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/Abstract \

Atherosclerosis is the primary cause of mortality in our field. Secondary prevention trials show
that lowering c-LDL is associated with reduced coronary risk. Hence, sometimes, despite the
high dosages of statins, the objective which has been recommended by various panels of experts,
only achieves results in a modest 10-20% of patients, as is usual in patients with cardiovascular
disease (CVD), with elevated risk of sustaining it, or in diabetic patients, for whom most
associations suggest an c-LDL <70 mg/dl.

Ezitimibe is the first selective inhibitor of dietary cholesterol and billiary absorption in the
intestinal wall, through the absorption of the NPCLL1 transporter protein. Monotherapy has
achieved an average reduction of 20% in total cholesterol readings (TC), 22% in c-LDL and 10%
in TG, with a minimal increase (3%) of c-HDL. Ezetimibe, in monotherapy and in combined
therapy, has shown that as well as reducing levels of inflammatory markers, reactive C-protein
and ferritin, have improved endothelial functions.

Patients are increasingly in need of lipid-lowering drug treatments, and more intensive ones, in
order to achieve their c-LDL objectives. Since the normal statin dosages reduce the
concentrations of c-LDL by 30-40%, in some cases monotherapy using statin is insufficient in
order to achieve optimum effects, preferably in high-risk patients. Double therapy, statin-
ezetimibe, reduces c-LDL levels with greater efficacy than a single statin and is a more effective
strategy for achieving objectives.
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Introduction

Atherosclerosis is the primary cause of
mortality in our field. Its development is
closely related, among other risk factors, with
the high concentrations of plasmatic lipids and,
fundamentally, with those of low-density
lipoproteins (LDL). For this reason, nowadays
it is well known that hyperlipidaemia is a risk
factor for atherosclerosis and cardiovascular
risk (CVR)"

Dyslipidaemia is characterised by an increase in
plasmatic concentrations of triglycerides (TG),
total cholesterol (TC), and cholesterol of the
low-density lipoproteins (c-LDL), alongside a
decrease in the cholesterol of the high-density
lipoproteins (c-HDL). To prevent CVR, various
guides suggest lowering c-LDL levels until
they are under 70mg/dl or at least under 50% of
the baseline in very high-risk patients, and
under 100mg/dl or at least 50% of the baseline
in high-risk patients®*.

Secondary prevention trials show that lowering
c-LDL is associated with reduced coronary risk.
Said studies include the Heart Protection Study
(HPS)®, the Cholesterol And Recurrent Events
(CARE) trial®, the Long-Term Intervention
with Pravastatin in Ischaemic Disease (LIPID)
study’ and the Scandinavian Simvastatin
Survival Study®.

The effectiveness of statins, 3-hydroxy-3-
methyl-glutaryl-CoA reductase (HMG-CoA)
enzymes, controlling dyslipidaemia and a
reduction of cardiovascular morbimortality, in
primary prevention as in secondary prevention,
has been clearly shown in multiple studies®’,
deeming them adequate drugs of choice in the
treatment for hypercholesterolemia. This way,
the meta-analysis CTT (Cholesterol Treatment
Trialists)"of 26 clinical trials, including
170,000 patients, showed that the reduction of
c-LDL using statins was safe and for every c-
LDL reduction of 39 mg/dl the risk of major
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cardiovascular complications was reduced by
20%, independently from the basal values of c-
LDL.

