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Abstract: The goal in cardiovascular prevention is the reduction of morbidity and mortality through
the promotion of healthy lifestyles in the general population. The management of modifiable risk
factors with pharmacological and non-pharmacological interventions, based on the individual risk is
the first strategy suggested by the current guidelines. Several epidemiological studies have clearly
shown the direct correlation between high levels of low-density lipoprotein cholesterol (LDL-C) and
incidence of cardiovascular diseases. On the other hand, numerous randomized clinical studies have
reported a huge benefit in terms of major cardiovascular events achievable by the reduction of LDL-C,
thus supporting the notion that “the lower is better”. Among the lipid-lowering strategies, statins are
the drugs of choice in cardiovascular prevention, at both primary and secondary level. To achieve the
ambitious targets suggested by the current guidelines, other lipid-lowering therapies are currently
available in addition to statins, such as ezetimibe the inhibitors of the PCSK9. Pharmacological
research has recently led to the development of a new drug, the bempedoic acid, which further enrich
the available therapies. This drug also acts on the biosynthesis of cholesterol but at upstream level
than statins. From the biochemical point of view, it has the potential to be considered before the statin
with consequent titration of statins to achieve the desirable LDL-C target. In the present review, the
biochemical and pharmacological characteristics of bempedoic acid are discussed. An overview of the
clinical data that support its use in the management of the cardiovascular patient and its allocation in
the lipid-lowering scenario will be also provided.
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1. Introduction

The relationship between low-density lipoprotein cholesterol (LDL-C) levels and
cardiovascular events, such as myocardial infarction and stroke, has been confirmed by
epidemiological, clinical, and Mendelian studies [1,2]. Based on this evidence, reducing
LDL-C has become a key therapeutic target in the management of cardiovascular diseases
(CVD) [3,4]. Over the past two decades, the concept “The lower the better” has been
established indicating that higher is the LDL-C reduction, greater will be the benefits
in terms of cardiovascular events [3]. The most recent guidelines from the European
Society of Cardiology (ESC) on the management of dyslipidemias have further reduced
the therapeutic targets of LDL-C in patients at high and very high cardiovascular risk,
suggesting the ambitious value of 70 and 55 mg/dL, respectively [5]. Furthermore, in the
patients with a previous acute coronary syndrome (ACS) who undergo a further event, an
LDL-C levels < 40 mg/dL is suggested, identifying a class of patients defined at extreme
cardiovascular risk [6]. These targets are now achievable owing to the availability of highly
effective drugs such as statins, which today represent the most prescribed first-line drugs [7]
in addition to a healthy lifestyle. However, in the real world, statin use is associated with
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large inter-individual variability in terms of response to a fixed statin dose [8] and with the
risk of intolerance especially due to reported muscle toxicity [9] which often translates into
reduced therapeutic adherence [10]. In case that statin therapy is not tolerated or does not
allow to achieve the recommended LDL-C values, the use of other lipid-lowering drugs is
necessary [11]. Additional therapeutical options currently available include ezetimibe and
the proprotein convertase subtilisin/kexin type 9 (PCSK9i) inhibitors [12]. The higher cost
of this latest strategy makes its wide-ranging use difficult, thus, in several country eligible
criteria have been defined [13]. For this reason, scientific research in the field of CVD and
especially in the management of atherosclerotic diseases, has led to the development of
new therapeutic options to lower LDL-C. Among the emerging molecules, bempedoic
acid might represent an interesting emerging option [14]. It is a prodrug activated at the
hepatic level, which blocks the synthesis of cholesterol upstream of the target enzyme of
statins [15]. The efficacy of bempedoic acid in reducing plasma LDL-C levels has been
extensively proven in preclinical and clinical studies [16]. Bempedoic acid faces the complex
scenario of dyslipidemia with an intriguing pharmacological potential that could make it
an interesting alternative in the management of LDL-C-related atherosclerotic diseases. In
the present work, its biochemical properties and therapeutic potential mainly vs. statins
will be discussed because of their sequential mechanism of action. Evidence on biochemical
and pharmacological features of the molecule was homogeneous and non-conflicting thus a
non-systematic approach was utilized in selecting articles. In the section focused on clinical
trials, a systematic approach was utilized. All phase 2 and 3 clinical trials involving the
administration of Bempedoic acid published up to March 2023 have been evaluated and
briefly summarized.

2. Bempedoic Acid: Biochemical and Pharmacological Features
2.1. Cholesterol Biosynthesis: The Upstream Effect

Bempedoic acid (2,2,14,14-tetramethyl-8-hydroxy-pentadecanoic acid) belongs to a
new class of drugs whose primary mechanism of action is direct, competitive inhibition of
hepatic adenosine-triphosphate citrate lyase ACLY [17]. It is a cytosolic enzyme involved in
the process of cholesterol synthesis that acts upstream of the enzyme 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCR), target of statins.

It is a prodrug that requires an activation step to exert its inhibitory effect, catalyzed
by the enzyme very long chain acyl CoA synthetase-1 (ACSVL1), expressed in the liver but
absent in the adipose tissue, intestine, and skeletal muscle [15,18]. Hence, bempedoic acid
is activated only in the liver without muscle involvement [19]. This allows a reduction in
the risk of potential adverse events affecting the muscles, such as myalgia and myopathy,
which instead might occur during the statins use [20].

