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Review

Ezetimibe: Rationa e and Rolein the Management of Hypercholesterolemia

LEONID YATSKAR, M.D.,* EDWARD A. FISHER, M.D., PH.D.,* T ARTHUR SCHWARTZBARD, M.D.* T1

*Cardiology Division, NY U School of Medicine; TVascular Biology and Disease Program, NY U Medical Center; $Non-Invesive

Cardiology, Manhattan VAMC, New York, New York, USA

Summary: Elevated low-density lipoprotein (LDL) choles-
terol playsanimportant roleinthe devel opment of atheroscle-
rosis. Inpart, plasmalL DL levelsare dependent on cholesteral
absorptionin theintestineand therate of intrinsic cholesterol
synthesis. Therapy with 3-hydroxy-3-methylglutaryl coen-
zymeA-reductaseinhibitorshas often proven to be successful
inreducing plasmaLDL levels. However, asignificant num-
ber of patients do not reach their target LDL levels despite
gtatin therapy. Asis reviewed, drugs that inhibit cholesterol
absorption are a useful adjunct to lipid-lowering therapy by
statins. Thisreview discussesthe mechanismsinvolvedinin-
testinal absorption of cholesterol and itstransport as potential
targets of newer agentsthat affect cholesterol absorption. The
useof bileacid sequestrantsand esters of plant stanols, aswell
as other intestinally active agents for reducing plasma LDL
levels, has been limited by side effects and difficultiesin pa-
tient compliance. In contragt, the new selective cholesterol
trangporter inhibitor ezetimibe has been demongtrated to re-
duceplasmalL DL aoneor in combinationwith statinswithout
sgnificant adverseeffects. In spite of therobust lipid-lowering
datawith ezetimibe, questionsabout clinica outcomes, safety,
and efficacy in variouscombinationsremain.
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Importanceof L ow-Densty L ipoprotein L owering

Epidemiologic studies consistently demonstrate a direct
correlation between levels of total cholesterol (TC) and the
incidence of coronary artery disease (CAD). Epidemiologic
studies have also established specific lipid parametersasim-
portant risk factors for CAD. For example, in the Miinster
Heart Study, theincidence of CAD correlated positively with
increasing serum level sof low-density-lipoprotein cholesteral
(LDL-C) and triglycerides (TG) and correlated negatively
withincreas ng high-density-lipoprotein cholesterol (HDL-C)
concentrations.! Fromthe many outcome studiesso far report-
ed, it hasbeenfirmly established that for every 1%reductionin
plasma LDL, independent of mode of therapy, there was at
least a1% reductionin eventsachieved.

Adult Treatment Panel (ATP) Il guiddines have estab-
lished LDL lowering as a primary goal in cholesterol treat-
ment. These guidelines a so recogni ze diabetes asacoronary
heart disease (CHD) equivaent and the metabolic syndrome
asapotent risk factor for CAD. It lowered optima parameters
for LDL-C (< 100and <70 mg/dl inthe highest-risk patients),
defined low HDL (<40 mg/dl) asamagjor risk factor, and seta
new secondary goal of lowering non-HDL-C (LDL-C + very
low-density lipoprotein [VLDL]-C) in patientswith metabol -
icsyndrome.2

Unfortunately, many patientsarenot reachingtheir LDL-C
god. TheLipid Treatment Assessment Project (L-TAP) sur-
vey resultsdemonstrated that hyperchol esterolemiatreatment
is suboptimal, particularly among patients in higher-risk
groups. Retrospective analysis showed that only about 40%
of patientswith two or morerisk factorswho werereceiving
variouslipid-lowering drugsand only about 18% of patients
with CHD were meeting their National Cholesterol Educa
tion Program (NCEP) LDL-C godl .3

Overview of Cholesterol M etabolism
There are many determinants of the plasma LDL level.

