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The relative risk reduction of cardiovascular events is proportional to the absolute reduction in LDL-C levels, the
primary target of therapy, no matter the way of reduction. During the last decades, the therapeutic regimens for
reducing the LDL-C levels have been immerged and improved, with favorable effects on the atherosclerotic
process and clinical benefits of various cardiovascular outcomes.

From a practical view of point, this review is focusing only on the current available lipid lowering agents:
statins, ezetimibe, anti PCSK9 monoclonal antibodies, the small interfering RNA (siRNA) agent, Inclisiran, and

Bempedoic acid. The recent changes in lipid lowering regimens, including the early combination of lipid
lowering agents and “Low LDL-C” levels <30 mg/dL for high/very high cardiovascular risk patients will also be

discussed.

1. Introduction

Dyslipidemia is one of the major risk factors for cardiovascular dis-
ease (CVD), the main cause of death worldwide. There is extensive ev-
idence that the low density lipoprotein (LDL) is the main causal agent in
the athero-thrombotic process and the fundamental determinant of
vascular risk. Furthermore, trials of LDL-C lowering indicate that the
relative risk reduction of cardiovascular (CV) events is proportional to
the absolute reduction in LDL-C levels, no matter the way of reduction,
with no evidence of any lower LDL-C level threshold. As a consequence,
LDL-C levels (or non - HDL-C in cases where it can’t be calculated)
became the primary target of therapy. The intensity of LDL-lowering
therapy is based on: the patient’s risk level (irrespective of the cause)
and the baseline LDL-C levels. According the 2019 ESC/EAS guidelines,
the LDL-C levels for high/very high CV risk subjects should be below 70
or 55 mg/dL, respectively with > 50% reduction from baselines levels
[1-4].

The treatment options for hypercholesterolemia have been
immerged and improved during the last decades, with favorable effects
on the atherosclerotic process and clinical benefits on various cardio-
vascular outcomes (CVO). All available agents affect the LDL receptor
(LDL-R), the common pathway for reducing the LDL-C levels. Many
other new lipid lowering modalities are under clinical investigation.

From a practical view of point, this review is focusing only on the
current available lipid lowering agents.
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2. Statins

Statins are the main agents used, and will be used, in the near future
for controlling LDL-C levels. They reduce the intrahepatic production of
cholesterol by competitively inhibiting the key enzyme, 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase, thereby limiting the
conversion of HMG-CoA to mevalonic acid, the precursor of cholesterol.
The reduction of hepatic cholesterol synthesis leads to overexpression of
the LDL-R and consequently to increased uptake of LDL particles into the
cells, resulting in a decrease in plasma cholesterol levels [5].

High dose potent statins reduce the LDL-C levels by up to 50% with
favorable effects on the volume and stability of the atherosclerotic pla-
que. According to meta-analysis of 14 randomized trials, statin therapy
leads to a decrease of up to 12% in all-cause mortality per mmol/L
lowered LDL-C, as well as decrease in various CV outcomes [2].

The different statins have varying abilities to lower LDL-C (e.g.:
simvastatin 10 mg, pravastatin 20 mg — 27%; simvastatin 40 mg, ator-
vastatin 20 mg — 40%; atotvastatin 80 mg, rosuvastatin 20 mg —54%)
with maximal reductions of approximately 60% seen with rosuvastatin
40 mg. Doubling the dose of a statin results in only an approximate 6%
further decrease in LDL-C levels. The percent reduction in LDL-C levels is
similar in patients with high and low starting LDL-C levels, but the ab-
solute decrease is greater if the starting LDL-C is high. Statins are also
very effective in lowering non-HDL-C levels, as well as lowering plasma
triglyceride levels. However, the ability to lower triglyceride levels
correlates with the reduction of the LDL-C. Notably, the percent
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reduction in plasma triglyceride levels is dependent on the baseline
triglyceride levels. Given the ability of statins to lower LDL-C and tri-
glyceride/VLDL levels, statin therapy is very effective in lowering
apolipoprotein B levels [6-9]. Of note, statins do not lower lipopritein
(a) levels and may even increase them [10,11], but modestly increase
HDL-C levels, between 5 and 10% [7,12,13].

In addition, statins also have pleiotropic effects that may not be
directly related to alterations in lipid metabolism. For example, statins
are anti-inflammatory and consistently decrease CRP levels. Others ef-
fects include: anti-proliferative, antioxidant, anti-thrombosis, improving
endothelial dysfunction and attenuating vascular remodeling. Whether
these pleiotropic effects contribute to the beneficial effects of statins is
uncertain [14,15].