The ACSVL1 enzyme inserts an acyl-CoA into the prodrug [15,18], leading to the
formation of the active metabolite, bempedoic acid-CoA, and its reversible conversion
to ESP15228, another active metabolite, obtained by oxidation of bempedoic acid [17,21].
ESP15228 probably contributes less to the overall clinical activity than bempedoic acid [21].

The bempedoic acid-CoA complex competes for the ACLY enzyme with the citrate
deriving from the mitochondrial Krebs cycle, preventing its transformation into acyl-CoA
and thus blocking the chain of biochemical reactions occurring in the synthesis process of
cholesterol [15]. This results in a reduction in the endogenous synthesis of cholesterol in
the liver [18]. At the molecular level, the block of cholesterol synthesis activates a specific
transcription factor (SREBP2) which in turn promotes the transcription of the gene for the
LDL receptor (LDL-R), thus leading to an increased expression of the LDL-R [15]. Clinical
data document a reduction in LDL-C levels, but also in non-high-density lipoproteins
cholesterol (non HDL-C), apolipoprotein B (ApoB), and total cholesterol (TC) in patients
with hypercholesterolemia or mixed dyslipidemia [16]. A schematic view of bempedoic
acid function in cholesterol biosynthesis is shown in Figure 1.
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could have positive effects on glycemia and insulin resistance [25]. However, it appears to 
be specific for the AMPK beta 1 isoform, which represents the isoform expressed in the 
murine liver; vice versa in the human liver where the prevalent form is Beta 2, toward 
which the drug does not show activity [26]. Thus, this hypothesis need to be corroborated 
by further evidence in humans. A schematic view is provided in Figure 2. 

Figure 1. Schematic view of bempedoic acid function in cholesterol pathway.

A further effect of bempedoic acid is to block the endogenous synthesis of fatty
acids: the inhibition of the ACLY enzyme prevents the formation of acetyl-CoA, a key
metabolite involved not only in the synthesis of cholesterol but also in the metabolic
pathway of synthesis of free fatty acids [22]. The result is a stimulus to the mitochondrial
beta oxidation [23].

2.2. Alternative Biochemical Pathway beyond Cholesterol Synthesis

An additional target of bempedoic acid has also been demonstrated in experimental
animals: the drug has shown the ability to activate adenosine monophosphate-activated
protein kinase (AMPK) [24], which leads to a reduction in plasma cholesterol concentrations,
triglycerides, and inflammatory markers. Moreover, the activation of the kinase could
have positive effects on glycemia and insulin resistance [25]. However, it appears to be
specific for the AMPK beta 1 isoform, which represents the isoform expressed in the murine
liver; vice versa in the human liver where the prevalent form is Beta 2, toward which the
drug does not show activity [26]. Thus, this hypothesis need to be corroborated by further
evidence in humans. A schematic view is provided in Figure 2.
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Figure 2. Schematic view of AMPK activation. To date, these evidence are limited to the mouse 
model. 

2.3. Pharmacological Properties 
Bempedoic acid is a drug that is taken orally and absorbed in the small intestine. 
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so it is possible to administer them in combination [30]. 

Conversely, the use of bempedoic acid in combination with high doses of simvastatin 
has shown an increased risk of interactions[15]: in particular, the administration of a single 
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fold increase in simvastatin acid exposure [29]. It follows that the dose of simvastatin 
should not exceed 20 mg or 40 mg per day for patients with severe hypercholesterolemia 
[29]. 

Figure 2. Schematic view of AMPK activation. To date, these evidence are limited to the mouse model.

2.3. Pharmacological Properties

Bempedoic acid is a drug that is taken orally and absorbed in the small intestine.
Concomitant food intake had no effect on the oral bioavailability of the drug. The apparent
volume of distribution (V/F) is approximately 18 liters, suggesting a distribution predom-
inantly into the vascular compartment. Bempedoic acid and its active metabolite bind
plasma proteins up to 99% [15].

The conversion of bempedoic acid to active drug occurs in the liver. In vitro studies
suggest that bempedoic acid, its active metabolite, and glucuronidated forms are not
metabolized by cytochrome P450 enzymes thus, indicating few potential interactions with
drugs metabolized by cytochrome P450 itself [15]. The active form of bempedoic acid
are metabolized to their inactive glucuronide conjugates by the glucuronyltransferase
UGT2B7, which is predominantly expressed in the liver and gastrointestinal tract [27].
Once glucuronidated, the two inactive metabolites are mainly eliminated by the kidneys
(70%) and partly by the liver (30%) [15].

Bempedoic acid and its metabolites are weak inhibitors of hepatic transporter proteins
such as organic anion-transporting polypeptide 1B1 (OATP1B1) and 1B3 (OATP1B3) in-
volved in the hepatic uptake of numerous drugs including some statins such as atorvastatin,
prevastatin, fluvastatin, pitavastatin, rosuvastatin, and simvastatin [28]. For this reason,
the interactions between bempedoic acid 180 mg and simvastatin 40 mg, atorvastatin
80 mg, pravastatin 80 mg, and rosuvastatin 40 mg have been analyzed in various clinical
studies [29]. A study on the combination between bempedoic acid 180 mg plus atorvastatin
80 mg did not lead to a clinically significant increase in the concentration of the latter, so it
is possible to administer them in combination [30].

