastatin 20mg alone. After 5 weeks of treatment
the percentage of patients achieving the LDL-C goal
of < 100mg/dL (2.6 mmol/L) was significantly greater
for patients treated with ezetimibe plus simvastatin
10, 20 or 40mg (75%, 83% and 87%, respectively)
compared with simvastatin 20 mg alone (46%; p < 0.001
for all three comparisons). Ezetimibe co-administered
with simvastatin was well tolerated in this high-risk
population and had a favourable safety profile™.

The long-term safety and tolerability of ezetimibe
plus atorvastatin was assessed in a 12-month, double-
blind, extension study in patients with hyperchol-
esterolaemia”. In this study patients were randomised
to ezetimibe 10 mg or placebo co-administered with
open-label atorvastatin 10 mg. At intervals of 6 weeks,
patients not at their cholesterol goal (22% of patients
in the atorvastatin group, 9% of patients in the
atorvastatin plus ezetimibe group) were titrated to
the next highest atorvastatin dose (20, 40 or 80mg).
After 6 weeks of treatment, ezetimibe plus atorvastatin
10mg produced greater reductions in LDL-C
compared with atorvastatin 10 mg monotherapy (-53%
vs. —37%, respectively). These effects were maintained
over the 12-month study period. At study endpoint,
91% of the patients treated with co-administration
therapy reached their cholesterol goal versus 78% of
patients treated with atorvastatin monotherapy (p =
0.02). Patients treated with ezetimibe plus atorvastatin
and those treated with atorvastatin monotherapy
reported a similar incidence of adverse events (71%
vs. 67%) and treatment-related adverse events
(22% vs. 27%)".

There are few data at present on the efficacy of
the simvastatin—ezetimibe combination as opposed to
other possible combinations in patients intolerant to
statin monotherapy.

© 2006 LIBRAPHARM LTD - Curr Med Res Opin 2006; 22(3)

Patients who cannot tolerate higher doses
of statins

Switching to a different statin is an option for patients
who cannot tolerate higher doses of a statin. Several
studies have shown that lower or equivalent doses of
more efficacious statins may help patients achieve their
goals®™. However, this will not always successfully
abolish side effects or obtain a greater reduction in
LDL-C.

In the Measuring Effective Reductions in Cholesterol
Using Rosuvastatin Therapy (MERCURY) I study,
switching from atorvastatin 10 mg to rosuvastatin
10mg decreased LDL-C by a further 8% and enabled
an additional 6% of patients to attain their LDL-C goal
of < 115mg/dL (3.0mmol/L). However, there was no
significant improvement in the proportion of patients
achieving their LDL-C goal among those switching
from atorvastatin 20mg to rosuvastatin 10mg’"".
Recent label updates indicate that patients switching
to rosuvastatin from another statin must start on
the 10mg dose and, due to possible adverse events,
they have to remain on this dose for a minimum of
4 weeks®. This requirement negates any benefits of
switching to rosuvastatin for patients on atorvastatin at
doses greater than 10 mg.

In a recent post-marketing analysis*® of rosuvastatin
in common clinical practice, the rate of rosuvastatin-
associated adverse events reported to the US Food and
Drug Administration from its first year of marketing
were compared to those reported for atorvastatin,
simvastatin and pravastatin over the concurrent
timeframe and during their respective first years of
marketing. For either timeframe comparison, rosuva-
statin was significantly more likely to be associated
with the composite endpoint of rhabdomyolysis,
proteinuria, nephropathy or renal failure. Reported
cases of rhabdomyolysis, proteinuria or renal failure
tended to occur early after the initiation of therapy
and at relatively modest doses of rosuvastatin®. These
results support concerns about the relative safety
of rosuvastatin at the range of doses used in clinical
practice in the general population. This view may
change as more results, especially from long-term and
event-based studies, become available.