The various statins have different pharmacokinetic properties, which
can explain clinically important differences in their safety and in-
teractions. Most statins are lipophilic except for pravastatin and rosu-
vastatin, which are hydrophilic. Lipophilic statins can enter cells more
easily but the clinical significance of this difference is not clear. Most of
the clearance of statins is via the liver and gastrointestinal tract. Renal
clearance of statins in general is low with atorvastatin, making this
particular drug the statin of choice in patients with significant renal
disease. The half-life of statins varies greatly, with pravastatin, simva-
statin and fluvastatin having a short half-life (1-3 h) while atorvastatin,
rosuvastatin, and pitavastatin having a long one. In patients with statins
intolerance, the use of a long-acting statin every other day or 2 times per
week has been employed. Short acting statins are most effective when
administered in the evening when HMG-CoA reductase activity is
maximal, while the efficacy of long-acting statins is equivalent whether
given in the AM or PM [16-20].

A key difference between statins is their pathway of metabolism.
Simvastatin, and atorvastatin are metabolized by the CYP3A4 enzymes
and drugs that affect the CYP3A4 pathway can alter the metabolism of
these statins. Fluvastatin is metabolized mainly by CYP2C9 with a small
contribution by CYP2C8. Pitavastatin and rosuvastatin are minimally
metabolized by the CYP2C9 pathway. Pravastatin is not metabolized at
all via the CYP enzyme system [16-19,21].

Many treated patients (vary between 5 and 70%) are statin intolerant
(SD); they may not tolerate the full therapeutic statin dose and have
adverse effects, mostly muscles symptoms [22]. It should be emphasized
that the reported incidence of muscles symptoms was consistently lower
in randomized placebo-controlled trials than in observational studies.
The recent Self-Assessment Method for Statin side-effects Or Nocebo
(SAMSON) trial demonstrated that 90% of adverse symptoms related to
statins were also elicited by placebo, a powerful demonstration of the
nocebo effect. Importantly, 50% of the study patients were able to
successfully reinitiate statin therapy [23]. Never the less, SI is one of the
main reasons for stains underuse and the failure to reach the LDL-C
recommended target levels [5].

After many years of statin use it was recognized that statins increase
the risk of developing diabetes mellitus (DM). In a meta-analysis of 13
trials with over 90,000 subjects, there was a 9% increase in the incidence
of DM during follow-up among subjects receiving statin therapy [24].
All statins appear to increase the risk of developing DM, and it seems
that they are unmasking and accelerating its development that would
have occurred naturally at some point in time. In patients without risk
factors for developing DM, treatment with statins does not appear to
increase the risk.

While the FDA has mandated warnings regarding statin induced
cognitive dysfunction, randomized clinical trials do not indicate a sig-
nificant association [25-27].

The available data show no increased risk of brain hemorrhage with
statin use in primary stroke prevention populations. An increased risk in
secondary stroke prevention populations is possible, but the absolute
risk is very small and the benefit in reducing overall stroke and other
vascular events generally outweighs that risk [28].

Studies have shown that the risk of liver function test abnormalities
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in patients taking statins is very small. The increases in transaminase
levels with statin therapy are dose related with high doses of statins
leading to more frequent elevations. At this time, routine monitoring of
liver function tests in patients taking statins is no longer recommended.
However, obtaining baseline liver function tests prior to starting statin
therapy is indicated. If liver function tests are obtained during statin
treatment, one should not be overly concerned with modestly elevated
transaminase levels (less than 3x the upper limit of normal). If the
transaminase is greater than 3x the upper limit of normal the test should
be repeated and if it remains > 3x the upper limit of normal, statin
therapy should be stopped and the patient be evaluated [29,30].Studies
have suggested that the incidence of liver failure in patients taking
statins is very similar to the rate observed in the general population
(approx. 1 case per 1 million patient years) [31,32]. Thus, statin therapy
causing serious liver injury is a very rare event. Never the less, moderate
to severe liver disease is a contraindication to statin therapy [29].

Statins are contraindicated in pregnant or lactating women. In
women of child bearing age birth control should be discussed and statins
should be discontinued prior to conception [29].

3. Ezetimibe

The sources of the intestinal cholesterol are the diet but mainly the
bile acid. Ezetimibe prevents cholesterol absorption from the intestine
by blocking the Niemann-Pick Cl1 Like 1 protein, leading to the
decreased delivery of cholesterol to the liver, a decrease in hepatic
cholesterol content and an up-regulation of hepatic LDL-R [33].

Ezetimibe is used as add-on to statin therapy, as it effectively reduces
the LDL-C levels by 15-20% alone, as diet, but up to 50% in combination
with statins [34,35]. It is recommended to take one 10 mg tablet a day
with food or between meals.

Ezetimibe has few side effects, including: headache and/or diarrhea
(>1%), myalgia and/or raised liver function test results (0.1-1%) and
hypersensitivity reactions (rash, angioedema) or myopathy (<0.1%)
[36].

Ezetimibe lacks significant inhibitor or inducer effects on cyto-
chrome P450 isoenzymes, which explains its limited number of drug
interactions. No dose adjustment is needed in patients with chronic
kidney disease or mild hepatic dysfunction (Child-Pugh score 5-6). Use
in pregnancy and breast feeding is of unclear safety [37].

