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Abstract: Bempedoic acid is a first-in-class, oral, inhibitor of cholesterol biosynthesis that 
is approved for use in patients with atherosclerotic cardiovascular disease (ASCVD) and for 
primary prevention in individuals with heterozygous familial hypercholesterolemia (HeFH) 
by the United States Food and Drug Administration. Pooled data from the phase III clinical 
trials, CLEAR Harmony and CLEAR Wisdom, have demonstrated the safety and efficacy of 
bempedoic acid with regard to lowering of low-density lipoprotein cholesterol (LDL-C) in 
patients with HeFH as an adjunct or alternative to currently existing lipid-lowering therapies. 
CLEAR Outcomes is a cardiovascular outcomes trial that is currently underway that will 
provide additional insight as to where bempedoic acid will fit into treatment regimens among 
the non-statin lipid-lowering therapy options. Patients who might particularly benefit from 
bempedoic acid are those with HeFH and those unable to take adequate doses of statins or 
take any statin therapy altogether who need additional LDL-C lowering. In this review, we 
will discuss the profile of bempedoic acid from its design, development, and its place in 
therapy for the management of LDL-C for the purposes of ASCVD prevention. 
Keywords: bempedoic acid, familial heterozygous hypercholesterolemia, lipids, 
atherosclerotic cardiovascular disease, prevention, low-density lipoprotein cholesterol

Introduction
Heterozygous Familial Hypercholesterolemia (HeFH) is characterized by inherited 
elevations in low-density lipoprotein cholesterol (LDL-C) levels and is associated 
with a substantially increased risk for atherosclerotic cardiovascular disease 
(ASCVD).1 HeFH patients carry mutations in one allele of the LDL receptor 
(LDLR), apolipoprotein B (ApoB), or proprotein convertase subtilisin/kexin type 9 
(PCSK9) genes.

While statins have been the mainstay of therapy in these patients, statins alone are 
often unable to reduce LDL-C levels to the desired therapeutic threshold, and additional 
pharmacologic therapy may be needed to reduce ASCVD risk.2 Furthermore, some 
patients are unable to tolerate sufficient or any statin therapy and need alternative 
pharmacotherapy for adequate LDL-C lowering. Current adjuncts or alternatives to 
statin therapy include ezetimibe and PCSK9 inhibitors.3,4 Ezetimibe is oral, affordable, 
and well tolerated; as such, it is the next recommended LDL-C-lowering agent after 
statins. However, even with the combination of ezetimibe and maximally tolerated 
statin dose, many patients with HeFH remain above the LDL-C thresholds of 100 mg/ 
dL (primary prevention) and 70 mg/dL (secondary prevention) where add-on therapy 
for additional LDL-C lowering would be recommended per recent guidelines.5

Correspondence: Erin D Michos  
Ciccarone Center for the Prevention of 
Cardiovascular Disease, Johns Hopkins 
Hospital, 600 N. Wolfe Street, Blalock 
524-B, Baltimore, MD, 21287, USA  
Tel +410-502-6813  
Email edonnell@jhmi.edu

Drug Design, Development and Therapy 2021:15 1955–1963                                            1955
© 2021 Agarwala et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 30 December 2020
Accepted: 30 March 2021
Published: 10 May 2021

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-5547-5084
mailto:edonnell@jhmi.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com


The 2018 American Heart Association (AHA)/ 
American College of Cardiology (ACC)/Multi-society 
guideline for the management of blood cholesterol sta-
ted that for patients with severe primary hypercholes-
terolemia that remain above a threshold LDL-C 
≥100 mg/dL despite statin plus ezetimibe therapy, in 
the setting of other ASCVD risk factors, a PCSK9 
inhibitor would be reasonable.5 The guideline also 
states that PCSK9 inhibitors are recommended for sec-
ondary prevention patients with ASCVD who remain at 
a threshold above 70 mg/dL despite therapy with statin 
plus ezetimibe.5 Nevertheless, therapy with PCSK9 
inhibitors is challenging, with greater costs and bur-
densome pre-authorization approvals in the United 
States, as well as subcutaneous injection creating bar-
riers for some patients.6,7 Thus, there is a need for 
alternative less expensive, effective, oral options for 
LDL-C lowering.