The use of ezetimibe co-administered with
low-dose statin offers an alternative to having to
increase statin doses. Studies have shown that
ezetimibe co-administered with a lower dose statin
has an equivalent efficacy with the higher dose
statin alone. In a multicentre trial by Goldberg et al.,
887 patients with primary hypercholesterolaemia
were randomised to ezetimibe 10 mg, simvastatin 10,
20, 40 or 80mg, or ezetimibe 10 mg plus simvastatin
10, 20, 40 or 80mg*. The additional reduction in
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LDL-C achieved with ezetimibe plus simvastatin
was statistically significant versus simvastatin
monotherapy (-53.2% vs. -38.5%, respectively;
P <0.001, pooled across all doses). The recommended
starting dose for ezetimibe co-administered with
simvastatin (10/20 mg) was significantly more effective
in lowering LDL-C from baseline compared with
simvastatin 20 mg monotherapy and simvastatin 40 mg
monotherapy (-50.5%,-34.9%and-41.5%, respectively;
p <0.001). Importantly, ezetimibe co-administered
with simvastatin allowed the majority (82%) of
patients to achieve their LDL-C goal of < 100 mg/dL
(2.6 mmol/L) compared with only 43% of patients
treated with simvastatin monotherapy (pooled
data across all doses)”. The lowest dose of simvastatin
(10mg) in combination with ezetimibe (10mg)
was equivalent to the highest dose of simvastatin
monotherapy in terms of LDL-C reduction (Figure 3).
These results confirmed data from an earlier similar
study in which ezetimibe 10mg plus simvastatin
10mg and simvastatin 80 mg monotherapy each
produced reductions in LDL-C of 44% from baseline
(p=0.01)*

Patients who cannot tolerate any statin

For those patients who cannot tolerate statin therapy,
ezetimibe monotherapy offers a well tolerated
and effective treatment option with a number of
advantages over other non-statin cholesterol-lowering
drugs”. However, practitioners should be aware that
the highest efficacy is obtained when ezetimibe is
co-administered with a statin (in patients who tolerate
statins).

Simvastatin (mg)

The safety and efficacy of ezetimibe monotherapy
was evaluated in two large, multicentre, randomised,
placebo-controlled trials in patients with primary
hypercholesterolaemia™”". In a pooled analysis of data
from 1719 patients from these trials, ezetimibe mono-
therapy significantly lowered total cholesterol from
baseline by 12.7% (p < 0.01) and LDL-C by 18.2%
(p < 0.01) compared with placebo™. For those patients
who were above the NCEP ATP III** LDL-C goal at
baseline, 46% of ezetimibe-treated patients reached
their goal compared with 11% of patients on placebo
(p <0.01). Ezetimibe also significantly decreased
apoB (~15.7%) and triglycerides (-8.0%) and increased
HDL-C (1.0%) compared with placebo (~1.6%, 0.0%
and -1.6%, respectively; p < 0.01). Ezetimibe was well
tolerated, with a safety profile similar to placebo in these
studies”. In another pooled analysis of two randomised
trials in patients with primary hypercholesterolaemia,
12 weeks of ezetimibe 10mg resulted in significantly
reduced LDL-Clevels (18.5%, p < 0.01 vs. placebo) and
significantly increased HDL-C levels (3.5%, p < 0.05 vs.
placebo)”. As with other drugs, there have been some
reports of adverse events with ezetimibe, including
myopathy™* pancreatitis® and hyperlipidaemia™ the
latter of which may possibly be due to low lipoprotein
lipase activity or over compensation of cholesterol
synthesis. There may also be some variation in the
response to ezetimibe and there are reports of patients
with a poor response to ezetimibe (low-responders)”.
However, there are also patients who ‘hyper-respond’
to ezetimibe. A relationship between NPCILI
(genetic) variation and ezetimibe response may explain
this effect™””*. Other mechanisms possibly include
the capacity of the adenosine triphosphate (ATP)-

Ezetimibe/simvastatin (mg)

0 Pooled ezetimibe
Pooled (10mg)/
-10 1 simvastatin simvastatin 10 20

£ l -53.2
-60 .

Percentage change from baseline in LDL-C

40 80

—30 I 313 —‘7
-40 I -38.5 I _34'9 s
5 l . —45.6 -] —46.2
- I -50.5
N alE
|

10/10 10/20 10/40 10/80

-54.9

I -60.8
i

*
*

Figure 3. Percentage change in low-density lipoprotein cholesterol (LDL-C) levels from baseline to study endpoint”.
*p < 0.001 for ezetimibe/simvastatin co-administration group versus corresponding simvastatin monotherapy group.
Horizontal lines = 10th, 25th, 50th, 75th percentiles; crossed whiskers = 90th percentile; dotted lines = mean percentage
reduction in LDL-C. (Reprinted from Ref. 87. ©2004 with permission from Mayo Clinic Proceedings.)
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binding cassette (ABC) transporters ABCG5 and
ABCGS. These transporters are apical sterol export
pumps that promote active efflux of cholesterol and
plant sterols from enterocytes back into the intestinal
lumen for excretion®”. Changes in hepatic synthesis
and/or cholesterol absorption may also be relevant. In
post-marketing surveillance there have been reports
of an increase in the International Normalized Ratio
(INR) in patients also receiving warfarin and
monitoring the INR is, therefore, warranted in such
patients®'”. There has also been some suggestion of
an interaction with ciclosporin and ciclosporin levels
should be monitored in patients receiving concomitant
ezetimibe®'”.