In the IMPROVE-IT study, involving 18,144 patients with acute
coronary syndrome within the preceding 10 days that were randomized
to be treated with the combination of simvastatin (40 mg) and ezetimibe
(10 mg) or simvastatin (40 mg) and placebo, the Kaplan-Meier event
rate for the primary end point [a composite of cardiovascular death,
nonfatal myocardial infarction, unstable angina requiring rehospitali-
zation, coronary revascularization (>30 days after randomization), or
nonfatal stroke] at 7 years was 32.7% in the simvastatin-ezetimibe
group as compared with 34.7% in the simvastatin-monotherapy group
(absolute risk difference, 2.0 percentage points; hazard ratio, 0.936;
95% CI, 0.89 to 0.99; P = 0.016) [38].

Ezetimibe is also available in fixed combinations with simvastatin,
atorvastatin, rosuvastatin and bempedoic acid.

4. PCSK9 inhibitors

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a serine
protease, mainly expressed in the liver, that targets LDL-R. It leads the
receptors to lysosome-mediated degradation, thus diminishing their
recycling and decreasing the removal rate of circulating LDL particles
with a subsequent increase in LDL-C concentration in the blood.
Therefore, reducing the PCSK9 level have a favorable effect on LDL-C
levels. [5,39-41].
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4.1. Monoclonal antibodies against PCSK9

Two human monoclonal antibodies against PCSK9 (PCSK9 mAbs),
alirocumab and evolocumab, were developed, and are under wide use as
a therapeutic option in addition to diet, maximally tolerated dose of
statins with or without ezetimibe or even alone for patients in high or
very high CV risk.

Anti PCSK9 mAbs have been shown to reduce the LDL-C levels
markedly and consistently, up to 60%. Also, they have been shown to
decreases the levels of apoprotein B by 40 to 50%, lipoprotein (a) by 30
to 40% and triglyceride by 8 to 10%. To increases HDL- C levels by 8 to
10% and apoprotein Al by 4 to 5% [42,43].

Practically, there are no meaningful differences between the agents,
as well as there is no study to compare between them. Alirocumab is
supplied in 75 mg or 150 mg single-dose prefilled pen or syringe. The
recommended starting dose is 75 mg once every two weeks, adminis-
tered subcutaneously. An alternative starting dose is 300 mg once every
four weeks. There is currently no pediatric dosing for this drug. Evolo-
cumab is supplied as a 140 mg/mL and 420 mg/3.5 mL. For adults and
children 10 years of age and older with heterozygous familial hyper-
cholesterolemia, the dosing is 140 mg every two weeks or 420 mg once
monthly administered subcutaneously. For ones with homozygous fa-
milial hypercholesterolemia the dosing is 420 mg subcutaneously once a
month but can be increased to 420 mg every 2 weeks if a clinically
meaningful response is not achieved in 12 weeks.

Adverse side effects include: Injection-site reactions and nasophar-
yngitis. There weren’t any increased signal for hepatotoxicity, increase
in muscle-related complaints or increase in muscle enzymes, nor
increased risk of cognitive impairment as well as no clinically significant
drug-drug interactions [44,45].

Two multicenter, double-blind, randomized trials defined the
favorable CVO of the anti PCSK9 mAbs. The ODYSSEY OUTCOMES
study enrolled 18,924 patients with acute coronary syndrome and LDL-C
level > 70 mg/dL on maximum tolerated statin dose. Alirocumab
reduced the primary endpoint (composite of death from coronary artery
disease, non-fatal acute myocardial infarction, fatal or non-fatal
ischemic stroke or unstable angina requiring hospitalization) as well
as deaths from any cause by 15% (ARR 1.6%) over a median follow-up
period of 2.8 years [44]. The FOURIER trial enrolled 27,564 patients
with stable atherosclerotic cardiovascular disease (ASCVD) and addi-
tional risk factors. Treatment with evolocumab reduced the trial’s pri-
mary endpoint (composite of CV death, acute myocardial infarction,
stroke, coronary revascularization or hospital admission for unstable
angina) by 15% (ARR 2%) over an average follow-up period of 2.2 years
[45]. The results of both studies had shown a low incidence of adverse
events without any variations across subgroups.

Sub analysis of the ODYSSEY OUTCOMES study reviled that the
higher the patients’ risk —the higher the benefit, including: high baseline
LDL-C (>100 mg/dl) [44], poly vascular disease and diabetes mellitus
[46,47]. Furthermore, alirocumab as a single cholesterol lowering agent
was found to be clinically effective [48]. Sub analysis of the FOURIER
trial reviled a greater RRR with evolocumab in patients with a recent
myocardial infarction (<2 years) compared to patients with a more
remote acute myocardial infarction, in patients with > 2 prior infarcts
compared to patients with 1 prior one and in ones with multivessel CAD
compared to patients without it [49].

Recently, extended follow up data have been published. The
FOURIER - OLE trial results reviled that long-term LDL-C lowering with
evolocumab is associated with persistently low rates of adverse events
for over >8 years, with further reductions in CV events compared with
delayed treatment initiation [50].

