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ABSTRACT T 

Coronaryy heart disease (CHD) is the primary cause of death in Europe and the United 
States.. High serum concentrations of low-density lipoprotein cholesterol (LDL-C) 
increasee the risk of CHD. Despite published guidelines for assessment and treatment of 
hypercholesterolemia,, many patients are inadequately treated, and many do not reach tar-
gett LDL-C goals. Statins are the most frequently used drug for treatment of hypercholes-
terolemia;; however, most patients do not achieve target goals with starting statin doses. 
Highh doses of statins or statins combined with other lipid-modifying agents may be nec-
essaryy to reach LDL-C targets, but these strategies are associated with increased risk of 
sidee effects and low patient acceptance. New agents that can be used safely alone or in 
combinationn with statins to attain target goals are needed. Combining drugs with diffe-
rentt pathways of cholesterol metabolism may provide benefits that are complementary 
andd additive to those of the statins. For example, ezetimibe, the first selective cholesterol 
absorptionn inhibitor, effectively blocks intestinal absorption of dietary and biliary choles-
teroll  and, when co-administered with a statin, provides an additional 16% to 18% reduc-
tionn in LDL-C levels. The need for less frequent statin dosage adjustments may lead to 
improvedd patient compliance and help more patients attain their LDL-C goals. 
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INTRODUCTION N 
Coronaryy heart disease (CHD) is the primary cause of death for adult men and women in 
bothh Europe and the United States.1-2 High serum cholesterol concentrations consist-
ently,, strongly, and independently increase the risk of CHD.3-5 A high concentration of 
low-densityy lipoprotein cholesterol (LDL-C) promotes CHD,3,67 while a high concentra-
tionn of high-density lipoprotein cholesterol (HDL-C) protects against CHD.79 Evidence 
alsoo strongly supports high serum triglyceride (TG) concentrations as an independent 
riskrisk factor for CHD, especially in women and in individuals with type 2 diabetes.1011 Indi-
vidualss with small, dense LDL particles, particularly those who also have hypertriglyceri-
daemia,, low HDL-C levels, and abdominal obesity, are at even greater risk for CHD.12 

Whilee high LDL-C concentrations clearly increase the risk of CHD, lowering these 
LDL-CC concentrations clearly decreases the risk. Earlier studies with gemfibrozil and 
cholestyramine13144 showed that lowering serum cholesterol levels reduces the risk of 
CHD.. In the 1990s, the introduction of the 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA)) reductase inhibitors (the statins) for cholesterol lowering led to several large-
scalee studies of CHD prevention.1519 These studies showed that lowering total and LDL-C 
levelss reduces the risk of CHD in individuals who have never had a coronary event15 and 
inn those who have already had a myocardial infarction.16 Even in individuals with average 
initiall  cholesterol levels, additional lowering of LDL-C levels further reduces both the 
primary177 and secondary1819 risk of coronary events. 

Thee Second Joint Task Force of the three major European societies in cardiovascular 
medicinee (European Society of Cardiology, European Atherosclerosis Society, European 
Societyy of Hypertension) recommends lifestyle interventions and drug treatment if nec-
essaryy to reduce the risk of CHD,2 especially for those with a greater than 20% risk of 
developingg CHD within the next 10 years. Target goals are a total cholesterol level consist-
entlyy below 5.0 mmol/L (190 mg/dL) and an LDL-C level below 3.0 mmol/L (115 mg/dL). 
Thee guidelines of the U.S. National Cholesterol Education Program (NCEP) are some-
whatt similar to the European recommendations, but stratify individuals by risk of CHD, 
withh progressively lower LDL-C concentrations recommended for individuals with pro-
gressivelyy greater risk.20 In effect, for individuals at highest risk (those with known 
CHD),, the NCEP guidelines recommend lowering LDL-C below 2.6 mmol/L (100 mg/ 
dL).. The current NCEP guidelines are being revised, and may hopefully incorporate the 
conceptt of global risk, as used in the European guidelines. 