In our clinical experience, the following results
were obtained with ezetimibe monotherapy and
ezetimibe co-administered with a statin over a period
of 2 months. In patients who could not tolerate statins,
ezetimibe monotherapy produced a reduction in
LDL-C of 25.9% (range from 2.1 to 52.3%, n = 32;
£ <0.0001). In patients who could not tolerate higher
doses of a statin, ezetimibe plus a statin produced an
additional reduction in LDL-C of 28.8% (range from
10.0 to 51.1%, n = 13; p <0.0001). In patients who
could not reach their LDL-C target levels while on
statin monotherapy, ezetimibe plus a statin produced
an additional reduction in LCL-C of 32.2% (range
from 3.2 to 57.1%, n = 81; p <0.0001). None of the
patients had a gain/loss in body weight of more than
5%, had a change in their other medication or in their

glycaemic, thyroid or smoking status (Daskalopoulou,
Nair and Mikhailidis, unpublished results).

Special populations

‘Dual inhibition’ is effective in patients with homo-
zygous familial hypercholesterolaemia (HoFH). In
50 patients with a diagnosis of HoFH, ezetimibe
co-administered with atorvastatin or simvastatin
40 or 80mg produced clinically important LDL-C
reductions compared with statin monotherapy at
80mg (-20.7% vs. —-6.7%, respectively; p = 0.007 for
both doses and both statins)'”. Even greater reductions
in LDL-C were observed when ezetimibe was
co-administered with 80 mg of either statin compared
to either statin alone (-27.5% vs. —7.0%, respectively;
p <0.01)'"". Another study assessed the efficacy and
safety of ezetimibe added to existing statin therapy
in patients with statin-refractory and statin-intolerant
familial hyperlipidaemias not achieving an LDL-C of
< 3.0mmol/L (115mg/dL). The addition of ezetimibe
10mg to their current statin therapy resulted in a
further 11% reduction in LDL-C (p < 0.05)'”. Sub-
group analysis showed that the greatest effect occurred
in patients under-responding to statins.

© 2006 LIBRAPHARM LTD - Curr Med Res Opin 2006; 22(3)

As statins are eliminated in part by the kidneys,
serum concentrations may be higher in patients with
renal disease”. The predominant route for excretion
of some statins is through the bile'”. Therefore, treat-
ment with ezetimibe plus simvastatin is not recom-
mended for patients with moderate or severe hepatic
insufficiency. For patients with renal insufficiency or
mild hepatic insufficiency, ezetimibe monotherapy
provides another alternative although additional
research is needed in this area to better define appro-
priate dosing in this patient group. However, lower
doses of statins may be possible if they are used in
combination with ezetimibe.

In a dose-comparison study comparing all doses of
simvastatin plus ezetimibe with atorvastatin mono-
therapy, the higher doses of atorvastatin required to
achieve the lipid profiles produced by ezetimibe plus
simvastatin resulted in a significantly higher proportion
of patients with consecutive elevations in alanine
aminotransferase and/or aspartate aminotransferase
(the Vytorin Versus Atorvastatin [VYVA] study)'”.

Ezetimibe plus simvastatin is more effective than
statin monotherapy regardless of age. In a pooled
analysis of four randomised trials comparing ezetimibe
plus simvastatin with lovastatin, pravastatin, simva-
statin or atorvastatin monotherapy, the combination
therapy was equally effective in patients aged < 65 years
versus > 65 years and in those aged < 75 years versus
> 75 years'”. Ezetimibe plus simvastatin was generally
well tolerated with a similar incidence of adverse events
across all age groups.

Ezetimibe plus simvastatin has also been demon-
strated to be well tolerated and effective in severely
hypercholesterolaemic patients with CHD treated with
regular LDL-apheresis'”'® and in kidney transplant

recipients with hypercholesterolaemia'”.

