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Abstract

Background: Bempedoic acid is a novel non-statin drug that was developed to treat hyperlipi-
demia in combination with other lipid-lowering drugs in those patients who need additional
lipid lowering.

Objectives: (1) To investigate the lipid efficacy of bempedoic acid; (2) to analyze the anti-
inflammatory effects of bempedoic acid estimated through high sensitivity C-reactive protein
(hsCRP).

Methods: We performed a meta-analysis including randomized trials of bempedoic acid therapy,
reporting low-density lipoprotein cholesterol (LDL-C), non-high-density lipoprotein cholesterol
(non-HDL-C), apolipoprotein B and hsCRP with a minimum of 4 weeks of follow-up. The pri-
mary endpoint was defined as the percentage change in lipids and hsCRP levels measured from
baseline to follow-up, comparing groups of subjects on bempedoic acid versus placebo.
Results: Seven eligible trials of bempedoic acid (3892 patients) were included. The bempedoic
acid therapy was associated with a significant reduction in LDL-C levels [-20.3% (Cl 95% —23.5
to —17.1)]; I* =43%]. Similarly, a significant percentage reduction in the apolipoprotein B levels
[—14.3% (Cl 95% —16.4 to —12.1)]; p<0.05; > =46%], non-HDL-C levels [—15.5% (Cl 95% —18.1
to —13.0)]; p<0.05; /2=53%] and hsCRP [—23.4% (Cl 95% —32.6 to —14.2)]; p<0.05; I =69%]
was demonstrated with the bempedoic acid use. The sensitivity analysis showed that the results
were robust.

* Corresponding author.

E-mail address: walter.masson@hospitalitaliano.org.ar (W. Masson).
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Introduction

Conclusion: Our data suggests that the use of bempedoic acid significantly reduces the levels of
all atherogenic lipid markers, including LDL-C, non-HDL-C and apolipoprotein B. Furthermore,
considering hsCRP levels, the drug produces an anti-inflammatory effect.

© 2020 Sociedad Espanola de Arteriosclerosis. Published by Elsevier Espana, S.L.U. All rights
reserved.

Efecto del acido bempedoico en los indices aterogénicos de los lipidos y la
inflamacion: meta-analisis

Resumen

Antecedentes: El acido bempedoico es un farmaco nuevo no perteneciente al grupo de las
estatinas, que fue desarrollado para tratar la hiperlipidemia, junto con otros farmacos liporre-
ductores, en aquellos pacientes que necesitan una reduccion lipidica adicional.

Objetivos: (1) Estudiar la eficacia anti-lipidica del acido bempedoico; (2) analizar los efectos
antiinflamatorios del acido bempedoico, calculados a través de la proteina C reactiva de alta
sensibilidad (hsCRP).

Métodos: Realizamos un meta-analisis incluyendo ensayos aleatorios de terapia de acido
bempedoico, reportando colesterol de lipoproteina de baja densidad (LDL-C), colesterol de
lipoproteina de no alta densidad (no-HDL-C), apolipoproteina B y hsCRP con un minimo de 4
semanas de seguimiento. El objetivo primario se defini6 como el cambio porcentual de lipidos
y niveles de hsCRP medidos desde el inicio hasta el seguimiento, comparando los sujetos de los
grupos acido bempedoico frente a placebo.

Resultados: Se incluyeron siete ensayos elegibles de acido bempedoico (3.892 pacientes). La
terapia de acido bempedoico se asocid a una reduccion significativa de los niveles de LDL-
C [-20,3% (IC 95% de —23,5 a —17,1)]; 1> = 43%]. De igual modo, se demostrd una reduccion
porcentual significativa de los niveles de apolipoproteina B [-14,3% (IC 95% de —16,4a —12,1)];
p < 0,05; IZ = 46%], niveles de no-HDL-C [—15,5% (IC 95% de —18,1 a —13)]; p < 0,05; 12 =53%] y
hsCRP [—23.4% (IC 95% de —32,6 a —14,2)]; p < 0,05; I> = 69%] con el uso de acido bempedoico,
reflejando el analisis de sensibilidad que los resultados eran solidos.