The first dose of statins leads to a 30-50%
cholesterol  reduction. Its  dose-response
relationship is curvilineal, showing that the
response to an increased dosage is not directly
proportional. When the statin dosage is
doubled, the reduction of c-LDL is not doubled.
Instead, there is usually only an additional 4-
6% reduction; this is known as the 6% rule'?.
Hence, sometimes, despite the high dosages of
statins, the objective which has been
recommended by various panels of experts,
only achieves results in a modest 10-20% of
patients, as is usual in patients with
cardiovascular disease (CVD), with elevated
risk of sustaining it, or in diabetic patients, for
whom most associations suggest an c-LDL <70
mg/dl. The EUROASPIRE (European Action
on Secondary and Primary Prevention by
Intervention to Reduce Events)™ study showed
that only 51% of patients receiving lipid-
lowering drug treatments achieved the
objective, and the REALITY (Return on
Expenditure Achieved for Lipid Therapy)*
study showed that 57% of high-risk patients
won’t achieve the projected c-LDL goals
through statin-based monotherapy. In Spain, the
results of the DYSIS-Espafia (Dyslipidemia
International  Survey-Espafia)’® study imply
that, despite the treatment with statins, only a
fifth of patients reach normal lepidic values as
recommended by the currently acting clinical
practice guidelines. Moreover, the vast majority
of high-risk patients, CVD patients, and
diabetic patients continue to exhibit one or
more parameters of dyslipidemia. DYSIS-
Espana’s results show that there are important
differences between the recommendations by
the clinical practice guidelines and the clinical
reality, hence the need for a more intensive and
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thorough management of dyslipidemia in
patients with high CVR.

The reason for this failure can be attributed to
various factors: low therapeutic effect of
patients, the biological variability in response to
statins, the reluctance of medical professionals
when it comes to modifying poorly-controlled
patient treatments, the insufficient efficacy of
the current statin dosages, its tolerability
(rhabdomyolysis, hepatic impairment), and the
risks involved for diabetic patients as shown in
the JUPITER (The Justification for the Use of
Statins in Primary Prevention: An Intervention
Trial Evaluating Rosuvastatin®® and
WOSCOPS (The West of Scotland Coronary
Prevention Study)'’studies. This is probably
related to the high dosage, showing a 12% risk
increase in patients treated with higher dosages
compared with patients treated with more
moderate dosages of statins®®, alongside the
type of statin (primarily atorvastatin and
simvastatin'®) and primarily in patients with
pre-diabetes. The independent predictors of
newly-appearing diabetes can be identified by
basal levels of glucose when fasting; metabolic
syndrome; a family history of diabetes; and the
duration of observations. The addition of
ezetimibe to the statin treatment had a neutral
effect on how glucose was metabolized®. In
these cases, when treatment with statins is
insufficient to achieve the desired c-LDL
concentrations, new alternatives are being
sought. For example, the interaction with
fibrates, bile acid resin, or nicotinic acid, with
varied results. Some important interaction-
related side effects were noted to have limited
their efficacy.

Ezetimibe’s pharmacokinetics. Ezitimibe is
the first selective inhibitor of dietary
cholesterol and billiary absorption in the
intestinal wall, through the absorption of the
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NPCLL1 transporter protein (protein 1 similar to
the Niemann-Pick C-protein)®*. It influences
dietary cholesterol as well as that coming from
enterohepatic circulation, which IS
quantitatively more important, therefore the
efficacy of the drug does not depend on the
patient’s diet. There is a negative correlation
between LDL particles and the concentration of
plasmatic  triglycerides, and a positive
correlation with HDL values. This also applies
to the cholesteryester transfer enzyme in the
transference of the latter from the HDL and the
LDL to the triglyceride-rich lipoproteins and
transference of triglycerides in the opposite
direction. Cholesterol absorption inhibitors
reduce the content of the latter in chylomicrons,
which can indirectly lead to an LDL reduction
and to the inhibition of the cholesteryester
transfer enzyme?®.

It does not interfere in the absorption of other
substances, such as liposoluble vitamins (A, D,
E) or carotenes, fatty acids, bile acids, or
triglycerides. Hence, it has a different active
mechanism to statins, for which reason its co-
administration achieves double inhibition of
absorption and synthetisation of cholesterol,
leading to greater plasmatic density reductions,
which can make up 50% and even 5% in
triglycerides®. Intestinal cholesterol loss can
reach a daily 400mg. Once it has been
absorbed, it combines itself with glucuronic
acid in the intestine and liver, entering
enterohepatic circulation which means that its
half-life is quite long, approximately 22 hours.
Its elimination is primarily hepatic (78%) and
to a lesser extent renal (11%), which means it is
not recommended in moderate or grave hepatic
deficiencies, with no necessity of modifying the
dosage in renal deficiency. The most effective
ezetimibe dosage is 10 mg/day, which can be
administered once a day with its bio-
availability unaffected by food. Its efficacy
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stops rising once the dosage is increased above
10 mg/day. It is hepatically metabolised via
glucoronidation. It is not metabolised via
cytochrome p450, and no important interaction
has been described with drugs that are
metabolised via CYP 1A2, 2D6, 2C8, 2C9 or
3A4, which suggests low toxicity in its clinical
use®*?. Lipid-lowering drug action peaks after
2 weeks and is maintained over the course of
several months®.

