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ABSTRACT: Lipid-lowering therapies, particularly non-statin regimens, are underutilized as ~2/3 of patients with atherosclerotic cardiovascular
(CV) disease (CVD) are not optimally managed, and do not attain target low-density lipoprotein cholesterol (LDL-C) concentrations, despite
statin treatment. Statins have been the mainstay of hypolipidemic therapies; however, they are plagued by adverse effects, which have partly
hindered their more widespread use. Ezetimibe is often the first added mode of treatment to attain LDL-C goals as it is efficacious and also
allows the use of a smaller dose of statin, while the need for more expensive therapies is obviated. We herein provide a comprehensive review
of the effects of ezetimibe in lipid lowering and reducing CV events and improving outcomes. Of the hypolipidemic therapies, oral ezetimibe, in
contrast to newer agents, is the most convenient and/or affordable regimen to be utilized as mono- or combined therapy supported by data from
CV outcomes studies attesting to its efficacy in reducing CVD risk and events. When combined with a statin, the statin dose could be lower, thus
curtailing side-effects, while the hypolipidemic effect is enhanced (by ~20%) as the percentage of patients with target level LDL-C (<70mg/dL)
is higher with combined treatment versus a high-intensity statin. Ezetimibe could also serve as an alternative treatment in cases of statin intoler-
ance. In conclusion, ezetimibe has an excellent safety/tolerability profile; it is the first added treatment to a statin that can attain LDL-C targets. In
the combined therapy, the hypolipidemic effect is enhanced while the dose of statin could be lower, thus limiting the occurrence of side-effects.
Ezetimibe could also serve as an alternative mode of treatment in cases of statin intolerance.
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Introduction

The usage of lipid-lowering treatment has been less than opti-
mal, as about two-thirds of patients with atherosclerotic car-
diovascular (CV) disease (CVD) do not attain optimal
low-density lipoprotein cholesterol (LDL-C) levels, despite
statin treatment.! The percentage of lipid goal attainment has
been reported to be much lower in certain ethnic subgroups.? A
recent (2022) retrospective United Kingdom study character-
izing the adult primary care patient population (n=279221)
with primary hypercholesterolemia (PH)/mixed dyslipidemia
(MD), indicated that over a mean of 8.6 years, the basal preva-
lence (proportion of the population) of PH/MD almost dou-
bled from 13.5% in 2009 to 23.5% by 2019.3 The incidence
(number of new cases) was reduced from 176 to 49 per 100000
population. Average age of the cohort was 58years, baseline
LDL-C was 4.32mmol/L (167 mg/dL), approximately 20%
had atherosclerotic CVD, 30% diabetes mellitus (DM), and
8.5% heterozygous familial hypercholesterolemia. Respective
LDL-C decreases of 40% and 50% were attained in 2.6% and
2.3% of patients. Most were administered moderate-intensity
statins as single therapy (62%); high-intensity statins were
employed less often (24% as commencing therapy), while
<10% of patients had ezetimibe together with statins of vari-
ous intensities. Thus, a high percentage of patients with PH/
MD who are at increased CV risk, are less than optimally man-
aged regarding lipid reducing, and may have CV events with
attendant important clinical and financial consequences.

Therefore, despite recommendations for intensive LDL-C
reduction, these are not applied in the clinical arena in the
broader population.

Statins have been at the center stage of hypolipidemic ther-
apies. Unfortunately, statins have been plagued by the occur-
rence, or fear of the occurrence, of several side-effects or adverse
actions, which have partly hindered their more widespread
use.* Besides statins, 5 new lipid-lowering therapeutic modali-
ties have been documented to further lower CVD risk com-
prising ezetimibe, proprotein convertase subtilisin/kexin type 9
inhibitors (PCSK91), icosapent ethyl (found effective in reduc-
ing triglycerides rather than cholesterol),> bempedoic acid, an
ATP citrate lyase inhibitor (reduces LDL-C),” and inclisiran, a
new small interfering RNA treatment that blocks the genera-
tion of the PCSK9 protein.® Of these, ezetimibe is an oral
agent, in contrast to parenteral PCSK9i and inclisiran, and has
been the most convenient and/or affordable regimen, with
PCSKDYi being the most expensive class of drugs and inclisiran
the next most expensive agent.” Importantly, the latter still
remains untested; the outcome of a broad-scale trial of the
influence of inclisiran on CV course is anticipated in 2026.°
Robust data also attest to the success of ezetimibe in decreasing
CVD risk and events.'%" The recently added, bempedoic acid,
an ATP citrate lyase inhibitor that reduces LDL-C concentra-
tions with reported low incidence of muscle-related adverse
events among statin-intolerant persons, has been recently
found to decrease the occurrence of major adverse CV events

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:asm@otenet.gr

Biomarker Insights

(MACE).'2 However, this agent was also found, according to a
recent meta-analysis, to increase the occurrence of gout, chole-
lithiasis, and renal impairment.!3 Furthermore, the drug is still
more expensive than statins, has no generic alternative and a
30-day supply can cost >$400.7

A recent study assessed the utility of hypolipidemic drugs
in 728423 persons with atherosclerotic CVD from 89 US
health systems (2018-2021) employing electronic health
records.! As of 2021, only 6% of atherosclerotic CVD indi-
viduals were receiving ezetimibe, 1.6% were on a PCSK9i, and
1.3% on icosapent ethyl, with use only slightly rising during
the trial duration. The authors concluded that dealing with
the underusage of non-statin lipid-reducing treatment for sec-
ondary prevention is a crucial point in closing the manage-
ment hiatus of patients with remaining risk of atherosclerotic
CVD. Non-statin lipid-lowering therapies do reduce residual
atherosclerotic CVD risk. Thus, increasing use of these thera-
pies is critical to improving this treatment gap. Furthermore,
the benefits of LDL cholesterol lowering, even beyond current
recommendations, are also apparent in patients at lower CV
risk and younger age, indicating a need for earlier and effective
intervention.!#

For this narrative review, a comprehensive review of the lit-
erature was conducted and the outcome of trials examining the
usage of ezetimibe, as mono- or combined treatment in patients
with hyperlipidemia and/or CVD, including several subgroups,
are discussed. Also, safety and cost-efficacy issues and current
guidelines are detailed. A summary of the results of meta-anal-
yses of studies employing ezetimibe is presented in Table 1.1°-27
The mechanisms of action of ezetimibe vis-a-vis those of
statins are pictorially illustrated (Figure 1). Finally, a holistic
lipid approach strategy is suggested.

Mechanism of Action

Ezetimibe is a selective inhibitor of the Niemann-Pick C
1-Like 1 protein (NPC1L1P) transporter on enterocytes, lead-
ing to a reduction of the intestinal cholesterol absorption
(Figure 1).282° A meta-analysis of 8 short-term RCTs demon-
strated that after 12 weeks of ezetimibe monotherapy, a signifi-
cant LDL-C lowering of 15% to 22% was noted; the drug was
well tolerated with a safety profile similar to placebo.!®
Importantly, ezetimibe has low pharmacokinetic interactions
with medications metabolized by cytochrome P450 with low
incidence of muscle side-effects.

Ezetimibe also exhibits anti-inflammatory and immu-
nomodulatory actions and affects the expression of specific
antigens.’%-33 A recent meta-analysis indicated that ezetimibe
significantly decreased C-reactive protein (CRP) levels by
~30%, independently of cholesterol reductions.?* It is quickly
absorbed from the gastrointestinal tract, then glucuronidated
to produce the active metabolite; it also goes through substan-
tial enterohepatic circulation.3® Several genetic polymorphisms
appear to affect the pharmacokinetics of ezetimibe. This agent

also has an intricate influence on cytochrome P450 enzymes, as
it is a metabolism-dependent inhibitor of cytochrome
CYP3A4.30 Ezetimibe does not have any clinically important
interactions with fibrates, statins, or mipomersen.3°

Adverse Events

There have been some concerns about a potential increase of
intestine cancer and/or breast cancer by ezetimibe.3> However,
a recent meta-analysis confirmed ezetimibe’s safety in 28 444
participants over a median of 5months (48 randomized con-
trolled trials—RCTs) and in 1667 participants over a median
of 40 months (4 observational studies), where the drug was not
associated with cancer (relative risk—RR 1.01), fractures (RR
0.90), discontinuation due to adverse event (RR 0.87), gastro-
intestinal event (RR 1.34), myalgias (RR 0.82), neurocognitive
events (RR 1.48), or new-onset DM (RR 0.88).3¢ The authors
concluded that ezetimibe does not differ much from placebo,
standard care or other lipid-reducing agents in untoward effects
or other adverse events.

Monotherapy

As mentioned, non-statin lipid-lowering drugs are efficacious
in lowering atherosclerotic CVD risk.® However, usage of non-
statin therapies is low for secondary prevention. Furthermore,
there has been limited uptake of non-statin therapies over the
last several years. Increasing use of these therapies is important
to improve the treatment gap, as almost two-thirds of patients
with atherosclerotic CVD do not attain target LDL-C despite
statin treatment.

As also mentioned, a recent report evaluating the employ-
ment of hypolipidemic agents in 728423 persons with athero-
sclerotic CVD in the US indicated that as of 2021, only 6% of
atherosclerotic CVD patients were receiving ezetimibe, 1.6%
were receiving a PCSK9i, and 1.3% were on icosapent ethyl,
pointing to the suboptimal usage of non-statin lipid-reducing
treatment.?

Early data on use of ezetimibe with meta-analysis including
only short-term studies in hypercholesterolemia, showed con-
siderable potentially positive alterations in lipid and lipopro-
tein concentrations compared to baseline following ezetimibe
single therapy.!® Ezetimibe alone and also combined with sim-
vastatin has been demonstrated to lower the atherogenic small,
dense LDL level in patients with DM.37 Ezetimibe can also
positively influence the spread of LDL subfractions, particu-
larly in patients with high triglyceride levels.3® Furthermore,
combined therapies, such as those commonly employed in
patients with acute myocardial infarction (MI), influence the
quality of LDL particles.’ Indeed, a link was shown of simvas-
tatin/ezetimibe plus either clopidogrel or ticagrelor with less
oxidized LDL, while simvastatin/ezetimibe with ticagrelor
lowered the amount of cholesterol in the atherogenic subfrac-
tions of LDL, whereas rosuvastatin with ticagrelor was the only
combined regimen linked with higher LDL size.%
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Table 1. Large meta-analyses on use of ezetimibe.

FIRST

AUTHOR/
YEAR

Pandor
et al'8

Zhang
et al”

Wang
et al?”