Despitee these guidelines, only a small fraction of the individuals eligible for choles-
terol-loweringg drug therapy actually receives treatment.2124 Moreover, of those receiving 
treatment,, only a small fraction achieves target LDL-C levels.212325 In the Lipid Treatment 
Assessmentt Project, only 40% of patients receiving monotherapy with a statin reached 
targett LDL-C levels.21 Furthermore, some individuals seem not to respond optimally to 
statinss or have multiple lipid abnormalities that require combination treatment with two 
orr three lipid-lowering drugs. Higher doses of statins or co-administration with currently 
availablee lipid-lowering drugs (eg, bile acid sequestrants, fibrates) increase the potential 
forr side effects and intolerance, and can decrease compliance with the treatment regi-
men.26,277 Improved management of hypercholesterolaemia will require both greater 
awarenesss of the importance of treating LDL-C to target levels and more therapeutic 
optionss that are safe, well tolerated, and effective, either used alone or, more realistically, 
inn combination. 
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Ezetimibee (SCH 58235) is a member of a new therapeutic class of cholesterol-lowering 
drugs,, the cholesterol absorption inhibitors. Ezetimibe is the first selective cholesterol 
absorptionn inhibitor that effectively blocks intestinal absorption of dietary and biliary 
cholesteroll  and is associated with a favourable safety profile.2829 Ezetimibe does not inter-
feree with fat or fat-soluble vitamin absorption.30 Because ezetimibe blocks absorption of 
dietaryy and biliary cholesterol, while the statins inhibit hepatic cholesterol biosynthesis, 
ezetimibee provides benefits that are complementary and additive to those of the statins 
andd other cholesterol-lowering drugs. 

Whenn co-administered with a statin, ezetimibe provides an additional 16% to 18% 
reductionn in LDL-C levels, a reduction equal to that achieved with an 8-fold increase in 
thee starting statin dose.31 Ezetimibe also has the potential to be used as monotherapy in 
individualss with mild primary hypercholesterolaemia. 

Thiss article addresses the therapeutic gap between recommended reductions in 
serumm total and LDL-C and reductions actually achieved, reviews the role of both endog-
enouss and exogenous cholesterol metabolism in atherosclerosis, summarises the major 
classess and mechanisms of action of current cholesterol-lowering drugs, describes a new 
classs of cholesterol-lowering drugs, the cholesterol absorption inhibitors, and finally out-
liness the potential role of ezetimibe, the first compound of this class. 

T H EE NEED FOR BETTER LIPID MANAGEMENT 

Thee Second Joint Task Force of European and Other Societies on Coronary Prevention 
recommendss lifestyle modifications (eg, smoking cessation, healthy diet, physical activity, 
achievementt of ideal weight) as the primary therapies for CHD risk reduction.2 If neces-
sary,, drug therapies should be added to achieve risk factor goals, which include a total 
cholesteroll  level consistently below 5.0 mmol/L (190 mg/dL) and an LDL-C level below 
3.00 mmol/L (115 mg/dL). Medical management is particularly emphasised in patients 
withh overt CHD or other atherosclerotic diseases, as well as other high-risk individuals. 

Inn the United States, the Second Report of the Expert Panel on Detection, Evaluation, 
andd Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II , or ATP II) 
alsoo identifies dietary and lifestyle therapy as the first line of treatment for hypercholes-
terolaemia,, with drug therapy indicated for individuals at high risk of CHD.20 The ATP II 
guideliness recommend progressively lower target LDL-C levels as the risk of CHD 
increases,, with ATP II having an LDL-C level target of <4.i mmol/L (160 mg/dL) for indi-
vidualss without CHD and fewer than two risk factors, <3-4 mmol/L (130 mg/dL) for indi-
vidualss without CHD and two or more risk factors, and <2.6 mmol/L (100 mg/dL) for 
individualss with established CHD. 

