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Purpose of review

To study the effect of bempedoic acid on markers of inflammation and lipoprotein (a) to help determine if
the drug would be useful to treat patients with elevated cardiovascular risks and residual cardiovascular
risk despite optimal low-density lipoprotein cholesterol (LDL-C) levels.

Recent findings

Bempedoic acid is found to cause significant reduction in LDL-C and high-sensitivity C-reactive protein (hs-
CRP) in various randomized clinical trials. Multiple meta-analyses have also found that bempedoic acid
therapy leads to reduction in non-high-density lipoprotein cholesterol (non-HDL-C), total cholesterol (TC)
and apolipoprotein B (ApoB) levels. However, it has minimal effect on lipoprotein (a) (Lp(a)) level.

Summary

Bempedoic acid is a new lipid-lowering agent that inhibits enzyme ATP-citrate lyase in the cholesterol
biosynthesis pathway. Maijor risk of cardiovascular events and its associated morbidity and mortality are
proportional to LDL-C and inflammatory markers levels. It was found that bempedoic acid significantly
lowers LDL-C, hs-CRP and other inflammatory markers levels. This drug could potentially be used in patients
with elevated cardiovascular risk, in patients with residual cardiovascular risk despite attaining LDL-C goal

and in statin intolerant patients.
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INTRODUCTION

Bempedoic acid is a new lipid-lowering agent that
inhibits enzyme ATP-citrate lyase in the cholesterol
biosynthesis pathway [1"]. Major risk of cardiovas-
cular events and its associated morbidity and mor-
tality are proportional to low-density lipoprotein
cholesterol (LDL-C) and inflammatory markers lev-
els [17,2""]. Statins are currently the mainstay drugs
used to control LDL-C levels. Despite being on high
intensity statin or maximally tolerated statin,
patients fail to achieve recommended LDL-C goals.
For such patients, alternative lipid-lowering agents
like bile acid sequestrants, ezetimibe, and propro-
tein convertase subtilisin/kexin 9 (PCSK9) inhibitors
are available [3""]. Despite optimization of LDL-C
levels by various lipid-lowering agents, recurrence of
cardiovascular disease implies the need for address-
ing factors related with residual cardiovascular risk.
Markers of inflammation such as high-sensitivity C-
reactive protein (hs-CRP) and lipoprotein (a) (Lp(a))
are key determinants of cardiovascular risk [4"].
Bempedoic acid was studied in Cholesterol Low-
ering via bempedoic Acid, an ACL-inhibiting Regi-
men (CLEAR) studies. Patients with atherosclerotic
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cardiovascular risk (ASCVD) and/or heterogeneous
familial hypercholesterolemia (HeFH) or hypercho-
lesterolemia were part of these studies [5**]. It was
found that bempedoic acid significantly lowers LDL-
C and hs-CRP levels [1%]. This review provides a
comprehensive view of this drug’s known pharma-
cokinetics, pharmacodynamics, clinical trials and
most importantly its effect on markers of inflamma-
tion and Lp(a).

BEMPEDOIC ACID

Bempedoic acid also known as 8-hydroxy-2,2,14,14-
tetramethylpentadecanedioic acid is an oral lipid-
lowering agent, which is a prodrug that gets activated
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KEY POINTS

e Bempedoic acid is an oral agent with significant lipid-
lowering and anti-inflammatory activity.

e Bempedoic acid can be used in patients with statin
intolerance due to lower incidence of muscular
side effects.

e Bempedoic acid can be used in patients with residual
cardiovascular risk despite attaining LDL-C goal due to
its anti-inflammatory activity.

to its active form in the liver. USA Food and Drug
Administration (FDA) approved the use of this drug
in February 2020 for adults with established ASCVD
and/or heterozygous familial hypercholesterolemia.