Zhu
et al's

Shaya
et al'®

Yu et al26

Ah et al®

Mostafa
Arabi
et al22

NO OF

STUDIES

8 RCTs

24 RCTs

12 RCTs

14 RCTs

12 RCTs

11 RCTs

18 RCTs

12 RCTs

NO OF PTS/USE
OF EZETIMIBE

2713/1786

171250/83209

131978

3105/1558

19894/9937

994/932

1222/180

844/436

RESULTS

e Ezetimibe monotherapy significantly
reduced LDL-C (from baseline to
endpoint) by -18.58%, (P <.00001) vs
placebo

e Significant (P<.00001) changes also
occurred in total cholesterol (-13.46%),
HDL cholesterol (3%) and triglyceride
levels (—8.06%)

More-intensive vs less-intensive LDL-C
lowering conferred fewer reductions in Ml
with a higher baseline CRP (change in rate
ratios per 1mg/L increase in log-
transformed CRP, 1.12; P=.007), but not
other outcomes

- Risk ratio (RR) for MACE: 0.86 for
high-dose statin, 0.90 for ezetimibe-statin,
and 0.94 for PCSK9 inhibitor-statin;

- RR for revascularization: 0.84 for
high-dose statin, 0.91 for ezetimibe-statin,
and 0.94 for PCSKQ inhibitor-statin

Lipid parameters changed more
significantly in pts coadministered with
ezetimibe and statin (LDL-C/MD =-9.39;
non-HDL-C/MD=-10.36, 95% Cl -14.23 to
—-6.50; TC/MD=-8.11, 95% CI -10.95 to
-5.26; and TG/MD=-5.96, 95% CI| -9.12 to
-2.80)

Combined ezetimibe plus statin therapy led
to greater absolute LDL-C reduction than
statin monotherapy (mean difference
-21.86mg/dL; P <.0001) after 6mo of
treatment (or at a timepoint closest to 6 mo)

Ezetimibe/Statin group: lower LDL-C
(MD=-13.14mg/dL, P=.00001) and TC
concentration (MD=-23.79mg/dL, P=.002)
from baseline to follow-up, comparing to
the D/S group. Besides, no significant
between-group differences were observed
for concentrations of HDL-C (MD=0.46 mg/
dL, P=.57].

Low/moderate-intensity statin plus
ezetimibe reduced LDL-C (SE=0.307), TC
(SE=0.217), triglyceride (SE=0.307), and
hs-CRP (SE=0.190) significantly more than
high-intensity statin therapy.

Significant reduction in interleukin-6 (IL-6)
(9 RCTs, 514 participants, WMD: -1.4pg/
mL; 95% CI: -2.4, 0.3, P <.007, [2=97.1%,
P <.001) and interferon-gamma (IFN-y) (2
RCTs, 78 participants, WMD: —-0.2 pg/mL;
95% Cl: -0.4, -0.1, P<.001, [2=0%, P=.7).
Following subgroup analysis, there was a
significant reduction in IL-6 in the age
group =60y and the Asian population.

COMMENTS

Ezetimibe monotherapy appeared to be
well tolerated with a safety profile similar
to placebo

Similar risk reductions noted for more- vs
less-intensive LDL-C-lowering therapy
regardless of the magnitude of CRP
reduction or the achieved CRP level for all
outcomes/Median FU 4.2y

Similar relative effects of intensive
lipid-lowering treatment were also
observed in analyzes of Ml and stroke,
although no significant difference
between groups was identified

e Moderate-high heterogeneity/
Combined ezetimibe and atorvastatin
vs double-dose atorvastatin
significantly decreased LDL-C,
non-HDL-C, TC, and TG levels by
14.16%, 14.01%, 11.06%, and 5.96%,
respectively (P <.001).

¢ No significant difference in the
incidence of laboratory-related AEs
between statin combination therapy
and monotherapy

Similarly, in pts with recent ACS,
combined ezetimibe plus statin therapy
was favorable vs statin monotherapy
(mean treatment difference —19.19mg/dL;
P <.0001)

Subgroup analysis: the combination of
ezetimibe and atorvastatin (10mg)
(MD=-16.98mg/dL, P<.0001) or
simvastatin (20mg) (MD=-17.35mg/dL,
P <.0001) showed stronger ability of
reducing LDL-C than combination of
ezetimibe and rosuvastatin (10mg)
(MD=-9.29mg/dL, P=.05).

In terms of safety, the 2 treatments were
not significantly different in terms of ALT
elevation, but high-intensity statin
increased AST and CK significantly more
than combination therapy.

Did not show any significant reduction in
interleukin-1beta (IL-1p) (3 randomized
controlled trial studies (RCTs), 292
participants, WMD: —-0.4 pg/mL; 95% ClI:
-1.3,0.4, P=.3, 2°=93.1%, P <.001),
tumor necrosis factor-alpha (TNF-a) (4
RCTs, 199 participants, WMD: —0.3pg/
mL; 95% CI: -0.8, 0.1, P=.1, ?=13.8%,
P=.3) and monocyte chemoattractant
protein-1 (MCP-1) (4 RCTs, 216
participants, WMD: -7.8 pg/mL; 95% ClI:
-18.5,2.8, P=.1, °=30.8%, P=.2).

(Continued)
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Table 1. (Continued)

FIRST
AUTHOR/
YEAR

Chauhan
et al?!

Wang
et al%

Omidi
et al20

Kwon
et al23

Deng
et al>

Mahajan

et al'®

Kang
et als

Xie
et al3*

NO OF
STUDIES

15 RCTs
(simvastatin-
ezetimibe vs
simvastatin
alone)

48 RCTs/4
observational

20 RCTs

5 RCTs

39 RCTs

11 RCTs

7 RCTs

53 RCTs

NO OF PTS/USE
OF EZETIMIBE

14894/14894

28444/1667

20024:
9989/10035

642

53526 post-PCI
pts

20291

2337/Compared
5mg
rosuvastatin/10mg
ezetimibe to those
of 20mg
rosuvastatin

171668

RESULTS

Combination therapy led to a higher
reduction of LDL-C (MD: -20.22; P <.0001)
vs monotherapy with a statin alone/no
significant difference in the reduction of
HDL-C values (MD: —0.07; P: —-0.04)
between the 2 groups

Ezetimibe was not linked with cancer (RR
1.01), fractures (RR 0.90), discontinuation
due to any adverse event (RR 0.87), GlI
adverse events leading to discontinuation
(RR 1.34), myalgia or muscular pain
leading to discontinuation (RR 0.82),
neurocognitive events (RR 1.48), or
new-onset diabetes (RR 0.88)

Combined therapy involving ezetimibe plus
statin led to a more substantial absolute
decrease in LDL-C vs statin alone
(difference in means —14.06 mg/dL;
P=.0001).

e CIMT reduction: similar between
ezetimibe/statin and statin alone groups
e However, in subgroup analyses: CIMT
in the ezetimibe/statin group was
significantly reduced in pts with:
- non-familial hypercholesterolemia
(SMD: -0.34 mm and P=.002) and
- with secondary prevention (SMD:
—-0.38mm and P=.002).

Lower MACE: evolocumab plus ezetimibe
& statin
Lower mortality: ezetimibe plus statin

Addition of ezetimibe to high-intensity statin
therapy at the time of ACS event led to
significantly better cholesterol reduction at
day-7, 1-month, 3- months and 1-year of
follow-up (P <.001)

e Percentage LDL-C reduction was similar
in the combination and monotherapy
groups

Percentage of total cholesterol
reduction was greater in the
combination group (SMD 0.22; P=.02),
whereas that of triglyceride reduction
and HDL cholesterol elevation did not
differ between the 2 groups

CRP levels were significantly decreased by
statins (—0.65), bempedoic acid (-0.43),
ezetimibe (-0.28), and omega-3 fatty acids
(-0.27)

COMMENTS

e Study indicates that the combination
therapy of simvastatin and ezetimibe is
more effective in reduction of LDL-C vs
simvastatin monotherapy

o Limitation: studies did not have a
uniform dose for both therapy groups
and used varying doses for their trials

At median FU 34 w (24-312): ezetimibe
resulted in little to no difference in
adverse events or other undesirable
effects compared with placebo, usual care
or other lipid-lowering drugs

Subgroup analyses: the intervention
strategies proved effective in diminishing
the volume of dense calcification in
contrast to the control group

The LDL cholesterol level was
significantly reduced in the ezetimibe/
statin group (SMD: —-0.58 mg/dL and
P <.001).

Ezetimibe can reduce the risk of MACEs
and mortality

This translated into significantly lower
recurrent CV events post an index event
of ACS

5mg rosuvastatin/10 mg ezetimibe had
largely comparable lipid-modifying
efficacy and tolerability as 20 mg
rosuvastatin

The risk of composite AEs (odds ratio
0.50; 95% Cl 0.15-1.72; P=.27) of the
combination was not different compared
to the monotherapy group

Meta-regression analysis did not show a
significant correlation between changes in
CRP and LDL-C or TG

Abbreviations: ACS, acute coronary syndrome; AEs, adverse events; ALT, alanine transaminase; AST, aspartate transferase; C, cholesterol; Cl, confidence intervals;
CIMT, carotid intima thickness; CK, creatine kinase; CRP, C-reactive protein; CV, cardiovascular; FU, follow-up; Gl, gastrointestinal; HDL, high-density lipoprotein; IFN-y,
intererone gamma; IL, interleukin; LDL, low-density lipoprotein; LDL-C, LDL cholesterol; MACE, major adverse cardiovascular events; MCP-1, monocyte chemoattractant
protein-1; MD, mean difference; MI, myocardial infarction; PCSK9, protein convertase subtilin/kexin type 9; Pts, patients; RCT, randomized controlled trial; RR, relative
risk/risk ratio; SMD, standardized mean difference; TC, total cholesterol; TG, triglycerides; TNF-a, tumor necrosis factor alpha; WMD, 8 mean difference

In clinical trials, single therapy with ezetimibe (10 mg/d)
has been demonstrated to lower LDL-C in hypercholester-
olemic patients by 15% to 22% with relatively increased inter-
individual fluctuation.®>*! A meta-analysis of 8 RCTs (all

12weeks duration, n=2722) indicated that ezetimibe mono-
therapy conferred an important mean reduction in LDL-C
(from baseline to endpoint) of -18.6%, (P<.00001) versus pla-
cebo.!8 In addition, considerable (P<.00001) alterations were
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Figure 1. The schema demonstrates the mechanisms of action of ezetimibe vis-a-vis those of statins. The main action relates to inhibition of cholesterol
absorption and reduction of its overall delivery to the liver, thus promoting the synthesis of LDL receptors with consequent reduction of serum LDL-
cholesterol. The primary target of action seems to be the cholesterol transport system Nieman Pick C1 like protein (NPC1L1). Ezetimibe also
demonstrates anti-inflammatory, immunomodulatory and antioxidative properties.

also detected in total cholesterol (-13.5%), high density lipo-
protein cholesterol (HDL-C) (3%) and triglyceride concentra-
tions (-8.1%). Single treatment with ezetimibe seemed to be
tolerated well with a profile of safety which was akin to pla-
cebo. Of course, another setting where ezetimibe is used as
monotherapy includes patients with intolerance to statins.*>43

However, ezetimibe has been mostly employed as an adjunc-
tive therapy added to standard statin treatment. Nevertheless,
there may also be an occasional patient with familial hypercho-
lesterolemia who has an excellent response to this agent.** As
mentioned, NPC1L1 is the molecular goal of ezetimibe.
Detailed analysis of the NPC1L1 gene and proteome from a
super responder to ezetimibe regarding the role of NPC1L1
mutations pointed to an intricate series of events in which the
joint mutations were demonstrated to influence cholesterol
uptake when ezetimibe was present.* Proteomic analysis sug-
gested that the super response may also be explained by the
type of interactions with the proteins of the cytosol.