Bothh primary and secondary prevention studies support the benefits of lowering LDL-
CC to target levels or lower1518 and the importance of treating even mild elevations in 
serumm LDL-C levels for CHD risk reduction.32,33 Despite convincing clinical trials and 
specificc guidelines for reducing CHD risk, many patients with hypercholesterolaemia are 
receivingg suboptimal treatment (ie, not achieving recommended targets).21-34 In a 1997 
surveyy of secondary prevention of CHD practices in nine countries in Europe (European 
Actionn on Secondary Prevention through Intervention to Reduce Events: EUROASPIRE), 
67%% of all patients and 57% of patients receiving lipid-lowering therapy had total blood 
cholesteroll  levels above the target level of 5.0 mmol/L.35 The follow-up survey (EUROA-
SPIREE II) involved 5,556 patients in 15 countries. Recent results indicate that 59% of sur-



N E WW ROLE FOR COMBINATION THERAPY I N LIPID MANAGEMENT 135 

veyedd patients have hypercholesterolaemia. The administration of lipid therapies (mostly 
statins)) had increased from 32% (EUROASPIRE I) to 63% (EUROASPIRE II). The pro-
portionn of patients achieving the target cholesterol goal of less than 5.0 mmol/L (190 mg/ 
dL)) improved from 33% to 41%; however, overall, more than half of the patients surveyed 
hadd not reached this target level.36 

Manyy physicians in the United States and Europe are poorly compliant with guide-
lineslines for risk factor assessment and initiation of lipid-lowering therapy.34,37,38 An exami-
nationn of trends in cholesterol-lowering medications indicated that cholesterol-lowering 
drugg therapies are substantially underused.24 In a study of 4,888 hyperUpidaemic 
patientss who had been receiving lipid-lowering therapy for at least 3 months, drug ther-
apyy was significantly more effective than nondrug therapy.21 However, neither therapy 
wass very successful: 39% of patients receiving drug therapy and 34% of patients receiving 
nondrugg therapy reached target LDL-C levels. Only 38% of all patients, 40% of all 
patientss receiving statin monotherapy, and 40% of all patients receiving combination 
therapyy with two or more lipid-lowering drugs achieved target LDL-C levels. Of patients 
withh established CHD, only 18% treated with a statin achieved target LDL-C levels. In 
anotherr study of hypercholesterolaemic patients treated with statin monotherapy for a 
minimumm of 1 year, only 33% of patients were at or below ATP II-recommended LDL-C 
levels.39 9 

Manyy adults have not had their cholesterol levels measured, and most individuals 
withh CHD are not treated to target LDL-C levels.40 Improved lipid management to reduce 
CHDD risk requires broader awareness of current lipid-lowering guidelines and greater 
understandingg of the importance of treating LDL-C to target levels.22 Moreover, develop-
mentt of new drugs that are safe, well tolerated, and effective when used in combination 
withh current lipid-lowering drugs will give practitioners new and effective options for 
optimall  lipid management. 

CHOLESTEROLL METABOLISM: NEW PERSPECTIVES FOR ACHIEVING OPTIMAL LIPID 

MANAGEMENT T 

Plasmaa cholesterol is derived from both endogenous and exogenous pathways 
(Figuree i).41 Endogenous cholesterol is synthesised in the body. An enzyme, HMG-CoA 
reductase,, controls the rate of synthesis by regulating conversion of HMG-CoA to meval-
onate,, a precursor of cholesterol. The exogenous cholesterol pathway includes all choles-
teroll  that is absorbed in the intestine. Major sources of this cholesterol are dietary 
cholesteroll  and cholesterol secreted from the liver into the intestine via the bile.42 Approx-
imatelyy 50% of the dietary and biliary cholesterol is absorbed from the intestine at the 
enterocytee and carried from the intestine to the liver via the lymphatic system, while 
somee cholesterol is excreted in the faeces.43 