Anti PCSK9 mAbs have been found to affect also the atherosclerotic
process. In the Glagov study 968 patients with coronary artery disease
were treated with evolocumab or placebo for 76 weeks and underwent
serial intravascular ultrasound determinations of coronary atheroma
volume. Evolocumab treatment was associated with lower LDL-C levels
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(36.6 vs 93.0 mg/dL), a reduction in percent atheroma volume (—0.95%
vs. the placebo +0.05%) and a greater percentage of patients demon-
strating plaque regression (64.3% vs. 47.3%) [51]. The HYUGENS study
results showed that statins+ evolocumab produce favorable changes in
coronary atherosclerosis consistent with plaque stabilization and
regression [52]. The PACMAN-AMI study results indicated that in pa-
tients on high-dose rosuvastatin, administration of alirocumab 150 mg
biweekly within 24 h after PCI for acute myocardial infarction resulted
in a greater reduction in plaque burden and plaque regression at 52
weeks in the non culprit vessel [53]. Similar effects were described in
carotid plaques [54,55].

4.2. Small interfering rna agents

The use of small interfering RNA (siRNA) agents represents another
strategy to reduce PCSK9 levels. siRNAs block the expression of specific
genes with complementary nucleotide sequences by selectively silencing
the translation of their complementary target mRNAs [56]. Inclisiran,
targeting the 30 UTR of the PCSK9 mRNA, is a long-acting, subcutane-
ously delivered, synthetic siRNA conjugated to triantennary N-ace-
tylgalactosamine carbohydrates (NAC). It binds to asialoglycoprotein
receptors in the liver, resulting in uptake of the Inclisiran and suppres-
sion of hepatic PCSK9 production, leading to elevation of LDL-R in the
hepatocyte membranes and a subsequent decrease in circulating LDL-C
levels [57].

Inclisiran offers infrequent, convenient, twice-yearly dosing which
should improve subjects’ compliance and adherence to lipid lowering
treatment.

The ORION program consists of worldwide trials to evaluate the ef-
ficacy and safety of inclisiran in populations with established / high risk
for ASCVD or familial hypercholesterolemia [5]. All current studies have
provided that over 18 months, Inclisiran is effective with 60% sustained
LDL-C levels reduction without any adverse effects related to inflam-
mation, immune activation or clinical immunogenicity nor to liver
kidney or muscle side effects. Furthermore,dose adjustments are not
required in ones with impaired renal function [58,59].

Recent preliminary results suggest potential benefits for composite
MACE reduction [OR (95% CI): 0.74 (0.58-0.94)]. However, the results
of ongoing trials are eagerly awaited [60,61].

One of the main limitations in the use of the anti PCSK9 agents is
their high costs. In most of the countries, their use is limited to high/very
high patients, requires prior authorization according local terms and
copayment.

5. Bempedoic acid

After activation, Bempedoic acid (BA) inhibits adenosine triphos-
phate citrate lyase, resulting in a reduction in acetyl-CoA levels in the
cholesterol synthesis pathway upstream of HMG-CoA reductase, leading
to an upregulation of LDL-R and a subsequent lowering of LDL-C levels
[5]. In addition, activation of AMP-activated protein kinase leads to
inhibitory phosphorylation of HMG-CoA reductase and reduces proin-
flammatory cytokines production chemokines in human macrophages
[62,63]. Furthermore, as the skeletal muscle cannot activate the prodrug
due to the absence of the enzyme ACSVL1, resulting in the reduction of
adverse muscle effects, which often complicate statin therapy [64,65].

Till now, short term studies have shown BA efficacy in lowering LDL-
C levels along its safety. In the first phase 2 trial, a 12-weeks study of 177
patients, LDL-C levels were significantly reduced by an average of 18, 25
and 27% at doses of 40, 80 and 120 mg, respectively, along with
lowering other atherogenic biomarkers levels, apoprotein B, non-HDL-C
and LDL particles [62]. In another study, the efficacy of BA (120 mg and
180 mg) or placebo in addition to ongoing statin therapy was evaluated
in 134 patients for 12 weeks. BA lowered LDL-C levels by up to 24%
more than placebo (—4.2%); it also reduced hs-CRP, apo B, non-HDL-C
and total cholesterol levels more than placebo. No significant reductions
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in HDL-C or triglyceride levels were observed. When muscle-related
adverse events occurred, the number of drug discontinuations and the
number of clinical safety trials were generally similar to placebo [66].