Ezetimibe as Part of Combined Therapy/Adjunct to
Statin Therapy

For patients needing a more aggressive lowering in cholesterol
to aid in averting CVD), a statin can be combined with ezetimibe
to enhance its efficacy.* Indeed, ezetimibe is often the initially
added therapy to reach LDL-C goals. It decreases LDL-C by
approximately an extra 20% and has a superb safety and toler-
ability profile. CV outcomes data indicate that such a

combination therapy is a strong and by and large well-tolerated
combination of drugs that increases the spectrum of choices at
hand for the pharmacological treatment of hypercholester-
olemia in adults, permitting more patients to attain their
LDL-C target.4-48 Combined therapy is also a choice to man-
age very-high-risk patients who cannot attain LDL-C goals
with statin single therapy.*

Data from RCTs indicate that all fixed-dose combinations
of ezetimibe/statin considerably improve lipid patterns in
patients with hypercholesterolemia versus statin monother-
apy.”® In all groups of patients managed with different doses of
statin combined with a standard 10mg-dose of ezetimibe, a
reduction in mean LDL-C concentration of >50% has been
noted. The safety and tolerability of ezetimibe/statin treatment
seem to be equivalent with those of statin single therapy.

Among patients with atherosclerotic CVD, moderate-
intensity statin with ezetimibe combination treatment was
non-inferior to high-intensity statin single therapy for the
3-year composite results with a greater percentage of patients
with LDL-C concentrations of <70mg/dL and less intoler-
ance-associated drug withdrawal or dose lowering.5! In this
context, a multicenter Korean RCT randomized 3780 patients
to take either moderate-intensity statin dose (rosuvastatin
10mg) with ezetimibe (10mg) combination treatment
(n=1894) or high-intensity statin single-therapy (rosuvastatin
20 mg; n=1886).°1 Over 2years, the primary endpoint (3-year
composite of CV death, major CV events, or non-fatal
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cerebrovascular accident) was noted in 172 patients (9.1%) in
the combination treatment subset and 186 patients (9.9%) in
the high-intensity statin single therapy subset (absolute differ-
ence -0.78%; 90% CI -2.39-0.83). LDL-C levels of <70 mg/
dL at 1, 2, and 3years were noted in 73%, 75%, and 72% of
patients in the combined treatment subset, and 55%, 60%, and
58% of patients in the high-intensity statin single-therapy sub-
set (all P<<.0001). Withdrawal or dose lowering of the trial
agent for reason of intolerance was encountered in 88 patients
(4.8%) and 150 patients (8.2%), respectively (P<<.0001).

In patients with acute coronary syndrome (ACS) (n=18144),
ezetimibe, when added to statin treatment, produced an incre-
mental reduction of LDL-C concentrations and ameliorated
CV outcomes.? Moreover, lowering LDL-C to concentrations
below prior goals furnished extra advantage. Specifically, over a
median of 6years, the median time-weighted average LDL-C
concentration during the trial was 53.7 mg/dL in the simvasta-
tin-ezetimibe subset versus 69.5mg/dL in the simvastatin-
single therapy subset (P<.001). The Kaplan-Meier event rate
for the primary end-point (composite of CV mortality, nonfa-
tal MI, unstable angina needing rehospitalization, coronary
revascularization at =30 days after random allocation, or non-
fatal cerebrovascular accident—CVA) at 7years was 32.7% in
the simvastatin-ezetimibe subset, versus 34.7% in the simvas-
tatin-monotherapy subset (P=.016). Percentages of prespeci-
fied gallbladder, hepatic and muscle side-effects and cancer did
not differ in the 2 subsets.

A post-hoc analysis of a subgroup of patients of the
RACING (RAndomized Comparison of Efficacy and Safety
of Lipid-lowerING With Statin Monotherapy vs Statin/
High-risk  Cardiovascular

Diseases) study comprising those who underwent percutane-

Ezetimibe Combination for
ous coronary intervention (PCI) (2497 patients, 67%, median
64years, 79% men), who had increased rates of the primary
endpoint (3-year composite of CV mortality, major CV events,
and nonfatal cerebrovascular accident) (HR, 1.34; P=.014),
indicated that moderate-intensity statin treatment combined
with ezetimibe versus high-intensity statin treatment did not
raise the occurrence of the primary endpoint (HR, 0.95;
P=.781).53 The proportion of patients with LDL-C <70mg/
dL at 1,2, and 3years was 74%, 76%, and 73%, respectively, in
the combined treatment population, and was considerably
greater than that in the high-intensity statin single-therapy
subset (57%, 62%, and 59%, respectively, all P<<.001).
Withdrawal of lipid-reducing agents was noted less often in
the combined therapy subset (4.2 vs 7.6%, P=.001). The
authors concluded that the actions of ezetimibe combination
treatment noted in the RACING trial were consistently main-
tained in patients with atherosclerotic CVD after PCIL.

A meta-analysis was performed of 26 RCTs (n=23499)
that compared ezetimibe versus placebo or ezetimibe plus
other lipid-altering agents versus other lipid-altering agents
alone in adults, with or without CVD, and who were followed-
up for =1year.>* The findings were driven by the largest study

(IMProved Reduction of Outcomes: Vytorin Efficacy
International Trial; IMPROVE-IT), which had weights rang-
ing from 41.5% to 98.4% in the different meta-analyses. The
authors concluded that ezetimibe with statins most likely miti-
gates the occurrence of major adverse CV events (MACE) ver-
sus statins alone (risk ratio—RR 0.94, 10 studies;
moderate-quality evidence). Trials reporting on all-cause mor-
tality with use of ezetimibe with statin or fenofibrate, found
that these agents have little or no effect on this outcome (RR
0.98).°* Combining ezetimibe with statins most likely lowers
the occurrence of non-fatal myocardial infarction (MI) (RR
0.88,21 145 participants; 6 studies; moderate-quality evidence)
and non-fatal CVA (RR 0.83, 21205 participants; 6 studies;
moderate-quality evidence).”* Trials reporting CV mortality
with ezetimibe added to statin or fenofibrate, concluded that
such regimen had little or no effect on this outcome (RR 1.00,
19457 participants; 6 studies; moderate-quality evidence).>*
The need for coronary revascularisation might be decreased by
combining ezetimibe with a statin (RR 0.94, 21 323 participat-
ing individuals; 7 studies); however, with no difference in coro-
nary revascularisation rate noted when a sensitivity analysis
was restricted to trials with a reduced risk of bias.’* Regarding
safety, ezetimibe added to statins may make little or no differ-
ence in the occurrence of liver disease (RR 1.14), while it is
doubtful whether ezetimibe influences the incidence of myo-
pathy (RR 1.31,95% CI 0.72-2.38; 20581 participants; 3 stud-
ies; very low-quality evidence) and rhabdomyolysis, granted
the broad confidence intervals (CIs), and low event rate.>* The
authors concluded that moderate- to high-quality proof indi-
cates that ezetimibe has modest advantageous influence on the
occurrence of CVD endpoints, mainly led by a decrease in non-
fatal MI and non-fatal CVA, but it has little or no influence on
clinical fatal endpoints. The lowering of LDL-C, total choles-
terol and triglycerides might account for the CV benefit of
ezetimibe. The evidence is not sufficient to determine whether
ezetimibe raises the risk of harmful events due to the low and
very low quality of the evidence. The evidence for benefit was
mainly acquired from patients with established atherosclerotic
CVD (predominantly ACS) who were prescribed ezetimibe
plus statins. However, the evidence is insufficient about the role
of ezetimibe in primary prevention and the results of ezetimibe
monotherapy in the prevention of CVD, and these topics thus
need further investigation.

In summary, in patients with CVD, ezetimibe with a statin
lowers MACE but has no influence on total and CV death
rate, compared with a statin alone (strength of recommenda-
tion, A).5* In adults with CVD, ezetimibe combined with a
moderate-intensity statin (rosuvastatin 10 mg) was noninferior
at lowering CV death, MACE, and nonfatal CVA, but was tol-
erated better, versus a high-intensity statin (rosuvastatin 20 mg)
alone (strength of recommendation, B; 1 RCT).>*

Another meta-analysis of 8 RCTs (N=19558) of ezetimibe
plus statin versus statin alone that monitored patients for a
minimum of 6months and provided information on =1
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end-points of total death rate, CV mortality, non-fatal MI, and
non-fatal CVAs, indicated that ezetimibe added to moderate-
dose statins can possibly lead to 17 fewer MIs and likely 6
fewer CVAs/1000 managed over 0.5 to 6years but is not likely
to lower total death rate or CV death.>® The authors suggested
that patients who value a small absolute decrease in MI and do
not object to using an extra drug over a long period may choose
ezetimibe besides statin therapy. In this analysis there were no
increased specific harms conferred by ezetimibe added to
statins. Importantly, in this review, the data from the
IMPROVE-IT trial constituted the dominating evidence
regarding sample size and number of events (responsible for
>90%) among all pertinent trials comparing ezetimibe plus
statin versus statin alone.

The extra action of ezetimibe to a high-potency statin regi-
men (eg, rosuvastatin) helps to attain cholesterol targets in a
bigger number of high-risk patients,’® while alleviating some
safety concerns regarding high doses of statin treatment.’” In
addition, ezetimibe enhances rosuvastatin triglyceride-reduc-
ing and anti-inflammatory actions.””

Finally, a recent meta-analysis of 17 articles compared the
effects of statin-ezetimibe combined treatment and statin sin-
gle therapy on lipid and glucose indices in patients with DM.58
In the efficacy evaluation, the combined therapy led to a sig-
nificantly larger decrease in LDL-C than did statin single
therapy (standard difference in means 0.69). A larger amelio-
rating action was noted in the concentrations of total choles-
terol, HDL-C, triglyceride, and apolipoprotein B, but not
apolipoprotein Al, with combined treatment than with statin
monotherapy. Furthermore, combined treatment decreased
fasting blood glucose concentrations more so than did statin
monotherapy. Regarding safety, there were no considerable dif-
ferences in therapy-linked side-effects between the 2
therapies.