Bempedoic acid is a first-in-class, oral, small molecule 
inhibitor of cholesterol biosynthesis that functions in the 
same pathway as statins to lower LDL-C. Bempedoic acid 
was approved by the Food and Drug Administration 
(FDA) in February 2020 for use in the United States 
(US) as an adjunct to diet and maximally tolerated statin 
therapy for secondary prevention in patients with ASCVD 
and for primary prevention in individuals with HeFH, who 
require additional LDL-C lowering. This FDA approval 
was after the 2018 AHA/ACC Blood Cholesterol 
Guideline was published, and as such, bempedoic acid 
was not specifically addressed in prior guidelines.

Mechanism of Action
Bempedoic acid inhibits adenosine triphosphate citrate lyase 
(ACL), a cytosolic enzyme that is highly expressed in lipo-
genic tissues and functions upstream of 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCoA reductase), the 
target of statin therapy (Figure 1). ACL inhibition decreases 
intracellular cholesterol biosynthesis and results in the upre-
gulation of LDL receptors on hepatocytes, increasing uptake 
of LDL particles and ultimately reducing circulating LDL-C 
levels.8 ACL plays a key role in linking energy metabolism 
from carbohydrates to the production of fatty acids because it 
catalyzes the cleavage of mitochondrial-derived citrate to 
cytosolic acetyl-CoA and oxaloacetate. Acetyl-CoA is the 
fundamental building block for de novo synthesis of choles-
terol and fatty acids.9 In a complex metabolism of choles-
terol biosynthesis that is outside the scope of this review, two 
ACL-derived acetyl-CoA units are condensed to HMG-CoA 
by HMG-CoA synthase, and then reduced to mevalonate by 
action of HMG-CoA reductase.10 Production of mevalonate 
is the rate limiting step in cholesterol biosynthesis. Statins 
are HMG-CoA reductase inhibitors.

Given its key role in cholesterol synthesis upstream of 
HMG-CoA reductase, ACL has been a potential target of 
therapeutic interventions. Prior efforts in in vitro inhibition 
of ACL have been unsuccessful, possibly due to the com-
pounds’ poor ability to cross cell membranes, reduced affinity 
for ACL, and nonspecific inhibition of other essential enzymes 
in vivo.10

Bempedoic acid is an oral, once-daily, small molecule 
with a half-life of 15–24 hours. It is rapidly absorbed in 
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Bempedoic Acid: Mechanism of Action

Figure 1 Bempedoic acid mechanism of action in the hepatocyte.
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the small intestine and converted in the liver by an endo-
genous liver acyl-CoA-synthetase to a coenzyme 
A derivative. The active metabolite is responsible for the 
inhibition of ACL. In addition to ACL inhibition, bempe-
doic acid enhances the activity of 5ʹ adenosine monopho-
sphate-activated protein kinase (AMPK). AMPK activity 
inhibits the phosphorylation of acetyl-CoA carboxylase 
and HMG-CoA reductase, reducing both glucose and 
lipid biosynthesis, thereby contributing to LDL-C reduc-
tion via a different mechanism.

A series of genetic, pharmacologic and mouse models 
have shown that bempedoic acid has ACL and AMPK 
activities that occur only in cells that are capable of meta-
bolizing bempedoic acid into its active form. In humans, 
the enzyme responsible for this, very-long-chain acyl-CoA 
synthetase-1 (ACSVL1) is expressed only by liver cells 
and not in skeletal muscle.11 Indeed, in vitro studies have 
shown that bempedoic acid did not have any effect on 
cholesterol synthesis in muscle cells, nor did it induce 
muscle-related adverse effects in myotubes, compared 
with simvastatin or atorvastatin.11 This is a potential 
mechanism by which bempedoic acid avoids the muscle- 
related adverse effects that are associated with statins, 
making bempedoic acid a particularly attractive option 
for patients with statin-associated muscle symptoms 
(SAMS).