Monotherapy has achieved an average
reduction of 20% in total cholesterol readings
(TC), 22% in c-LDL and 10% in TG, with a
minimal increase (3%) of c-HDL.

It is a safe drug without significant side-effects.
In all controlled studies around ezetimibe its
safety has been tested, showing that the
secondary effects were much like those caused
by the similarly-administered placebo, both in
the randomised studies and in the post-launch
pharmacovigilance, both in monotherapy and
when associated with statins.

Ezetimibe, in monotherapy and in combined
therapy, has shown that as well as reducing
levels of inflammatory markers, reactive C-
protein and ferritin, have improved endothelial
functions?’%%°,

Biochemical efficacy of treatment combining
statins and ezetimibe. Ezetimibe has shown
its efficacy and adequate clinical tolerability
across various studies, where it has been used
in combination with diverse statins (lovastatin,
simvastatin, atorvastatin, pravastatin,
rosuvastatin and pitavastatin). The ezetimibe
and statins combination is based on the
different, yet complimentary effects of each
drug. It is indicated for clinical situations in
which statins when performing their function as
the drug of choice, cannot attain the necessary
therapeutic objectives or the patient presents
any form of adverse reaction or side effects
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(with an EBM level C of evidence)®*. Co-
administration of a daily 10mg of ezetimibe in
combination with the 10mg dosage of statin
reduced c-LDL levels with the same efficacy as
the elevation of statin doses to the maximum
recommended dosage. It lowers total
cholesterol levels by up to 50% and c-LDL by
more than 60%, with the lowest incidence of
secondary effects. Hence, co-administering
ezetimibe with a statin, in a single step,
produces a similar reduction to multiplying the
statin dosage 3 or 4 times (6% x 3). It allows a
simple, yet efficient control of lipids in
comparison with the three-step dosage
adjustment in monotherapy with statins®
without increasing the secondary effects and the
hepatic or muscular toxicity, allowing the c-
LDL therapeutic objectives to be met in a large
percentage of patients.

The VYVA (Vytorin Versus Atorvastatin
Study)®* compares the efficacy of the statin-
ezetimibe combination with varying dosages of
atorvastin  when it comes to achieving
therapeutic objectives in 1,902 patients. The
combination resulted in a larger reduction of c-
LDL than atorvastatin (47-59% compared to
36-53%; p <0.001); a larger number of patients
reached c-LDL levels of <100 mg/dl (85%
compared to 70%; p <0.001) or <70 mg/dl
(45% compared to 21%; p <0.001). Of the
patients who received treatment that suffered
from coronary disease or had similar risk
factors, 64% reached the c-LDL objective of
<70mg/dl with the combined treatment, while
only 36% with atorvastatin at its maximum
dosage did.

Ez PATH by Leiter LA et al*® found that the
percentage of patients who reached the c-LDL
therapeutic objective of <70mg/dl after 6 weeks
of treatment (70%) is greater than the group
who received 10mg of ezetimibe combined
with 40mg of atorvastatin, compared to those
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who increased their atorvastatin dosage to 80
mg (32%). Specifically, 74% of patients in the
combined treatment group achieved the
therapeutic objective of c-LDL <70mg/dl
compared with 32% of patients in the
atorvastatin at maximum dosage monotherapy
group, a statistically significant difference of p
<1.001.

