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Meta-analysis of the |
Safety and Efficacy of
Bempedoic Acid

Check for
updates

Low-density lipoprotein cholesterol
(LDL-C) is a well-established modifi-
able cardiovascular risk factor. Thera-
peutic options such as statins,
ezetimibe, or proprotein convertase
subtilisin/kexin type-9 inhibitor that

reduce LDL-C through upregulation of
LDL receptors have shown to reduce
the risk of cardiovascular events. A sig-
nificant number of patients despite
receiving high intensity statin therapy,
or due to nonadherence or intolerance
fail to achieve target goals for LDL-C
reduction. Bempedoic acid is a recently
approved lipid-lowering drug indicated
for treatment of heterozygous familial
hypercholesterolemia or established
atherosclerotic cardiovascular disease
as an adjunct to maximally tolerated
statin therapy. Bempedoic acid is acti-
vated in the liver and reduces LDL-C
through adenosine triphosphate-citrate
lyase inhibition working up stream of
the statin target 3-hydroxy-3-methyl-
glutaryl-CoA reductase. Several clini-
cal trials have demonstrated pharmaco-
logic efficacy of bempedoic acid in
LDL-C reduction.' ™ However, none of
these trials were powered to assess car-
diovascular efficacy of bempedoic
acid.'O!! Moreover, while concerns
exist that LDL-C-lowering therapies
might potentiate the risk of diabetes
mellitus (DM), safety of bempedoic
acid with respect to DM and other
adverse events remained uncertain.
Herein, we present a meta-analysis to
investigate the effects of bempedoic
acid on clinical outcomes.

Eleven randomized controlled trials
that enrolled patients with dyslipide-
mia, established or at risk of cardiovas-
cular disease were selected using
PubMed and Embase through 02/2020.
Data were abstracted on baseline char-
acteristics of patients (Table 1), and
outcomes of interest (percent change in
LDL-C, major adverse cardiac events,
myocardial infarction, serious adverse
events, muscle-related adverse events,
nasopharyngitis, urinary tract infection,
new/worsening DM, and gout). Risk of
bias was assessed following the
Cochrane bias risk assessment tool
and reported according to Preferred
Reporting Items for Systematic
Reviews and Meta-Analysis.'> The
whole process of study search and
selection and data abstraction were
performed by 2 authors (MUK and
MZK), independently. Outcomes were
pooled using Mantel Haenszel random
effect model. Categorical estimates
were reported as risk ratio (RR) and
continuous outcomes were calculated
as mean difference with 95% confi-
dence intervals (Cls). Heterogeneity
was assessed by I? tests and publica-
tion bias using Egger’s test. Statistical
significance was set at 0.05. Compre-
hensive meta-analysis V-3.0 was used
for all analyses.

Table 1

Baseline characteristics of participants and trials of bempedoic acid (180 mg) versus placebo

First author (year) Phase N Age (years) Baseline LDL-C  Women CHD Hypertension Diabetes Statin Ezetimibe  Follow-up

(mg/dl) (weeks)

Ballantyne (2013) 2 44 57.0 165.0 43.0 (%) 0 0 0 - - 12
44 56.0 167.0 30.0 (%) 0 0 0 - -

Gutierrez (2014) 3 30 553 125.2 43.3 (%) - 26.7 (%) 100 (%) - - 4
30 56.0 128.4 33.3 (%) - 26.7 (%) 100 (%) - -

Thompson (2015) 2/3 37 64.0 176.0 46.0 (%) - 57.0 (%) - - - 8
19 60.0 185.0 58.0 (%) - 53.0 (%) - - -

Thompson (2016) 2/3 100 59.0 166.0 51.0 (%) 0 - - - - 12
99 60.0 165.0 52.0 (%) 0 - - - 100 (%)

Ballantyne (2016) 3 45 57.0 142.0 69.0 (%) - - - 100 (%) - 12
45 56.0 131.0 49.0 (%) - - - 100 (%) -

Ballantyne (2018) 3 181 63.8 129.8 60.2 (%) - 61.3 (%) 193 (%) 32.6(%) 100 (%) 12
88 63.7 123.0 63.6 (%) - 58.0 (%) 193 (%) 28.4(%) 100 (%)

Ballantyne (2019) 3 88 65.0 145.0 54.5 (%) - 87.5 (%) 51.1 (%) 69.4 (%) - 12
41 65.4 141.0 41.5 (%) - 85.4 (%) 41.5 (%) 65.8 (%) -