Preclinical Studies
Bempedoic acid (initially known as ESP-55016 and later 
as ETC-1002) was initially identified after chemical synth-
esis as ω-hydroxy-alkanedicarboxylic acid (ESP-55016) 
and found to have remarkable lipid-lowering activity in 
female Zucker (fa/fa rats), a model of diabetic 
dyslipidemia.12 Further investigations on ETC-1002 
showed that this molecule acts as an inhibitor of ACL, 
now known to be its major mode of action.13 In view of its 
complex mechanism, specific investigations on its proper-
ties were performed in primary human monocyte- 
macrophages and in vivo models of inflammation, which 
showed that bempedoic acid drives reduction in pro- 
inflammatory cytokines and chemokines.14 More recent 
investigations were specifically targeted to animal models 
with hypercholesterolemia. For instance, bempedoic acid 
was shown to significantly reduce cholesterol and trigly-
ceride levels as well as improve glucose tolerance in 
Ldlr-/- mice, in addition to a clear suppression of choles-
terol ester accumulation in the aortas from treated 
animals.15 Finally, the most definitive evidence of ACL 

inhibition as the mechanism of action was provided by 
Pinkosky et al.11 Bempedoic acid is activated by very-long 
chain acyl-CoA synthetase-1 (ACSVL1) to produce its 
downstream effects of inhibiting ACL, thereby reducing 
visceral adiposity, proinflammatory cytokines and chemo-
kines, and atherosclerotic plaque size in mouse models.

Phase I and II Clinical Trials
Fifteen phase I clinical trials evaluated the safety and 
tolerability of single and multiple doses of bempedoic 
acid in healthy individuals as well as those with mild 
dyslipidemia.16–18 The results from phase I trials demon-
strated on-treatment reductions in LDL-C levels ranging 
between 17% and 36%. No dose-related side effects were 
noted in phase I clinical trials.16–18

Ten Phase II clinical trials investigated the safety and 
efficacy of bempedoic acid in patients with hypercholes-
terolemia. Specific subpopulations explored in the phase II 
trials include patients with type 2 diabetes, statin intoler-
ance, hypertension, on a background of either low- or 
high- intensity statin therapy, on a background of ezeti-
mibe with and without statin therapy, and patients on 
a PCSK9 inhibitor (evolocumab).19–27 Bempedoic acid 
was generally well tolerated across these trials and resulted 
in LDL-C lowering that ranged from 13% to 43%.19–27

Phase III Clinical Trials
The efficacy and safety of bempedoic acid among patients 
with HeFH was assessed in two placebo-controlled Phase 
3 studies: Cholesterol Lowering via Bempedoic Acid, an 
ACL-Inhibiting Regimen (CLEAR) Wisdom and CLEAR 
Harmony.28,29

CLEAR Harmony randomized patients with ASCVD 
with or without the presence of HeFH.28 A total of 2230 
patients with LDL-C levels ≥70 mg/dL taking maximally 
tolerated statin therapy were randomized to receive either 
bempedoic acid at a dose of 180 mg daily (n = 1487) vs 
placebo (n = 742) and followed for 52 weeks with a primary 
endpoint of safety and a secondary endpoint of percent 
change in LDL-C at week 12. It should be noted in this 
trial, that nearly 100% of the patients were taking statins and 
approximately 50% were on a high-intensity statin. At week 
12, bempedoic acid demonstrated a 16.5% reduction in 
LDL-C compared to baseline and an 18.1% reduction com-
pared to the placebo arm (p<0.001). Furthermore, there was 
an 11.9% reduction in apoB and a 21.5% reduction in high- 
sensitivity C-reactive protein (hsCRP) at week 12 compared 
to baseline (p<0.001 for both). These data confirmed the 
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safety and efficacy of bempedoic acid as an add-on to statin 
therapy regardless of background statin intensity.