The ACTE Study* evaluated ezetimibe’s
efficacy in reducing c-LDL when co-
administered in patients who had already been
treated with 5 or 10mg of rosuvastatin versus
the increase on rosuvastatin dosage to 10-20mg
in  hypocholesterolemic patients with a
moderate or high CVR with atherosclerosis.
The addition of ezetimibe to the rosuvastatin
treatment resulted in major c-LDL reductions
compared with the increased dosage of
rosuvastatin (-21.5% vs. -7,6% p <0,001) both
in the total demographic of the study, as when
tested separately on each stratum. Moreover,
there were also major reductions noted with the
co-administration of ezetimibe as compared to
the increase in levels of TC, no-HDL
cholesterol, and apoB. Regarding the
achievement of the projected goals for the co-
administration of ezetimibe and rosuvastatin, a
major percentage of patients achieved the
desired c-LDL <70mg/dl levels for high CVR
with atherosclerosis, following a similar
baseline profile for safety and tolerability in all
treatment groups.

This was also shown in the EASEGO (The
Ezetimibe And Simvastatin versus doublE
statin reach new lipid treatment GOals study)®
study, involving patients with
hypercholesterolemia and coronary and/or type
2 diabetics who did not meet the c-LDL
objectives set by the monotherapy with statins.
These  individuals  switched over to
ezetimibe/simvastatin,  which  significantly
reduced c-LDL and TC levels compared to the
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increased statin dosage. The patients who
switched over to ezetimibe/simvastatin from
their base-dosage of statin, simvastatin of 20mg
or atorvastatin of 10mg experienced an
additional average c-LDL reduction of 29.1%
after 12 weeks. On the other hand, patients who
increased their simvastatin or atorvastatin
dosages only experienced an average c-LDL
reduction of 11.5% after 12 weeks. The
difference in c-LDL reduction was statistically
significant (p <0.001) in favour of the change to
ezetimibe/simvastatin.

In Dai Yun-Yan’s study®, 202 patients suffered
from acute coronary syndrome (ACS) and
percutaneous coronary intervention  was
required. Between May and July of 2016 they
were assigned to 3 groups, according to the
lipid reduction strategy: a group receiving
moderate intensity statins, a group receiving a
combination of ezetimibe and moderate-dosage
statins, and the intensive statin group. They
were tracked over 6 months. The percentages of
CT and c-LDL reduction were significantly
higher in the group receiving a combination of
ezetimibe and  moderate-dosage  statins
compared to the moderate-intensity statin group
(p <0.001). The proportion of patients that
reached the projected drop in c-LDL was
greater in group receiving the combination of
ezetimibe and moderate-dosage statins (69.1%,
p =0.007) in comparison with the group
receiving moderate-intensity statins (67.9%, p
=0.047) and the group receiving intensive
statins (46.9%). There were no significant
differences among the three groups in terms of
the level of hepatic enzymes, the kinease
creatine levels, and the frequency of muscular
symptoms.

This demonstrates the efficacy of an ezetimibe-
simvastatin ~ combination  treatment  in
cholesterol reduction, despite the
morbimortality studies that have been carried
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out to this date having frequently produced
discording results, which has triggered certain
controversy in terms of their true usefulness.

Effects on cardiovascular morbimortality of
the combined treatment of statins and
ezetimibe. The benefit of these results on
vascular damage was called into question due
to the results obtained in the ENHANCE
(Ezetimibe and Simvastatin in
Hypercholesterolemia enhances Atherosclerosis
Regression) study®’. This study proved that the
addition of ezetimibe to simvastatin did not
reduce the intima-media thickness in 720
patients who suffered from  familial
hypercholesterolemia, who were observed over
two years. Despite significant c-LDL and C-
reactive protein reductions, and due to the
SEAS (Simvastatin and Ezetimibe in Aortic
Stenosis)®® study in which said interaction did
not reduce the combination of events associated
with aortic valvuloplasty and ischemic events
in patients with aortic stenosis, it did reduce the
incidence of ischemic cardiovascular events.