Conclusion: Nuestros datos sugieren que el uso de acido bempedoico reduce significativamente
los niveles de todos los marcadores lipidicos aterogénicos, incluyendo LDL-C, no-HDL-C y la
apolipoproteina B. Ademas, considerando los niveles de hsCRP, el farmaco produce un efecto
antiinflamatorio.

© 2020 Sociedad Espanola de Arteriosclerosis. Publicado por Elsevier Espana, S.L.U. Todos los
derechos reservados.

prodrug that requires activation by the enzyme very long-
chain acyl-coA synthetase 1 present in the liver but absent in

Many patients do not achieve the low-density lipoprotein
cholesterol (LDL-C) targets recommended in the current
guidelines, even with the use of statins and ezetimibe.’
The muscular effects could be one of the reasons that
causes low adherence to statins. The introduction of propro-
tein convertase subtilisin/kexin type 9 (PCSK-9) inhibitors
is an alternative to hypercholesterolemia therapies, but
its use was limited by the high cost. Consequently, new
lipid-lowering strategies are necessary in order to reduce
the residual cardiovascular risk in patients who, despite
receiving maximum tolerated lipid-lowering therapy, do not
achieve the recommended lipid goals. Hence, there is a
growing interest in develop drugs with a statin-like mech-
anism of action but associated with less or none muscular
side effects. Consequently, new lipid-lowering strategies are
necessary to reduce residual cardiovascular risk
Bempedoic acid is a non-statin lipid-lowering drug devel-
oped for the treatment of hypercholesterolaemia.? It is a

most other tissues. It lowers LDL-C by inhibiting ATP citrate
lyase (ACL), an enzyme involved in cholesterol biosynthe-
sis, which acts upstream of 3-hydroxy-3-methyl-glutaryl-CoA
(HMGCoA) reductase.?

Mendelian randomization of large human study cohorts
has validated ACL inhibition as a target for LDL-C lower-
ing and atheroprotection.” Several phase 2 and 3 clinical
trials revealed that bempedoic acid effectively reduce LDL-
C as monotherapy, combined with ezetimibe, added to
statin therapy and in statin-intolerant hypercholesterolemic
patients.>™ "

Based on positive findings in these clinical trials,
bempedoic acid was approved in the USA and in the EU
as monotherapy and as a fixed-dose combination with
ezetimibe.?

Accumulating evidence suggests that inflammation plays
an important role in the pathophysiology of atheroscle-
rotic plaque stabilization and thromboembolism, with
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inflammatory cells being involved in all stages of atheroscle-
rosis development. Therefore, anti-inflammatory properties
of lipid-lowering drugs would contribute in plaque stabiliza-
tion and in the prevention of thromboembolic events."

A previously published meta-analysis has evaluated the
lipid effects of bempedoic acid use.'* However, only five
phase 2 studies were included, many of which used lower
doses of bempedoic acid than currently recommended. The
multiple phase 3 studies that have been published in the last
two years were not included. Also, the anti-inflammatory
effect was not evaluated in the analysis.

Therefore, the objectives of the present meta-analysis
were: (1) to investigate the lipid efficacy of bempedoic acid,
analyzing all the evidence available to date; (2) to analyze
the anti-inflammatory effects of bempedoic acid, estimated
through high-sensitivity C-reactive protein (hsCRP).

Material and methods

Data extraction and quality assessment

Our meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for reporting systematic reviews.' A
literature search was performed that identified clinical tri-
als of bempedoic acid (ETC-1002) and published between
January 2000 and April 2020. Two independent reviewers
searched the electronic PubMed/MEDLINE, Embase, Google
Scholar, Scielo and Cochrane Controlled Trials databases
using the following terms: ‘‘bempedoic acid’’, **ETC-1002"’
and ‘‘non-statin lipid-lowering therapy’’, ‘‘cholesterol’’,
*dyslipidemia’’, ‘‘hypercholesterolemia’’, ‘‘heterozygous
familial hypercholesterolemia’’, ‘‘combined familial hyper-
lipidemia’’, ‘‘elevated cholesterol levels’’, ‘‘elevated
cholesterol’’, ‘‘lipoproteins’’, *‘LDL-C’’, *‘non-high-density
lipoprotein cholesterol’’ (non-HDL-C), ‘‘apolipoprotein B’’
and ‘*hsCRP’’.