CLEAR Wisdom enrolled adults with ASCVD with or 
without HeFH and LDL-C level ≥70 mg/dL on maximally 
tolerated lipid-lowering therapy.29 The study randomized 
779 patients to either 180 mg bempedoic acid or placebo 
once daily for a total of 52 weeks. The primary endpoint 
was percent change in LDL-C from baseline at week 12 of 
the study. Baseline LDL-C levels were 120 mg/dL, and 
treatment with bempedoic acid resulted in a 15.1% 
decrease in LDL-C levels at week 12 compared to baseline 
levels. Reductions were also noted in total cholesterol 
(TC) (9.9%), ApoB (9.3%), and hsCRP (median reduction 
of 18.7%). Patients receiving bempedoic acid vs placebo 
experienced a reduction of 15.1% vs a 2.4% increase, 
respectively (difference of 17.4%, p <0.001).

Pooled analyses from CLEAR Harmony and CLEAR 
Wisdom included a total of 3009 participants with 
ASCVD, of which 112 (3.7%) had a diagnosis of HeFH. 
The primary efficacy endpoint was mean percent change in 
LDL-C compared with baseline at week 12. 
Characteristics of patients from the pooled analysis with 
and without HeFH are shown in Table 1.30 Baseline LDL- 
C levels were higher in individuals with HeFH (n = 112; 
bempedoic acid, 144.1 [45.1] mg/dL; placebo, 156.5 
[69.2] mg/dL) compared to those without HeFH (n = 
2897; bempedoic acid, 106.3 [30.9] mg/dL; placebo, 
105.6 [30.0] mg/dL). At week 12, patients who received 
bempedoic acid exhibited a significant reduction in LDL-C 
levels with placebo-corrected reduction of −22.3% (95% 

CI −33.3, −11.4) vs −18.3% (95% CI −18.3, −16.6) among 
individuals with and without HeFH, respectively (P 
<0.001).

Secondary efficacy endpoints included percent change 
at week 12 in non–high-density lipoprotein cholesterol 
(non-HDL-C), TC, ApoB, hsCRP, triglycerides (TGs), 
and HDL-C levels. Significant reductions were noted in 
non-HDL-C, TC, ApoB, and hsCRP in patients with HeFH 
treated with bempedoic acid vs placebo (Table 2).30 

Additionally, no differences were observed in the safety 
profile among individuals from CLEAR Harmony and 
CLEAR Wisdom with and without HeFH with regard to 
adverse events, serious adverse events, and adverse events 
leading to discontinuation of the drug.

The CLEAR Serenity trial examined bempedoic acid in 
patients with statin intolerance.31 This trial enrolled 345 
patients with hypercholesterolemia and a history of statin 
intolerance; 93% with a history of SAMS. This trial 
included 2% (7 out of 345) of patients with HeFH. At 12 
weeks, bempedoic acid compared to placebo reduced 
LDL-C by 21% and hsCRP by 24%. Myalgias occurred 
less commonly with bempedoic acid than placebo (4.7% 
vs 7.2%).31 There was no interaction between the primary 
outcome of change in LDL-C from baseline to week 12 by 
patient subgroups identified as primary prevention or sec-
ondary prevention/HeFH. These data support safety and 
efficacy of bempedoic acid among patients who cannot 
tolerate statins.

Bempedoic acid has also been evaluated in combination 
with ezetimibe in patients with hypercholesterolemia.32 Out 
of 301 patients in the primary analysis (108 of which were 
randomized to the bempedoic acid ezetimibe fixed-dose 
combination), use of the fixed-dose combination of bempe-
doic acid 180 mg and ezetimibe 10 mg daily reduced LDL-C 
by 36.2% compared with bempedoic acid alone (−17.2%), 
ezetimibe alone (−23.2%) or placebo (+1.8%). Thus, the 
placebo-corrected difference for this fixed-dose combination 
was −38.0%; P <0.001. Similar LDL-C reductions were seen 
across varying intensity of statins. The fixed-dose combina-
tion regimen also reduced hsCRP by 35.1%, which was 
greater than ezetimibe alone (−8.2%) or placebo (+21.6%). 
These data suggest that bempedoic acid and ezetimibe are 
more effective together in an additive manner, and the fixed- 
dose combination may be an attractive option for patients to 
reduce their overall pill burden.33

While LDL-C reduction is the primary target of ther-
apy, there has been a consistently noted reduction in 
hsCRP with bempedoic acid. The Canakinumab Anti- 

Table 1 Baseline Characteristics of Patients with Heterozygous 
Familial Hypercholesterolemia in Pooled Phase III Analysis