Conversely, the use of bempedoic acid in combination with high doses of simvastatin
has shown an increased risk of interactions [15]: in particular, the administration of a single
dose of simvastatin 40 mg with bempedoic acid 180 mg at steady state resulted in a two-fold
increase in simvastatin acid exposure [29]. It follows that the dose of simvastatin should
not exceed 20 mg or 40 mg per day for patients with severe hypercholesterolemia [29].

Bempedoic acid is also a weak inhibitor of the carrier protein organic anion transporter-2
(OAT2) [28], localized at the level of the basolateral membrane of the proximal renal tubular
cells and involved in the Na-independent transport of organic anions/dicarboxylates,
including uric acid (UA), from peripheral blood to the cytosol of renal cells [31]. This effect
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could explain the increase in serum uric acid levels following the intake of bempedoic acid.
Therefore, monitoring of uric acid levels during the treatment with bempedoic acid [32] is
recommended in patients diagnosed with gout [33]. The increased plasma UA levels are
transient and reversible on discontinuation of the bempedoic acid treatment [34].

3. Preclinical Evidence: Optimal Dosage, Pleiotropic Effects and Promising
Safety Profile

The first phase 2 study have tested bempedoic acid in a population of hypercholes-
terolemic patients aged 18 to 80 years with LDL-C values between 130 and 220 mg/dL [25].
Subjects with diabetes mellitus, hypertensive, and clinically significant CVD were excluded
from the study. Restrictive inclusion criteria was used to test the efficacy and safety of
three dose formulations of bempedoic acid (40, 80, and 120 mg) versus placebo for a du-
ration of 12 weeks [25]. A total of 177 subjects were randomized in placebo (44 subjects)
and treatment (133 subjects) with bempedoic acid at the above-mentioned dosages. The
results of this first phase 2 experience evidenced a substantial dose-dependent efficacy
of bempedoic acid, with a LDL-C reduction reaching −26.6% in the group treated with
120 mg [25]. A post-hoc analysis showed a reduction in fasting insulin in subjects treated
with 40 and 80 mg of bempedoic acid who had elevated fasting insulin at baseline. A
reduction in hsCRP was also detected in subjects treated with bempedoic acid reaching
−26% in subjects treated with the 80 mg dosage. The safety profile was promising. Admin-
istration of bempedoic acid did not result in significant adverse effects and the side effects
profile was comparable to placebo. Bempedoic acid treatment groups showed an average
increase in uric acid of between 7% and 16%. There was no noticeable difference between
the two arms in terms of subjects who experienced adverse events (AEs), serious adverse
events (SAEs), events believed to be treatment-related, or treatment interruptions caused
by adverse events. A slightly higher incidence of myalgia was noticed in the bempedoic
acid treatment group [25].

Based on the results of the previous trial, a phase 2 study was conducted on diabetic
hypercholesterolemic patients to test the possible AMPK activation-mediated effects on
glucose metabolism regulation [35]. The monocentric, double-blind, placebo-controlled
clinical trial involved 60 patients with type 2 diabetes and elevated LDL-C levels [35].
Patients discontinued previously taken lipid-lowering and diabetes therapy, then were
randomized to receive bempedoic acid (80 mg daily for 2 weeks, followed by 120 mg
daily for 2 weeks) or placebo for a total of 4 weeks. Results showed that bempedoic acid
significantly lowered LDL-C levels by 43% compared to a 4% reduction in the placebo
group at day 29 (p < 0.0001) [35]. In addition, a reduction in hsCRP protein was also
observed (−41% vs. −11% median at day 29) with bempedoic acid compared to placebo.
However, no significant changes were detected in other glycemic metabolism markers such
as blood glucose and fasting insulin [35]. It should be noted that the reduction in LDL-C
was more marked in this population of diabetic patients compared to the previous trial
(−43% vs. −26.7%). No relevant safety concerns emerged during the trial and no patients
in the treatment group reported myalgia. In addition, only a slight increase in UA levels
without any reported gout attack was reported [35].

Further phase 2 experiences have focused on the better definition of the safety profile
of the molecule; in particular, bempedoic acid was tested in statins-intolerant patients and
in association with other lipid-lowering molecules.

In a phase 2 study, 56 statin intolerant patients were randomly assigned in a 2:1 ratio to
receive bempedoic acid 60 mg daily or placebo for 8 weeks [36]. The dosage of bempedoic
acid was gradually increased every two weeks, starting at 60 mg rising to 120 mg, 180 mg,
and 240 mg. The lipid-lowering efficacy of the compound was confirmed, with a reduction
in LDL-C of −28.7% at week 8 compared to placebo [36]. Moreover, even in this class of
patients, the safety profile of bempedoic acid was confirmed and no significant difference
in the occurrence of muscle-related side effects between groups was reported; none of
the patients treated with bempedoic acid had to stop treatment because of these side
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effects [36]. It should be emphasized that statins intolerance in this study was defined with
less restrictive criteria than those defined from National Lipid Association [37]. Intolerance
was defined by emergence of new symptoms such myalgia, muscle cramps, muscle pain,
or muscle weakness during statin treatment with ≥1 statin, followed by improvement or
resolution of symptoms within 4 weeks of discontinuation of statin therapy (no rechallenge
required and 1 statin sufficient for the definition of statin intolerance) [36].