Chylomicrons,, an important component of the exogenous cholesterol pathway, are 
dropletss of cholesteryl ester and TG that transport cholesterol esters from the intestine to 
hepaticc and peripheral tissues.44-45 In the blood, lipoprotein lipase hydrolyses chylomi-
cronss into chylomicron remnants that become enriched in cholesteryl ester, which are 
thenn transported to the liver to be metabolised. In individuals with hypercholesterolae-
mia,, remnants of chylomicrons are of particular concern because they can be taken up by 
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Figuree 1 Endogenouss and exogenous pathways of cholesterol metabolism 

cellss of the vessel wall, such as monocyte-derived macrophages. Cholesteryl ester accu-
mulationn by these macrophages transforms them into foam cells, the earliest cellular 
lesionn of the atherosclerotic plaque.44-45 

Endogenouss or hepatic cholesterol enters the circulation via very low-density lipopro-
teinn (VLDL). VLDL is metabolised to intermediate-density lipoprotein (IDL), which is 
removedd by LDL receptors or is further metabolised to LDL. HDL transports cholesterol 
fromm the peripheral cells back to the liver. Thus, plasma cholesterol levels are regulated by 
cholesteroll  input (from both intestinal uptake and from biosynthesis), by cholesterol use 
(especiallyy by the liver and steroidogenic tissues), and by excretion of either cholesterol or 
bilee acids.46 

CURRENTT CHOLESTEROL-LOWERING DRUG THERAPIES 

Althoughh dietary and lifestyle modifications are the cornerstones of both prevention and 
treatmentt of hypercholesterolemia,2,20,47 most hypercholesterolaemic individuals cannot 
achievee recommended total and LDL-C reductions with diet alone.2532 The primary 
classess of lipid-regulating drugs include the statins, nicotinic acid (niacin), fibric acid 
derivativess (fibrates), and bile acid sequestrants (resins). Some of these drugs interfere 
withh endogenous cholesterol synthesis or metabolism, and others work in the intestinal 
tractt by inhibiting bile absorption. Ezetimibe is the first selective cholesterol absorption 
inhibitorr that effectively blocks intestinal absorption of dietary and biliary cholesterol. 

Thee statins are currently the most widely used drugs for lowering cholesterol levels.48 

Theyy modulate endogenous cholesterol production by blocking conversion of HMG-CoA 
too mevalonate, inhibiting cholesterol biosynthesis in the liver, depleting intracellular 
pools,, and enhancing removal of plasma LDL-C.4249 Statins may also exert a direct antia-
theroscleroticc effect in the arterial wall beyond their effects on plasma lipids.50 

Att maximum doses, statins can reduce plasma LDL-C concentrations up to 60%,51 

butt reductions of 25-40% are more common.15'1719'52 Statins typically reduce plasma 
TGbyy 5-10% while increasing HDL-C by 5-10%.53 In patients with TG levels above 
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2.33 mmol/L, high doses of statins can yield reductions up to 30-40%. Common side 
effectss of statins are usually mild and transient, but elevations of transaminases and 
myopathyy can occur, especially when statins are used at high doses or combined with 
fibrates,, niacin, or drugs that inhibit cytochrome P450 (eg, antibiotics, antifungal drugs, 
HIVV protease inhibitors, cyclosporine).27,53*55 

Otherr cholesterol-lowering agents (eg, niacin or nicotinic acid and the fibric acid 
derivativess [gemfibrozil, fenofibrate, bezafibrate, and clofibrate]) interfere with synthesis 
andd release of fatty acids, VLDL-C, the precursor of LDL-C, reducing both VLDL-C and 
plasmaa LDL-C levels, if TG levels are not too high.46 Since fibrates also increase the activ-
ityy of lipoprotein lipase, increasing the removal of TG and substantially decreasing 
plasmaa TG, fibrates are often first-line drugs for patients with hypertriglyceridaemia.56'58 

Nicotinicc acid effectively increases HDL-C concentrations but causes intolerable flushing 
off  the skin in about 10% of patients.55 Hepatotoxicity can also occur in patients taking 
niacin,, especially time-release formulas.55 A new extended-release form of niacin might 
helpp reduce flushing while minimising the hepatotoxicity.59 