Mechanism of action

Cholesterol synthesis is a multistep process that
takes place in the liver with acetyl-CoA as the pre-
cursor. Acetyl-CoA is transported as citrate from
mitochondria to cytoplasm of the cell. In the cyto-
plasm, citrate is converted to acetyl CoA by enzyme
adenosine triphosphate citrate-lyase (ACL).
Bempedoic acid is a prodrug that gets activated
to bempedoyl-CoA by liver long-chain acyl-CoA-
synthetase I (ACSVL I) [6]. Bempedoyl-CoA inhibits
ACL (Fig. 1). This leads to decreased cholesterol
synthesis, which leads to increased LDL receptor
expression with increased liver LDL uptake, ulti-
mately leading to decrease in LDL-C levels in the

body [7"]. Enzyme ACSVLIis predominantly present
in the liver and absent in skeletal muscles which
leads to reduced muscular adverse effects [8""].

Anti-inflammatory action of bempedoic acid is
due to activation of adenosine monophosphate
(AMP) activated protein kinase (AMPK) via phos-
phorylation. This leads to inhibition of mitogen-
activated protein kinase (MAPK) pro-inflammatory
pathway, which leads to decreased release of proin-
flammatory cytokines (Fig. 2) [8™].

Pharmacokinetics

Bempedoic acid is administered orally in the daily
recommended dose of 180mg. It is absorbed in the
small intestine. Absorption is unaffected by food
and has a half-life of 15-24 h and reaches peak blood
plasma concentrations after approximately 3.5 h. It
is transported bound to protein in plasma with a
distribution volume of 181 [1"]. Undergoes conju-
gation with glucuronic acid primarily in the liver.
Majority (70%) is eliminated by renal excretion, and
other 30% is eliminated hepatically [8**,9%"].

It was found that no renal adjustment of dosing
was required for patients with mild to moderate
renal impairment; however, the drug has not been
sufficiently studied in patients with severe renal
impairment and end-stage renal disease on dialysis
[10]. Likewise, no adjustment of dosing is required
in patients with mild to moderate hepatic impair-
ment (Child Pugh class A and B); however, the
drug should not be administered in patients with
severe hepatic impairment (Child Pugh class C)
(Table 1) [8™].
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FIGURE 1. Mechanism of action of bempedoic acid. acetyl CoA, Acetyl coenzyme A; ATP citrate lyase, ATP citrate lyase;
HMG CoA reductase, 3-hydroxy-3-methylglutaryl coenzyme A reductase; HMG CoA, 3-hydroxy-3-methylglutaryl coenzyme A.

Adapted from [7*].
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FIGURE 2. Anfi-inflammatory effect of bempedoic acid. AMPK, adenosine monophosphate activated protein kinase; MAP

kinase, mitogen-activated protein kinase. Adapted from [8="].

Drug-drug interaction

Combination of bempedoic acid with certain statins
at a specific dose have shown to cause adverse
effects. Bempedoic acid when administered with
simvastatin at a dose greater than 20 mg or with

Table 1. Pharmacokinetics of bempedoic acid

Bempedoic acid

Adjunct to maximally tolerated statin
therapy for reducing LDL-C levels in
patients with ASCVD and HeFH.

Route of Oral
administration

FDA-approved

indication

Recommended daily
dosage

180mg

Absorption site Small infestine
Half life 15-24h

Time for peak plasma 3.5h
concentration

Distribution Protein bound in plasma

Distribution volume 18l

Metabolism Conjugation with glucuronic acid in liver
Excretion 70% Kidney, 30% Liver

Not studied in severe renal impairment,
end stage renal disease on dialysis

Should not be administered in patients with
severe hepatic impairment (Child Pugh
class C)

Dose adjustment

Not recommended for pregnant patients

Should be discontinued in breast feeding
patients

Not approved for pediatric patients

Special patient
population

Drug-drug inferaction  Should not be co-administered with
simvastatin at a dose greater than 20 mg
and pravastatin at a dose greater than
40mg

Hyperuricemia and gout
Tendon rupture

Adverse effects

Monitoring Lipid panel in 8-12 weeks

ASCVD, Atherosclerotic cardiovascular risk; HeFH, Heterogeneous familial
hypercholesterolemia.
Adapted from [1%,8%%,9%% 10].
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pravastatin at a dose greater than 40 mg were studied
to have an increased risk of muscle-related adverse
effects [11""].

Special patient population

In pregnant women, bempedoic acid is not recom-
mended due to lack of data on its potential risk of
miscarriage, birth defects or adverse effects on the
fetus. It is recommended that the drug be discon-
tinued in breast feeding women due to potential for
adverse effect on infants. This drug has not been
approved for pediatric patients [1%,9"].