Ray (2019) 2/3 1488 65.8 103.6 26.1 (%) 974 78.9 (%) 28.6 (%) 99.8(%) 1.8 (%) 52
742 66.8 102.3 28.7 (%) 98 80.1 (%) 28.6 (%) 100 (%) 7.5 (%)

Laufs (2019) 2/3 234 65.2 158.5 56.8 (%) - 67.5 (%) 269 (%) <10 (%) - 24
111 65.1 155.6 55.0 (%) - 67.6 (%) 234 (%) <10 (%) -

Lalwani (2019) 2 45 58.0 71.0 51.2 (%) - - - 100 (%) 0 4
23 58.0 86.0 43.5 (%) - - - 100 (%) 0

Goldberg (2019) 3 522 64.1 119.4 372 (%) 828 83.9 (%) 29.7 (%)  90.0 (%) - 12
257 64.7 1224 346 (%) 79.8 87.2 (%) 31.5(%) 89.0 (%) -

CHD = coronary heart disease; LDL-C = low-density lipoprotein cholesterol.
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Outcome Study name, year
MACE Ballantyne et al, 2019

Goldberg et al, 2019
Ray et al, 2019
Thompson et al, 2016
Laufs et al, 2019
Gutierrez et al, 2014
DM (new or worsening) Goldberg et al, 2019
Ray et al, 2019
Laufs et al, 2019
Ballantyne et al, 2018
Gutierrez et al, 2014

u|

Statistics for each study

MH risk Lower Upper

ratio limit limit p-Value
2.36 0.12 48.07 0.58
0.75 0.44 1.27 0.29
0.81 0.56 137 0.26
297 0.12 72.05 0.50
9.06 0.53 154.20 0.13
0.33 0.01 7.87 0.50
0.82 0.61 144 0.20
0.93 0.55 1.59 0.80
0.61 0.41 0.92 0.02
0.47 0.14 1.60 0.23
0.48 0.07 3.36 0.46
0.60 0.25 1.44 0.25
0.68 0.51 0.91 0.01
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Figure 1. Forest plot comparing bempedoic acid versus control for major adverse cardiovascular events (MACE) and new or worsening DM (diabetes mellitus).

A total of 4,311 patients were
included in this analysis. About 82%
and 45% patients were on statin and
ezetimibe therapy, respectively. The
dose of bempedoic acid ranged from 60
to 180 mg/day. The median follow-up
duration across the trials was 14 (4)
weeks. The mean baseline LDL-C in
study population was 136.7 (29.5) mg/
dl, respectively. Bempedoic acid
reduced the LDL-C by —14.08%
[—14.39, —13.77, p <0.0001] compared
with control. There were no significant
differences between bempedoic acid
and control with respect to risk of major
adverse cardiac events (RR, 0.82; 95%
CI 0.61 to 1.11; p=0.20, 12=O), myo-
cardial infarction (RR, 0.60; 95% CI
0.35 to 1.04; p=0.07, Iz=0), serious
adverse events (RR, 1.06; 95% CI 0.89
to 1.26; p=0.51, I’= 0), muscle-related
adverse events (RR, 0.97; 95% CI 0.67
to 1.41; p=0.87, I?’=30.76), urinary
tract infection (RR, 0.80; 95% CI 0.55
to 1.32; p=0.48, I’= 24.13), nasophar-
yngitis (RR, 0.89; 95% CI 0.71 to 1.12;
p=0.33, I*’=0), or gout (RR, 2.37;
95% CI 0.89 to 6.35; p=0.09,
= 12.30). However, bempedoic acid
was associated with lower risk of new/
worsening DM (RR, 0.68; 95% CI 0.51
to 0.91; p=0.01, 12=0) compared
with control (Figure 1). Egger’s test
did not detect publication bias (p [2-
tailed] = 0.76).

In this meta-analysis, we report that
bempedoic acid significantly reduced
the LDL-C levels compared with con-
trol. While, bempedoic acid did not
reduce the risk of cardiovascular

endpoints, the drug had a robust safety
profile. Moreover, bempedoic acid was
associated with prevention of new/
worsening DM. The assessment of car-
diovascular endpoints in most trials
was underpowered, which most likely
resulted in lack of cardiovascular bene-
fits with bempedoic acid. Future pow-
ered trials with longer follow-up
duration will provide more valuable
insight into the role of bempedoic acid
in reducing cardiovascular events. The
benefit of using bempedoic acid for
reducing risk of DM is an important
observation, which was inconsistently
appreciated in clinical trials. Bempe-
doic acid activates adenosine mono-
phosphate activated protein kinase; the
most likely mechanism of the drug for
regulating carbohydrate metabolism.

