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Targeting Two Sources of Cholesterol — An Advanced Treatment Approach

to Lipid-lowering Management

Introduction

Hypercholesterolaemia plays a key role in the
development and progression of atherosclerosis and is
a proven risk factor for coronary heart disease
(CHD).'""* Therapeutic interventions to lower
cholesterol levels both in primary and secondary
prevention trials show a clear reduction in the
incidence of CHD and stroke.>!!

3-hydroxy-3-methylglutaryl co-enzyme A (HMG-
CoA) reductase inhibitors or statins (even when
administered at high doses), although widely used in
lipid lowering therapy, are frequently insufficient to
achieve  guideline-recommended  low-density
lipoprotein cholesterol (LDL-C) goals for many
patients with hypercholesterolaemia in everyday
clinical practice.”> According to a recent study, a
large proportion of high-risk hyperlipidaemic
patients receiving statins alone were not at goal even
when physicians were free to use any statin and
titrate according to their professional judgment.'
Over half (52%) of patients did not achieve LDL-C
goal on the initial dose of statin and 86% of these
patients had still not reached their goal after six
months.”> A wide therapeutic gap therefore exists
between target LDL-C levels and those typically

achieved in clinical practice.!*

The therapeutic gap will increase in light of recent
the Cholesterol
Education Program Adult Treatment Program III
(NCEP ATP III) guidelines, which recommend

even more aggressive reductions in lipid levels for

amendments to National

patients at medium, high and very high risk of
CHD." The more aggressive cholesterol treatment
goals advocated by the revised guidelines call for a
the
cardiovascular (CV) benefits associated with lower

LDL-C levels.

more advanced to maximise

approach

There are two main sources of cholesterol, which
are similar in size — production of cholesterol,
mainly from the liver, and absorption of cholesterol
in the intestine. Approximately 50% of the
cholesterol pool is absorbed and recirculated
through the intestine, while the remainder is
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excreted in the faeces.'®' The intestinal pool is
composed of dietary cholesterol (30%) and biliary
cholesterol (50%), with a smaller amount of
cholesterol coming from sloughed epithelial cells
(20%).'7 A recent and more effective therapeutic
strategy is therefore to treat both sources of
cholesterol simultaneously with a complementary
mechanism of action by co-administering ezetimibe,
a novel agent inhibiting cholesterol absorption in
the intestine, together with a statin, which inhibits
cholesterol production in the liver.'®!81

Ezetimibe can be effectively co-administered with
any dose of any statin and, compared with single
inhibition of cholesterol production afforded by
statins alone, provides consistently greater reductions
in LDL-C through dual inhibition of both
cholesterol production and absorption.?-> Ezetimibe
co-adminstered with any dose of any statin provides
superior LDL-C lowering efficacy with improved
LDL-C goal attainment.?+2¢

The purpose of this review is to summarise the pivotal
role of both the liver and intestine in the overall
balance of cholesterol in the body and describe the
clinical impact and relevance of inhibiting both sources
of cholesterol either by using ezetimibe/simvastatin as
a single tablet or co-administering ezetimibe together

with any dose of any statin.

The Liver and Intestine -
Sources of Cholesterol

The average adult body contains approximately 140g
of sterol, mainly in the form of cholesterol.?” This
pool of cholesterol is derived from two major sources
— synthesis of cholesterol by the liver (and
the
intestines.'®'8 Approximately 700mg to 1,400mg per

extrahepatic  sites) and absorption by
day of cholesterol enters the body’s cholesterol pool
from synthesis (700mg to 1,000mg) and intestinal
(up to 400mg per day).”?® The

cholesterol pool wusually changes little because

absorption

cholesterol input is balanced mainly by cholesterol
output via excretion in bile/faeces; skin excretion,
steroid hormone synthesis and other mechanisms

play a minor role.?”>
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The liver plays a central role in balancing cholesterol
from all sources and also plays a pivotal role in
regulating plasma LDL-C levels.?” The hepatic pool
of cholesterol is derived from local biosynthesis and
from chylomicron remnants and lipoproteins.
Cholesterol biosynthesis is regulated by the rate-
limiting enzyme HMG-CoA reductase, which
catalyses production of mevalonic acid from HMG-
CoA and represents the single therapeutic target for
statins. Cholesterol produced by the liver is either
secreted in bile (principal route) or incorporated into
lipoproteins (mainly LDL and very low-density
lipoprotein (VLDL)) and secreted into plasma.

Intestinal cholesterol absorption represents another
major route for the entry of cholesterol into the
body; thus, this source can influence the plasma
LDL-C concentration.'® The cholesterol pool in the
intestine comes from cholesterol in the diet and the
majority from biliary excretion. Approximately 50%
of the intestinal cholesterol pool is reabsorbed by the
intestines® and recirculated through the body (via
the enterohepatic circulation), with the remainder
excreted in faeces.