Another phase 2 trial tested bempedoic acid alone or in combination with ezetimibe,
in patients with and without intolerance to statins [38]. The study showed that when
used as a single agent, ezetimibe was able to lower LDL cholesterol by 21%; monotherapy
with bempedoic acid at a dose of 120 mg or 180 mg resulted in a greater reduction in
LDL-C levels, reaching −27% (vs. ezetimibe) and −30% (vs. ezetimibe), respectively. When
bempedoic acid was combined with ezetimibe at a dose of 120 mg or 180 mg, LDL-C was
reduced by 43% and 48%, respectively (both vs. ezetimibe) [38]. Among all treatment
groups, muscle-related side effects were reported more frequently by patients intolerant to
statins; however, bempedoic acid was well-tolerated and the frequency of muscle-related
AEs was similar across all treatment groups, and no dose-related changes in laboratory
parameters or clinically significant abnormalities were observed [38].

Additional study evaluated bempedoic acid administered in combination to statin
therapy in hypercholesterolemic patients [39]. This study randomized 134 patients with
LDL-C levels between 115 and 220 mg/dL already on stable statin therapy to receive 120 mg
bempedoic acid, 180 mg bempedoic acid, or placebo for 12 weeks [39]. Stable statin therapy
was defined as the continuous use of atorvastatin (at a dose of 10 or 20 mg), simvastatin
(at a dose of 5, 10 or 20 mg), rosuvastatin (at a dose of 5 or 10 mg), or pravastatin (at a
dose of 10, 20, or 40 mg) for a minimum of 3 months prior to pre-enrolment screening. The
reduction from baseline in LDL-C at week 12 was significantly greater with bempedoic
acid 120 mg (−17%) and 180 mg (−24%) compared to placebo. Similarly, according to
the previous mentioned studies, the incidence of AEs, muscle-related AEs, and treatment
discontinuations due to Es with bempedoic acid was comparable to those observed with
placebo [39].

The safety profile of the molecule was also confirmed by further observations in which
the combination of bempedoic acid (180 mg) with high-dosage atorvastatin (80 mg) was
evaluated [30]. In this phase 2 study, patients were initially treated with atorvastatin
80 mg open label once daily for 4 weeks. After the stabilization phase they were random-
ized [30] in a 2:1 ratio to receive double-blind bempedoic acid 180 mg (n = 545) or placebo
(n = 523) in addition to atorvastatin 80 mg open label for an additional 4 weeks [30]. The
atorvastatin/bempedoic acid group showed a significantly greater reduction in LDL-C
from baseline to day 29 compared to the atorvastatin/placebo group with a percentage
change in LDL-C from baseline to day 29 of −22.2% between the bempedoic acid group and
the placebo group [30]. The addition of bempedoic acid to stable high-dose atorvastatin
therapy was well tolerated in the study. Only 2 patients (4%) in the atorvastatin/bempedoic
acid group reported mild myalgia, while no patients in the atorvastatin/placebo group
reported myalgia [30]. There were no interruptions in treatment due to myalgia. One
patient in the atorvastatin/bempedoic acid group had elevated creatine phosphokinase
levels on day 14. CPK values returned to normal by day 21. This event was not considered
clinically significant or related to the study drug by the investigator, the patient did not
report any associated clinical symptoms [30].

Safety profile was confirmed even by an additional study where the triple association
of bempedoic acid at 180 mg, ezetimibe 10 mg, atorvastatin 20 mg vs. placebo was investi-
gated [40]. The study, enrolling 43 patients in the treatment group and 20 in the placebo
arm, showed a reduction in LDL-C of −63% in treatment arm compared to placebo (−3%).
Most adverse events during treatment were mild to moderate in intensity [40]. None of the
patients had significant increases in aminotransferase or creatine kinase levels judged to be
clinically relevant.
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Finally, the association of bempedoic acid with PCSK9i was also evaluated [41]. The
study was conducted in three phases: a 1.5-month screening/washout period in which
all lipid-lowering therapies were discontinued, followed by a 3-month period in which
patients started PCSK9i background therapy, and finally a 2-month treatment period in
which patients were randomized to receive bempedoic acid 180 mg or placebo once daily
with continued therapy with PCSK9i in a 1:1 ratio [41]. The addition of bempedoic acid to
background PCSK9i therapy resulted in a significant reduction in LDL-C levels of 30.3%
(p < 0.001) compared to placebo [41]. The safety profile of bempedoic acid added to
background PCSK9i therapy was proved to be similar to placebo. Patients who received
bempedoic acid showed a slight increase in UA levels compared to those who received
placebo, with the greatest increase at month 2 of treatment (+0.56 ± 0.77 mg/dL for
bempedoic acid compared to −0.03 ± 0.56 mg/dL for placebo) [41]. One patient treated
with bempedoic acid reported a mild case of gout with urate levels of 7.1 mg/dL at pre-
treatment screening evaluation and increased to 11.4 mg/dL at the time of the event [41].
A summary of phase 2 trial2 is reported in Table 1.

Table 1. Efficacy of bempedoic acid in phase 2 trials.