Probucol,, a lipophilic antioxidant, lowers LDL-C levels moderately by increasing the 
ratee of LDL-C clearance from plasma, but also lowers HDL-C levels.42,48 However, probu-
coll  is the only hypolipidaemic drug that both lowers cholesterol and causes regression of 
xanthomass in individuals with homozygous familial hypercholesterolaemia.42 Probucol 
wass voluntarily withdrawn from the market in 1995 because of safety concerns, including 
loweringg of HDL-C, prolongation of QT interval, and ventricular arrhythmia.48 

Somee cholesterol-lowering agents work nonspecifically in the intestine. The bile acid 
sequestrantss (eg, cholestyramine, colestipol) reduce plasma cholesterol levels by increas-
ingg faecal bile acid excretion, increasing hepatic bile acid synthesis, and reducing circulat-
ingg cholesterol.27,48 A major drawback of bile acid sequestrants is their propensity to 
increasee plasma TG concentrations in individuals prone to hypertriglyceridaemia.55 They 
aree also commonly associated with intestinal side effects.42 

Plantt sterols and stanols (eg, sitostanol, which has been incorporated into margarine) 
physicallyy compete with micelles for solubilised cholesterol but also interfere with fat-sol-
ublee vitamin absorption.60 The pancreatic lipase inhibitor orlistat inhibits pancreatic 
lipaselipase in the intestine, decreasing fat absorption.61 However, orlistat is not indicated for 
cholesteroll  reduction and is associated with fatty diarrhoea in many cases.62 

LIMITATIONSS OF MONOTHERAPY WITH CURRENT CHOLESTEROL-LOWERING DRUGS 

Althoughh the effects of the statins on serum cholesterol and the effects of the fibrates on 
serumm TG are well established, monotherapy with any lipid-lowering agent has limita-
tions,tions, especially in individuals with multiple lipid abnormalities (Table 1). Statins typically 
lowerr serum LDL-C levels by 25-40%, but this reduction is inadequate to meet target 
LDL-CC levels in many patients.21 

InIn a comparison of the efficacy of four different statins for patients with advanced 
atherosclerosis,, 33% or fewer of patients receiving the starting dose of any statin as mon-
otherapyy reached their target LDL-C level after 12 weeks.52 After 24 weeks of mono-
therapyy and with dose increases, 36% or fewer of patients reached target LDL-C levels. 
Evenn after 54 weeks of treatment at the full dosage plus colestipol combination therapy if 
needed,, 41% or fewer of patients reached target LDL-C levels. Because the dose-response 
relationshipp for the statins is strongly curvilinear, most of the LDL-C-reducing effect is 
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Tablee 1 Current cholesterol-lowering agents 

Lipid-loweringg agent Mechanismm of action Limitationss of therapy 

HMC-CoAA reductase inhibitors: 
(atorvastatin,, cerivastatin, 
fluvastatin,, lovastatin, 
pravastatin,, simvastatin) 

Inhibitt cholesterol biosynthesis by 
blockingg conversion of HMC-CoA 
too mevalonate, thereby upregulating 
LDLL receptors to lower LDL-C 

-- Limited reductions in plasma 
triglycerides,, especially in mixed 
hyperlipidaemia a 

-- Limited increases in plasma 
HDL-CC level 

-- Limited dose-response curve 
(rulee of six) 

-- Risk for hepatotoxicity and 
myotoxicity,, especially when given 
withh niacin or fibrates 

Nicotinicc acid (niacin) Inhibitss VLDL synthesis, decreas-
ingg LDL-C and 
increasingg HDL-C 

-- Limited reductions in LDL-C 
-- Intolerable side effects in many 

patients,, reducing compliance 
** Co-administration with statins 

cann increase risk of myotoxicity 
-- Requires monitoring for 

hepatotoxicity y 
-- Can cause hyperglycaemia 
-- No effect on cholesterol from the 

exogenouss pathway 

Lipid-loweringg agent Mechanismm of action Limitationss of therapy 

Fibricc acid derivatives (the fibrates-
gemfibrozil,, ciprofibrate, fenofibrate, 
bezafibrate,, clofibrate) 