Taking into consideration the superb safety pattern and
absence of clinically pertinent drug-drug interactions, the sta-
tin/ezetimibe combination is a useful alternate therapy to the
up-titration of a statin dose.

Ezetimibe has also been used in combination with orlistat,
an anti-obesity drug, which prevents the absorption of dietary
fats by acting as a lipase inhibitor; the combined orlistat/
ezetimibe regimen had a more advantageous influence on
LDL-C and small dense LDL-C concentrations in overweight
and obese patients with hypercholesterolemia than either agent
alone.>?

Finally, ezetimibe has been suggested to be combined with
bempedoic acid in an attempt to increase the proportion of
patients attaining LDL cholesterol goals.?® indeed, bempedoic
acid has been heralded as a potent therapeutic ally, capable of
significantly lowering LDL-C levels and curtailing CV
events.®! Its favorable safety profile attests to its suitability, par-
ticularly among persons with statin intolerance or those
belonging to a high-risk vascular group, pointing to a paradigm
shift in our lipid management approaches.

Moderate-Intensity Statin With Ezetimibe versus
High-Intensity Statin

A post-hoc analysis of the RACING study suggested that
moderate-intensity statin combined with ezetimibe demon-
strated similar CV advantages with those of high-intensity
statin single therapy with reduced intolerance-linked drug
withdrawal or dose lowering in elderly patients with athero-
sclerotic CVD who have an increased risk of intolerance, non-
compliance, and withdrawal with high-intensity statin
treatment.®? Thus, one can avoid the poor compliance with
and worries concerning high-intensity statin treatment by
using combined moderate-intensity statin and ezetimibe, at
least for the elderly subpopulation. High-intensity statin ther-
apy incurs a higher risk of intolerance, noncompliance, and
drug withdrawal.®?

A recent meta-analysis of 11 trials (N=20291) indicated
that the addition of ezetimibe to high-intensity statin therapy
at the time of an ACS event leads to significantly enhanced
cholesterol reduction at 1-week, 1-month, 3- months and
1-year of follow-up, which translates into a significantly lower
recurrent CV events after an index event of ACS." Interestingly,
a recent propensity-matched nationwide cohort study indi-
cated that among individuals without pre-existing CVD, com-
bined moderate-intensity statin and ezetimibe were superior to
high-intensity statin monotherapy in preventing composite
outcomes as well as each of MI and stroke, whereas low-inten-
sity statin with ezetimibe combination reduced the risk of
composite but not individual outcomes.**

A most recent meta-analysis of 7 trials (N =2337) employ-
ing rosuvastatin/ezetimibe (5/10 mg) versus rosuvastatin alone
(20 mg) indicated that these 2 regimens had comparable lipid-
lowering efficacy and tolerability.®> The percentage of total
cholesterol reduction was greater in the combination group
(SMD 0.22; P=.02), whereas that of triglyceride reduction and
HDL cholesterol elevation was similar between the 2 groups.

Adding Ezetimibe Versus a PCSK9 Inhibitor to a
Statin Regimen

A systematic review and network meta-analysis comprised 14
trials evaluating ezetimibe and PCSK9 inhibitors among
83660 adult patients receiving statins.®® The addition of
ezetimibe to statins decreased MI (RR 0.87) and stroke (RR
0.82) but not all-cause death rate (RR 0.99) or CV mortality
(RR 0.97). Likewise, adding a PCSK9 inhibitor to statins
decreased MI (RR 0.81) and stroke (RR 0.74) but not all-cause
(RR 0.95) or CV death rate (RR 0.95). Among adult patients
with very high CV risk, the addition of a PCSK9 inhibitor was
possibly able to decrease MI (16 per 1000) and stroke (21 per
1000) (moderate to high certainty); while with the addition of
ezetimibe it was possible to decrease stroke (14 per 1000), but
the decrease of MI (11 per 1000) (moderate certainty) did not
succeed to attain the minimal important difference (MID) of
12 per 1000. The addition of ezetimibe to PCSK9 inhibitor
and statin may decrease stroke (11 per 1000), but the lowering
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of MI (9 per 1000) (low certainty) did not attain MID. The
addition of PCSK9 inhibitors to statins and ezetimibe may
decrease MI (14 per 1000) and stroke (17 per 1000) (low cer-
tainty). Among adults with elevated CV risk, the addition of a
PCSK9 inhibitor most likely lowered MI (12 per 1000) and
stroke (16 per 1000) (moderate certainty); the addition of
ezetimibe likely decreased stroke (11 per 1000), but the decrease
in MI did not reach MID (8 per 1000) (moderate certainty).
The addition of ezetimibe to PCSK9 inhibitor and statins did
not influence the results beyond MID, while the addition of a
PCSKD9 inhibitor to ezetimibe and statins may decrease stroke
(13 per 1000). These influences were consistent in patients who
could not tolerate statins. Among the groups of moderate and
low CV risk, the addition of a PCSK9 inhibitor or ezetimibe to
statins had little or no advantage for MI and stroke. The
authors concluded that ezetimibe or PCSK9 inhibitors may
lower non-fatal MI and stroke in adult patients who are at very
high or high CV risk and are having maximally tolerated statin
treatment or who do not tolerate statins, but not in those with
moderate and low CV risk. Hence, one can consider adding
first ezetimibe to statin, before thinking of resorting to more
expensive therapies involving injections.

In keeping with the above results, an international panel
recently made some recommendations, mostly weak recom-
mendations, meaning that one has to trust and be guided by
shared decision making when following these guidelines.®” For
adults already employing statins, the panel proposes the addi-
tion of a second lipid-lowering agent in individuals at very high
and high CV risk but advises against adding it in individuals at
low CV risk. For adults who do not tolerate statins, the panel
suggests employing a lipid-reducing agent in people at very
high and high CV risk but advises against its addition in those
at reduced CV risk. When opting to include another lipid-
reducing agent, the panel recommends ezetimibe in lieu of
PCSK9 inhibitors. The panel proposes further the additional
use of a PCSK9 inhibitor to ezetimibe for adults already receiv-
ing statins and who are at very high risk and also for those at
very high and high risk who do not tolerate statins. The panel
considered a strong recommendation for the addition of either
ezetimibe or PCSK9 inhibitors in persons at high and very
high CV risk as reflecting a definite advantage. The panel
emphasized shared decision making and recognized that drug
availability and costs will affect decisions when healthcare sys-
tems, clinicians, or persons decide on adding ezetimibe or

PCSKO9 inhibitors.

Patient Subgroups
Stroke

An RCT (Treat Stroke to Target—T'ST) examined patients
with ischemic atherosclerotic CVA in the preceding 3 months or
transient ischemic attack within the preceding 15 days who were
randomly assigned to an LDL-C goal of <70 or 100 * 10 mg/

dL, employing statin and/or ezetimibe as necessary.®® Among

2860 participating patients, those who were on double treatment
during the study in the lower goal group had a higher baseline
LDL-C versus patients on statin single therapy (141 +38 vs
131 + 36, respectively, P<<.001). In patients on double treatment
and on statin single therapy, the attained LDL-C was 66.2 and
64.1mg/dL respectively, and the primary outcome was lowered
by double treatment versus the higher goal group (HR, 0.60;
P=.016) but not by statin single therapy (HR, 0.92; P=.52), with
no considerable rise in intracranial hemorrhage. The authors
concluded that aiming for a target of an LDL-C of <70mg/dL
with combined statin and ezetimibe versus 100 = 10mg/dL
consistently lowered the risk of next CVA.

A recent RCT assigned 584 patients with recent ischemic
CVA <90days to rosuvastatin/ezetimibe 10/10mg qd
(ROS10/EZT10) or to rosuvastatin 20mg qd (ROS20) (the
modified intention-to-treat analysis comprised 530 patients).®
The baseline LDL-C concentration was 130.2 * 34.7 mg/dL
in the ROS10/EZT10 subset and 131.0 = 33.9mg/dL in the
ROS20 subset. The primary endpoint (LDL-C lowering
=50% from baseline at 90days) was attained in 198 patients
(72.5%) in the ROS10/EZT10 subset and 148 (57.6%) in the
ROS20 subset (odds ratio—OR 1.944; P=.0003). LDL-C
concentration <70 mg/dL was attained in 80.2% and 65.4% in
the ROS10/EZT10 and ROS20 subsets, respectively
(P=.0001). Multiple lipid target attainment rate was 71.1%
and 53.7% in the ROS10/EZT10 and ROS20 subsets
(P<<.0001). Major vascular events were recorded in 1 patient
in the ROS10/EZT10 subset and 9 in the ROS20 subset
(P=.0091). The untoward event rates were similar in the 2
groups. The authors reached the conclusion that moderate-
intensity rosuvastatin plus ezetimibe superseded high-intensity
rosuvastatin alone for intensive LDL-C lowering in patients
with recent ischemic CVA. With the combined treatment,
>70% of patients attained LDL-C lowering =50% and 80%
had an LDL-C <70mg/dL at 3 months.

Ezetimibe, added to a statin, improves surrogate markers of
vascular risk and also significantly decreases vascular events,
possibly by decreasing vascular inflammation.”® It is the lower-
ing of LDL-C, which is more effective with added ezetimibe,
which leads to a decrease or inhibited progression of the carotid
intima-media thickness (cIMT), when the drop in LDL-C is
considerable and the pre-therapy measurement of the cIMT is
adequate to permit a sizeable reduction to take place.”?

Diabetes

The hypolipidemic treatment goal has been stricter in patients
with DM, whereby an LDL-C reduction to <70 mg/dL is rec-
ommended for patients with DM at high risk and to <55mg/
dL for patients at very high risk or at least an LDL-C lowering
of =50% from baseline.*' Combined therapy with statin and
ezetimibe is advised if the goal is not reached with statin alone.

As mentioned, the additive influence of ezetimibe to a high-
potency statin regimen (eg, rosuvastatin) helps to attain
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cholesterol targets in a big number of high-risk patients, such
as patients with DM, while mitigating some safety problems
concerning high dosages of statin treatment.”” Importantly,
patients with DM have extra advantages from ezetimibe ther-
apy as they appear to absorb cholesterol more efficiently than
non-diabetic ones, due to higher NPC1L1 gene expression.’
Indeed, the expression of intestinal NPC1L1 cholesterol trans-
porter has been demonstrated to be higher in patients with
disorders linked with hypercholesterolemia such as DM.7?
Experimental studies have indicated that elevated levels of glu-
cose directly enhance the expression of NPC1L1 in intestinal
epithelial cells; glucose seems to directly regulate NPC1L1
expression via transcriptional pathways and the engagement of
phosphatase-dependent mechanisms.”?