In this same line of research was the
ARBITER-6 HALTS (Arterial Biology for the
Investigation of the Treatment Effects of
Reducing Cholesterol 6-HDL and LDL
Treatment  Strategies in  Atherosclerosis)
study®. 315 coronary disease patients, or
patients  with  similar  c-LDL<100mg/dI
conditions who were receiving statins
treatments, were observed for 14 months and
were randomly assigned ezetimibe (10 mg/day)
or slow release niacin (2,000 mg/day). There
was a significant difference between the groups
receiving the treatment with ezetimibe and
niacin over average CIMT changes, which
favoured niacin, both for the CIMT average (p
=0.016) as for the maximum CIMT values (p
=0.01), proving that niacin reduces regression
in a superior manner to ezetimibe. Kiyoshi et
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al.®® carried out a randomised, prospective,
open-label study in 10 medical centres. 128
patients without statins with ACS who
underwent an intravascular echography (I\VVUS).
The patients were randomized to receive
2mg/day of pitavastatin plus 10mg/day of
ezetimibe or 2mg/day of pitavastatin. The
primary end-point was the percentage change in
the volume of plaque that could be seen in the
Doppler echocardiography.  The  combined
treatment of ezetimibe and statins produced no
significant change in coronary plaque
regression or tissue components compared to
statin alone.

In  contrast, the controlled, prospective,
randomised, multicentral PRECISE-IVUS (The
Plaque REgression with Cholesterol absorption
Inhibitor or Synthesis inhibitor Evaluated by
IntraVascular UltraSound) trial** was the first
to prove a reduction in  coronary
atherosclerosis, in patients who underwent a
percutaneous coronary intervention, with the
dual lipid reduction therapy of ezetimibe and
statins when compared to statins by themselves.
Patients were randomly assigned to only-
atorvastatin, or atorvastatin plus ezetimibe (10
mg/day). Both strategies had acceptable
secondary effect profiles, with a low incidence
of anomalies and cardiovascular events.

More recently, the SHARP (Study of Heart and
Renal Protection) study*” proved that the
reduction of c-LDL achieved via the
combination of 20mg of simvastatin and 10mg
of ezetimibe safely reduced the incidence of
major atherosclerotic events in patients with
advanced chronic renal disease and without
previous signs of vascular disease.

The IMPROVE-IT (Improved Reduction of
Outcomes: Vytorin Efficacy International Trial)
study® is a randomised, double-blind, placebo-
controlled trial. 18,144 patients of both sexes,
above 50 years of age, who had been
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hospitalised in the 10 previous days due to
acute coronary syndrome (including myocardial
infarcts with or without TS segment elevations
or a high risk of unstable angina) with c-LDL
levels between 50 and 125 mg/dl, participated.
They were randomised to placebo/simvastatin
40mg or ezetimibe/simvastatin 10/40mg. They
were followed for an average of 6 years for the
primary component of cardiovascular death,
myocardial infarct, hospitalisation due to
unstable angina, coronary revascularisation >30
days and cerebrovascular accidents. It was
shown that the addition of ezetimibe to the
simvastatin treatment produced additional
benefits both in men and women, with a good
safety profile, no different to the placebo group.
This backed the use of intensive, combined, and
lipid reduction therapy to  optimise
cardiovascular results.

A sub-analysis of this study** proved that the
ezetimibe/simvastatin combination was
associated with an absolute reduction of 5.5%
(HR 0.86, IC 95% 0.78-0.94) at the final
primary endpoint compared to simvastatin
monotherapy in diabetic patients, without
modifying the metabolical parameters, hence it
can be considered a positive interaction in the
treatment for said patients.