Characteristics Bempedoic 
Acid

Placebo

N 76 36

Age (mean ± SD) 58.3 ± 10.8 56.1 ± 10.6

Female, n (%) 41 (54) 22 (61)
White race, n (%) 73 (96) 34 (94)

ASCVD, n (%) 27 (36) 14 (39)

Hypertension, n (%) 37 (49) 21 (58)
Diabetes, n (%) 7 (9) 4 (11)

Baseline LDL-C (mg/dL) (mean ± SD) 144.1 ± 45.1 156.5 ± 69.2

Baseline statin use, n (%) 71 (93) 31 (86)
Baseline ezetimibe use, n (%) 35 (46) 16 (44)

Note: Data from Duell PB, Banach M, Catapano AL, Laufs U, Mancini GBJ, Ray KK, 
Bloedon LT, Ye Z and Goldberg AC. Efficacy and safety of bempedoic acid in patients 
with heterozygous familial hypercholesterolemia: Analysis of pooled patient-level 
data from phase 3 clinical trials. Atherosclerosis. 2020;315:e12-e13 [abstract].30
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Inflammatory Thrombosis Outcome Study (CANTOS) 
showed that a therapy (canakinumab) that lowered inflam-
mation (hsCRP) without influencing lipid levels also low-
ered ASCVD events.34 Although canakinumab was 
ultimately not given FDA label approval for cardiovascu-
lar event reduction, CANTOS was a landmark study in 
proving the concept that targeting inflammation can reduce 
cardiovascular events in high-risk patients.

Adverse Events/Safety
The most commonly reported treatment-related adverse 
effects were elevated uric acid levels, gout, myalgias, 
constipation, muscle spasms, fatigue, urinary tract infec-
tions, and oral discomfort across the phase III clinical 
trials of bempedoic acid. The studies also reported 
a slight increase in nasopharyngitis.29,32 Myalgias were 
reported in approximately 1–7% of the patients across 
the phase III trials but were generally evenly distributed 
between the bempedoic acid and placebo arm.20–22

Uric acid levels and gout: In CLEAR Harmony, bem-
pedoic acid was found to be associated with a modest 
increase in uric acid levels and gout cases. The incidence 
of gout was 1.2% vs 0.3% in the bempedoic acid vs 
placebo arms, respectively.28 In CLEAR Wisdom, hyper-
uricemia was also seen more commonly with bempedoic 
acid (4.2%) than with placebo (1.9%).29 Elevated uric acid 
levels were also seen with the fixed-dose combination 
(bempedoic acid plus ezetimibe), although there was not 
an increase in gout cases in that study.32 Most cases of 
gout occurred in patients with a prior history of gout, and 
these data suggest caution, or at least additional monitor-
ing of uric acid levels, in patients with a history of gout or 
at risk for gout.

Serious adverse events and death: No significant dif-
ference was found in serious adverse events, death, and 
cardiovascular mortality between the treatment and pla-
cebo arms across all of the phase III trials. Achilles tendon 
rupture occurred more frequently in patients treated with 
bempedoic acid (0.2% treated with bempedoic acid vs 0% 
of the patients treated with placebo).35

FDA and Drug Development
An Investigational New Drug (IND) application was sub-
mitted by Esperion® in October 2009. Bempedoic acid has 
been evaluated in Phase 1 and Phase 2 clinical studies, and 
most recently in Phase 3 trials. Two New Drug Applications 
(NDAs) were submitted for bempedoic acid and the bempe-
doic acid/ezetimibe combination to the US FDA on 
February 20, 2019 and February 26, 2019, respectively. 
Simultaneously, Esperion® submitted two Marketing 
Authorization Applications (MAAs) to the European 
Medicines Agency (EMA) for bempedoic acid and bempe-
doic acid/ezetimibe combination on February 11, 2019.