Adverse effects

Bempedoic acid is known to cause minimal side
effects such as upper respiratory infection, bronchi-
tis, muscle cramps and pain, nausea, abdominal
pain and headaches [12"]. However, clinical trials
have indicated that bempedoic acid has lower inci-
dence of muscle weakness, myalgia and muscle
spasms compared to statins. This could be explained
by absence of enzyme ACSVL I (which is required for
conversion of prodrug of bempedoic acid to its
active form) in skeletal muscles leading to reduced
muscular adverse effects [9%"].

Studies have shown that bempedoic acid use has
been associated with mild, asymptomatic and self-
limited rise in serum aminotransferase levels. Rare
instances of clinically apparent acute liver injury
have also been reported [127].

Major side effects include hyperuricemia, gout
and tendon rupture. Elevated serum uric acid levels
seen in bempedoic acid users is due to glucuronide
metabolite of bempedoic acid competing with uric
acid for the renal organic anion transporter 2
(OAT2). Tendon rupture was seen in 0.5% of
patients [8"%,9*].

MARKERS OF INFLAMMATION AND
LIPOPROTEIN (a)

High-sensitivity C-reactive protein (hsCRP) is an
acute phase reactant, which is produced in the liver

Volume 39 o Number 4 o July 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



Effects of bempedoic acid Reddy and Deoker

in response to acute systemic inflammation. hsCRP
level is a known independent predictor of ASCVD
risk and subsequent morbidity and mortality.
Studies have shown that hsCRP levels less than
2mg/l provide significant ASCVD risk reduction
[77]. Lipoprotein (a) is a modified form of LDL-C
and is known to possess atherogenic potential by
promoting a local inflammatory response and
foam cell formation. Lp(a) levels especially at
higher levels are known to increase ASCVD risk.
2018 AHA/ACC guidelines on management of blood
cholesterol consider inflammatory markers as risk
modulators [13].

Clinical trials with bemepoic acid

Multiple randomized, double-blind, placebo-con-
trolled, parallel-group, multicenter, phase 3 studies
were conducted from 2016 to 2018 (Table 2) [6].

CLEAR Harmony

A study of bempedoic acid in patients with ASCVD
and/or HeFH with LDL-C greater than or equal to
70mg/dl despite maximally tolerated statin ther-
apy. Total 2230 patients were part of the study,
1488 of them received bempedoic acid and the other
742 received placebo over 52weeks. Incidence of
treatment-related adverse effects was the primary
objective studied. Bempedoic acid group was noted
to have a higher incidence of gout (1.2%) as com-
pared to placebo (0.3%). Bempedoic acid group was
also found to have reduced LDL-C levels by 18.1%
[95% confidence interval (95% CI) —20.0 to —16.1,
P <0.001] atweek 12, 16.1% at week 24 and 13.6% at
week 52. Levels of hsCRP showed a similar trend

with a 25% reduction in week 12, 19.1% in week 24,
16.2% in week 52 [1%,7%,8".

CLEAR Wisdom

A study of bempedoic acid in patients with ASCVD
and/or HeFHwith LDL-C greater than or equal to
70mg/dl despite maximally tolerated statin ther-
apy. Total 779 patients were part of the study, 522
of them received bempedoic acid and the other 257
received placebo over 12 weeks. Reduction in LDL-C
levels was the primary objective studied. Percentage
reduction in LDL-C levels at week 12 was found to be
17.5% (95% CI: -21.0 to —13.9, P<0.001) and
reduction in hsCRP levels at week 12 was 9.3% [6,7"].

CLEAR Serenity

A study of bempedoic acid in patients with hyper-
cholesterolemia intolerant to statins and inad-
equately controlled LDL-C levels. Patients who
were intolerant to at least two statins and one of
them at the lowest available dose were part of the
study. Total 345 patients were part of the study, 234
of them received bempedoic acid and the other 111
received placebo over 24 weeks. Reduction in LDL-C
levels was the primary objective studied. Percentage
reduction in LDL-C levels at week 12 was found to be
22.3% (95% CI: —25.1to —17.7, P < 0.001) and reduc-
tion in hsCRP levels at week 12 was 28.1% [6,7",8"].