All the analyzed studies meet the following inclusion
criteria: (a) Comparisons of efficacy of bempedoic acid
versus placebo; (b) Follow-up duration >4 weeks; (c) Ran-
domized clinical trials; (d) Reporting of change in lipids and
hsCRP values between baseline and follow-up. The lipids
evaluated were LDL-C, non-HDL-C and apolipoprotein B.

The primary endpoint of the study was defined as the
percentage change in lipids and hsCRP levels measured
from baseline to follow-up, comparing groups of sub-
jects on bempedoic acid versus placebo. As a secondary
exploratory endpoint, we evaluated the safety of bempedoic
acid. The occurrence of muscular disorder (myalgia, muscle
spasms, pain in extremity or muscular weakness), eleva-
tion of liver enzymes (alanine or aspartate aminotransferase
level > 3 x ULN), increased creatinine level, occurrence of
gout and serious adverse events (results in death, is
life-threatening, requires in-patient hospitalization or pro-
longation of existing hospitalization, results in persistent or
significant disability/incapacity, is a congenital abnormally
defect or is an important medical event) were evaluated.

When the summary/dispersion measures were not mean
and standard deviation, conversion tools previously sug-
gested by the literature were used.'®

Potential risks of bias were evaluated for all included tri-
als, using the Cochrane tool developed for this purpose.'”
This tool assesses bias in five different domains: bias aris-
ing from the randomization, bias due to deviations from
intended intervention, bias due to missing outcome data,
bias in measurement of the outcome and bias in selection
of the reported result. Each domain was rated as ‘‘High’’,
“‘Low’’ or ‘*Some concerns’’ depending on the judgment of
each author following the recommendations.

Statistical analysis

The summary effect of bempedoic acid on lipids and
hsCRP levels was estimated. Measures of effect size were
expressed as mean difference for the primary endpoint and
as Odds Ratio (OR) for the secondary exploratory analysis,
and the [? statistic was calculated to quantify between-
trial heterogeneity and inconsistency. Meta-analyses were
conducted using a fixed-effect model or a random-effect
model based on the low (<40%) or moderately-high (>40%)
inter-study heterogeneity. The level of statistical signifi-
cance was set at a two-tailed alpha of 0.05. Statistical
analyses were performed using the R software for sta-
tistical computing version 3.5.1 with additional specific
packages.'®

Sensitivity analyses

The sensitivity analysis consists of replicating the results of
the meta-analysis, excluding in each step one of the studies
included in the review. If the results obtained are similar,
both in direction and magnitude of the effect and statistical
significance, it indicates that the analysis is robust.

Analysis of publication bias

A funnel plot using the standard error (SE) for mean dif-
ference was created, and Egger’s regression intercept tests
were done.

Results

Seven eligible trials of bempedoic acid, including
3892 patients, were identified and considered eligible
for the analyses. All these studies were taken into account
for the analysis of non-HDL-C and apolipoprotein B. In
this case, there was a total of 2589 subjects allocated to
receive bempedoic acid and 1303 subjects allocated to the
respective placebo group. Six studies were included for the
analysis of LDL-C and five trials for hsCRP analysis because
these data were reported. A flow diagram of the study’s
screening process has been shown in Fig. 1.

All studies evaluated were randomized clinical trials and
had a placebo group. The quality of the studies evaluated
can be seen in Fig. 2.

Of the total of studies, five were phase 3 and two were
phase 2 studies. Two studies included dyslipidemic patients
and two others included statin intolerant subjects. Likewise,
two studies included adults with atherosclerotic cardiovas-
cular disease, heterozygous familial hypercholesterolemia
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Table 1 Characteristics of the studies included in the analysis.