Both NDAs received their first approval in the US (as 
monotherapy on February 21, 2020 and as the fixed-dose 
combination with ezetimibe on February 26, 2020) as an 
adjunct to diet and maximally tolerated statin therapy in adults 
with HeFH, or established ASCVD. In the European Union, 
bempedoic acid was approved for use in adults with primary 
hypercholesterolemia or mixed dyslipidemia in combination 
with ezetimibe (March 2020) and as monotherapy 
(April 2020). A summary of the timeline for this drug devel-
opment is shown in Figure 2. On April 6, 2020, the European 
Commission approved the use of bempedoic acid for use in 
adults with primary hypercholesterolemia, as an adjunct to 
statin therapy, or as an alternative to statin therapy in those 

Table 2 Secondary Efficacy Endpoints in Patients with and without Heterozygous Familial Hypercholesterolemia in Pooled Phase III 
Analysis

HeFH No HeFH

Bempedoic Acid Placebo P value Bempedoic Acid Placebo P value

Non-HDL-C −15.8 (2.3) 2.1 (4.5) <0.001 −11.9 (0.4) 1.7 (0.7) <0.001
Total Cholesterol −14.2 (1.8) 1.8 (3.8) <0.001 −10.4 (0.3) 0.9 (0.5) <0.001
ApoB −11.7 (2.4) 3.8 (3.7) <0.001 −9.1 (0.4) 3.5 (0.6) <0.001
HsCRP mean % change Q1,Q3 −18.8 (−47.6, 20.0) 4.3 (−14.4, 42.1) 0.03 −21.1 (−49.4, 23.3) −1.9 (−34.8, 53.6) <0.001
HDL-C mean % change (SD) −8.3 (17.3) 0.8 (10.1) NS −6.0 (14.2) −0.2 (12.1) NS

Note: Data are represented as least squared mean percent change from baseline unless otherwise noted. Data from Duell PB, Banach M, Catapano AL, Laufs U, Mancini 
GBJ, Ray KK, Bloedon LT, Ye Z and Goldberg AC. Efficacy and safety of bempedoic acid in patients with heterozygous familial hypercholesterolemia: Analysis of pooled 
patient-level data from phase 3 clinical trials. Atherosclerosis. 2020;315:e12-e13 [abstract].30 

Abbreviations: HeFH, heterozygous familial hypercholesterolemia; ApoB, apolipoprotein B; hsCRP, high-sensitivity C-reactive protein; HDL-C, High-density- lipoprotein 
cholesterol; NS, nonsignificant.
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who are statin intolerant or in who statin therapy is 
contraindicated.

Dosing and Dose Adjustment in 
Special Populations
The dosing of bempedoic acid is 180 mg orally once daily 
with or without food. No dose adjustment needs to be done 
for patients with mild or moderate kidney function impair-
ment defined as having an estimated glomerular filtration 
(eGFR) ≥30 mL/min/1.73m2.36 However, data are limited 
about the efficacy and safety of bempedoic acid in patients 
with eGFR less than 30 mL/min/1.73m2 and the drug has not 
been studied in patients with end-stage kidney disease on 
dialysis. No dose adjustment needs to be done for patients 
with mild or moderate hepatic function impairment, but it has 
not been studied in patients with more severe liver disease 
(Child–Pugh score C).36 Finally, in terms of older adults, 
among 3009 patients included in bempedoic acid clinical 
trials, 58% were aged ≥65 and 16% were aged ≥75, and 
there were no significant differences in efficacy or safety 
between older and younger adults.36 Bempedoic acid should 
not be administered concomitantly with either a simvastatin 
dose greater than 20 mg or a pravastatin dose greater than 
40 mg due to the concern for statin-related myopathy.37

Current and Potential Role in 
Therapy
While the efficacy of bempedoic acid appears to be weaker 
than that of high-intensity statins, it may be a useful 
adjunct in individuals who achieve less than desirable 
LDL-C reductions with statins or who cannot tolerate 
statins, where bempedoic acid alone or in combination 
with ezetimibe may be useful alternatives. Although the 
FDA label currently states that bempedoic acid treatment 
is specifically indicated for patients with HeFH or estab-
lished ASCVD who need additional lowering of LDL-C, 
the tolerability and safety profile of bempedoic acid sug-
gest its potential for the use in primary prevention beyond 
HeFH, such as those with statin intolerance. The effect of 
bempedoic acid on major adverse cardiovascular events 
(MACE) is unknown and currently being addressed in an 
ongoing cardiovascular outcomes trial (described below).