As mentioned, a meta-analysis of 17 articles compared the
impact of statin-ezetimibe combined treatment and statin sin-
gle therapy on lipid and glucose indices in patients with DM.58
In the efficacy assessment, combined treatment led to a consid-
erably larger decrease in LDL-C than did statin single therapy,
and also improved concentrations of total cholesterol, HDL-C,
triglyceride, and apolipoprotein B, but not apolipoprotein Al.
Furthermore, combined treatment led to a larger decrease in
fasting blood glucose concentrations than did statin monother-
apy without important differences in therapy-related side-
effects between the 2 therapies.

Statins have been linked with an elevated risk for DM.73 A
study Shah et al”* assessed the occurrence of new-onset DM
with ezetimibe in combination with simvastatin versus placebo
plus simvastatin in 9500 patients completing the study out of
18144 patients enrolled in IMPROVE-IT (Improved
Reduction of Outcomes: Vytorin Efficacy International
Trial).>? After random allocation, 1414 patients (14.9%) devel-
oped new-onset DM with an annual occurrence of ~2.7%/
year.”* For those who had new-onset DM, baseline features did
not differ between those who took simvastatin/ezetimibe
(n=720) and those who had simvastatin/placebo (n=694).
When patients who did not manifest DM (n=8086) were
compared with those with DM, the latter had a higher likeli-
hood at baseline to have a greater body mass index (BMI),
higher systolic blood pressure, higher triglycerides, and =3 ele-
ments of the metabolic syndrome. There were no important
differences in baseline medical treatments or LDL-C between
any of the subsets. Compared with the placebo/simvastatin
group, there was no difference in the occurrence of new-onset
DM when ezetimibe was added to simvastatin (HR, 1.03).
This association remained qualitatively the same across sensi-
tivity analyses using different new-onset DM definitions.
Adding ezetimibe did not influence the likelihood of new-
onset DM in either statin-naive or statin-experienced (having
statin in the past) patients. Furthermore, adding ezetimibe did
not influence the risk in those with or without metabolic syn-
drome. Thus, in this assessment of patients participating in
IMPROVE-IT, there was no elevation in the likelihood of
new-onset DM with ezetimibe added to statin treatment.

These data are in keeping with the outcome of a recent trial
which reported a reduced risk of new-onset DM with reduced
dose of rosuvastatin and ezetimibe versus increased dose of
rosuvastatin.’! Similar absence of new onset DM has been
reported with PCSK9 inhibitors.”> These results back the
employment and lend support to the safety of ezetimibe as an
addition to statins for more LDL-C lowering without the con-
cern of aggravating the glycemic status.

To further ease the concern of a statin implicated in the risk
of DM, a pre-specified, stratified subset analysis of the DM
group in the RACING trial supports the use of moderate-
rather than high-intensity statin and ezetimibe.”® The primary
outcome was a 3-year composite of CV death, MACE or non-
fatal CVA. Among all patients, 1398 (37%) had DM at base-
line. The occurrence of the primary outcome was 10% and
11.3% among patients with DM allocated to ezetimibe com-
bined treatment versus single therapy with high-intensity sta-
tin (HR: 0.89; P=NS). Drug withdrawal or dose lowering of
the trial agent related to intolerance was reported in 5.2% and
8.7% of patients in each subset, respectively (P=.014). LDL-C
concentrations <70mg/dL at 1, 2, and 3years were noted in
81%, 83%, and 80% of patients in the ezetimibe combined
treatment subset, and 64%, 70%, and 67% of patients in the
high-intensity statin single-therapy subset (all P<<.001).In the
whole study group, no important interactions were encoun-
tered between DM state and treatment with regards to primary
outcome, drug withdrawal or dose lowering related to intoler-
ance, and the percentage of patients with LDL-C values
<70mg/dL. The authors concluded that the results of the
ezetimibe/statin combination treatment noted in the RACING
trial patients are maintained among patients with DM. These
results support combined therapy with moderate-intensity sta-
tin and ezetimibe as an alternative to high-intensity statins if
patients cannot tolerate these agents, or additional lowering in
LDL-C is needed among patients with DM and atheroscle-
rotic CVD.

Chronic kidney disease (CKD)

An early (2011) RCT (Study of Heart and Renal Protection—
SHARP)7” examined the influence of lipid reducing regimen
with combined simvastatin and ezetimibe in 9270 patients
(mean age 61years; 67% men, 20% with DM, one-sixth with
vascular disease) with late-stage CKD (creatinine =1.7 mg/dL
in males or =1.5 mg/dL in females) with no known history of
MI or coronary revascularization, of whom 3023 were on dialy-
sis, randomly allocated to simvastatin 20mg plus ezetimibe
10mg daily (n=4650) versus matching placebo (n=4620).
Allocation to simvastatin plus ezetimibe led to an average LDL
cholesterol difference of 15.3mg/dL during a median of
4.9years and to a 17% relevant decrease in major atheroscle-
rotic events (11.3% vs 13-4% placebo; rate ratio—RR 0.83; log-
rank P=-0021).78 Fewer patients (albeit non-significantly)
assigned to simvastatin plus ezetimibe had a non-fatal MI or
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succumbed to CAD (4.6% vs 5%; RR 0.92, P=.37); there were
significantly lower rates of non-hemorrhagic CVA (2.8% vs
3.8%; RR 0.75; P=.01) and arterial revascularisation proce-
dures (6.1% vs 7.6%; RR 0-.9; P=.0036). The extra risk of
myopathy was only 2 per 10000 patients per year of combined
therapy (0.2% vs 0.1%). There were no data of excessive risk of
hepatitis, cholelithiasis, or cancer and there was no considera-
ble increase in non-vascular death. The authors concluded that
lowering of LDL cholesterol with simvastatin 20mg plus
ezetimibe 10 mg daily safely decreased the occurrence of major
atherosclerotic events in a broad range of patients with late-
stage. CKD. A subsequent supplementary analysis of the
SHARRP trial reported on the influence of treatment on total
non-vascular serious adverse events, by system of disease, by
baseline features, and by length of follow-up.”” Over a median
of 4.9years, equal numbers of patients in the 2 groups had at
least 1 non-vascular serious adverse event (76.4% vs 76.6%; risk
ratio—RR 0.99). The relative risk of any nonvascular serious
adverse event did not differ considerably among specific prog-
nostic subsets or by length of follow-up.

A recent nationwide retrospective population-based cohort
trial analyzing data from the Korean National Health Insurance
Service comprised 17242 adult patients (aged =18years) hav-
ing chronic dialysis who had a first atherosclerotic CVD event
in the time period of 2013 to 2018, of whom 9611 (55.7%)
patients were using statin.®? The total prevalence of statin ther-
apy rose from 53% in 2013 to 58% in 2018; most (77%) of
dialysis patients were given moderate-intensity statins. The
percentages of low- or moderate-intensity statin use were
equivalent, but use of high-intensity statin rose from 5.7% in
2013 to 10.5% in 2018. The use of combined statin/ezetimibe
regimen progressively rose since 2016. Statin use indepen-
dently conferred a reduction in 1-year total death rate after
correcting for confounders (HR 0.89, P=.004). Interestingly,
the use of high-intensity statins and combined statin/ezetimibe
regimens steadily rose in dialysis patients with CVD.
Furthermore, the combined statin/ezetimibe regimen was
shown to be more efficacious than statin single therapy in these
patients, which has likely led to a rise in the usage of high-
intensity statins and combined statin/ezetimibe regimens in
dialysis patients with atherosclerotic CVD.

A recent meta-analysis of 7 trials (8 articles, 14016
patients) reviewed the efficacy and safety of statin plus
ezetimibe treatment in patients with CKD.8! The combined
statin/ezetimibe regimen conferred beneficial influences on
plasma total cholesterol (weighted mean difference—
WMD—20.31mg/dL, P<.001), LDL-C (WMD—
17.22 mg/dL, P<.001),and triglycerides (WMD—15.08 mg/
dL, P<.001) versus statin single therapy. Combined statin
and ezetimibe treatment significantly lowered total death rate
and MACE (risk ratio 0.86, P=.01). The occurrence of
adverse events was similarly low in the 2 therapy groups. The
authors concluded that the combined statin/ezetimibe ther-
apy considerably ameliorated plasma lipid levels and decreased

risks of total mortality and MACE versus the control subset
in patients with CKD.

Pediatric patients

Bile acid sequestrants (cholestyramine) had been the only pos-
sible pharmacological therapy for hypercholesterolemia in
childhood for several years.8? However, nowadays, statin treat-
ment is the principal pharmacological management in this
group as well.83 In the United States, pravastatin can be
employed from 8 years of age, while all other statins can be con-
sidered from 10years of age.8? In Europe, rosuvastatin has been
granted approval in children from 6 years of age.®? Statin treat-
ment in childhood has been demonstrated to be safe. A recent
trial has shown that the sooner statin treatment is initiated, the
higher is the decrease of coronary artery disease (CAD) risk in
adulthood.* Statin treatment should be commenced with the
smallest advised dose, and increased as needed. LDL-C levels
=<130mg/dL from 10years of age or a decrease of 50% of pre-
therapy cholesterol concentrations in children aged 8 to
10years are advised as a goal during statin therapy.®3 To reach
this goal, in some cases ezetimibe will need to be added which
has been granted approval in childhood commencing from
10years of age in the USA and Europe, and is usually well tol-
erated with few untoward effects.83 Of course, there is need to
involve the family in this shared decision-making process; yet,
there are particular adherence issues in this group.

A prospective study assessed LDL-C reducing effectiveness
and tolerability of ezetimibe as single treatment (10 mg/d) in
children and adolescents (5-15 years old) with polygenic hyper-
cholesterolemia (PH) (n=6) or familial hypercholesterolemia
(FH) (n=11) over a mean of 11 to 16 months.8> Ezetimibe
considerably decreased total cholesterol (TC) and LDL-C in
patients with PH and FH: TC from 260.5*12.4 to
180.0 x21.6 mg/dL. (P=.02) and from 315.3*41.8 to
233.3 £36.8mg/dL (P=.003), respectively, and LDL-C from
1771*x17.7 to 102.6 £16.7mg/dL (P=.02) and from
243.0+41.8 to 170.0 =29.8mg/dL. (P=.003), respectively.
HDL-C only dropped considerably (from 58.1*+10.0 to
49.3+£9.1mg/dL) (P<.01) in patients with FH and stayed
the same in patients with PH. Triglyceride concentrations were
not altered in both groups. No adverse effects were noted.