CLEAR Tranquility

A study of bempedoic acid in patients with hyper-
cholesterolemia intolerant to statins and with LDL-
C greater than or equal to 100mg/dl on ezetimibe

Table 2. Clinical trials on bempedoic acid

CLEAR Harmony CLEAR Wisdom CLEAR Serenity CLEAR Tranquility
Total participants (N) 2230 779 345 269
Participant distribution 1488/742 522/257 234/111 181/88

(Bempedoic acid/placebo)

Lipidlowering therapy Maximally tolerated

statin therapy

Incidence of treatment
related adverse effects

Primary objective

Maximally tolerated
statin therapy

% change in LDL-C after
12 weeks of therapy

Statin intolerance on no
or low statin therapy

% change in LDL-C after
12 weeks of therapy

Statin intolerance on
no or low statin therapy

% change in LDL-C after
12 weeks of therapy

Duration 52 weeks 12 weeks 24 weeks 12 weeks
LDL-C change at 12 weeks (%)  —16.5/+1.6 —15.1/42.4 -23.6/-1.3 —23.5/+5.0
(Bempedoic acid/placebo)
hsCRP change at 12 weeks (%) —22.4/+2.6 -18.7/-9.4 -25.4/+2.7 -32.5/+2.1
(Bempedoic acid/placebo)
hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol.
Adapted from [7",8""].
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therapy. Patients who were intolerant to at least two
statins and one of them at the lowest available dose
were part of the study. Total 269 patients were part
of the study, 181 of them received bempedoic acid
and the other 88 received placebo over 24 weeks.
Reduction in LDL-C levels was the primary objective
studied. Percentage reduction in LDL-C levels at
week 12 was found to be 28.5% (95% CI: —34.4.0
to—22.5, P <0.001) and reduction in hsCRP levels at
week 12 was 33%. Significant reduction was also
noted in non-HDL-C (23.6%), total cholesterol (TC,
18.0%), ApoB (19.3%) levels [1%,6,7%,8"%,14"].

CLEAR Harmony open-label extension

A study of bempedoic acid in patients with ASCVD
and/or HeFH with LDL-C greater than or equal to
70mg/dl despite maximally tolerated statin therapy.
This is an extension study of the CLEAR Harmony
study, done to determine the long-term safety and
efficacy of bempedoic acid. Total 1462 patients were
part of the study. Of these, 970 were part of the parent
study and had already received bempedoic acid for
52 weeks. These patients received bempedoic acid for
additional 78 weeks, making the total duration of
therapy as 130 weeks. Other 492 patients received
placebo in the parent study. These patients received
bempedoic acid for a total of 78 weeks. Primary objec-
tive of the study was to determine the safety of the
drug by assessing the incidence of treatment-emer-
gent adverse events (TEAEs), serious TEAEs, TEAEs
leading to drug discontinuation and TEAES with fatal
outcome. Groups that received bempedoic acid for
130 versus 78 weeks had similar incidents of TEAEs
(78.1%, 78.3%), serious TEAEs (20.8%, 19.7%), TEAEs
leading to drug discontinuation (7.1%, 9.1%) and
TEAES with fatal outcome (1%, 0.6%). The decrease
in LDL-C levels remained stable during long-term
use. It was also found that bempedoic acid reduced
non-high-density lipoprotein cholesterol (non-
HDL-C), apolipoprotein B (Apo B), TC and hsCRP
levels irrespective of treatment duration. At week 78,
the mean % change from parent study baseline was
—11% for non-HDL-C, —7% for Apo B, —10% for TC;
the median % change from parent study baseline was
—17% for hsCRP [15"].

CLEAR Outcome

A study of bempedoic acid in patients with
ASCVD or at high risk of developing ASCVD with
intolerant to statins and with LDL-C greater than or
equal to 100mg/dl [16]. Total 13970 patients were
part of the study, 6992 of them received bempedoic
acid and the other 6978 received placebo over a mean
duration of 40.6 months. Occurrence of major car-
diovascular events (MACE), which include death
from cardiovascular causes, nonfatal myocardial
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infarction, nonfatal stroke and coronary revasculari-
zation were the primary outcome studied. MACE
were found to be lower on patients taking bempedoic
acid (11.7%) as compared to placebo (13.3%) (hazard
ratio 0.87; 95% CI: 0.79-0.96, P <0.004) [17"%].