Study Treatment arm N Control arm N Population Follow-up Background
description (weeks) lipid-lowering
therapy
CLEAR Harmony® Bempedoic acid 1488 Placebo 742 ASCVD and/or HeFH 12 Maximally tolerated
(180 mg/day) LDL-C>70mg/dl statin therapy
CLEAR Serenity® Bempedoic acid 224 Placebo 107 Statin intolerance 24 None or low-dose
(180 mg/day) LDL-C>130mg/dl statin
(primary prevention)
LDL-C > 100 mg/dl
(ASCVD or HeFH)
CLEAR Wisdom’ Bempedoic acid 522 Placebo 257 ASCVD and/or HeFH 12 Maximally tolerated
(180 mg/day) LDL-C>70mg/dl statin therapy
CLEAR Tranquility® Bempedoic acid 181 Placebo 88 Statin intolerance 12 Ezetimibe + low-dose
(180 mg/day) C-LDL > 100 mg/dl statin
Ballantyne et al., Bempedoic acid 88 Placebo 41 ASCVD, HeFH or 12 Statins
2020° (180 mg/day) multiple CV risk
factors
Ballantyne et al., Bempedoic Acid 45 Placebo 45 Hypercolesterolemia 12 Statins
2016'° (180 mg/day)
Lalwani et al." Bempedoic acid 41 Placebo 23 Hypercolesterolemia 4 Atorvastatin
(180 mg/day) 80 mg/day

ASCVD: atherosclerotic cardiovascular disease; CV

: cardiovascular; HeFH: Heterocygous Familial Hypercholesterolemia; LDL-C: low density lipoprotein cholesterol.
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Records identified through
database searching
(n=198)
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A 4

A 4

Records after duplicates removed
(n=122)

A 4

Records screened
{n=51)

Records excluded
(n=31)

] [ Screening ] [Identification]

A 4

Full-text articles excluded,
(n=13)

-Use of a fixed dose of
bempedoic acid with

another lipid-lowering
agent.

-Absence of the placebo

branch.

Full-text articles
z assessed for eligibility
a {n= 20)
)
w
A 4
Studies included in
qualitative synthesis
—
(n=7)
o
(] Y
T
"3 Studies included in
£ quantitative synthesis
(meta-analysis)
\ (n=17)

-Final lipid values not
reported.

-Dose of bempedoic acid
less than 180 mg/day.

Figure 1

or both. One study included, in addition to these patients,
subjects with multiple cardiovascular risk factors. In all tri-
als, the patients were eligible to participate if they had
been taking stable doses of maximally tolerated statin ther-
apy either alone or in combination with other lipid-lowering
therapies and if they had a LDL-C level above the threshold
defined in each study. In most cases, this LDL-C threshold
ranged from 70 to 100 mg/dl in patients with cardiovascular
disease or heterozygous familial hypercholesterolemia and
from 100 to 130 mg/dl in subjects in primary prevention. The
follow-up ranged between 4 and 24 weeks. The character-
istics of the studies included in the analysis can be seen in
Table 1.

This meta-analysis showed that bempedoic acid was
associated with a significant percentage reduction in LDL-
C levels [-20.3% (ClI 95% —23.5 to —17.1)]; p<0.05;
I? = 43%]. Similarly, a significant percentage reduction in the
apolipoprotein B levels [-14.3% (Cl 95% —16.4 to —12.1)];
p<0.05; 1=46%] and non-HDL-C levels [—15.5% (Cl 95%
—18.1 to —13.0)]; p<0.05; 2 =53%] was demonstrated with
the bempedoic acid use.

On the other hand, bempedoic acid was associated with
a significant percentage reduction in hsCRP levels [—23.4%
(C1 95% —32.6 to —14.2)]; p<0.05; I? =69%].

-Publication of the design
of ongoing studies.

Flow diagram of the study screening process.

The graphic representation of the effect of bempedoic
acid on lipid and inflammatory markers can be seen in
Figs. 3 and 4.

Bempedoic acid therapy showed a similar rate of seri-
ous adverse events (OR, 1.09; 95% Cl, 0.89-1.33; /> =0%) and
muscle-related adverse events (OR, 0.99; 95% CI, 0.76-1.29;
I2=0%) compared to placebo. However, the use of bempe-
doic acid was more frequently associated with an increase
in liver enzymes (OR, 3.09; 95% Cl, 1.13-8.45; I?=0%), cre-
atinine level (OR, 2.65; 95% Cl, 1.06-6.60; I>=0%) and the
incidence of gout (OR, 3.05; 95% Cl, 1.23-7.55; 2 =32%). The
graphic representation of the main adverse effects can be
seen in the supplementary material (Figs. S1 and S2).

The funnel plot of standard error by mean difference of
endpoints did not suggest publication bias (Fig. 5). In the
same way, Egger’s regression intercept tests gave a p value
of 0.25, not indicating possible publication bias.

The sensitivity analysis showed that the results were
robust (Fig. 6).