Here, wewill focusonthefact that plasmaL DL-C correlates
positively with the amount of cholesterol absorbed inthein-
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testine. For example, Kesaniemi and Miettinen showed that
participants in the lower deciles based on serum cholesterol
had lower cholesterol absorption than those in the highest
deciles Thissupportstherationaefor LDL-C-lowering ther-
apy viainhibition of intestinal cholesterol absorption.

Thetotd body cholesterol pool consistsof two sources: di-
etary and cholesterol synthesized by the tissues of the body.
The liver synthesizes a considerable quantity of cholesteral,
which leaves either in the form of VLDL (some of whichis
convertedto LDL) or ashiliary cholesterol. Liver dsotakesup
lipoprotein cholesterol (LDL, chylomicron and VLDL rem-
nants, chylomicron cholesteral originally comesfrom dietary
sources) throughitsLDL and L RP receptors. Approximately
60% of the body’stotal LDL -receptor activity residesin the
liver. In addition, the liver converts some cholesteral to bile
sdts whichareaso secreted into thebile,

Dietary cholesterol comprises about a quarter of the total
intestina cholesteral pool; the remainder (~ 800 mg daily)
is comprised of hiliary cholesterol. Cholesterol entering the
smdl intestine is emulsified by bile sats into micelles and
transferred from the micellesinto duodenal and jgjuna entero-
cytesviaaputativesterol transporter, tentatively identified asa
member of the Niemann-Pick family of proteins (NPC1L1).5
Inthe enterocyte, absorbed cholesterol isesterified and pack-
aged into chylomicrons, which arereleased into thelymphatic
circulation. During their brief circulation through lymph and
blood, chylomicrons are converted to cholesterol-enriched
chylomicron remnants, which aretaken up by theliver.

Pathophysiologic Rationalefor Cholesterol
Absorption Inhibitors

As explained above, intestina absorption of cholesterol
from diet and bile, and intestina reabsorption of cholesterol-
derived bilesaltsareimportant targetsfor cholesterol-lowering
therapy. Bile acid sequestrantsinhibit intestinal reabsorption
of bile acids.” This stimulates the liver to produce more bile
sdts from cholesterol, thereby depleting the hepatic choles
terol pool, which upregulatesthe LDL receptor and increases
LDL clearanceby theliver.

Bile acid sequestrants reduce LDL-C by 15-30%, raise
HDL-C by 3-5%, but may increase TG in patients, particular-
ly those with preexisting hypertriglyceridemia.” Side effects
associated with some bile acid sequestrantsinclude gastroin-
testinal distressor constipation, which may lead to decreased
compliance.8 In addition, first-generation agents (such ascho-
lestyramine and col estipol) reduce absorption of other drugs.

Plant sterol and stanol estershave alow degreeof intestinal
absorption and block cholesterol absorption by inhibiting the
incorporation of dietary and biliary cholesterol into micelles®
When 2-3 g of phytosterolsareincorporated in thediet, they
produce L DL-C reductionsof 10-15%.10 Because of thehigh
caloric content of the phytosterol-enriched products, signifi-
cant weight gain may be observed in some patients. Dueto
their nonsdlective action, thereisatheoretical concernthat the
small reductions in plasma soluble vitamin levels reported

with use of plant sterol and stanol estersmay becomeclinical-
ly significant with long-term treatment. Despite these con-
cerns, theNCEPATPIII guidelinesnote the potential benefits
in selected patients of the dietary incorporation of plant sterol
and stanol estersin order to reduce plasmalevelsof LDL-C.2
The American Heart Association (AHA) however, initssci-
entific advisory statement, offered the following recommen-
dation: “Although their [plant sterol and stanol esters| usesas
adietary adjunct in moderateto severdly hypercholesterolemic
children canbe cons dered, fat-solublevitamin statusshould be
monitored. ..moreinformationisrequired beforetheir routine
ingestionisrecommended.” 12

Thelimitationsof the above agentssuggest animproved ap-
proach would beavaluabletrestment option.