Ezetimibe plus simvastatin as a single tablet

Further benefits in terms of lipid lowering are expected
to be obtained with the use of ezetimibe plus simva-
statin in a single tablet because of better adherence to
treatment. Ezetimibe plus simvastatin is available in four
doses, as 10/10, 10/20, 10/40 or 10/80mg. The safety
and efficacy of all doses of an ezetimibe plus simvastatin
tablet was recently compared with either drug alone
in a multicentre, randomised, double-blind trial in
1528 patients with primary hypercholesterolaemia.
Pooled ezetimibe plus simvastatin was associated with
greater reductions in LDL-C than pooled simvastatin
or ezetimibe alone (p < 0.001) (Figure 4). Ezetimibe
plus simvastatin was generally well tolerated, with a
safety profile similar to simvastatin monotherapy'". The
efficacy of ezetimibe plus simvastatin (10/10, 10/20,
10/40 or 10/80mg) in a single tablet has also been
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Figure 4. Percentage change (mean, SE) in low-density lipoprotein cholesterol (LDL-C) levels from baseline to study
endpoint for ezetimibe/simvastatin single tablet'"’. (Reprinted from Ref. 110. ©2004 with permission from Excerpta Medica,
Inc.). *p < 0.001 for pooled ezetimibe/simvastatin versus pooled simvastatin; tp < 0.001 for pooled ezetimibe/simvastatin
versus ezetimibe 10mg monotherapy; ¥p < 0.001 for ezetimibe/simvastatin versus same-dose simvastatin; §p < 0.001 for

ezetimibe/simvastatin versus next highest dose of simvastatin

compared with atorvastatin (10, 20, 40 or 80mg) in a
study in 1902 patients with hypercholesterolaemia™.
At the recommended starting dose of 10/20mg
ezetimibe/simvastatin, 39% of patients achieved their
aggressive LDL-C goal of < 70mg/dL (1.8 mmol/L)
compared with 6% and 18% of patients treated with
the recommended starting doses of atorvastatin (10
and 20 mg, respectively). The safety profile was similar
between the two treatments. The ezetimibe/simvastatin
single tablet should help increase treatment adherence,
particularly in high-risk patients, where co-morbidities
are likely. The results of these studies are comparable
with previous studies in which ezetimibe was co-
administered with simvastatin (as separate tablets)™'"'.

Effect of ezetimibe on
C-reactive protein, HDL-C
and triglyceride levels

Ezetimibe 10 mg co-administered with simvastatin has
also been shown to significantly reduce the circulating
levels of the inflammatory and vascular risk marker high
sensitivity C-reactive protein (hs-CRP). In one study,
in which patients with hypercholesterolaemia were
randomised to ezetimibe plus simvastatin or simvastatin
monotherapy for 12 weeks, ezetimibe plus simvastatin
significantly reduced median hs-CRP levels compared
with simvastatin alone (-34.8% vs. —=18.2%, p < 0.01)"".
In another study by the same authors, data from two

almost identical randomised trials"*® were combined for
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analysis of the effect of ezetimibe on hs-CRP. In both
trials, patients were randomised to ezetimibe 10mg,
simvastatin 10, 20, 40 or 80 mg, or ezetimibe 10 mg plus
simvastatin 10, 20, 40 or 80 mg for 12 weeks. Ezetimibe
plus simvastatin more than doubled the reduction
in hs-CRP compared to simvastatin monotherapy
(-33.3% vs. —14.3%, p < 0.01, pooled across all doses).
Ezetimibe 10mg produced a reduction in CRP of
6.3%'*. Similar hs-CRP reductions were observed in
all major subgroups analysed, including patients with
CHD. It has recently been reported that patients with
acute coronary syndromes who have reduced levels of
hs-CRP have better clinical outcomes than with those
with higher hs-CRP levels'”. Another study showed that
for patients with coronary artery disease the progression
of atherosclerosis is significantly related to reductions
in hs-CRP levels'”. Similar results were observed when
ezetimibe was added to atorvastatin'®. These results
suggest that further research on the effects of ezetimibe
on hs-CRP is warranted.