Inhibitss VLDL synthesis, decreas-
ingg triglycerides and increasing 
HDL-C C 

Limitedd usefulness in primary 
hypercholesterolemia a 
Limitedd or no LDL-C reduction 
Co-administrationn with statins 
cann increase risk of myotoxicity 
Noo effect on exogenous 
cholesterol l 

Bilee acid-binding sequestrants 
(cholestyraminee and colestipol) 

Increasess excretion of fecal bile acid 
byy sequestration of bile acids in the 
intestine e 

Plantt sterols/stanols (sitostanol) Competess with cholesterol solubili-
sationn into the micelles 

-- Increases serum triglycerides 
-- Frequent intestinal symptoms 

reducess compliance 
-- Requires large amounts to be 

effective e 
-- Does not inhibit cholesterol 

absorption n 
-- Decreases fat-soluble vitamin 

absorption n 
-- Requires mealtime 

administration n 

-- Not specific for cholesterol 
-- Decreases fat-soluble vitamin 

absorption n 
-- Requires mealtime 

administration n 
-- Requires large amounts to be 

effective e 

Key:: HMG-CoA=3-hydroxy-3-methylglutaryl coenzyme A; HDL-C-high-density lipoprotein cholesterol; VLDL=very 
low-densityy lipoprotein cholesterol; LDL-C-low-density lipoprotein cholesterol 

achievedd at the starting dose. Increasing the statin dose yields only small additional 
reductionss in LDL-C levels. In general, doubling the minimum effective dose of a statin 
reducess serum LDL concentrations only by an additional 6%.55 This is known as the "rule 
off  six." Therefore, a 3-step doubling of the dose (which is equivalent to increasing the 
dosee from 10 mg to 80 mg) will lead to an additional 18% LDL-C reduction. 
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Thee optimal risk/benefit ratio for statins occurs at the starting dose, and decreases with 
increasingg doses. Although serious adverse effects (eg, hepatotoxicity, myotoxicity) are 
raree with low doses of statins, the risk of such events increases as the dose increases.48 

Aminotransferasee levels must be monitored regularly with any statin dose, but especially 
withh higher doses.55 

Althoughh statins are widely used for lowering LDL-C, they modulate only endogenous 
cholesteroll  synthesis and have no effect on absorption of dietary and biliary cholesterol. 
Furthermore,, statins exert only modest effects on serum TG and HDL-C levels. Many 
individualss have a cluster of metabolic and lipid abnormalities, including hypertriglyceri-
daemia,, reduced HDL-C, abdominal obesity, and insulin resistance, which must be 
treatedd simultaneously.12 Individuals with elevated apolipoprotein B concentrations, 
small,, dense LDL particles, and hyperinsulinemia — a combination of abnormalities 
referredd to as the atherogenic metabolic triad — may have up to a 20-fold increase in 
CHDD risk.12 

Fibratess and niacin are also used for lipid lowering, but are generally less effective 
thann statins. Neither drug affects absorption of dietary and biliary cholesterol. Fibrates 
effectivelyy lower serum TG but produce mixed effects on LDL-C levels, especially if hyper-
triglyceridaemiaa is present.63 Niacin effectively raises HDL-C levels, but its use is limited 
byy side effects and low patient acceptance.42 The utility of monotherapy with bile acid 
sequestrantss is also limited because of difficulties with side effects63 and their tendency to 
raisee serum TG.55 

COMBINATIONN THERAPY FOR LIPID MANAGEMENT: TOWARD BROADER LIPID CONTROL 

Often,, more than one lipid-lowering drug is required to treat hypercholesterolaemia to 
recommendedd levels, especially in patients with multiple lipid abnormalities.55 The lipid-
loweringg effects of drugs with complementary mechanisms of action may be additive and 
cann lead to broader lipid control (Figure 2). Newer combination therapy for lipid manage-
mentt may allow for more effective regimens than high doses of statins.64,65 