In a small retrospective series of 36 children and adolescents
with hypercholesterolemia (26 with familial hypercholester-
olemia, and 10 with familial combined hyperlipidemia),
ezetimibe monotherapy was safe and efficacious in decreasing
LDL-C concentrations, with no significant alteration in tri-
glyceride or HDL-C concentrations.’¢ Patients were kept on
ezetimibe with no adverse actions ascribable to the drug for as
long as 3.5 years.

Older patients

A multicenter RCT performed at 363 medical centers in Japan
assessed the preventive ability of ezetimibe (10mg qd) versus



Manolis et al

11

usual care with dietary counseling for 3796 patients older than
75years, with high LDL-C with no history of CAD, over a
median follow-up of 4.1years.’” After excluding 182 ezetimibe
patients and 203 controls for various reasons, 1716 (90.4%) and
1695 (89.3%) patients underwent primary analysis, respectively.
Ezetimibe lowered the occurrence of the primary outcome (com-
posite of sudden cardiac death, MI, coronary revascularization, or
CVA; hazard ratio—HR, 0.66; P=.002). With regards to the sec-
ondary outcomes, the occurrences of composite CV events (HR,
0.60; P=.039) and coronary revascularization (HR, 0.38; P=.007)
were decreased in the ezetimibe subset than in the control subset;
however, the occurrence of CVA, total death rate, or untoward
events was equal between study groups. The authors concluded
that LDL-C-reducing treatment with ezetimibe averted CV
events, indicating the importance of LDL-C reduction for pri-
mary prevention in persons aged =75 years with high LDL-C.

A post-hoc analysis of the RACING trial comprising 574
(15.2%) patients aged =75 years indicated that the rates of the
primary endpoint (a 3-year composite of CV death, MACE, or
nonfatal CVA) did not differ between the moderate-intensity
statin with ezetimibe combined treatment subset and the high-
intensity statin single-therapy subset in older >75 years (10.6%
vs 12.3%; HR: 0.87; P=.581) and younger <75years patients
(8.8% vs 9.4%; HR: 0.94; P=.570) (P for interaction=.797).62
Moderate-intensity statin combined with ezetimibe conferred
reduced rates of intolerance-related drug withdrawal or dose
lowering among patients aged =75years (HR 2.3 vs 7.2%;
P=.010) and those <75years (HR 5.2 vs 8.4%; P<.001) (P
for interaction=.159).

Patients with hyperuricemia

Uric acid is deemed a risk factor for CVD.88 The influence of
statins and ezetimibe on serum uric acid concentrations was
examined in a prospective RCT where after 3-month dietary
intervention, 153 patients (56 males) with hypercholesterolemia
were placed on simvastatin/ezetimibe 10/10 mg or simvastatin
40 mg or rosuvastatin 10 mg.%? At week 12, a significant decrease
in serum uric acid concentrations was observed in all therapy
subsets (simvastatin/ezetimibe 10/10 mg: -3.8%, simvastatin
40 mg: -5.7%, and rosuvastatin 10 mg: -3.8%; P<<.05 compared
with baseline; p=NS for comparison between subsets).
Fractional excretion of uric acid was non-significantly elevated
in all subsets. The decrease in serum uric acid concentrations
correlated with the rise in fractional excretion of uric acid and
baseline uric acid concentrations. Renal function indices and
blood concentrations and fractional excretions of electrolytes
stayed unaltered in all subsets. Alterations in plasma lipids were
equivalent across various subsets. The authors concluded that
simvastatin/ezetimibe 10/10 mg, simvastatin 40 mg, and rosuv-
astatin 10mg exert a similar lowering effect in uric acid levels.

Other patient subgroups

Additional substudies of the IMPROVE-IT trial, both pre-
specified and post-hoc analyses, were conducted regarding

particular very-high-risk subsets of patients, such as patients
with prior acute events and/or coronary revascularization,
patients aged >75 years, and patients with DM, CKD or non-
alcoholic fatty liver disease, etc; all showed positive results for
ezetimibe, as described elsewhere.’® Thus, the data from
IMPROVE-IT are reassuring with regards to longer-term
safety and efficacy of the intensified lipid-lowering treatment
in very-high-risk patients leading to very low LDL-C concen-
trations.”® In keeping with the above, a secondary analysis of
the IMPROVE-IT trial indicated that the greatest absolute
risk reduction in older (>75years) patients hospitalized for
ACS was derived with use of simvastatin-ezetimibe compared
with simvastatin monotherapy. Importantly, addition of
ezetimibe to simvastatin did not confer any significant increase
in safety issues among older patients.”

Pleiotropic Effects/Markers of Inflammation/
Atherosclerotic Plaque Composition
A recent systematic literature search examining the influence
of ezetimibe on inflammatory markers, such as C-reactive pro-
tein (CRP), tumor necrosis factor alpha (TNFoa) and
Interleukin 6 (L-6), when administered in addition to statin
therapy, indicated that overall ezetimibe curtails inflammation
turther to statin therapy. However, evidence was scant for CRP
and also for TNFo and IL-6.°1 A study evaluating the effec-
tiveness of ezetimibe to influence coronary atherosclerotic
plaque composition, indicated that compared with the control
group, ezetimibe significantly reduced fibro-fatty plaque vol-
ume, but it had no significant effect on reduction of fibrous
plaque, necrotic core, or change in dense calcification.”?
Importantly, ezetimibe enhances statin triglyceride-lowering
and anti-inflammatory actions.”” Furthermore, ezetimibe was
shown to have a small (7%) but statistically significant decrease in
the serum concentrations of lipoprotein Lp(a), an underrecog-
nized causal risk factor for CVD,” in patients with primary
hypercholesterolemia, albeit with unknown clinical significance.**
Ezetimibe has also been found to effectively decrease phy-
tosterol, besides cholesterol, absorption.”> Phytosterol is a plant
sterol, a molecule structurally akin to cholesterol, found only in
dietary sources (eg, fruits, vegetables, cereals, nuts) since it can-
not be generated in humans.”> Sterol-enriched diets (=2g/
day) may lower total and LDL-C levels by 5% to 10%, either
alone or when combined with statins, as they antagonize the
absorption of dietary cholesterol in the gut. Importantly high
serum phytosterol levels, such as those linked with sitoster-
olemia (a scarce genetic defect),”® may confer a high athero-
sclerotic CV risk, albeit a threshold for such an action has not
been determined.’” Importantly, drugs such as ezetimibe may
efficiently lower cholesterol and phytosterol absorption. It
remains to be shown whether such therapy leading to reduced
phytosterol absorption also results in CVD risk reduction.

More Data on Safety and Efficacy of Ezetimibe
A meta-analysis of 7 studies registering 31048 patients
(median follow-up 34.1 +26.3months; 70% females; mean
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age 61 + 8years) indicated that compared with control treat-
ment, ezetimibe considerably lowered the risk of MI by 13.5%
(RR: 0.865, P<<.001) and the risk of any CVA by 16% (RR:
0.840, P=.005), without any influence on total and CV death
rate (RR: 1.003, P=.908; RR: 0.958, P=.330) and risk of new
cancer (RR: 1.040, P=.303).9¢ The authors concluded that
ezetimibe significantly decreases the risk of MI and CVA
without any influence on total and CV death rate and risk of
cancer.

Ezetimibe, administered at a dose of 10 mg/d in the morning
or the evening before or after food ingestion, is absorbed swiftly
and metabolized extensively to pharmacologically active
ezetimibe glucuronide.*! There is no clinically important influ-
ence of age, gender, or race on ezetimibe pharmacokinetics; no
dose modification is required in patients with mild hepatic
insufficiency or mild-to-severe renal function worsening.
Ezetimibe added to statin does not seem to aggravate muscle
toxicity (myositis) and creatine kinase (CK) concentrations
beyond what is observed with statin therapy alone.

With regards to carcinogenicity of ezetimibe, a prospective
analysis from IMPROVE-IT indicated that among 17708
patients having simvastatin 40mg daily, those allocated to
ezetimibe 10 mg daily had a similar occurrence of malignancy
and deaths due to malignancy versus those having placebo over
a median of 6years.” This study refuted the results of the
SEAS (Simvastatin and Ezetimibe in Aortic Stenosis) trial
which raised concerns about a possible elevated risk of malig-
nancy incurred by ezetimibe (11.1%. versus 7.5%).1%0

A recent review and meta-analysis of 48 RCTs (n=28444;
median follow-up 34weeks) and 4 observational trials
(n=1667; median follow-up 288 weeks) regarding the safety of
ezetimibe, indicated moderate to high certainty that ezetimibe
was not linked with cancer (relative risk—RR 1.01), fractures
(RR 0.90), drug withdrawal due to any adverse event (RR
0.87), gastrointestinal side-effects leading to withdrawal (RR
1.34), myalgia or muscular pain necessitating withdrawal (RR
0.82), neurocognitive events (RR 0.48), or new-onset diabetes
(RR 0.88).3¢ Other reviews also indicate that ezetimibe does
not elevate the risk of cancers; rather this agent could even tard
the emergence and progression of cancer via various mecha-
nisms (stem cell suppression, anti-angiogenesis, anti-inflam-
matory action, anti-proliferation, immune-enhancement).!%!
Nevertheless, more recent data suggest that ezetimibe may
elevate the risk of intestinal cancer and has a trend of raising
the risk of breast cancer, with no evidence about affecting the
risk of other types of cancer.®®

As mentioned, a subanalysis of patients participating in the
IMPROVE-IT study, detected no elevation in the risk of new-
onset DM with the addition of ezetimibe to statin treatment.”
Rather, ezetimibe therapy may be linked with ameliorated
insulin sensitivity, ascribed, at least partly, to actions on adipo-
cyte size in visceral fat, adipocyte inflammation, free fatty acid
concentrations, and fatty acid oxidation.1> However, further
trials are needed to establish these effects. Furthermore, the

combination therapy has been established safe, and drug dis-
continuation rates have not been higher by adding ezetimibe.*®

Finally, concerns about cholelithiasis among patients treated
with ezetimibe!® may probably be put to rest as the data do not
seem to support them.'% Indeed, long-term therapy with
ezetimibe ameliorates lipid metabolism without much affect-
ing the tendency for gall bladder stones.!® It has even been
suggested that the specific inhibitory influence of ezetimibe on
the intestinal NPC1L1 protein designates this drug as poten-
tial agent for averting gallstone production by decreasing bio-
availability of intestine-derived cholesterol to the liver for
biliary secretion and desaturating bile via the inhibition of
intestinal absorption of cholesterol.1%

Cost-efhcacy

A cost-efficacy study conducted in China indicated that in
patients receiving high-dose statins for the secondary pre-
vention of CVDs, adding ezetimibe is cost-effective com-
pared to adding PCSK?9 inhibitors and adding both drugs.1%”
A recent British study indicated that the most effective
intervention is low/moderate-intensity statins and ezetimibe,
and was projected to lead to a gain in quality-adjusted life-
years of 0.067 per person initiated at 30 and 0.026 at age
60years.19 Finally, a systematic review and meta-analysis of
cost-utility studies regarding cost-efficacy of ezetimibe plus
statin lipid-lowering therapy indicated that ezetimibe plus
statin therapy was significantly cost-effective versus other
lipid-lowering therapeutic agents or placebo.'®” The pooled
incremental net benefit (INB) (95% CI) was $4274, but
there was large heterogeneity (2=84.21). On subgroup anal-
ysis, ezetimibe plus statin therapy was significantly cost-
effective in high-income countries ($4356), for primary
prevention ($4814), and for payers’ perspective ($3255), and
from lifetime horizon ($4571). The evidence from lower-
middle-income countries and the societal perspective
remains inadequate.