While the precise molecular transport mechanisms of
cholesterol absorption are not completely delineated,
cholesterol absorption in the intestine is believed to
involve a complex triphasic process (see Figure 1) —
intraluminal phase (digestion/hydrolysis of dietary
lipids and micellar solubilisation of cholesterol),
membrane transport phase (cholesterol release from
micelles at brush border membrane and uptake
into enterocytes) and an intracellular phase
(re-esterification, incorporation into nascent chylo-
microns and secretion into lymph).3*" Although some
cholesterol translocation across the brush border
membrane occurs by passive diffusion, several sterol
transporters have also been implicated in this process,
including Niemann-Pick C1-like 1 protein (NPC1L1)
aminopeptidase N (CD13), annexin-2/caveolin-1
(ANX2/CAV1) and adenosine triphosphate- (ATP)-
binding cassette (ABC) transporters (ABCG5 and
ABCGS).3'-3 Inhibition of cholesterol absorption with
novel agents such as ezetimibe has thus become an
important and attractive therapeutic target, particularly
since postprandial lipoproteins (cholesterol-rich
chylomicron remnants) appear to be particularly
atherogenic, with the ability to enter the arterial wall

and promote atherogenesis.**

Treating Two Sources of Cholesterol -
Production and Absorption

In the past few years, an innovative progression in
cholesterol-lipid lowering therapy has occurred. It is
now recognised that treating both cholesterol
production in the liver and absorption in the intestine,
either by administering ezetimibe/simvastatin as a
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single tablet or co-administering ezetimibe together
with any dose of statin, results in superior LDL-C-
lowering efficacy and more patients achieving or
obtaining below LDL-C treatment goals compared
with inhibition of a single cholesterol source with

statins alone.

Statins (e.g., simvastatin, lovastatin, fluvastatin,
atorvastatin, rosuvastatin and pravastatin) deliver only
single inhibition of cholesterol production in the
liver by modulating HMG-Co A reductase, the rate-
limiting step in cholesterol synthesis, but do not
impact effectively intestinal cholesterol absorption.?
As a result, hepatocytes become depleted of
cholesterol and respond by increasing LDL-C
clearance from the blood (via upregulation of hepatic
LDL-C receptors) and decreasing entry of LDL-C
into the circulation.’* These actions, in turn, give

rise to lower plasma LDL-C levels.

Ezetimibe is a novel, orally active and selective
inhibitor of intestinal absorption of dietary and biliary
cholesterol as well as plant sterols.'®33 Ezetimibe is
the first in a class of lipid-lowering agents with a
mechanism of action that is very different from other
lipid lowering therapies, including bile acid
sequestrants. By inhibiting cholesterol absorption at
the level of the brush border of the intestine,
ezetimibe reduces the amount of chylomicron
cholesterol circulated to the liver. In response to
reduced cholesterol delivery, the liver reacts by
upregulating LDL-C receptors, which in turn leads to

increased clearance of cholesterol from the blood."

While the precise molecular mechanism(s) by which
ezetimibe reduces cholesterol absorption is still being
delineated, experimental evidence suggests that
ezetimibe may interact with several cholesterol
transport proteins in the brush border membrane (see
Figure 1). These transporters facilitate the movement of
cholesterol from bile acid micelles in the intestinal
lumen across the brush border membranes into
enterocytes. Recent studies indicate that ezetimibe
may interact with the cholesterol transport protein
NPCIL1 expressed in the intestine as well as in the
liver and other cell types.* Furthermore, in mice
lacking the NPC1L1 protein, ezetimibe was unable to
affect cholesterol absorption.* Ezetimibe may also
prevent cholesterol absorption by inhibiting
ANX2/CAV1, which is required for the uptake of
cholesterol  from micelles into enterocytes.’
Interestingly, ezetimibe has also been shown to block
the uptake of oxidised LDL by human macrophages
through inhibition of both NPCIL1 and
ANX2/CAV1,* suggesting that the actions of this
agent may extend beyond the intestinal epithelium.
Aminopeptidase N (CD13) in the brush border
membrane may represent an additional molecular

target for ezetimibe. Ezetimibe has been shown to bind
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to aminopeptidase N, thereby blocking the endocytosis

of cholesterol from micelles in the intestinal lumen.32

The Impact of Treating Two Sources
of Cholesterol on LDL-C (Lowering
Efficacy and Allowing Patients to
Reach Their Goal)

The use of two lipid-lowering compounds (ezetimibe
co-administered with a statin) with a complementary
mechanism of action provides a powerful new
approach to prevent and treat atherosclerosis. Treating
two sources of cholesterol (rather than one source with
statins alone) results in a substantially greater overall
LDL-C lowering efficacy as well as in more patients

attaining or receiving below LDL-C goals.

Ezetimibe/Simvastatin as a
Single Tablet

Ezetimibe/simvastatin as a single tablet was superior
to atorvastatin alone at reducing plasma LDL-C at
every dose comparison studied, according to a
double-blind, randomised, forced-titration study.?*
Adult with

experienced significantly greater reductions in LDL-

patients hypercholesterolaemia
C when they received the typical starting dose of
ezetimibe/simvastatin 10mg/20mg (50%) compared
with atorvastatin 10mg (37%) after six weeks of
treatment (p<0.001). Importantly, the reduction in
LDL-C levels seen with ezetimibe/simvastatin was
comparable with the 50% reduction in LDL-C levels
that has been shown to be required for reversal of
atherosclerosis, according to the Reversal of
Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL) study.*
simvastatin resulted in significantly more patients
achieving LDL-C goal (less than 100mg/dl) whether

compared with atorvastatin or simvastatin alone.?¢

In addition, ezetimibe/

Furthermore, compared with patients receiving

atorvastatin alone, more patients treated with
ezetimibe/simvastatin reached the more aggressive
LDL-C target (less than 70mg/dl),
recommended by the National Cholesterol Education
Program (NCEP) for very-high-risk CHD patients.?