Other studies

Secondary analysis on CLEAR Harmony trail was
done to determine the effect of bempedoic acid
on hsCRP, interleukin-6 (IL-6), fibrinogen and Lp
(a) in patients with residual inflammatory risk. It
was found that at week 12, bempedoic acid use leads
to 3.7% reduction in IL-6, 2.1% increase in fibrino-
gen and 2.4% increase in Lp(a) levels. To conclude,
bempedoic acid reduces hsCRP levels with minimal
effect on fibrinogen, IL-6 or Lp(a) levels [5™].

A randomized, double-blind, active comparator-
controlled, parallel-group study was conducted on
patients with LDL-C greater than or equal to 130mg/
dL Patients with and without statin intolerance were
part of the study. Individuals were randomized to
receive 12-week treatment with bempedoic acid
120 mg alone, bempedoic acid 180mg alone, ezeti-
mibe alone, bempedoic acid 120 mg plus ezetimibe or
bempedoic acid 180 mg plus ezetimibe. It was found
that bempedoic acid alone or in combination with
ezetimibe reduces non-HDL-C, TC, Apo B, LDL par-
ticle number and hsCRP compared with ezetimibe
alone. A dose-dependent effect of bempedoic acid in
reduction of hsCRP levels (30.1% for 120mg versus
40.2% for 180 mg) was also found [2"].

A double-blind clinical trial was conducted on
patients with ASCVD, HeFH or multiple cardiovas-
cular disease risk factors. Patients were randomly
assigned into four groups in 2:2:2: 1 ratio to receive
bempedoic acid plus ezetimibe combination, bem-
pedoic acid, ezetimibe or placebo for total of 12
weeks. Significant reduction in LDL-C was noted
in bempedoic acid plus ezetimibe combination
(36.2%) in comparison to bempedoic acid
(17.2%), ezetimibe (23.2%) and placebo. The bem-
pedoic acid plus ezetimibe combination was also
found to lower hs-CRP (35.1%) and other lipid
levels, including non-HDL-C, TC and Apo B [77].

A meta-analysis of seven randomized clinical
trials was performed to assess the percentage change
in LDL-C and hsCRP levels in patients on bempedoic
acid versus placebo. Bempedoic acid therapy was
shown to have significant reduction in LDL-C
(20.3%), Apo B (14.3%), non-HDL-C (15.5%) and
hsCRP (23.4%) levels [16].

Anti-inflammatory properties of bempedoic
acid were studied in primary human monocyte-
derived macrophages (MDMs). It was found that
bempedoic acid strongly suppressed the release of
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TNF-a, IL-1B, IL-6 and IL-8 by stimulated MDMs in
concentration-dependent manner with inhibitory
effects ranging from 15 to 77% (P <0.05) [18].

In a study, differential effects of statins and bem-
pedoic acid on macrophage activation was explored.
Treatment of primary murine macrophages with sta-
tins impaired phagocytotic activity and, concurrently,
enhanced pro-inflammatory responses, characterized
by an induction of TNF, interleukin (IL) 18 and IL6.
Whereas bempedoic acid was found to have negligible
impact on macrophage responses [19].

CONCLUSION

Bempedoic acid, also known as 8-hydroxy-2,2,14,14-
tetramethylpentadecanedioicacid, is an oral lipid low-
ering agent that inhibits enzyme ATP-citrate lyase in
the cholesterol biosynthesis pathway. Anti-inflamma-
tory action of bempedoic acid is due to activation of
AMPK, which inhibits MAPK pro-inflammatory path-
way. Itis found to cause significant reduction in LDL-C
and hs-CRP in various randomized clinical trials. Mul-
tiple meta-analyses have also found that bempedoic
acid therapy leads to reduction in non-HDL-C, TC and
ApoB levels. However, it was found to have minimal
effect on Lp(a) level. Higher incidence of gout was also
noted. This drug could potentially be used in patients
with elevated cardiovascular risk, in patients with
residual cardiovascular risk despite attaining LDL-C
goal and in statin-intolerant patients.
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