Guideline-Directed Cholesterol-Lowering Therapies
Current American and European guidelines on cholesterol
advised the addition of non-statins to statin treatment for
high-risk secondary prevention patients above an LDL-C
threshold of =70mg/dL (1.8 mmol/L) (Table 2).41.63 A sys-
tematic review and meta-analysis of 11 RCTs (130070
patients) (selected by follow-up =6months and sample size
=1000 patients) compared efficacy and safety of therapy to
attain lower (<70) versus higher (=70 mg/dL) LDL-C among
patients having intensive lipid-reducing treatment (statins
alone or plus ezetimibe or PCSK-91).¢¢ The median LDL-C
concentrations reached in lower versus higher cholesterol sub-
sets were 62 and 103 mg/dL, respectively. At median follow-up
of 2years, the lower versus higher LDL-C subset had signifi-
cant diminution in all-cause death rate (absolute risk differ-
ence—ARD -1.56, RR 0.94) and in CV death rate (ARD
-1.49; RR 0.90), and lower risk of M1, revascularization, CVAs,
and MACE. These advantageous results were attained without
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Table 2. Recommendations from current guidelines on use of ezetimibe.

European Societies Guidelines*'

e Ezetimibe should be used as second-line therapy in association with statins when the therapeutic goal is not achieved at the maximal

tolerated statin dose, or in cases where a statin cannot be prescribed

American Societies Guidelines®?

e Evidence-based add-on to statin therapy in very high risk patients or in patients with statin-associated side effects, including statin-

associated muscle symptoms

e Potential LDL-C reduction is 13% to 20% with ezetimibe monotherapy/when combined with statin it results in an additional 21-27%

reduction in LDL-C levels

e Approved for use in homozygous sitosterolemia to reduce elevated sitosterol and campesterol

raising the risk of cancer, DM, or bleeding CVA. The benefit of
total death rate in the lower LDL-C subset was restricted to
statin treatment and those with increased baseline LDL-C
(=100mg/dL). However, the RR decrease in ischemic and
safety endpoints was not dependent on baseline LDL-C or
drug treatment. The authors concluded that therapy to reach
LDL-C concentrations <70 mg/dL employing intensive lipid-
lowering treatment with current hypolipidemic therapies can
safely lower the risk of death and MACE. Such guideline-
directed reductions in LDL-C appear feasible with use of com-
bined statin/ezetimibe regimens without the need to resort to
more expensive or inconvenient (parenteral) regimens.

Following guideline-directed cholesterol-lowering treat-
ment could avert a considerable number of recurrent CVD epi-
sodes. Simulations using data from 279395 US patients with
an MI hospitalization (2018-2019) (mean age 75years, mean
LDL-C 92 mg/dL), indicated that 27% were having guideline-
directed cholesterol-lowering treatment.’? With current use of
cholesterol-lowering treatment, 25% of patients had an athero-
sclerotic CVD episode over 3 years. If all patients were to avail
themselves of guideline-directed treatment, ~20% were deemed
to have a CVD episode over 3 years, representing a 21.6% rela-
tive risk reduction.

Current evidence indicates that attaining the guideline-
directed LDL-C target rate is still suboptimal despite employ-
ing high-intensity statin treatment in a real-world scenario.!!!
Hence, the need to add ezetimibe before one resorts to other
more expensive and/or less convenient therapies. Unfortunately,
the problem remains as the majority of adults with atheroscle-
rotic CVD are not currently receiving guideline-recommended
add-on lipid-lowering therapy.!?

Indeed, a recent retrospective observational population
study examined the rate of attainment of guideline-directed
lipid levels employing associated health data in 10071 patients
submitted to PCI (2012-2017), of whom 48% had LDL-C
<1.8mmol/L (2016 goal) and (23%) <1.4mmol/L (2019
goal).13 A total of 5340 patients had non-HDL cholesterol
(non-HDL-C) measured with 57% <2.6 mmol/L (2016) and
37% <2.2mmol/Ll (2019). In patients with vascular event
recurrences, <6% of the patients attained the 2019 LDL-C
goal of <1.0mmol/L. Totally, 10592 patients had triglyceride

concentrations measured, of whom 14% were =2.3 mmol/L
and 41% =1.5mmol/L (2019). High-intensity statins were
administered in 56.4% of the population, only 3% were given
ezetimibe, fibrates or prescription-grade N-3 fatty acids.
Females were more likely to have lipid concentrations above
target. The authors concluded that there was a low rate of
attainment of the new European Society of Cardiology (ESC)/
European Atherosclerosis Society (EAS) lipid goals in this
large post-PCI cohort and relatively low rates of intensive
lipid-lowering drug prescriptions in those with elevated lipids.
Thus, there is great potential to optimize lipid-reducing treat-
ment further and 1 such way is by adding ezetimibe to statin
therapy, especially in females.

A practical (real-world) guidance (2021) from the EAS
Task Force indicates that statin-ezetimibe combined therapy is
the first choice for dealing with high LDL-C and should be
administered upfront in very-high-risk patients with high
LDL-C less likely to attain target with a statin, and in primary
prevention familial hypercholesterolemia patients.''* A PCSK9
inhibitor may be also prescribed if LDL-C concentrations are
still elevated. In high and very-high-risk patients with mild to
moderately high triglyceride concentrations (>2.3 and
<5.6mmol/L [>200 and <500mg/dL) on a statin, manage-
ment with either a fibrate or high-dose omega-3 fatty acids
(icosapent ethyl) may be contemplated, balancing the advan-
tages versus risks. Combined therapy with fenofibrate may be
provided for both macro- and microvascular gains in patients

with type 2 DM.

Subset of Patients Deriving the Most Benefits From
Reduction of LDL-C Need to be Defined

A recent meta-analysis confirmed that LDL-C-reducing ther-
apies significantly mitigate death rate.™® However, the meta-
regressions and meta-analyses by subsets indicated that
LDL-C reduction may not be advantageous for total and CV
death rate end-points in trials with >50% LDL-C lowering
and in studies with low baseline LDL-C concentrations.
Nevertheless, the decrease in MI risk was consistent across all
analyses. Importantly, annual numbers-needed-to-treat were
overall relatively increased, and studies including patients with
high baseline LDL-C concentrations recorded the largest gain
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from LDL-C—reducing treatment particularly for MI.
Attaining lower LDL-C targets did not further enhance risk
reduction consistently. Defining subsets of patients who obtain
the greatest gains from LDL-C level lowering is clinically
important and necessary. Ezetimibe can be effective as mono-
therapy in certain groups, but is most apparently needed in
combined therapies to achieve these goals.

Fixed Combinations of Statin/Ezetimibe

Fixed combinations of a statin with ezetimibe have been avail-
able as a robust therapy of hypercholesterolemia which is more
effective than statin therapy alone, even when the statin dose in
the combination is low or moderate compared with a high-
dose statin monotherapy regimen.*® These combinations ena-
ble higher numbers of patients to meet the needs in LDL-C
lowering!® and attain guideline-recommended LDL-C lev-
els.* The safety profile of these combinations is preserved or
enhanced by allowing the prescription of a decreased dose of
statin which also mitigates or averts the occurrence of statin-
intolerance.’” Furthermore, patient compliance seems to
increase with use of single-pill regimens.'® Also, this approach
has been reported to unexpectedly enhance triglyceride con-
trol.11? Additional CV outcomes data are needed to further
confirm and establish their efficacy.

In this respect, a multicenter randomized, double-blind trial
examined the safety and efficacy of a fixed-dose combined
regimen of rosuvastatin 2.5mg and ezetimibe 10mg versus
those of ezetimibe 10 mg single therapy, rosuvastatin 2.5 mg,
and rosuvastatin 5mg single therapy in 279 patients with
hypercholesterolemia.’?® At the 8-week follow-up, a larger
reduction in the LDL-C concentrations (primary endpoint)
was demonstrated in the statin 2.5mg plus ezetimibe 10 mg
group (-45.7% *+ 18.6%) than in the ezetimibe 10mg group
(-16.7% = 14.7%, P<.0001), statin group
(-32.6% *+15.1%, P<.0001), and statin S5mg group
(-38.9% *13.9%, P=.0003). Comparable results were noted
with the lowering of total cholesterol, non-HDL-cholesterol,
and apolipoprotein B protein. In patients with low and moder-

2.5mg

ate risk, all patients attained the goal LDL-C concentrations in
the statin 2.5mg plus ezetimibe 10 group (100%) compared
with 13% in the ezetimibe 10mg group, 47.6% in the statin
2.5mg group, and 65% in the statin 5mg group. Untoward
events were scarce and comparable in the 4 groups. The authors
concluded that fixed-dose combined treatment with low-
intensity rosuvastatin and ezetimibe was more efficacious in
decreasing LDL-C and attaining LDL-C targets than moder-
ate-intensity rosuvastatin single therapy.

Cost-Efhicacy of Ezetimibe or of Combined
Ezetimibe Plus Statin Lipid Lowering Therapy

A recent cost-effectiveness analysis using a Markov model
indicated that ezetimibe increased quality-adjusted life years
(QALYs) by 0.60 at cost lowering of -4£2529 (incremental
cost-effectiveness ratio—ICER = -£4231/QALY).12

Another recent cost-efficacy study spotted economic
assessment studies reporting outcomes of ezetimibe plus sta-
tin treatment versus other lipid-reducing drugs or placebo.1%”
The pooled incremental net benefit (INB) from 21 eligible
trials indicated that the ezetimibe plus statin regimen was
significantly cost-effective versus the other lipid-reducing
drugs (statin monotherapy/PCSK9i plus ezetimibe and
statins/PCSK9i with statin therapy), or placebo. The pooled
INB (95% CI) was $4274 (621-7927), but there was high
heterogeneity (I=84.21). On subgroup analysis ezetimibe
plus statin treatment was significantly cost-effective in high-
income countries [$4356 (621-8092)], for primary preven-
tion [$4814 (2523-7106)], and for payers’ viewpoint [$3255
(571-5939)], and from lifetime horizon (survival extending
over the entire lifespan) [$4571 (746-8395)]. There were lim-
ited data from lower-middle-income countries and the soci-
etal standpoint.