Effect of Ezetimibeon Cholesterol Absorption

Ezetimibeisanovel agent that selectively inhibits choles-
terol absorption.’3 It isbelieved toblock selectively theabove-
noted putative cholesterol transporter in the brush border
membraneof intestinal epithelial cells!* Becauseof itsmech-
anismof action, it doesnot interferewithintestinal absorption
of nutrients (i.e., lipid-solublevitamins'®) and drugs.16

Ezetimibe decreasestheintestina absorption of dietary and
biliary cholesterol by >50% (from 49.8 to 22.7%).1% The
amounts of cholesterol transported through the plasma com-
partment viachylomicron and chylomicron remnantsaredra-
matically reduced. In addition, thereduced cholesterol ddlivery
totheliver inducesacompensatory increasein LDL receptors
and, thus, increased clearance of LDL and chylomicron-rem-
nant particles from the circulation. This net decrease in cir-
culating levelsof LDL (and chylomicrons/chylomicron rem-
nants) effectively reducestheir availability to peripherd tissues
and the contribution of these particlesto atherosclerosis.

Clinical Phar macology of Ezetimibe

Ezetimibelocalizesintheintestind wall, primarily asaglu-
curonidated metabolite. After being absorbed intheintestine,
it undergoes enterohepatic circulation and reenterstheintesti-
na lumen viabile.l” This minimizes systemic exposure and
the potential for adverse effects. The half-life of ezetimibeis
22 h, making onceaday dosing possible. It can betakenwith
or without food and at any time of the day. Experimentd data
from clinical trialshave been compiled on safety and efficacy
of ezetimibein morethan 4,700 patients as monotherapy18 19
andin combinationwith agtatin. 222! Generaly, ezetimibewas
well tolerated, and the overdl incidence of adverseeventswas
similar tothat reported with placebo. Of importanceisthefact
that ezetimibe appeared to have no clinicaly significant phar-
macokinetic interactions with other drugs, including those
known to be metabolized by the cytochrome CY P450 sys-
tem.28 Inclinical trials, coadministration of ezetimibewith a
statin resulted in athreetimeshigher incidence of consecutive
elevationsin serum transaminases (= 3 X ULN) than that of
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satinsalone. Absoluteincidence, however, was still very low
(1.3 vs. 0.4%), and generally these elevations were asymp-
tomatic and returned to basdline regardless of whether treat-
ment was discontinued.Z! Safety monitoring for ezetimibe
monotherapy isnot required; when used with agtetin, therec-
ommendationsfor thestatin apply.

Potential Roleof Ezetimibein Cholesterol-
L owering Therapy

In response to the decreased hepatic cholesterol pool, the
liver responds by upregulating L DL receptorsand increasing
de novo cholesteral synthesis; the net result is a modest de-
creaseinplasmalL DL. Therefore, athough plasmacholesterol
can beeffectively lowered by intestinal cholesterol absorption
inhibitors, their efficacy is decreased by the adaptiveincrease
of hepatic cholesteral synthesis, which can go up by asmuch
as89%.13 Inthe presence of aHMG CoA reductaseinhibitor,
thiscompensatory increasein cholesteral synthesisismarked-
ly diminished, resulting inthe substantially greater decreasein
LDL cholesteral that can be achieved from administration of
intestinal-acting agentsalone.

Therapy with ezetimibe providesamodest LDL reduction
of 17% aswell as having afavorable effect on HDL choles-
terol and TG.20.21 Monotherapy with thisagent will most like-
ly benefit the select group of patientswith only mildLDL ele-
vations in the absence of other risk factors; those who had
previousadversereactionto other first lineagents, particularly
statins, and asmall group of patientswho arefoundto havein-
creased absorption of cholesteral.

Given the modest reduction of LDL-C with ezetimibe
monotherapy, itsgreatest valueislikely to befound asacom-
bination agent with stetins. In clinical trids, ezetimibe was
used in combination with astatin, aswell as added to an on-
going therapy with astatin. On average, combination therapy
resulted in theincremental decreasein LDL-C by 15%, and
add-on therapy gave an additional 20% LDL lowering from
post-statin values, compared with statin therapy aone.2-23
Recently, acombination therapy pill of simvastatin and eze-
timibe became available in the U.S. Compared with atorva-
statin, the combination of simvastatin and ezetimibe was su-
perior inpercent LDL cholesterol decreaseand HDL choles-
terol increase at equal doses.?