VLDL—  IDL--+-LD L _ 

Statinss /--"—-?-—-J T T 

BILIAR YY SECRETION 

DIETAR Y Y 
CHOLESTEROL L 

INTESTIN E E 

11 Absorption 

Cholesterol l 

II
JfJf Absorption 

Inhibitio n n 

ff  Excretion 

Figuree 2 Complementary mechanisms of action lead to broader control 
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Studiess of combination therapy with statins and niacin,66 statins and bile acid seques-
trants,67,688 and statins and fibrates6972 have all demonstrated that combination therapy is 
ass effective as or superior to either drug given as monotherapy for lipid management. 
Patientss with heterozygous familial hypercholesterolaemia are usually first treated with a 
statin,, followed by a bile acid sequestrant if needed to further lower serum LDL-C concen-
trations.. Nicotinic acid therapy is sometimes also added if HDL-C levels aree low. Patients 
withh severe hypertriglyceridaemia are usually treated with a fibrate alone or perhaps in 
combinationn with a statin or niacin.55 

Combinationn therapy with current lipid-lowering agents is limited by safety concerns, 
poorr tolerance, and compliance issues.64 Combining statins with bile acid sequestrants 
cann result in unacceptable side effects and poor compliance.64 Risk of both hepatotoxicity 
andd myotoxicity may increase if a statin is co-administered with a fibrate or niacin27-73; 
althoughh these side effects are rare, some physicians advise against use of these agents as 
combinationn therapy.42 Patients with compromised renal function and the elderly are at 
greaterr risk of hepatotoxicity or myotoxicity with statin-fibrate or statin-niacin combina-
tionn therapy.74 Thus, a safer and better-tolerated class of lipid-lowering drugs that can be 
givenn in combination with a statin for effective lipid management is needed. 

SELECTIVEE CHOLESTEROL ABSORPTION INHIBITORS: A NEW CLASS OF CHOLESTEROL-

LOWERINGG DRUGS 

Thee selective cholesterol absorption inhibitors are a new class of drugs that safely and 
effectivelyy block absorption of both dietary and biliary cholesterol across the intestinal 
wall. . 

Ezetimibee is a new selective cholesterol absorption inhibitor.28 Unlike bile acid 
sequestrantss and orlistat, ezetimibe selectively inhibits absorption of both dietary and bil-
iaryy cholesterol absorption without interfering with absorption of fatty acids or fat-soluble 
vitamins.300 Ezetimibe does not sequester cholesterol or bile acids, and does not inhibit 
hepaticc cholesterol synthesis.75 Furthermore, ezetimibe does not impair the functions of 
pancreaticc lipase and cholesteryl esterase.30 Ezetimibe is potent and reduces plasma chol-
esteroll  clinically in milligram doses,76 whereas gram doses are necessary with bile acid 
sequestrants. . 
Inn a study of 243 hypercholesterolaemic individuals, 0.25 mg/day ezetimibe lowered 
plasmaa LDL-C by 9.9% in 12 weeks, while 10 mg/day lowered LDL-C levels by iS.y%.77 

Significantt changes in LDL-C levels occurred after 1 week of therapy at all dose levels eval-
uated.. The lipid-lowering benefits of ezetimibe have been demonstrated in men and 
womenn and in young and elderly adults.77"79 

Ezetimibee undergoes glucuronidation in the intestinal wall and is delivered back to 
thee intestinal site of action via enterohepatic recirculation.28,80 Glucuronidation appears 
too increase residence time in the intestine, minimizing systemic exposure. Because it is 
nott metabolised by the cytochrome P450 system,81 ezetimibe does not interact with drugs 
thatt are metabolised by this system and does not change the pharmacokinetic or side 
effectt profile of co-administered statins.31,82 