In a pooled analysis of four randomised double-blind
trials (n = 1861), the efficacy of statin monotherapy
(lovastatin or pravastatin 10, 20 or 40 mg; simvastatin
or atorvastatin 10, 20, 40 or 80mg) versus ezetimibe
10mg plus one of these statins was evaluated in
subsets of men and women. Compared with any of
the statin monotherapies, ezetimibe plus a statin was
more effective in reducing LDL-C (women: statin
monotherapy —33.4% vs. ezetimibe + statin —47.1%;
men: -31.3% vs. —44.8%, respectively), apo B (women:
-27.8% vs. -38.4%, respectively; men: -26.6% vs.
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-37.7%, respectively) and triglycerides (women: —16%
vs. —25.8%, respectively; men: -21.1% vs. —28.6%,
respectively) and more effective in raising HDL-C
(women: +5.0% vs. +7.9%, respectively; men: +6.2%
vs. +8.9%, respectively), in both sexes'"”.

The addition of ezetimibe to a statin has beneficial
effects on HDL-C levels (recognised as a secondary
target for lipid therapy)'*""®. In a study by Ballantyne
et al., after 4 weeks of treatment, ezetimibe 10mg plus
simvastatin 80mg significantly increased the levels
of HDL-C compared with atorvastatin 80 mg mono-
therapy (+12.3% vs. +6.5%, respectively; p < 0.001)
(Figure 2)*. In an epidemiological analysis of risk related
to HDL-C, it was demonstrated that a 2-3% increase in
HDL-C levels was associated with a reduction of 2-4%
in the risk of cardiac events independently of LDL-C'"”,
In the EASE study, the addition of ezetimibe to a statin
(mainly atorvastatin 10-80mg/day, simvastatin 10—
80 mg/day or pravastatin 20 or 40 mg/day), significantly
increased HDL-C (mean change from baseline: 1.3%
vs. =0.8%, p < 0.001) and significantly reduced fasting
triglyceride levels compared with statin alone (median
change from baseline -12.8% vs. —1.6%, p < 0.001)".

In the dose-comparison study comparing ezetimibe
plus simvastatin in a single tablet (10/10, 10/20, 10/40
or 10/80mg) with atorvastatin (10, 20, 40 or 80 mg),
in addition to a greater LDL-C reduction from baseline
(-53.4% for ezetimibe plus simvastatin vs. -45.3%
for atorvastatin, p < 0.001 average across all doses),
ezetimibe plus simvastatin produced significantly
greater increases in HDL-C from baseline (+7.9% vs.
+4.3%, p < 0.001 pooled across all doses) and greater
reductions in triglyceride levels (-27.4% vs. -25.5%
from baseline)'”. There is evidence that even with
aggressive statin treatment the HDL-C level achieved

may be relevant to the outcome'.

Discussion

CHD remains a significant clinical and economic
burden to healthcare systems in most industrialised
countries'”'. Although lipid modification is important in
the primary and secondary prevention of CHD, there
are many patients with poorly controlled cholesterol
levels with reported rates as low as 30% of patients
treated with lipid-lowering therapy reaching their
cholesterol goal®. The latest NCEP ATP III report*®
proposed that additional benefit might be obtained
by reducing LDL-C levels to below 100mg/dL
(2.6 mmol/L) (i.e. for high-risk patients to 70 mg/dL;
1.8 mmol/L), which is difficult to achieve with
traditional statin treatment monotherapy. These
recommendations are supported by a recent trial
in patients with stable CHD? that evaluated the

© 2006 LIBRAPHARM LTD - Curr Med Res Opin 2006; 22(3)

efficacy of statin therapy with atorvastatin 80mg
with an LDL-C goal of 70mg/dL (1.8 mmol/L) versus
atorvastatin 10mg with an LDL-C goal of 100 mg/dL
(2.6 mmol/L). Intensive statin therapy reduced the
risk of a major cardiovascular event by 22% compared
with moderate therapy (hazard ratio: 0.78, p = 0.001).
However, there was no difference between the two
groups in overall mortality and, as may be expected
with high statin doses, the number of adverse events
was greater in those receiving atorvastatin 80mg
versus atorvastatin 10mg (8.1% vs. 5.8%, respectively;
»=0.001)*.