Discussion

In this meta-analyses, which included the phase 3 studies
from the CLEAR program, bempedoic acid therapy compared
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D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

o
B

Figure 2

with placebo was associated with a significant reduction in
the levels of all atherogenic lipoproteins and inflammatory
markers such as hsCRP.

Dyslipidemia is a critical predisposing factor for the
development of cardiovascular diseases. Statins competi-
tively inhibit HMGCoA reductase, the rate-limiting enzyme
in cholesterol synthesis. In response, a compensatory upre-
gulation in hepatic LDL receptor cell surface expression

N
a
B3

50% 75% 100%

| e—

Summary and individual bias assessment of included studies.

occurs, leading to a reduction in circulating LDL-C by
30-50%." Recently published cholesterol treatment guide-
lines emphasize the use of statins as the preferred treatment
strategy for both primary and secondary prevention of car-
diovascular disease."?® However, despite the widespread
prescription of these drugs, adherence to statin therapy is
a major challenge worldwide. The most common adverse
events of statins are muscle related and are the main
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A Bempedoic Acid Treatment Placebo Treatment
Study N LDL-C Mean Dif (%) SDDif N LDL-C Mean Dif (%) SD Dif Mean Difference MD 95%-Cl Weight
CLEAR Harmony ° 1488 -16.5 20.1 742 1.6 23.4 E -18.1 [20.1; -16.1] 38.5%
CLEAR Serenety ¢ 224 -21.2 21.0 107 2.3 16.6 -18.9 [[23.1; -14.7] 25.5%
CLEAR Tranquility? 1871 -23.5 29.7 88 5.0 24.4 —— -28.5 [-35.2; -21.8] 15.2%
Ballantyne et al. 2020° 88 -17.2 30.0 41 1.8 22.4 —— -19.0 [-28.3; -9.7] 9.4%
Ballantyne et al. 2016" 45 -24.3 282 45 4.2 282 —8— -20.1 [-31.8; -8.4] 6.5%
Lalwani et al.”’ 41 -13.0 264 23 9.2 268 —=— -22.2 [-35.8; -8.6] 4.9%
Random effects model 2067 1046 <> -20.3 [-23.5; -17.1] 100.0%
Heterogeneity: /° = 43%, t* = 5.9294, p = 0.12 ]
-30 -20 -10 0 10 20 30
Better Poor
B Bempedoic Acid Treatment Placebo Treatment
Study N hsCRP Mean Dif (%) SD Dif N hsCRP Mean Dif (%) SD Dif Mean Difference MD 95%-Cl Weight
CLEAR Harmony® 1488 -22.4 53.7 742 2.6 68.1 | ] -25.0 [-30.6; -19.4] 30.5%
CLEAR Serenety ¢ 224 -25.1 54.6 107 4.4 50.2 - -29.5 [-41.4; -17.6] 21.8%
CLEAR Wisdom’ 522 -13.6 52.0 257 -3.5 53.3 . 3 -10.1 [-18.0; -2.2] 27.4%
Ballantyne et al. 2016" 45 -29.8 37.0 45 0.0 65.9 —i& -29.8 [-561.9; -7.7] 11.5%
Lalwani et al.”’ 41 -34.6 71.5 23 0.7 377 —&— -35.3 [-62.1, -8.5] 8.8%
Random effects model 2320 1174 -4 -23.4 [-32.6; -14.2] 100.0%

Heterogeneity: /1% = 69%, t° = 64.0669, p = 0.01

Figure 3

| —

-60 -40 -20 0 20 60

Better Poor

40

Effect of Bempedoic acid on LDL-C and hsCRP. Random effects, mean difference, 95% confidence intervals (Cl) and /?

statistics. Dif: difference; hsCRP: high-sensitivity C-reactive protein.

A Bempedoic Acid Treatment Placebo Treatment

Study N non-HDL-C Mean Dif (%) SD Dif N non-HDL-C Mean Dif (%) SD Dif Mean Difference MD 95%-Cl Weight
CLEAR Harmony ° 1488 11.9 18.5 742 1.5 20.7 f -13.4 [-15.2; -11.6] 28.5%
CLEAR Serenety ¢ 224 -18.0 18.0 107 -0.9 13.4 -17.1 [-20.6; -13.6] 20.6%
CLEAR Wisdom 7 522 -10.8 22.8 257 2.3 22.4 E 3 -13.1 [-16.5; -9.7] 21.1%
CLEAR Tranquility® 181 -18.4 256 88 52 23.5 —— -23.6 [29.8' 17.4] 11.4%
Ballantyne et al. 2020 ° 88 -14.1 20.6 41 1.8 211 —&— - .