Study Therapy N◦ of Patients LDL-C Reduction hs-CRP Reduction

Ballantyne et al., 2013 [25]
BA 40 vs. placebo
BA 80 vs. placebo

BA120 mg vs. placebo
177

BA group
−17.9%
−25%
−26.6

−2.1% (Placebo)

BA group
−21%
−26%
−20%

−2% (Placebo)

Gutierrez et al., 2014 [35]
Bempedoic acid 80 mg for 2 weeks
increased to 120 mg after week 2 vs.

placebo for 4 weeks
60

BA group
−42%

−4% (Placebo)

BA group
−41%

+11% (Placebo)

Thompson et al., 2015 [36] Bempedoic acid 60 mg increased to
240 mg at 2 weeks intervals vs. placebo 56

BA group
−32%

3.3% (Placebo)

BA group
−42%

0% (Placebo)

Thompson et al., 2016 [38]

BA 120 mg alone;
BA 180 mg alone;

BA 120mg + Ezetimibe 10 mg;
BA 180 mg + Ezetimibe 10 mg

Ezetimibe 10 mg alone

348

BA group
−27%
−30%

BA + EZE group
−43%
−48%

−21%

BA group
−30%
−40%

BA + EZE group
−38%
−25%

−10.5%

Ballantyne et al., 2016 [39]

Stable background statin therapy + BA
120 mg vs. placebo

Stable background statin therapy + BA
120 mg vs. placebo

134

BA group
−17%

−24%

−4% (Placebo)

BA group
−21%

−29%

−0% (Placebo)

Lalwani et al., 2019 [30] Atorvastatin 80 mg + Bempedoic acid
180 mg vs. placebo 68

BA group
−13%

+9.2%
(Placebo)

BA group
−34%

+0.735%
(Placebo)

Rubino, MacDougall, Sterling,
Hanselman, et al., 2021 [40]

Bempedoic acid 180 mg + Atorvastatin
20 mg + Ezetimibe 10 mg vs. placebo 63

BA group
−63.6%

−3.1% (Placebo)

BA group
−47.7%

−2.7% (Placebo)

Rubino, MacDougall, Sterling,
Kelly, et al., 2021 [41]

Evolocumab 430 mg + Bempedoic acid
180 mg vs. placebo 59

−27.5% (BA)

−3.1% (Placebo)

−34% (BA)

−1.6% (Placebo)

BA: bempedoic acid; EZE: ezetimibe.
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4. The CLEAR Program: Exploring the Role in Clinical Practice
4.1. Bempedoic Acid in Statin Intolerant Patients: The CLEAR Tranquility and CLEAR
Serenity Trials

Two large phase 3 trials have evaluated the safety and efficacy of bempedoic acid in
statin intolerant patients.

The CLEAR Serenity study evaluated the safety of bempedoic acid in a population
of hypercholesterolemic patients with intolerance to at least two statins, one of which
was at the lowest available dosage [42]. Patients with LDL-C levels ≥ 130 mg/dL in
primary prevention or ≥100 mg/dL in secondary prevention or heterozygous familial
hypercholesterolemia were enrolled. Patients’ baseline background cholesterol-lowering
therapy was maintained during the trial. The background therapy consisted of low-dose
statin (tolerated dose) or other lipid-lowering drugs such as selective cholesterol absorption
inhibitors, bile acid sequestrants, fibrates, PCSK9i or niacin, alone or in combination [42]. A
total of 365 patients were randomized 2:1 vs. placebo to receive bempedoic acid 180 mg
once daily for 12 weeks in addition to stable lipid-lowering therapy. LDL-C reduction
at week 12 was significant in the bempedoic acid group compared to placebo, with a
placebo-adjusted difference of −21.4% [42]. In addition, significant reductions in non-HDL-
C (17.9%), TC (14.8%), ApoB (15.0%), and hsCRP (24.3%) were observed in the bempedoic
acid group compared to placebo (p < 0.001 for all comparisons) [42]. Treatment with
bempedoic acid was safe and well tolerated. Muscle-related AEs were not significant.
Myalgia was the most frequent adverse event, occurring in 4.7% and 7.2% of patients
treated with bempedoic acid and placebo, respectively [42]. Among those who experienced
myalgia, 3.4% of patients treated with bempedoic acid and 6.3% of patients treated with
placebo discontinued the study drug. During the study period, mean UA levels in the
bempedoic acid group increased from 0.68 to 0.86 mg/dL from baseline, while in the
placebo group, they decreased by −0.12 mg/dL. In the study, a few proportion of patients
in the bempedoic acid arm experienced an episode of gout (1.7% of patients vs. 0.9% of
patients in the placebo group) [42].