This study has several limitations
including low event rates, heterogeneity
in study population, small sample size,
short duration of follow-up, variation in
dose, and combination therapy. The
baseline population varied from low
risk to high cardiovascular risk and we
could not perform subgroup analysis
due to lack of access to participant level
data. The data on some key mortality
and cardiovascular end points, such as
stroke, were scarce.

In conclusion, bempedoic acid may
be an effective and safe lipid-lowering
therapy, with an additional protective
role on DM. These results were demon-
strated in the setting of ~82% patients
taking statin therapy and ~45% taking
ezetimibe therapy. The role of bempe-
doic acid as monotherapy needs further

investigation. Overall, further random-
ized controlled trials are needed to
assess the effects of bempedoic acid on
cardiovascular endpoints and DM.

Disclosures

The authors have no conflicts of
interest to disclose.

Muhammad U. Khan, MD®*

Muhammad Zia Khan, MD"

Muhammad Bilal Munir, MD"*

Sudarshan Balla, MD"

Safi U. Khan, MD"

# Department of Medicine, West Virginia University,
Morgantown, West Virginia

® Division of Cardiovascular Medicine, Heart &
Vascular Institute, West Virginia University,
Morgantown, West Virginia

¢ Division of Cardiovascular Medicine, University of
California San Diego, La Jolla, California

7 May 2020
18 May 2020

1. Thompson PD, MacDougall DE, Newton RS,
Margulies JR, Hanselman JC, Orloff DG,
McKenney JM, Ballantyne CM. Treatment
with ETC-1002 alone and in combination
with ezetimibe lowers LDL cholesterol in
hypercholesterolemic patients with or with-
out statin intolerance. J Clin Lipidol
2016;10:556-567. Available at: http://dx.doi.
org/10.1016/j.jacl.2015.12.025.

2. Ray KK, Bays HE, Catapano AL, Lalwani
ND, Bloedon LAT, Sterling LR, Robinson
PL, Ballantyne CM. Safety and efficacy of
bempedoic acid to reduce LDL cholesterol. N
Engl J Med 2019;380:1022-1032.

3. Ballantyne CM, McKenney JM, MacDougall
DE, Margulies JR, Robinson PL, Hanselman
JC, Lalwani ND. Effect of ETC-1002 on
serum low-density lipoprotein cholesterol in
hypercholesterolemic ~ patients  receiving


http://dx.doi.org/10.1016/j.jacl.2015.12.025
http://dx.doi.org/10.1016/j.jacl.2015.12.025
http://refhub.elsevier.com/S0002-9149(20)30603-2/sbref0002_24668
http://refhub.elsevier.com/S0002-9149(20)30603-2/sbref0002_24668
http://refhub.elsevier.com/S0002-9149(20)30603-2/sbref0002_24668
http://refhub.elsevier.com/S0002-9149(20)30603-2/sbref0002_24668
http://refhub.elsevier.com/S0002-9149(20)30603-2/sbref0002_24668

132

statin therapy. Am J Cardiol 2016;117:1928—
1933. Available at: http://dx.doi.org/10.1016/
j-amjcard.2016.03.043.

4. Ballantyne CM, Banach M, Mancini GBJ,
Lepor NE, Hanselman JC, Zhao X, Leiter
LA. Efficacy and safety of bempedoic
acid added to ezetimibe in statin-intoler-
ant patients with hypercholesterolemia: a
randomized, placebo-controlled study.
Atherosclerosis 2018;277:195-203. Avail-
able at: https://doi.org/10.1016/j.athero-
sclerosis.2018.06.002.

5. Ballantyne CM, Davidson MH, MacDougall
DE, Bays HE, Dicarlo LA, Rosenberg NL,
Margulies J, Newton RS. Efficacy and safety
of a novel dual modulator of adenosine triphos-
phate-citrate lyase and adenosine monophos-
phate-activated protein kinase in patients with
hypercholesterolemia: Results of a multicenter,
randomized, double-blind, placebo-controlled,
paral. J Am Coll Cardiol 2013;62:1154-1162.