The CLEAR Harmony study included 2230 patients with ASCVD and/
or heterozygous familial hypercholesterolemia, LDL-C > 70 mg/dL
whilst on treatment with a maximum tolerated dose of statin, randomly
assigned to receive BA (180 mg) or placebo. An evaluation after 12
weeks reviled that the mean LDL-C level decreased by 18.1% compared
to placebo [67]. The CLEAR Serenity study, a 24-weeks randomized
phase 3 trial, evaluated 345 statin intolerant patients, randomly
assigned to receive BA or a matching placebo. At week 12, the group
receiving BA showed a significant reduction of LDL-C levels from
baseline (—21.4%) and a lower incidence of myalgia compared with
placebo (4.7% versus 7.2%, respectively), without significant changes in
HDL-C and triglycerides levels [68]. The efficacy and safety of BA in
combination with ezetimibe was investigated in the CLEAR Tranquilly
study, which included 269 participants with SI. Following 4-weeks of
ezetimibe 10 mg, patients were randomly assigned to receive in addition
BA (180 mg) or placebo for 12 weeks. BA reduced LDL-C levels by 28.5%
compared to placebo. The association was found to be safe and effective,
with no significant difference in side effects compared to placebo [69].

The most frequent adverse events associated with BA therapy are
urinary tract infections (4.5%), reduction in the glomerular filtrate
(0.7%), headache (2.8%), hyperuricemia (2.1%) and gout (1.4%) [70].
On the other hand, BA was associated with a reduced risk of new-onset
or worsening of diabetes mellitus [71].

The CLEAR out come study enrolled 14,014 participants and is the
first ongoing randomized trial to examine the effects of BA on CV events
in patients with SI predisposed to or with CVD [72].

Today, BA represents a useful addition to LDL-C lowering therapies
in patients on statin therapy or intolerant to them, whose LDL-C levels
remain above those suggested by the current guidelines. Its use and the
prompt place in the lipid lowering regimens will be clarified after the
results of CVO trials will be available.

6. Changes in the lipid lowering regimens paradigm

Today, the argent need to reach very low LDL-C target levels in high /
very high CV risk patients along with the availability of new potent
agents have led to up dated lipid lowering regimens paradigm, based on
the following principals (Table 1):

o What matters most is how much, when, and for how long the LDL-C
reduction is achieved rather than how it is achieved.

Any agent or combination of the current available lipid lowering
regimens, that affect the LDL-R, can be used as long as the LDL-C
levels are achieved.

From statin monotherapy towards
regimens.

intensive lipid-lowering

Moving from a high-intensity statin approach for all to a high-
intensity statin plus ezetimibe approach. It avoids unnecessary
steps and allows a more rapid attainment of the target levels with less
adverse effects. Single pill combination is better for adherence.
Re-evaluation of lipids levels 4-6 weeks after initiating treatment
regimen.

Early use of PCSK9 Inhibitors combination

As in other disciplines, early combination therapy is preferred. It
allows to reach LDL-C target levels quickly with less side effects.

e “Low LDL-C” <30 mg/dL is safe and effective
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Table 1
The updated lipid lowering regimens paradigm.

o Use any agent or combination, that affect the LDL-R, as long as the LDL-C levels are
achieved.

o High-intensity statin plus ezetimibe approach for all - single pill combination is
better for adherence.

® Re-evaluate lipids levels 4-6 weeks after initiating treatment regimen.

o Early use of PCSK9 Inhibitors combination.

e “Low LDL-C” <30 mg/dL is safe and effective.

Using data from clinical trials, the benefit and risk with low (<30
mg/dL) LDL-c is better known.

In conclusion, the treatment options for reaching the recommended
LDL-C target levels have been enlarged and improved during the last
decades, with documented favorable effects on the atherosclerotic
process and on various CVO. An early combination of lipid lowering
agents is advised as “Low LDL-C” levels <30 mg/dL for high/very
high CV risk patients is safe and effective.

Declarations of Competing Interest
The author declare he has no conflict of interest.

References

[1] Ridker PM. LDL cholesterol: controversies and future therapeutic directions. Lancet

2014;384(9943):607-17.

[2] Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. Efficacy

and safety of cholesterol-lowering treatment: prospective meta-analysis of data

from 90,056 participants in 14 randomised trials of statins. Lancet 2005;366

(9493):1267-78.

Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, Blackwell L,

Emberson J, Holland LE, Reith C, et al. Efficacy and safety of more intensive

lowering of LDL cholesterol: a meta-analysis of data from 170,000 participants in

26 randomised trials. Lancet 2010;376(9753):1670-81.

[4] Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019
ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Eur Heart J 2020;41(1):111-88.

[5] Echavarria Uceta R, Guzman E. New and Emerging Lipid Modifying Drugs to Lower
LDL Cholesterol. Drugs Context 2021;10:1-22.

[6] Ballantyne CM, Andrews TC, Hsia JA, Kramer JH, Shear C. Efficacy ASGACC,
Safety S. Correlation of non-high-density lipoprotein cholesterol with
apolipoprotein B: effect of 5 hydroxymethylglutaryl coenzyme A reductase
inhibitors on non-high-density lipoprotein cholesterol levels. Am J Cardiol 2001;
88:265-9.