Theaddition of ezetimibeto agtarting dose of satinisthere-
foreatherapeutic aternativeto athree-step statin titration be-
cause, with only an average of 6% further lowering of LDL-C
with each doubling of the starting dose of astatin, thesestrate-
gies have similar incremental LDL-C-lowering effects (15—
18%). Inaddition, statin titration isassociated with increased
incidence of adverse effects, the most serious of which being
rhabdomyolisis.? Overall, combinationtherapy effectively in-
creasesthelikelihood of reaching LDL-C goalsand alowsthe
useof lower gtatin dosesin order to achievetarget LDL-Clev-
els, thereby reducing the potentia for adverse effects.

Recently, C-reactiveprotein (CRP), whichisbelieved tore-
flect theinflammatory state, was shown to be apowerful risk
marker for cardiac eventsin patientsin all risk categoriesand

acrossawiderange of LDL-C levels. 25 New evidence contin-
ually emergesthat implicates CRP asapotent etiologic factor
inthedevelopment of atherosclerosis.2”- 28 Thergpy with statin
resultsin significant lowering of CRPand thismay play arole
initsability toretard progression of atherosclerosisand plaque
passivation.2? Ezetimibe may dso have an anti-inflammatory
effect. Intwo recent trias, addition of ezetimibeto statin ther-
apy resulted in greater hs-CRP reduction than with statin ther-
apy alone.?- 30 No change in hs-CRP, however, was noted in
the ezetimibe alone group.

Despitetherobust LDL lowering datawith ezetimibe, itis
important to realizethat our knowledgeof thisdrugisfar from
complete. Thus far, no clinical outcome trials of ezetimibe
with the endpoint of morbidity and mortality are available.
Although low-dose gtatin plusezetimibe may achieve LDL re-
duction similar to high-dose stetins, no outcome datacompare
these two treatment approaches. No large series have exam-
ined theeffect of ezetimibein digbetics. Littleisknown of effi-
cacy of ezetimibe in combination with afibrate, and no data
are presently available on combinations with niacin, resins,
and plant stanol esters. Also, the increased cost of ezetimibe
must be considered. Despitetheselimitations, LDL lowering
remainsaprimary objectiveof cholesterol treatment. A recent
trial hasdemongtrated that high-risk patientswith LDL choles-
terol <100 mg/dl prior totreatment till benefited from choles-
terol lowering treatment.3! Recent trials, such as Treating to
New Targets (TNT),32 Study of Effectiveness of Additional
Reductions of Cholesterol and Homocysteine (SEARCH),
Incremental Decreasein Endpointsthrough AggressiveLLipid
lowering (IDEAL),3 confirm further event reduction with
LDL cholesteral far below 100 mg/dl, soit isexpected that the
need for drugslike ezetimibewill only increese.

Conclusions

Ezetimibe is a novel selective cholesterol absorption in-
hibitor that reducesthe ddlivery of cholesterol totheliver. The
distinct mechanism of ezetimibe appearsto be complementary
to that of statins and other hypolipidemic agents. Ezetimibe
hasapotentid clinical roleboth asmonotherapy andin combi-
nation with other lipid-lowering therapies. As monotherapy,
ezetimibe may be useful inindividual srequiring only modest
LDL-C reductions, indligiblefor or intolerant to other agents,
or thosewith highintestinal cholesterol absorption. In combi-
nationwith other lipid-lowering agents, ezetimibemay beuse-
ful inindividua swho do not reach their L DL -C god with Sat-
intherapy alone, or asan aternativeto increasing statin dose.
Further studiesthat assesslong-term outcomeareneeded for a
moreclear definition of itsrolein reducing therisk of coronary
artery disease.
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