Ezetimibee consistently lowers plasma LDL-C concentrations 16-18% beyond reduc-
tionstions achieved with diet, while increasing HDL-C levels approximately 3-4% and reducing 
TGG levels approximately 5%.76,77 
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Ezetimibee is well tolerated and has a favourable safety profile, both as monotherapy76,77 

andd when co-administered with a statin.5185 ^Approximately 60% of all subjects in two 
Phasee II studies reported treatment-emergent adverse events, with no clinically meaning-
full  differences in incidence among the treatment groups. The most common treatment-
emergentt adverse events, regardless of causality, were headache (9% ezetimibe 10 mg, 
7%% placebo), viral infection (6% ezetimibe 10 mg, 3% placebo), arthralgia (3% ezetimibe 
100 mg, 3% placebo), and upper respiratory infection (2% ezetimibe 10 mg, 2% placebo) 
(Dataa on file, Schering-Plough Pharmaceuticals, Kenilworth, NJ). Additional measures of 
safety-laboratoryy tests, vital signs, ECGs, cardiopulmonary and general physical examina-
tions-revealedd no difference in the safety profile between ezetimibe and placebo. 

COMBINATIONN THERAPY WITH EZETIMIBE FOR CHOLESTEROL LOWERINC 

Thee development of ezetimibe as a new and effective cholesterol absorption inhibitor 
offerss new options for lipid management, and should allow more patients to safely and 
convenientlyy reach target LDL-C levels. Because ezetimibe blocks the exogenous choles-
teroll  pathway, while statins and fibrates block endogenous cholesterol or VLDL synthesis, 
thee mechanism of action of ezetimibe with either of these drugs may be viewed as com-
plementaryy and additive (Figure 3).31 

Bilee acid 
sequestrants s 

X X 
DIETT j 

Remnantss Plaque 
formation n 

Sterols/ / 
stanols s 

Figuree 3 Sitess of drug action in cholesterol metabolism 

Inn a 2-week study of 58 healthy men with hypercholesterolaemia who had been stabilised 
onn a cholesterol-lowering diet, combination therapy with 10 mg ezetimibe plus 10 mg 
simvastatinn reduced plasma LDL-C levels an additional 18% more than reductions 
achievedd with 10 mg simvastatin alone.31 

Ezetimibee allows for an additional reduction in plasma LDL-C approximately equal to 
aa three-step dose increase with a statin alone. As discussed above, because doubling the 
statinn dose generally results in only a 6% additional lowering of LDL-C levels,55 the addi-
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tionaltional 16-18% reductions achieved with 10 mg ezetimibe plus the starting dose of statin is 
equall  to an 8-fold increase in statin dose. 

Sincee ezetimibe blocks cholesterol absorption via the exogenous cholesterol pathway 
andd fibrates inhibit VLDL synthesis, combination therapy with ezetimibe plus fibrates 
mayy also be complementary, and may offer new alternatives for management of patients 
withh multiple lipid disorders, including mixed hyperlipidaemia (type IIB) and hypertri-
glyceridaemia.. In animal models, ezetimibe shows promise in managing combined 
hypercholesterolaemiaa and hypertriglyceridaemia.85,86 

CONCLUSIONS S 

Althoughh lowering LDL-C levels substantially reduces CHD risk, many hyperlipidaemic 
individualss reach target LDL-C levels. The statins are the most widely used drugs for chol-
esteroll  lowering, but they modulate cholesterol synthesis and do not affect absorption of 
dietaryy or biliary cholesterol. Combining lipid-lowering drugs with complementary 
mechanismss of action produces additive reductions in LDL-C, and may lead to broader 
lipidd control than with high-dose statin monotherapy. However, combination therapy 
withh current cholesterol-lowering drugs is limited by risk of side effects and low patient 
acceptance. . 

AA new class of lipid-lowering drugs, the selective cholesterol absorption inhibitors, 
safelyy and selectively blocks absorption of dietary and biliary cholesterol and shows prom-
isee for use in combination with statins or fibrates for cholesterol lowering, or as mono-
therapy.. A io-mg daily dose of ezetimibe, the first of the selective cholesterol absorption 
inhibitors,, lowers LDL-C an additional 16-18% when given with the starting dose of a sta-
tin,, a reduction equivalent to that expected with an 8-fold increase in statin dose. Combi-
nationn therapy with ezetimibe and a statin modulates both synthesis of cholesterol and 
intestinall  uptake of biliary and dietary cholesterol, and should help a greater percentage 
off  hyperlipidaemic individuals reach their target LDL-C levels. 
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