[7] Jones PH, Hunninghake DB, Ferdinand KC, Stein EA, Gold A, Caplan RJ, et al.
Statin Therapies for Elevated Lipid Levels Compared Across Doses to Rosuvastatin
Study G. Effects of rosuvastatin versus atorvastatin, simvastatin, and pravastatin on
non-high-density lipoprotein cholesterol, apolipoproteins, and lipid ratios in
patients with hypercholesterolemia: additional results from the STELLAR trial. Clin
Ther 2004;26:1388-99.

[8] Jones PH, Davidson MH, Stein EA, Bays HE, McKenney JM, Miller E, et al.
Comparison of the efficacy and safety of rosuvastatin versus atorvastatin,
simvastatin, and pravastatin across doses (STELLAR* Trial). Am J Cardiol 2003;92:
152-60.

[9] Stein EA, Lane M, Laskarzewski P. Comparison of statins in hypertriglyceridemia.
Am J Cardiol 1998;81:66B-9B.

[10] Bos S, Yayha R, van Lennep JE. Latest developments in the treatment of lipoprotein
(a). Curr Opin Lipidol 2014;25:452-60.

[11] van Capelleveen JC, van der Valk FM, Stroes ES. Current therapies for lowering
lipoprotein (a). J Lipid Res 2016;57:1612-8.

[12] SP Adams, Tsang M, Wright JM. Lipid-lowering efficacy of atorvastatin. Cochrane
Database Syst Rev 2015;3:CD008226.

[13] SP Adams, Sekhon SS, Wright JM. Lipid-lowering efficacy of rosuvastatin.
Cochrane Database Syst Rev 2014;11:CD010254.

[14] Liao JK. Clinical implications for statin pleiotropy. Curr Opin Lipidol 2005;16:
624-9.

[15] Joshi PH, Jacobson TA. Therapeutic options to further lower C-reactive protein for
patients on statin treatment. Curr Atheroscler Rep 2010;12:34-42.

[16] Causevic-Ramosevac A, Semiz S. Drug interactions with statins. Acta Pharm 2013;
63:277-93.

[17] Hu M, Tomlinson B. Evaluation of the pharmacokinetics and drug interactions of
the two recently developed statins, rosuvastatin and pitavastatin. Expert Opin Drug
Metab Toxicol 2014;10:51-65.

[18] Sirtori CR. The pharmacology of statins. Pharmacol Res 2014;88:3-11.

[19] Bellosta S, Corsini A. Statin drug interactions and related adverse reactions: an
update. Expert Opin Drug Saf 2018;17:25-37.

[3

[t



A. Elis

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]
[36]
[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Awad K, Serban MC, Penson P, Mikhailidis DP, Toth PP, Jones SR, et al. Effects of
morning vs evening statin administration on lipid profile: a systematic review and
meta-analysis. J Clin Lipidol 2017;11:972-85. €979.

Kellick KA, Bottorff M, Toth PP. The National Lipid Association’s Safety Task F. A
clinician’s guide to statin drug-drug interactions. J Clin Lipidol 2014;8:5S30-46.
Reiner Z. Resistance and Intolerance to Statins. Nutr Metab Cardiovasc Dis 2014;
24:1057-66.

Krishnamurthy A, Bradley C, Ascunce R, Kim SM. SAMSON and the Nocebo Effect:
management of Statin Intolerance. Curr Cardiol Rep 2022;24(9):1101-8.

Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJ, et al. Statins and
risk of incident diabetes: a collaborative meta-analysis of randomized statin trials.
Lancet 2010;375:735-42.

Rojas-Fernandez C, Hudani Z, Bittner V. Statins and cognitive side effects: what
cardiologists need to know. Cardiol Clin 2015;33:245-56.

Rojas-Fernandez CH, Goldstein LB, Levey Al, Taylor BA, Bittner V. The National
Lipid Association’s Safety Task Force. An assessment by the Statin Cognitive Safety
Task Force: 2014 update. J Clin Lipidol 2014;8:S5-16.

Richardson K, Schoen M, French B, Umscheid CA, Mitchell MD, Arnold SE, et al.
Statins and cognitive function: a systematic review. Ann Intern Med 2013;159:
688-97.

Newman CB, Preiss D, Tobert JA, Jacobson TA, Page 2nd RL, Goldstein LB, et al.
Statin Safety and Associated Adverse Events: a Scientific Statement from the
American Heart Association. Arterioscler Thromb Vasc Biol 2019;39:e38-81.
Bays H, Cohen DE, Chalasani N, Harrison SA. The National Lipid Association’s
Statin Safety Task F. An assessment by the Statin Liver Safety Task Force: 2014
update. J Clin Lipidol 2014;8:547-57.

Alsheikh-Ali AA, Maddukuri PV, Han H, Karas RH. Effect of the magnitude of lipid
lowering on risk of elevated liver enzymes, rhabdomyolysis, and cancer: insights
from large randomized statin trials. J Am Coll Cardiol 2007;50:409-18.

Russo MW, Scobey M, Bonkovsky HL. Drug-induced liver injury associated with
statins. Semin Liver Dis 2009;29:412-22.

Tolman KG. Defining patient risks from expanded preventive therapies. Am J
Cardiol 2000;85:15E-9E.