Ballantyne et al. 2016 " 45 -16.6 26.2 45 -1.8 262 —8— o [25 6; -4.0] 4.8%
Lalwani et al.”’ 41 -7.3 199 23 6.1 202 —=— -13 4 [23.7; -3.2] 5.3%
Random effects model 2589 1303 > -156.5 [-18.1; -13.0] 100.0%

Heterogeneity: /> = 53%, 1° = 5.2694, p = 0.05

B Bempedoic Acid Treatment Placebo Treatment

Study N Apolipoprotein B Mean Dif (%) SD Dif N Apolipoprotein B Mean Dif (%) SD Dif Mean Difference MD 95%-Cl  Weight
CLEAR Harmony® 1488 -8.6 18.1 742 3.3 19.1 -11.9 [-13.6; -10.2] 30.6%
CLEAR Serenety 6 224 -15.0 16.5 107 0.5 13.4 -15.5 [-18.8; -12.2] 19.8%
CLEAR Wisdom’ 522 -9.3 20.6 257 37 20.8 -13.0 [-16.1; -9.9] 21.2%
CLEAR Tranquility® 7181 -14.6 229 88 4.7 18.8 —— -19.3 [-24.5; -14.1] 12.0%
Ballantyne et al. 2020° 88 -11.8 206 41 5.5 19.2 —&- -17.3 [-24.6,-10.0] 7.2%
Ballantyne et al. 20167° 45 -17.2 228 45 5.5 228 -11.7 [-21.1; -2.3] 4.7%
Lalwani et al.” 4 -9.0 186 23 59 188 —= -14.9 [-24.5; -5.4] 4.5%
Random effects model 2589 1303 -14.3 [-16.4; -12.1] 100.0%
Heterogeneity: 1 = 46%, <* = 3.3079, p = 0.09

-20 -10 [ 10 20
Better Poor

Figure 4
(Cly and ? statistics. Dif: difference.

reason for statin non-adherence and/or discontinuation.?" 22
Thus, patients who cannot tolerate a statin-based treat-
ment regimen present a challenge for lipid management and
cardiovascular event risk reduction.

Medical societies have released guidelines to address
the appropriate use of non-statin therapies.?’"2* These
guidelines incorporated new evidence, including INPROVE-
IT, FOURIER and ODYSSEY OUTCOMES clinical trials, which
showed that the combination of statin therapy with other
non-statin agents such as ezetimibe or PCSK9 inhibitors had
asignificant clinical benefit.?#-2¢ However, the modest effect
of ezetimibe or the high cost of PCSK9 inhibitors means that
the problem has not yet been resolved.

Bempedoic acid is a novel, non-statin, oral drug being
developed for the treatment of hyperlipidemia in combina-
tion with other lipid-lowering drugs in patients who need
additional lipid lowering.? Similar to statins, the predom-
inant mechanism of action of bempedoic acid is through
increased LDL receptor activity and consequent reduc-
tion in the plasma concentration of LDL-C. Unlike statins,
bempedoic acid’s mechanism of action is to impair choles-
terol synthesis through ACL inhibition which acts upstream

Effect of Bempedoic acid on non-HDL-C and apolipoprotein B. Random effects, mean difference, 95% confidence intervals

of HMGCoA reductase. Furthermore, bempedoic acid is a
prodrug that becomes activated by an enzyme expressed
primarily in the liver, allowing it to avoid the potential
myotoxicity associated with statin therapy.

This meta-analysis jointly investigated the lipid-lowering
effect on the main atherogenic particles and the anti-
inflammatory effect of bempedoic acid. Our analysis showed
that on average the use of bempedoic acid decreased LDL-C
by 20%.

The efficacy of bempedoic acid depends on concomitant
treatment. The lipid-lowering response is greater when it
is used as monotherapy or in combination with ezetimibe
than when it is combined with statins. This could explain
why the efficacy in lowering LDL-C was greater in CLEAR-
Tranquility and CLEAR-Serenity studies compared to the rest
of the trials.®?