The CLEAR Tranquility trial have Investigated the safety and efficacy of bempedoic
acid 180 mg once daily in addition to ezetimibe 10 mg daily in addition to stable lipid-
lowering therapy in patients with a history of intolerance to at least one statin and with
LDL-C levels equal to or greater than 100 mg/dL, requiring further reduction of LDL-
C levels [43]. Stable lipid-lowering therapy was defined as low-dose or very low-dose
statin and non-statin agents such as fibrates, nicotinic acid, bile acid sequestrant, fish oil,
eicosapentaenoic acid ethyl ester, omega-3 fatty acids, salmon oil, and sitosterols. The study
included 269 patients, with 181 in the bempedoic acid treatment arm and 88 in the placebo
arm. After a 4-week run-in period with ezetimibe 10 mg/day, patients were randomized 2:1
to receive bempedoic acid 180 mg or placebo once daily in addition to ezetimibe 10 mg/day
for 12 weeks. Results showed that bempedoic acid added to basic lipid-modifying therapy
with ezetimibe led to a significant −28.5% reduction in LDL-C compared to placebo [43].
In addition, a significant reduction in non-HDL-C (23.6%), TC (18.0%), ApoB (19.3%), and
hsCRP (31.0%), was also observed with bempedoic acid compared to placebo. Bempedoic
acid was well tolerated, with similar rates of treatment-related AEs, muscle-related AEs,
and treatment discontinuations observed in the bempedoic acid or placebo groups. During
the first 4 weeks of bempedoic acid treatment, there was a slight increase in mean UA
concentration in the treatment group (from 5.8 ± 1.4 mg/dL at baseline to 6.4 ± 1.5 mg/dL
at week 4), which remained stable throughout the study (6.3 ± 1.5 mg/dL at week 12). No
new episodes of gout or worsening gout were reported during the study [43].

4.2. Patients on Maximal Lipid-Lowering Therapy: The CLEAR Harmony, CLEAR Wisdom,
and FDC Trials

The CLEAR Harmony trial involved 2230 patients with 1488 enrolled in the bempedoic
acid treatment arm [44]. The study population consisted of hypercholesterolemic patients
with atherosclerotic cardiovascular disease or heterozygous familial hypercholesterolemia
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on maximal lipid-lowering therapy with statins in combination or not with other lipid-
lowering drugs. PCSK9i was permitted after week 24 of the trial only if LDL-C levels
remained above 170 mg/dL. Treatment with bempedoic acid for 12 weeks resulted in
a significant reduction in mean LDL cholesterol levels of −19.2 mg/dL, equivalent to a
−16.5% change from baseline. The difference from baseline between bempedoic acid and
placebo was −18.1 percentage points [44]. During the study period, there was no significant
difference in the incidence of AEs and SAEs between the bempedoic acid group (78.5% and
14.5%, respectively) and the placebo group (78.7% and 14.0%, respectively). However, there
was a higher incidence of AEs leading to discontinuation of treatment in the bempedoic
acid group compared to the placebo group (10.9% vs. 7.1%). In addition, the incidence
of gout was higher in the bempedoic acid group than in the placebo group (1.2% vs.
0.3%) [44]. The treatment arm showed a significant increase in uric acid levels from baseline,
with a change of +0.73 mg/dL ± 1.11, compared to the placebo arm with a change of
−0.06 mg/dL ± 0.87.

Another large study designed to investigate the efficacy and safety of bempedoic acid
in patients on maximal lipid-lowering therapy is the CLEAR Wisdom trial [45]. In this study,
a population of 779 patients was randomized 2:1 to bempedoic acid vs. placebo. Patients
were at high cardiovascular risk because of heterozygous familial hypercholesterolemia or
ASCVD. Simvastatin at a dose of ≥40 mg, mipomersen, lomitapide, lipoprotein apheresis,
gemfibrozil, and cholestin were not permitted as basal lipid-lowering therapy. At week 12,
bempedoic acid arm showed a significant reduction in LDL-C levels compared to placebo
(−15.1% vs. 2.4%, respectively). In addition, significant decreases were observed in non-
HDL-C (−10.8% vs. 2.3%), TC (−9.9% vs. 1.3%), ApoB (−9.3% vs. 3.7%), and hsCRP
(−18.7% vs. −9.4%) [45]. Of the patients in the bempedoic acid arm, 2.1% experienced gout
and 2.7% had an increase in blood UA level, compared with 0.8% and 0.4% of patients in
the placebo group respectively. Of the 11 patients who reported gout in the bempedoic acid
group, 5 had a history of previous gout attacks and 3 had a history of hyperuricemia before
participating in the study. In addition, 10 of the 11 patients who experienced gout in the
bempedoic acid group had higher-than-normal UA levels already at baseline [45].

In the fix-dose combination (FDC) trial, a total of 301 patients at high cardiovascu-
lar risk, with atherosclerotic cardiovascular disease, heterozygous familial hypercholes-
terolemia, or multiple cardiovascular risk factors were randomly assigned (in a 2:2:2:1
ratio) to receive treatment with one of the following four options for 12 weeks: a FDC of
ezetimibe 10 mg and bempedoic acid 180 mg, Bempedoic acid 180 mg, ezetimibe 10 mg
or placebo added to stable therapy with statins [46]. At week 12, the FDC demonstrated a
significant reduction in LDL-C among patients included in the analysis (−36.2%) compared
to placebo (1.8%), ezetimibe alone (−23.2%) or bempedoic acid alone (−17.2%). The FDC
demonstrated similar reductions in LDL-C levels in all subgroups, regardless the high-
intensity or non-high-intensity statin therapy [46]. The combined treatment of bempedoic
acid + ezetimibe showed a significant reduction in hsCRP levels (−35.1%) compared to a
+21.6% increase in the placebo group. Ezetimibe group showed a reduction of only 8.2% but
still significant in hsCRP levels. The FDC had a generally similar safety profile compared
to bempedoic acid, ezetimibe, or placebo in this study. The bempedoic acid + ezetimibe
and bempedoic acid treatment groups showed a slight increase in mean uric acid levels
(11.8% and 16.1%, respectively), but gout was reported.