However, the anti-atherosclerotic effect of
ezetimibe continues to be controverted as can
be seen in other studies. Kiyoshi et al.** showed
in patients without previous statins treatments
for ACS, that the combined treatment of
ezetimibe and statins (2mg/day of pitavastatin
plus 10mg/day ezetimibe, or 2mg/day of
pitavastatin) there was no significant change in
coronary heart regression, or tissue makeup, in
comparison with statins alone. Other research
such as the SANDS (Stop Atherosclerosis in
Native Diabetics Study) clinical trial* yielded
similar results. This trial was carried out on
adults with type 2 diabetes and without
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previous signs of cardiovascular disease, and
concluded that the beneficial effects of the
ezetimibe/statin ~ treatment  on  carotid
atherosclerosis were similar to those of the
statin monotherapy in patients with a similar c-
LDL reduction rate.

In a recent meta-analysis*’ of 8 clinical trials,
with a special focus on IMPROVE-IT showed
that in patients with a high risk of
cardiovascular events, ezetimibe combined with
statins was associated with a likely nonlethal
myocardial infarct risk reduction, a possible
reduction in  nonlethal  cerebrovascular
accidents, and no impact on myopathy, or on
mortality for all the aforementioned causes and
cardiovascular death, and possibly no impact on
cancer. The authors’ conclusion was that the
addition of ezetimibe to moderate dosages of
statins probably prevented 18 infarcts and
possibly 6 cerebrovascular accidents in the
1,000 patients treated over 6 years, but it is
unlikely to have reduced mortality rates for all
the reasons or cardiovascular death. No
reference was made to specific major damage
associated with the addition of ezetimibe to
statins.

In recent years, various studies in everyday
medical practice have shown cardiovascular
benefits in  various clinical situations,
confirming the results of the aforementioned
clinical trials. In France, Ferrieres et al.*®
evaluated the impact of ezetimibe in real life
over morbidity and cardiovascular mortality in
a total of 3215 patients, followed over an
average of 2.9 years. They estimate the number
of nonfatal and fatal cardiovascular events that
could be prevented and the number of the
patients who need ezetimibe treatment to
prevent such an event in 5 years. The predicted
frequency reductions related to CV events (fatal
and nonfatal) compared to no treatment, or to
statin (combined therapy) were, respectively, 8,
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2, and 12 in every 1,000 patients treated over 5
years, with a global NNT of 143 patients.

This way, other authors® have shown the
clinical benefits of a combination of statins and
ezetimibe on a total of 212,110 patients with
ACS and multiple comorbidities. The patients
of the statin group, more so than the ezetimibe
group had a significantly lesser risk of being
admitted to hospital with ACS (risk ratio
adjusted [RR] =0.64, confidence interval [CI]
=95%: 0.60-0.69) and revascularization (CRR
=0.69, CI 95%: 0.63-0.76) than those who were
in the statin-only group. There were also
significant interactions between the
combination with ezetimibe, sex, and mellitus
diabetes.

The MOBS (The Model-Observational-
Bridging Study)*® study was launched to study
ezetimibe’s impact on health, after it was
approved for sale to the public in France. Its
primary objective was to estimate the number
of fatal and nonfatal cardiovascular events
which could be prevented by ezetimibe. 3,395
patients were recruited due to
hypercholesterolemia who had been taking
ezetimibe over a minimum of 3 months before
being included in the study. They concluded
that ezetimibe combined with statin could
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prevent 12 CVEs for every 1,000 patients over
5 years compared to statins alone.

Conclusion. Epidemiological studies have
revealed that the increase in serine cholesterol
can be associated with a greater risk of
cardiovascular  morbidity and  mortality.
Patients are increasingly in need of lipid-
lowering drug treatments, and more intensive
ones, in order to achieve their c-LDL
objectives. Since the normal statin dosages
reduce the concentrations of c-LDL by 30-40%,
in some cases monotherapy using statin is
insufficient in order to achieve optimum
effects, preferably in high-risk patients. Double
therapy, statin-ezetimibe, reduces c-LDL levels
with greater efficacy than a single statin and is
a more effective strategy for achieving
objectives. Its side effects are similar to those
of a placebo. In conclusion: although statins
continue being the treatment of choice in
dyslipidemic patients, the interaction between
statins and ezetimibe are suggested as a more
effective treatment for those patients who do
not achieve their c-LDL objectives via
monotherapy or cannot tolerate higher dosages
of statins.
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