A previously published meta-analysis found that the
reduction of LDL-C was slightly higher (26.6%).'* However,
this study included fewer patients (625) and analyzed differ-
ent doses than those currently recommended (180 mg/day).
Likewise, in our study we included several recently pub-
lished phase 3 studies.
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Figure 5 Funnel plot to assess publication bias. A: LDL-C; B: hsCRP; C: non-HDL-C; D: Apolipoprotein B.
Study Mean Difference MD 95%-Cl  Study Mean Difference MD 95%-Cl
Omitting CLEAR Harmony ~ —l— Omitting CLEAR Harmony ~ —— -16.43 [-19.70; -13.17]
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Although LDL-C is the main lipid target, the non-HDL-
C and apolipoprotein B represents the total atherogenic
particles better than LDL-C.?”?8 In our study we also evalu-
ated the impact of bempedoic acid on these lipid markers,
showing similar findings to the C-LDL analysis.

Another relevant point of our meta-analysis is that
the effect of bempedoic acid on hsCRP was evaluated.
Anti-inflammatory properties of bempedoic acid were fur-
ther investigated in primary human monocyte derived
macrophages and in vivo models of inflammation. In

clinical studies, bempedoic acid has not only demon-
strated improved lipid profiles but also revealed significantly
attenuated levels of hsCRP, an independent risk factor
for coronary artery disease.’>™"" Likewise, bempedoic acid
regulates immune response, leukocyte homing, and adi-
pose tissue inflammation via LKB1-dependent activation of
macrophage AMP-activated protein kinase.?’

Statins studies showed a reduction in hsCRP levels. In
a sample of 472 participants included in the CARE trial,
the use of pravastatina 40 mg exhibited a median reduction
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of 17.4% on hsCRP levels.** Similar reduction was observed
in the AFCAPS/TexCAPS where lovastatin 20mg therapy,
reduced levels by 14.8%.3" In the JUPITER trial, compared to
placebo, use of rosuvastatin 20 mg showed a greater reduc-
tion (37%).%2

Consequently, the 23.4% reduction in hsCRP levels with
the use of bempedoic acid showed in this meta-analysis
could be relevant since it would add an additional cardio-
vascular benefit beyond lipids.

Our results showed that bempedoic acid therapy no
significant increase serious adverse effects. In addition,
bempedoic acid, due to its mechanism of action, does not
increase the risk of muscle-related side-effects. However,
an increase in blood levels of transaminases, creatinine and
uric acid were observed with the use of bempedoic acid.
Likewise, the occurrence of gout was three times higher
with bempedoic acid compared to placebo. The observed
increase in uric acid may be attributable to a potential com-
petition between uric acid and the glucuronide metabolite
of bempedoic acid for the same renal transporters, resulting
in less urinary excretion of these substance.®® In addition,
the observed increase in uric acid might be due to glomeru-
lar filtration rate reduction by bempedoic acid. A recent
meta-analysis specifically designed to analyze the associa-
tion between bempedoic acid and elevated uric acid showed
the same results.>* On the other hand, the observed signs
of renal damage may involve the exposure of glomerular
and tubular structures to high uric acid levels.** New stud-
ies will be necessary to establish the clinical relevance of
these adverse effects related to bempedoic acid.

This meta-analysis presents several limitations. First,
they are related with clinical heterogeneity (popular char-
acteristics, different schemes of lipid-lowering therapy,
different follow-up). However, the statistical heterogene-
ity was low and the results were robust when performing
the sensitivity analysis. Second, the analysis included only
trial-level data without having the individual data. Finally,
we did not perform the analysis with another primary end-
point, such as the absolute change of lipid and hsCRP levels,
because we did not have these data in all the original pub-
lications.

Conclusion

Our data suggests that the use of bempedoic acid signif-
icantly reduces the levels of atherogenic lipid markers,
including LDL-C, non-HDL-C and apolipoprotein B. Fur-
thermore, considering hsCRP levels, the drug produces an
anti-inflammatory effect. Future studies will demonstrate
whether the lipid and anti-inflammatory effects of bempe-
doic acid could be associated with a reduction in vascular
events.
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