4.3. First Evidence on Cardiovascular Events: The CLEAR Outcomes Trial

The efficacy of bempedoic acid on major cardiovascular endpoints beyond LDL-C
reduction was investigated in the CLEAR Outcomes trial [47]. A double-blind, randomized,
placebo-controlled trial was conducted, involving statin-intolerant patients with cardio-
vascular disease or that were at high risk for it. Patients were randomized to receive
either 180 mg daily of oral bempedoic acid or placebo in addition to other lipid-lowering
therapies as monotherapy or in combination (ezetimibe, niacin, bile acid resins, fibrates,
PCSK9i or very low statin dose without unacceptable adverse effects). Up to 13,970 pa-
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tients were randomized, with 6992 in the bempedoic acid group and 6978 in the placebo
group. The primary endpoint was a composite of the four following entities: major adverse
cardiovascular events including death from cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, or coronary revascularization. The median follow-up duration
was 40.6 months, and the baseline mean LDL cholesterol level was 139.0 mg/dL in both
groups. Bempedoic acid resulted in a 21.1 percentage point reduction in LDL cholesterol
levels compared to placebo after 6 months. The use of bempedoic acid resulted in a signifi-
cantly lower incidence of a primary end-point event (11.7% vs. 13.3% patients, p = 0.004).
In addition, the incidence of a composite of death from cardiovascular causes, nonfatal
stroke, or nonfatal myocardial infarction were also significantly lower with bempedoic acid
(8.2% vs. 9.5%; p = 0.006), as were the incidence of fatal or nonfatal myocardial infarction
(3.7% vs. 4.8%; p = 0.002), and coronary revascularization (6.2% vs. 7.6%; p = 0.001). How-
ever, bempedoic acid did not have a significant effect on fatal or nonfatal stroke, death from
cardiovascular causes, or death from any cause. There were no significant differences in the
overall incidences of adverse events, serious adverse events, and adverse events leading to
discontinuation of the trial regimen between the bempedoic acid and placebo groups. How-
ever, the incidence of gout and cholelithiasis was higher in the bempedoic acid group than
in the placebo group (3.1% vs. 2.1% and 2.2% vs. 1.2%, respectively). Bempedoic acid group
experienced small increases in serum creatinine (mean change from baseline after 6 months:
+0.05 ± 0.2 mg/dL), uric acid (mean change from baseline after 6 months: +0.76 ± 1.2 mg/dL),
and hepatic enzyme levels. It is worth mentioning that in contrast to statins, bempedoic
acid did not result in an elevation of glycated hemoglobin levels or a higher occurrence of
new-onset diabetes, as demonstrated in comparison with the placebo group. A summary
of phase 3 trials is reported in Table 2.

Table 2. Efficacy of bempedoic acid in phase 3 trials.

Study Therapy N◦ of Patients LDL-C
Reduction

hs-CRP
Reduction

Ballantyne et al., 2018
CLEAR Tranquility [43]

Bempedoic acid 180 mg + Ezetimibe 10 mg
vs. Placebo + Ezetimibe 10 mg in addition

to lipid-lowering therapy
including low-dose or very low-dose statin.

269 −23.5%
vs. + 5%

−32%
vs. +2.1%

Laufs et al., 2019
CLEAR Serenity [42]

Bempedoic acid 180 mg vs. Placebo
in addition to stable

lipid-lowering therapy including low-dose
or very low-dose statin.

345 −23.6%
vs. −1.3%

−25.4%
vs. +2.7%

Ray et al., 2019
CLEAR Harmony [44]

Bempedoic acid 180 mg vs. Placebo in
addition to maximally tolerated statin

therapy with or without additional
lipid-lowering therapy

2230 −16.5%
vs. +1.6%

−22.4%
vs. +2.6%

Goldberg et al., 2019
CLEAR Wisdom [45]

Bempedoic acid 180 mg vs. Placebo in
addition to tolerated statin therapy with or
without additional lipid-lowering therapy

779 −15.1%
vs. 2.4%

−18.7%
vs. −9.4%

Ballantyne et al., 2020 [46]

BA 180 mg + EZE 10 mg

BA 180 mg

EZE 10 mg

Placebo
(in addition to maximally tolerated statin

therapy)

301

−36.2%

−17.2%

−23.2%

+1.8%

−35.1%

−31.9%

−8.2%

+21.6%

Nissen et al., 2023
CLEAR Outcomes [47]

BA 180 mg
Placebo

in addition to stable lipid-lowering therapy
including very low-dose statin.

13,970
−21.7%
−0.6%

(at 6th month)

−22.2%
+2.4%

(at 6th month)

BA: bempedoic acid; EZE: ezetimibe.
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5. Discussion

Although in the first phase 2 trial bempedoic acid [25] that was used as a monotherapy
at a dosage of 120 m, proved to be effective in reducing LDL cholesterol by 27%, in other
phase 2 and phase 3 studies the molecule was evaluated mainly as an add-on therapy
with statins and/or other lipid-lowering drugs, resulting in an additional reduction of at
least 20% of LDL-C at a dosage of 180 mg. Consequently, the molecule, approved in the
market starting from 2020 in the USA and in some EU states from January 2023, is currently
indicated as an add-on therapy to lipid-lowering drugs already on the market, in primary
or secondary prevention, in patients with familial or non-familial hypercholesterolemia,
who do not reach the LDL-C target with standard combination therapies [48]. To date,
bempedoic acid may be considered as the first-line therapy exclusively in patients with
statin intolerance. Despite this indication, the biochemistry of the molecule, such as
its upstream inhibition, non-statins competition in the cholesterol synthesis chain, its
hepato-selectivity, and its favorable safety profile, encourages the use of bempedoic acid
as a potential first-line therapy in hypercholesterolemic patients in primary or secondary
prevention, giving the opportunity to titrate statins according the LDL-C target values to be
achieved. However, prespecified clinical trials are needed to corroborate this hypothesis.