Finally, a more recent cost-efficacy analysis further con-
firmed ezetimibe plus statin (6 studies) to be a cost-effective
strategy compared with statin monotherapy.'??

Statin Intolerance

Statin intolerance deprives many patients from the standard
hypolipidemic therapy. Current choices for such patients com-
prise the usage of a reduced but tolerated dose of a statin and
adding or changing to ezetimibe or other non-statin regimens.
Of course, PCSKi produce larger LDL-C decreases than
ezetimibe in such patients, with fewer skeletal-muscle deleteri-
ous occurrences versus a statin.'?2 However, such therapy is
costly and involves injections.

Another effective hypolipidemic approach to patients who
cannot tolerate daily statin single treatment that has been sug-
gested entails the combination of daily ezetimibe plus low-dose
statin twice a week might be an alternative regimen for high-
risk patients who are intolerant to daily statin regimen.!23

One important caveat regarding statin intolerance relates to
the possibility that the prevalence of total statin intolerance
might be frequently overestimated.'?* In this regard, a recent
large meta-analysis of 176 trials (112 RCTs, 64 cohort studies)
of >4 million (4143517) patients indicated that the preva-
lence of statin intolerance was low at 9.1% (95% confidence
interval 8.0%-10%) when diagnosed by applying the interna-
tional definitions.* The prevalence was not different when
defined by employing criteria from various societies (5.9%-
7%). The prevalence of statin intolerance in RCTs was consid-
erably lower versus cohort trials (4.9% vs 17%). The prevalence
of statin intolerance was much greater when primary or sec-
ondary prevention patients were examined separately rather
than when grouped together (18%, 8.2%, 9.1%, respectively).
Lipid solubility did not influence statin intolerance (4% vs 5%),
but several other factors did, such as age, odds ratio—OR 1.33,
P=.04; female sex, OR 1.47, P=.007; Asian and Black race,
P<.05 for both; obesity, OR 1.30, P=.02; DM, OR 1.26,
P=.02; hypothyroidism, OR 1.37, P=.01; chronic liver, and
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renal failure, P<<.05 for both. Antiarrhythmic agents, calcium
channel blockers, alcohol use, and increased statin dose also
conferred an elevated risk of statin intolerance.2#

A Holistic Lipid Approach Strategy/Patients With
High Triglycerides/the Role of Icosapent Ethyl
The usage of icosapent ethyl has been demonstrated to signifi-
cantly lower triglyceride concentrations and decrease CV risks
in patients having optimal statin or combined statin/ezetimibe
therapy.1?>126 Icosapent ethyl is a highly purified eicosapentae-
noic acid ethyl ester that decreases triglyceride concentrations
without increasing LDL-C.127 Icosapent ethyl was the first fish
oil product which was granted approval by the US FDA to
decrease the risk of atherosclerotic CVD in adults.!2> The
results of the Reduction of Cardiovascular Events with
Icosapent Ethyl-Intervention Trial (REDUCE-IT) trial where
8179 patients with proven CVD or with DM and other risk
factors, who had been on statin treatment and who had a fast-
ing triglyceride concentration of 135 to 499mg/dL and a
LDL-C concentration of 41 to 100mg/dL, and were rand-
omized to 2¢ of icosapent ethyl bid (total daily dose, 4g) or
placebo, indicated that the likelihood of ischemic events, com-
prising CV death, was considerably decreased with icosapent
ethyl versus placebo over a median of 4.9years.® The primary
end point (CV death, nonfatal MI, nonfatal CVA, coronary
revascularization, or unstable angina) was noted in 17% in the
icosapent ethyl group versus 22% in the placebo group (hazard
ratio—HR, 0.75; P<<.001); the corresponding rates of the key
secondary end point (composite of CV mortality, nonfatal
stroke or MI) were 11.2% and 14.8% (HR, 0.74; P<.001).
The rates of further ischemic end-points, as evaluated per a
prespecified hierarchical protocol, were considerably reduced in
the icosapent ethyl subset than in the placebo subset, including
CV mortality (4.3% vs 5.2%; HR, 0.80; P=.03). More patients
in the icosapent ethyl subset than in the placebo subset were
hospitalized for atrial fibrillation or flutter (3.1% vs 2.1%,
P=.004). Serious hemorrhagic episodes were noted in 2.7% of
the patients in the icosapent ethyl subset and in 2.1% in the
placebo subset (P=.06). Further analysis of this trial indicated
that among statin-receiving patients with high triglycerides
and CVD or DM, icosapent ethyl considerably decreases the
load of first, subsequent, and total ischemic episodes.!?
Besides the REDUCE-IT trial and several subanalyses of
this trial (in US patients, patients with a history of coronary
artery bypass grafting, patients with CKD) where a consistent
CV benefit was shown with use of icosapent ethyl,'>> addi-
tional trials have advocated the efficacy of icosapent ethyl in
hypertriglyceridemia and CV risk lowering in patients receiv-
ing optimal hypolipidemic therapy with use of a statin and/or

ezetimibe.1??

The position of the National Lipid Association (NLA) is
that for patients 45 years of age or older with clinical athero-
sclerotic CVD, or 50years or older with DM needing medical

treatment plus=1 extra risk factor, with fasting triglycerides
135 to 499 mg/dL on high-intensity or maximally tolerated
statin treatment (*ezetimibe), addition of icosapent ethyl is
advised for lowering the atherosclerotic CVD risk (evidence
rating: class I; evidence level: B-R).130

Finally, over a decade ago, an Expert Panel group put forth
recommendations regarding triglycerides indicating that high
non-fasting triglycerides is a risk factor for CVD; hence, they
should be managed by aggressive lifestyle changes and/or tri-
glyceride lowering agents, like statins, and fibrates.!3!
Importantly, as mentioned, ezetimibe enhances statin triglycer-
ide-lowering and anti-inflammatory actions.””

Limitations

There are some limitations to this study. Women are under-
represented in CV outcome trials and particularly in trials
using ezetimibe.!3? Importantly, women, older persons, and
patients with noncardiac atherosclerotic CVD are specifically
undertreated.!33 Available data are limited regarding the effect
of ezetimibe on inflammatory markers. Cost efficacy data are
limited to certain countries. High- and very high-risk patients
are not achieving LDL-cholesterol level goal at high percent-
ages despite use of high-intensity statin therapy for various
reasons, 1 of which may be related to underuse of ezetimibe.1!!
Studies of lipid management in the real-world setting indicate
that LDL-cholesterol levels remains suboptimal, as currently
available therapies are underutilized in high/very-high risk
patients leading to suboptimal management of CV risk.13
There are also ethnic group discrepancies that need to be
addressed.’®> Importantly, prescription of the 1-pill combina-
tion of statin-ezetimibe exhibits better patient adherence.®

Perspective

According with the National Health and Nutrition Examination
Survey data from 2017 to 2020, eligibility and usage of statins,
ezetimibe, PCSK9j, and icosapent ethyl among US adults were
assessed per the American College of Cardiology/American
Heart Association guidelines.’ In this nationally representative
US study, <50% fewer persons who had guideline-directed indi-
cations for lipid lowering with use of statins were actually receiv-
ing these drugs, with particular underuse among Black adults
and younger adults 40 to 64 years of age. In addition, a consider-
able proportion of persons who appear to be candidates for
PCSKO9i and icosapent ethyl are on suboptimal treatment with
statins and/or ezetimibe, and if optimally treated with these
agents, significantly fewer persons would merit consideration for
more expensive and injection-based hypolipidemic therapies.
Fear of side-effects and cost of treatment seem to be a major bar-
rier to optimal use of hypolipidemic therapies explaining such a
degree of undertreatment with such therapies. Nevertheless,
with maximal escalation of statins and even when ezetimibe has
been added, 4.1% of adults or 6.1 million would still derive a gain
from PCSK9i and 6.8% or 10.2 million from icosapent ethyl.136
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Conclusion

Statins remain the cornerstone of hypolipidemic therapy.
Unfortunately, these agents have several side-effects, which
have partly hindered their more widespread use. Ezetimibe is
commonly the first added treatment to attain LDL-C targets. It
reduces LDL-C by approximately an extra 20% and has an
excellent safety and tolerability profile. When a statin is com-
bined with ezetimibe, the dose of statin could be lower, thus
averting or limiting the occurrence of adverse effects. Of course,
such a combination does enhance the hypolipidemic effect.
Ezetimibe could also serve as an alternative mode of treatment
in certain cases of statin intolerance. Importantly, besides statins,
among the lipid-lowering therapies, ezetimibe has also been
proven by prospective studies and RCTs to further reduce CVD
risk. Regarding possible pleiotropic effects which are inherent
in statin therapies, there is a report of an anti-inflammatory
effect of ezetimibe as well, which has been noted to occur on top
of statin treatment. The percentage of patients with target level
LDL-C (<70 mg/dL) can be much higher in a combined treat-
ment group versus a high-intensity statin monotherapy group.
This holds true also in patients with recent ischemic CVA,
where moderate-intensity statin plus ezetimibe was shown to
be superior to high-intensity statin alone for intensive LDL-C
lowering. Also, withdrawal of lipid-lowering agents occurs less
often in the combined therapy group. Importantly, in the pur-
suit of an escalation of hypolipidemic therapies, the use of non-
statin therapies alone or in combination with statins, therapies
that could also be affordable for the general public, the wider
use of ezetimibe might help attain these goals.!3” In keeping
with this view, a recent RCT comprising 150 patients with
acute ischemic cerebrovascular disease randomly allocated to
moderate-intensity statin with ezetimibe or high-intensity sta-
tin for 3months indicated that the latter regimen further
improved the attainment rate of LDL-C in these patients, with
a higher reduction magnitude in LDL-C without compromis-
ing safety.!3® Finally, in a holistic lipid approach and strategy,
adding icosapent ethyl might also decrease CV morbidity in
patients who have reached LDL-C targets but have persistently
high triglyceride concentrations considered an additional factor
often contributing to residual CV risk in patients who are
already at high risk. Indeed, most recent data from an RCT
comprising 840 patients with a recent ACS (<1year) indicated
that this agent dramatically reduced the risk of ischemic events
in high-risk statin-treated patients with no excess bleeding,
suggesting the need for prompt use of this agent after ACS.1%
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