Cardiovascular Outcomes Trial
CLEAR Outcomes is a phase 3 randomized, double-blind, 
placebo-controlled trial designed to assess the effects of 
bempedoic acid on major cardiovascular events in patients 
with or at high risk for cardiovascular disease and statin 
intolerance.38 The trial began in December 2016 and has 

2001 2009 2012 2018 2019 20201998

Esperion
foundation

ETC-1002
discovered

2016

Preclinical research Clinical research

ETC-1002
IND filed

20112010

NDA submitted
and filed

NDA approved
by FDA
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Phase II

Phase III

NDA review

Animal studies

FDA time

Industry time

CLEAR Wisdom, Harmony

CLEAR Outcomes

Figure 2 Timeline for the development of bempedoic acid. 
Notes: Industry time is the time during which the industry or company was developing the drug, and FDA time refers to all the steps that were performed to get FDA 
approval. 
Abbreviations: FDA, Food and Drug Administration; NDA, new drug application.
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completed recruitment,39 with a targeted completion date 
of March 2022. The estimated enrollment size is 12,600, 
and participants were randomized to bempedoic acid 
180 mg once daily vs placebo. The primary outcome is 
the time from randomization to the first occurrence of 
a composite cardiovascular endpoint of cardiovascular 
death, nonfatal myocardial infarction, nonfatal stroke, or 
coronary revascularization. Findings from CLEAR 
Outcomes will provide additional insight on the role of 
bempedoic acid and how it fits into the ever-growing 
armamentarium of lipid-lowering therapeutics.

There is overwhelming evidence from genetic studies, 
observational studies, and randomized clinical trials that 
support the notion that LDL-C is causally related to 
ASCVD and that LDL-C-lowering reduces ASCVD risk, 
particularly in higher risk patients.40,41 Extrapolating from 
other studies, in a meta-analysis by Silverman et al evaluat-
ing other non-statin interventions that work primarily 
through upregulation of LDL-C receptor (diet, bile acid 
sequestrants, ileal bypass, and ezetimibe), there was a 23% 
reduction in major vascular events per 1 mmol/L (39 mg/dL) 
of LDL-C lowering (HR 0.77).42 This was similar to the 
degree of reduction (25%) in vascular events per 1 mmol/L 
(39 mg/dL) of LDL-C lowering conferred by statins (HR 
0.75).42 Since bempedoic acid is a non-statin that also simi-
larly works through a mechanism of upregulation of LDL-C 
receptor, we anticipate similar degrees of reduction in vas-
cular events proportional to that same degree of LDL-C 
lowering. Thus, while we await confirmation from CLEAR 
Outcomes to be certain, it is anticipated that given its ability 
to reduce LDL-C, it will likely also reduce ASCVD.

Conclusion
Bempedoic acid has demonstrated promise as a novel oral 
agent for LDL-C lowering as an alternative or adjunctive 
therapy for primary prevention in patients with HeFH and 
for secondary prevention patients. Pooled analyses from 
CLEAR Harmony and CLEAR Wisdom demonstrate 
ample scope for LDL-C lowering in this subgroup of 
patients even on a background of statin therapy. 
Furthermore, statistically significant reductions were 
noted in the secondary endpoints of non-HDL-C, total 
cholesterol, ApoB, and hsCRP. Overall, bempedoic acid 
appears to be safe, effective, and well tolerated among 
patients with HeFH, as well as patients with ASCVD. 
Bempedoic acid has now been FDA-approved as an 
adjunct to diet and maximally tolerated statin specifically 
for these patients – HeFH and ASCVD – who require 

further LDL-C lowering. However, although not FDA- 
approved for this purpose, bempedoic acid may also hold 
promise as another useful agent in the toolkit for reducing 
LDL-C in primary prevention patients without HeFH who 
have statin intolerance, but this needs further study. We 
await the results from the large ongoing cardiovascular 
outcome trial (CLEAR Outcomes) to confirm the efficacy 
of bempedoic acid in reducing MACE.
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