6. Ballantyne CM, Laufs U, Ray KK, Leiter LA,
Bays HE, Goldberg AC, Stroes ESG, Mac-
Dougall D, Zhao X, Catapano AL. Bempedoic
acid plus ezetimibe fixed-dose combination in
patients with hypercholesterolemia and high
CVD risk treated with maximally tolerated
statin therapy. Eur J Prev Cardiol 2020;27:
593-603.

7. Thompson PD, Rubino J, Janik MJ, Macdou-
gall DE, McBride SJ, Margulies JR, Newton
RS. Use of ETC-1002 to treat hypercholester-
olemia in patients with statin intolerance.
J Clin Lipidol 2015;9:295-304. Available at:
http://dx.doi.org/10.1016/j.jacl.2015.03.003.

8. Goldberg AC, Leiter LA, Stroes ESG, Baum
SJ, Hanselman JC, Bloedon LAT, Lalwani
ND, Patel PM, Zhao X, Barton Duell P.

la
Firstcase of
COVID-19inthe US
January 19,2020 Massachusetts
Snohomish declares a state of
County, Snevgency
Washington March 10, 2020

10.

11.

12.

Effect of bempedoic acid vs placebo added to
maximally tolerated statins on low-density
lipoprotein cholesterol in patients at high risk
for cardiovascular disease: the Clear wisdom
randomized clinical trial. JAMA - J Am Med
Assoc 2019;322:1780-1788.

. Gutierrez MJ, Rosenberg NL, Macdougall DE,

Hanselman JC, Margulies JR, Strange P, Milad
MA, Mcbride SJ, Newton RS. Efficacy and
safety of ETC-1002, a novel investigational
low-density  lipoprotein-cholesterol-lowering
therapy for the treatment of patients with
hypercholesterolemia and type 2 diabetes mel-
litus.  Arterioscler  Thromb  Vasc  Biol
2014;34:676-683.

Laufs U, Banach M, Mancini GBJ, Gaudet D,
Bloedon LAT, Sterling LR, Kelly S, Stroes
ESG. Efficacy and safety of bempedoic acid
in patients with hypercholesterolemia and
statin intolerance. J Am Heart Assoc 2019;8:
e011662.

Lalwani ND, Hanselman JC, MacDougall
DE, Sterling LR, Cramer CT. Complemen-
tary low-density lipoprotein-cholesterol
lowering and pharmacokinetics of adding
bempedoic acid (ETC-1002) to high-dose
atorvastatin background therapy in hyper-
cholesterolemic patients: a randomized
placebo-controlled trial. J Clin Lipidol
2019;13:568-579. Available at: http://
www.sciencedirect.com/science/article/pii/
S$1933287419301783.

Moher D, Liberati A, Tetzlaff J, Altman DG.
Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA state-
ment. Ann Intern Med 2009;151:264-269.

https://doi.org/10.1016/j.amjcard.2020.06.028

The American Journal of Cardiology (www.ajconline.org)

Assessment of ST-
Segment Elevation
Myocardial Infarction
Volume Trends During
The COVID-19
Pandemic

l.)

Check for
updates

Routine inpatient and outpatient health
care has been greatly disrupted by the
COVID-19 pandemic and both equip-
ment and personnel have been rede-
ployed in order to manage the crisis
(https://www.cms.gov/newsroom/
press-releases/cms-releases-recommen
dations-adult-elective-surgeries-non-
essential-medical-surgical-and-dental).
There have been anecdotal accounts
(https://www.nytimes.com/2020/04/06/
well/live/coronavirus-doctors-hospi
tals-emergency-care-heart-attack-
stroke.html) and a publication ' discus-
sing the decrease in the number of ST-
segment elevation myocardial infarc-
tion (STEMI) activiations. One expla-
nation proposed for the decrease
includes patients not seeking medical
attention for ischemic symptoms due to
fear of becoming infected by the coro-
navirus or presenting to the hospital
late in their STEMI course.
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Figure 1. (1a) Timeline of the COVID-19 pandemic in the United States and Massachusetts. (1b) ST STEMI volume January through April 2020 compared
to January through April 2018 and 2019. (1c) STEMI volume for March 15 through April 15, 2020 compared to March 15 through April 15, 2018 and 2019.
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