Bruckert E, Giral P, Tellier P. Perspectives in cholesterol-lowering therapy: the role
of ezetimibe, a new selective inhibitor of intestinal cholesterol absorption.
Circulation 2003;107:3124-8.

Kosoglou T, Statkevich P, Johnson-Levonas AO, Paolini JF, Bergman AJ, Alton KB.
Ezetimibe: a review of its metabolism, pharmacokinetics and drug interactions.
Clin Pharmacokinet 2005;44(5):467-94.

Vavlukis M, Vavlukis A. Adding ezetimibe to statin therapy: latest evidence and
clinical implications. Drugs Context 2018;7:212534.

Zetia- ezetimibe tablet". DailyMed. 26 January 2011. Archived from the original on
10 May 2021. Retrieved 13 August 2022.

"Ezetimibe (Zetia) Use During Pregnancy". Drugs.com. Archived from the original
on 13 April 2019. Retrieved 13 April 2019.

Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, et al.
Ezetimibe added to statin therapy after acute coronary syndromes. N Engl J Med
2015;372:2387-97.

Stoekenbroek RM, Lambert G, Cariou B, Hovingh GK. Inhibiting PCSK9—Biology
beyond LDL Control. Nat Rev Endocrinol 2018;15:52-62.

Kosmas CE, Dejesus E. Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors:
an Emerging Chapter in The Field of Clinical Lipidology. Enliven Clin Cardiol Res
2015;2:E1.

Leren TP. Sorting an LDL Receptor with Bound PCSK9 to Intracellular Degradation.
Atherosclerosis 2014;237:76-81.

Sabatine MS, Giugliano RP, Wiviott SD, Raal FJ, Blom DJ, Robinson J, et al.
Efficacy and Safety of Evolocumab in Reducing Lipids and Cardiovascular Events.
N Engl J Med 2015;372:1500-9.

Robinson JG, Farnier M, Krempf M, Bergeron J, Luc G, Averna M, et al. Efficacy
and Safety of Alirocumab in Reducing Lipids and Cardiovascular Events. N Engl J
Med 2015;372:1489-99.

Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz R, et al. Alirocumab
and Cardiovascular Outcomes after Acute Coronary Syndrome. N Engl J Med 2018;
379:2097-107.

Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, Murphy SA, et al.
Evolocumab and Clinical Outcomes in Patients with Cardiovascular Disease. N Engl
J Med 2017;376(18):1713-22.

Ray KK, Colhoun HM, Szarek M, Baccara-Dinet M, Bhatt DL, Bittner VA, et al.
Effects of alirocumab on cardiovascular and metabolic outcomes after acute
coronary syndrome in patients with or without diabetes: a prespecified analysis of
the ODYSSEY OUTCOMES randomised controlled trial. Lancet Diabetes Endocrinol
2019;7(8):618-28.

Jukema JW, Szarek M, Zijlstra LE, de Silva HA, Bhatt DL, Bittner VA, et al.
Alirocumab in patients with polyvascular disease and recent acute coronary
syndrome: ODYSSEY OUTCOMES Trial. J Am Coll Cardiol 2019;74(9):1167-76.
Diaz R, Li QH, Bhatt DL, Bittner VA, Baccara-Dinet MT, Goodman SG, et al.
Intensity of statin treatment after acute coronary syndrome, residual risk, and its

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

European Journal of Internal Medicine 112 (2023) 1-5

modification by alirocumab: insights from the ODYSSEY OUTCOMES trial. Eur J
Prev Cardiol 2021;28(1):33-43.

Gencer B, Mach F, Murphy SA, De Ferrari GM, Huber K, Lewis BS, et al. Efficacy of
evolocumab on cardiovascular outcomes in patients with recent myocardial
infarction: a prespecified secondary analysis from the FOURIER trial. JAMA
Cardiol 2020;5(8):952-7. Aug 1.

FOURIER-OLE study presented in a Hot Line Session today at ESC Congress 2022.
https://www.escardio.org/The-ESC/Press-Office/Press-releases/Long-term-evolo
cumab-therapy-leads-to-further-reductions-in-cardiovascular-events.

Nicholls SJ, Puri R, Anderson T, Ballantyne CM, Cho L, Kastelein JJ, Koenig W.
Effect of Evolocumab on progression of coronary disease in Statin-Treated Patients:
the GLAGOV Randomized Clinical Trial. JAMA 2016;316(22):2373-84.

Nicholls SJ, Kataoka Y, Nissen SE, Prati F, Windecker S, et al. Effect of evolocumab
on coronary plaque phenotype and burden in statin-treated patients following
myocardial infarction. J Am Coll Cardiol Img 2022;(7):1308-21.

Raber L, Ueki Y, Otsuka T, Losdat S, Haner JD, Lonborg J, et al. Effect of
alirocumab added to high-intensity statin therapy on coronary atherosclerosis in
patients with acute myocardial infarction: the pacman-ami randomized clinical
trial. JAMA 2022;327(18):1771-81.