Approximately 23% of patients receiving atorvastatin

as recently

40mg alone and 36% of patients receiving atorvastatin
80mg alone reached the optional LDL-C treatment
target of less than 70mg/dl, compared with 57% of
patients  treated  with
(10mg/40mg) and 64%
ezetimibe/simvastatin (10mg/80mg).

ezetimibe/simvastatin

of patients receiving

Co-administering Ezetimibe
Together with a Statin

In patients with hypercholesterolaemia not at goal on
statin therapy alone, the Ezetimibe Add-on to Statin

BUSINESS BRIEFING: EUROPEAN CARDIOLOGY 2005

Figure I: Overview of the Principal Steps in the Intestinal
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The intraluminal phase involves the digestion/hydrolysis of dietary lipids and micellar solubilisation of cholesterol. The

membrane transport phase involves cholesterol release from micelles at the brush border membrane and uptake into

enterocytes via several sterol transporters, including Niemann-Pick Cl-like | protein (NPCILI), aminopeptidase N (CD3)

i

and annexin-2/caveolin-1 (ANX2/CAV1). The brush border membrane also contains

ioh
trip

- (ATP)-binding

cassette (ABC) transporters (ABCG5 and ABCG8), which primarily move plant sterols and, to a lesser extent, cholesterol out

of the enterocytes. The intracellular phase involves esterification, incorporation into nascent chylomicrons and secretion into

lymph for transport to the liver. Several enzymes and proteins within the enterocyte are involved in the intracellular phase,

including acyl CoA:cholesterol acyltranserase (ACAT), which enhances intracellular cholesterol esterification and microsomal

triglyceride transfer protein (MTP), which assembles intestinal chylomicrons. Ezetimibe may inhibit cholesterol absorption by

interacting with several cholesterol transport proteins present in the brush border membrane, including NPCILI, ANX2/CAVI
and aminopeptidase N (CD[3). Based on information extracted from Turley S D and Dietschy | M'8, Smart E | et al.,**

Kramer W et al.*? and Sudhop T et al.3!

for Eftectiveness (EASE) trial® demonstrated that co-
administering ezetimibe (10mg) with any dose of statin
reduced LDL-C levels by an additional 20% to 25%
and improved LDL-C goal attainment from 20% on
statin monotherapy to 71% with dual inhibition
therapy. Similarly, co-administering ezetimibe together
with on-going statin therapy also produced a marked
reduction in LDL-C compared with statin alone, a
reduction that resulted in significantly more patients
achieving NCEP treatment goals (71.7% compared
with 18.9% on statin alone, p<0.001).#

The Impact of Treating Two
Sources of Cholesterol on OQutcomes

Although treating two sources of cholesterol through
dual inhibition provides superior LDL-C lowering
efficacy with improved LDL-C goal attainment, one
key clinical question remains to be addressed — do the
lower LDL-C levels achieved with dual inhibition of
cholesterol production and absorption ultimately
translate into reduced CV or renal events and a slower
rate of progression of atherosclerosis? This question is
currently being assessed in several major CV outcomes
studies, including Ezetimibe and Simvastatin in
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Regression (ENHANCE), Improved Reduction of
Outcomes: Vytorin™ Efficacy International Trial
(IMPROVE IT), Simvastatin and Ezetimibe in Aortic
Stenosis Study (SEAS) and Study of Heart and Renal
Protection (SHARP). These major end-point trials
collectively involve more than 21,000 patients.

Conclusions

A wide therapeutic gap exists between target LDL-C
levels and LDL-C levels typically achieved in actual
clinical practice — a gap that will certainly widen with
traditional therapy of single inhibition in light of
recent amendments to the NCEP ATP III guidelines.
The new aggressive cholesterol treatment goals call
for a more advanced therapeutic approach to

maximise the CV benefits associated with lower

LDL-C levels. One logical approach is to target both
cholesterol production in the liver and absorption in
the intestine. By administrating ezetimibe/simvastatin
as a single tablet or co-administering ezetimibe
together with any dose of any statin, superior LDL-
C-lowering efficacy and a substantially greater
proportion of patients achieving or obtaining below
LDL-C treatment goals can be expected. Treating
two sources of cholesterol through dual inhibition
should therefore be considered as a more advanced
therapeutic option for all hypercholesterolaemic
patients whose LDL-C levels are not appropriately
controlled approximately two to three months after
initiating statin monotherapy. Four large-scale CV
end-point trials involving more than 21,000 patients
are currently underway to determine the impact of

dual inhibition on patient outcomes. M
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