There is now a large amount of published data
demonstrating the additional cholesterol-lowering
effect that is achieved when ezetimibe is co-admin-
istered with a statin. For patients already receiving
statins and not reaching their cholesterol goal,
ezetimibe plus a statin offers superior LDL-C-lowering
efficacy compared with switching to another statin.
Compared with dose titration, co-administration of
ezetimibe with low-dose statins produces a reduction
of LDL-C at least equal to the reduction achieved with
maximal doses of statins alone. Moreover, multiple
dose adjustments should not be necessary for patients
to reach their goal, making the ‘dual inhibition’
strategy ideal for patients who would otherwise need
a higher dose of statin. As doubling the dose of statin
leads to only an approximately 6% additional increase
in LDL-C reduction, ‘dual inhibition’ offers a major
advantage over dose titration.

Statin-induced lowering of LDL-C is effective in
reducing CHD events and CHD-related mortality and
morbidity. However, at present there are little data
available for ezetimibe in this respect to guide physician
choices in patients such as those with acute coronary
syndrome. The extent of CHD and related events is
proportionate to the extent of LDL-C reduction'®*'*.
It is, thus, important to address the clinical benefits of
ezetimibe plus simvastatin therapy in reducing the risk
of CHD-related events. To date, only animal studies
have demonstrated the potential benefit of ezetimibe
monotherapy in terms of decreasing the progression
of atherosclerosis. In apolipoprotein E knockout
(apoE~/-) mice fed with high-cholesterol and reduced-
cholesterol diets for 6 months with or without
ezetimibe (5mg/kg/day), the progression of athero-
sclerotic lesions was inhibited in the mice that received
ezetimibe'”. Another feature of cholesterol absorption
inhibitors is their ability to modify post-prandial
hyperlipidaemia by decreasing the cholesterol content
of chylomicrons and their remnants'**. In addition,
absorption of ezetimibe is rapid and is not altered by
food content following oral administration'”. There is
increasing evidence that post-prandial lipoproteins are
atherogenic'®. Hence, inhibiting cholesterol absorption
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may help reduce the burden of atherosclerosis, not
only by lowering LDL-C levels, but also by decreasing
the levels of chylomicrons and remnants. Ezetimibe
can reduce the cholesterol content of chylomicrons by
> 70%, potentially leading to less atherogenesis'”’. The
results of the Program on the Surgical Control of the
Hyperlipidemias (POSCH) are also of interest. In this
trial, partial ileal bypass was used to decrease cholesterol
absorption from the intestine in post-MI patients. There
were significant beneficial effects both in terms of
vascular events and angiographic evidence'”,

A comprehensive outcome programme is underway
for ezetimibe plus simvastatin, that is enrolling over
20000 patients across several countries'” "', The Study
of Heart and Renal Protection (SHARP) study'® aims
to assess the effects of lowering cholesterol during
treatment with ezetimibe/simvastatin or placebo
on major vascular events and the rate of progression
to end-stage renal disease in patients with chronic
kidney disease. The Ezetimibe and Simvastatin in
Hypercholesterolemia Enhances Atherosclerosis
Regression (ENHANCE) trial™ aims to compare the
effect of ezetimibe/simvastatin versus simvastatin
alone on carotid artery intima-media thickness in adults
with heterozygous familial hypercholesterolaemia.
The Simvastatin and Ezetimibe in Aortic Stenosis
(SEAS)"' study aims to investigate whether aggressive
cholesterol-lowering with ezetimibe/simvastatin can
slow the progression of aortic stenosis in patients
with pre-existing moderate aortic stenosis, reduce the
number of valve replacements and the incidence of
cardiovascular events. The results of these three studies
should provide insights as to whether the greater
LDL-C-lowering effects of ‘dual inhibition’ — treating
the two sources of cholesterol — results in significant
cardiovascular endpoint reduction.

As evidence for the clinical benefits of lipid lowering
accumulates, the use of ‘dual inhibition’ is expected to
become more widespread, especially as a consequence
of the NCEP ATP IIl update'®. This promises a
change in the treatment options for patients with high
cholesterol levels and, importantly, offers superior
efficacy that can only be provided by inhibition of the
two sources of cholesterol.

Conclusions

In patients who do not reach their LDL-C goal after
initial cholesterol-lowering therapy, two therapeutic
options — ezetimibe co-administered with any dose of
statin and ezetimibe plus simvastatin in a single tablet
— have been shown to be highly efficacious in lipid
lowering and well tolerated. ‘Dual inhibition’ of the
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two sources of cholesterol is an important therapeutic
innovation and is an effective lipid-lowering tool for
the majority of patients to reach their cholesterol goals
early in their treatment regimen.
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