Sun J, Lepor NE, Cantén G, Contreras L, Hippe DS, Isquith DA, et al. Serial
Magnetic Resonance Imaging Detects a Rapid Reduction in Plaque Lipid Content
Under PCSK9 Inhibition with Alirocumab. Int J Cardiovasc Imaging 2021;37:
1415-22.

Lepor NE, Sun J, Canton G, Contreras L, Hippe DS, Isquith DA, et al. Regression in
Carotid Plaque Lipid Content and neovasculature with PCSK9 Inhibition: a Time
Course Study. Atherosclerosis 2021;327:31-8.

Khvorova A. Oligonucleotide therapeutics—a new class of cholesterol-lowering
drugs. N Engl J Med 2017;376:4-7.

Ray KK, Wright RS, Kallend D, Koenig W, Leiter LA, Raal FJ, et al. Two phase 3
trials of inclisiran in patients with elevated LDL Cholesterol. N Engl J Med 2020;
382:1507-19.

Dyrbus K, Gasior M, Penson P, Ray KK, Banach M. Inclisiran-new hope in the
management of lipid disorders? J Clin Lipidol 2020;14:16-27.

German CA, Shapiro MD. Small Interfering RNA Therapeutic Inclisiran: a New
Approach to Targeting PCSK9. Bio drugs Clin. Inmunother. Biopharm. Gene Ther
2020;34:1-9.

Ray KK, Raal FJ, Kallend DG, Jaros MJ, Koenig W, Leiter LA, et al. Inclisiran and
cardiovascular events: a patient-level analysis of phase III trials. Eur Heart J 2023;
44:129-38.

Wright RS, Collins MG, Stoekenbroek RM, Robson R, Wijngaard PLJ,

Landmesser U, et al. Effects of Renal Impairment on the Pharmacokinetics,
Efficacy, and Safety of Inclisiran: an Analysis of the ORION-7 and ORION-1 Studies.
Mayo Clin Proc 2020;95:77-89.

Bilen O, Ballantyne CM. Bempedoic Acid (ETC-1002): an investigational inhibitor
of ATP Citrate Lyase. Curr Atheroscler Rep 2016;18:61.

Filippov S, Pinkosky SL, Lister RJ, Pawloski C, Hanselman JC, Cramer CT, et al.
ETC-1002 regulates immune response, leukocyte homing, and adipose tissue
inflammation via LKB1-dependent activation of macrophage AMPK. J Lipid Res
2013;54:2095-108.

Sirtori CR, Yamashita S, Greco MF, Corsini A, Watts GF, Ruscica M. Recent
advances in synthetic pharmacotherapies for dyslipidaemias. Eur J Prev Cardiol
2020;27:1576-96.

Pinkosky SL, Newton RS, Day EA, Ford RJ, Lhotak S, Austin RC, et al. Liver-Specific
ATP-citrate lyase inhibition by bempedoic acid decreases LDL-C and attenuates
atherosclerosis. Nat Commun 2016;7:13457.

Ballantyne CM, Mckenney JM, Macdougall DE, Margulies JR, Robinson PL,
Hanselman JC, et al. Effect of ETC1002 on serum Low-Density Lipoprotein
Cholesterol in hypercholesterolemic patients receiving Statin Therapy. Am J
Cardiol 2016;117:1928-33.

Ray KK, Bays HE, Catapano AL, Lalwani ND, Bloedon LT, Sterling LR, et al. CLEAR
Harmony Trial. Safety and efficacy of Bempedoic acid to reduce LDL Cholesterol.
N Engl J Med 2019;380:1022-32.

Jia X, Virani SS. CLEAR Serenity Trial: more clarity for the future of Bempedoic
acid in patients unable to take statins? J Am Heart Assoc 2019;8:E012352.
Ballantyne CM, Banach M, Mancini GBJ, Lepor NE, Hanselman JC, Zhao X, et al.
Efficacy and Safety of Bempedoic acid added to ezetimibe in statin-intolerant
patients with hypercholesterolemia: a randomized, placebo-controlled study.
Atherosclerosis 2018;277:195-203.

Cicero AFG, Pontremoli R, Fogacci F, Viazzi F, Borghi C. Effect of Bempedoic acid
on serum uric acid and related outcomes: a systematic review and meta-mnalysis of
the available phase 2 and phase 3 clinical studies. Drug Saf 2020;43:727-36.
Cicero AFG, Fogacci F, Hernandez AV, Banach M, et al. Efficacy and safety of
Bempedoic acid for the treatment of hypercholesterolemia: a systematic review and
meta-analysis. PLoS Med 2020;17:e1003121.

Nicholls S, Lincoff AM, Bays HE, Cho L, Grobbee DE, Kastelein JJ, et al. Rationale
and design of the CLEAR-Outcomes trial: evaluating the effect of Bempedoic acid
on cardiovascular events in patients with statin intolerance. Am Heart J 2021;235:
104-12.