Moreover, the specificity for the liver of bempedoic acid greatly reduces, indeed,
muscle-related adverse events typical of statins. In the trials available to date, bempedoic
acid showed good tolerability. The overall incidence of AEs was comparable between
the bempedoic acid and placebo groups. In addition, there was no statistically significant
difference in the occurrence of SAEs or, in particular, muscle-related adverse events [49].
Although the cardiovascular benefits of statins exceed the risk of muscle-related symptoms
and the other side effects [9,50–52], in a novel pharmacological scenario where new pow-
erful drugs become available, alternative lipid-lowering strategies should be considered.
Despite the risk of statin-induced rhabdomyolysis is generally low, it may increase in
presence of certain triggers factors such as the use of CYP3A4 inhibitors or intense physical
activity [53]. For this reason, if the safety and efficacy profile of bempedoic acid is confirmed
from real world data, this molecule could replace statins as first-line lipid-lowering therapy,
also considering its pleiotropic effects such as the lowering of hsCRP and the favorable
impact on glucose metabolism that could lead to an additional reduction of cardiovascular
events independent of the reduction of LDL-C.

In fact, although the mechanisms are not yet fully defined, the inhibition of ATP citrate
lyase seems to induce a reduction in hepatic gluconeogenesis leading to better glycemic
control. Clinical data seem to confirm this hypothesis. In the CLEAR Wisdom trial, new-
onset diabetes or worsening of pre-existing diabetes occurred in 7% of patients in both
placebo-treated and bempedoic acid-treated patients [45]. Among the patients diagnosed
with diabetes at baseline, a reduction in glycated hemoglobin of −0.08% was observed
at 3 months compared to an increase of +0.13% in the placebo group, thus confirming a
favorable effect on diabetes or at least a stability of glycemic control in patients treated
with bempedoic acid. Conversely, in the CLEAR Harmony trial, new-onset diabetes or
worsening of pre-existing diabetes occurred in 3.3% of patients treated with bempedoic acid
and in 5.4% of patients treated with placebo [44]. Data on statins, on the other hand, indicate
a potential diabetogenic effect of this class of drugs with an increased incidence of new-
onset diabetes or worsening of pre-existing diabetes in patients treated with high-intensity
statins [54,55].

Despite the increase in serum UA levels in bempedoic acid-treated patients with an
overall estimated mean increase of 0.74 mg/dL, in all available trials the incidence of gout
was generally low with higher risk in patients with baseline value already increased [16,32,33].
We should take into account that in our clinical practice, several widely used drugs (i.e.,
Thiazides) exhibit similar side effects, such as hyperuricemia and gout. In a large study
about the relationship between thiazides and hyperuricemia, it was noted that 50.3% of
748 men and 23.3% of 554 women treated with thiazides, 4 months after starting treatment,
had uric acid levels of >8 mg/dL [56]. Only 8.6% and 2.7% of men and women respectively
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had uric acid levels >8 mg/dL at baseline. Dividing subjects into quartiles based on
uric acid levels at baseline, the increase in uric acid levels at 4 months after treatment
initiation was 1.42 ± 1.02 in the first quartile and 0.96 ± 1.24 in the fourth quartile. Only
15 of the total 3693 patients reported an episode of gout during the trial. In this study,
discontinuation of therapy due to clinical manifestation of gout or hyperuricemia occurred
in 18 and 34 patients, respectively [56]. Bempedoic acid appears to have a similar, if not
more favorable, safety profile than thiazide diuretics regarding hyperuricemia.

6. Conclusions and Future Perspectives

In the scenario of lipid-lowering strategy, the future is full of opportunities, thanks to
the ongoing research. We are now able to achieve very low target that was a dream few
years ago. Unfortunately, some of these strategies remain expensive, such as the use of pro-
protein convertase subtilisin/kexin type 9 inhibitors, thus new agents with more affordable
cost/effectiveness ratio are welcome. Bempedoic acid is an interesting new opportunity
to manage the complex scenario of dyslipidemia with an intriguing biochemical profile.
The fix-dose combination with ezetimibe with the opportunity to modulate statin dose
according to goal to achieve might be the starting therapy for the majority of hypercholes-
terolemic patients. The side-effects reported in the clinical trials may be easily managed. In
conclusion, in light of the existing body of evidence, bempedoic acid might have a broad
utilization, even as first line therapy for LDL-C-related atherosclerotic diseases when the
gap to the goal is high. Its biochemical features encourage a possible use anticipating the
statin treatment. However, at the time of writing the present manuscript, no clinical data
were available to support this hypothesis. Future studies are welcome to expand the use of
this new molecule in the complex scenario of hypercolesterolemic disorders.
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