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Abstract

Background: Bempedoic Acid (BA) is a novel drug that has a potential to serve as an alternative to statins to decrease
lipid levels and improve cardiovascular disease (CVD) outcomes, particularly for statin-intolerant individuals. However,
insufficient statistical power has limited our understanding of the efficacy and safety of BA. This meta-analysis utilizes
the latest data to improve our knowledge of BA's effects on lipids and CVD with increased statistical power.

Methods: MEDLINE, Embase, Cochrane Central, Clinicaltrials.gov, abstracts of national and international conferences,
and reference lists of studies were searched for relevant studies. Rayyan was used to screen the search results, and
Revman 5.3 was used for the meta-analysis and sensitivity analysis.

Results: Our final analysis included seven randomized control trials (RCTs) with 17,782 participants, 53.6 % in the BA
group (n = 9535) and 46.4 % in the placebo group (n = 8247). BA significantly decreased major adverse cardiovascular
events (MACE) (OR: 0.86; 95 % CI 0.78—0.95; p = 0.03), non-fatal myocardial infarction (OR 0.72; 95 % CI 0.61—0.85;
p = 0.0001), and new onset/worsening diabetes (OR:0.55; 95 % CI 0.30—0.98, p = 0.04), while reducing low-density li-
poprotein cholesterol (LDL-C) levels by 22.5 % (MD: —22.53 %; 95 % CI -25.54 to —19.52, p < 0.00001).

Conclusion: The findings of this meta-analysis suggest that BA is a promising and effective alternative to statin therapy,
particularly for statin-intolerant and high CVD-risk patients. However, further studies with diverse populations are
needed to quantify the long-term efficacy and safety endpoints.

Keywords: BA, High cardiovascular risk, LDL-C levels, Safety, Efficacy, Meta-analysis

1. Introduction preventing cardiovascular disease is lowering LDL-
C (low-density lipoprotein cholesterol). The AHA
(American Heart Association) and the ESC (Euro-
pean Society of Cardiology) guidelines advise high-
risk individuals to aim for a 50—55 % reduction in
LDL-C levels as a rule of thumb.”* Statins are the

t is widely recognized that high cholesterol levels
increase the chances of developing cardiovascu-
lar disease, the leading cause of death across the
globe." One of the primary therapeutic goals for
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primary class of drugs used for reducing LDL-C,
however some patients experience adverse effects,
insufficient response, or intolerance.” This led to a
need for alternative treatments for example: ezeti-
mibe (EZ), PCSK9 inhibitors, and bile acid resins.’
However, these therapies also have limitations,
including variable tolerance, resistance, and limited
availability, which has led to a need for a new
therapeutic option.”

Bempedoic Acid (BA) is a novel oral anti-choles-
terol drug that can be taken once a day.”® By
inhibiting cholesterol synthesis, BA indirectly
upregulates hepatic LDL uptake receptors, leading
to improved clearance of LDL, and ultimately
decreasing LDL-C levels.”” Additionally, BA has
been shown to increase the expression of AMP-
activated protein kinase, reducing inflammation
throughout the body.” These two mechanisms make
BA an especially favorable treatment option for
managing high cholesterol levels.

BA received FDA and European Union approval
three years ago for the management of heterozy-
gous familial hypercholesterolemia (HeFH), and
high-risk patients with atherosclerotic cardiovascu-
lar disease (ASCVD).'""* With the increasing need
for a safe and effective adjunct to statin therapy, BA
emerged as a potential option for reducing LDL-C
levels with minimal adverse effects.

In a recent meta-analysis by Lin Y et al, the
effectiveness of BA as a treatment for lowering lipids
was evaluated using pooled data from 3956 pa-
tients."” However, the study did not produce sig-
nificant findings in relation to cardiovascular
outcomes, notably cardiovascular  mortality,
nonfatal myocardial infarctions, major adverse car-
diovascular events (MACE), and all-cause death.'®
Since the publication of the CLEAR Outcomes
trial,'* the biggest clinical trial to date that discusses
the safety and efficacy of BA, there is a need for an
updated meta-analysis. We aim to provide the most
recent and largest meta-analysis on safety and effi-
cacy of BA in high cardiovascular risk patients.

2. Methods

This systematic review & meta-analysis follows
the 2020 (PRISMA) Preferred reporting items for
systematic reviews and meta-analysis statement."
The PRISMA 2020 checklist is reported in supple-
mentary appendix 2.

2.1. Search and study selection

We performed a comprehensive search on April
29, 2023, using the following keywords: “Bempedoic

acid,” “nilemdo,” “nexletol,” “ETC-1002,”
“ESP55016,” “ESP-55016,” “cardiovascular disease,”
“Major Adverse Cardiac Events,” “Cardiac Event*,"
and “Adverse Cardiac Event*." We searched
Embase, Medline®, Clinicaltrials.gov, and Cochrane
CENTRAL databases with no date restrictions. We
also explored other grey literature databases and
reviewed the references of relevant studies to
identify any additional studies. There were no re-
strictions on article type or language in the initial
search. The search results were uploaded to
Rayyan®, and duplicates were removed.'® Two re-
viewers (MAA and MA) screened the studies, and
any conflicts were resolved by a senior reviewer
(AAM). The complete search string for each indi-
vidual database is given in supplementary appendix
1 (Table S1) (https://scholarlycommons.gbmec.org/
cgi/editor.cgi?article=1305&window=additional
files&context=jchimp).

2.2. Eligibility criteria

In this study, we only included phase IIb and
phase III randomized controlled trial (RCTs) dis-
cussing the efficacy as well as safety of BA. Patients
18 years & older with a history of hypercholester-
olemia (fasting LDL-C at least more > than 70 mg/
dl) and either a high risk or history of cardiovascular
disease, symptomatic peripheral arterial disease,
and/or cerebrovascular disease were included. Tri-
als with a minimum duration of one month and at
least two arms of patients on lipid-modifying ther-
apy were included. Observational studies, open
label single arm studies and animal studies were
excluded.

2.3. Data extraction and risk of bias assessment

Three reviewers (MAA, NK, AH) extracted data
from the final included studies using a standardized
data extraction table to ensure accuracy. Efficacy
outcomes such as major adverse cardiovascular
events (MACE), overall cardiovascular mortality,
non-fatal myocardial infarction, change in LDL-C,
as well as safety findings such as serious adverse
events, muscular disorder, renal impairment, gout,
and new onset or worsening of diabetes mellitus
were extracted from the general study characteris-
tics (author, year, participants, inclusion criteria,
length of follow-up). Two reviewers (MAA and MA)
used the Cochrane risk of bias tool (RoB 2) to assess
bias regarding publication bias among the included
RCTs."” As the number of studies included was less
than 10, Egger's test and funnel plot were not
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recommended.”® A senior reviewer (RV) resolved
any discrepancy in risk of bias.

2.4. Data synthesis and analysis

A fixed effect meta-analysis model with
Mantel—Haenszel odds ratios (ORs) and the 95 %
confidence intervals (CIs) was used for dichotomous
efficacy and safety outcomes. One outcome (new
advent or worsening diabetes mellitus), was
analyzed using a random effects model because it
had high heterogeneity.'””” We used odds ratio
(OR) instead of relative risk (RR) for our results as
the probability of the outcomes in treatment and
control groups was less than 0.1 ****. For the lipid
level outcomes, a random effects models were used
for the mean difference percent because of the high
heterogeneity of studies.'””’ Heterogeneity was
assessed using the Higgins and Thompsons' I> and
the Cochran's Q statisticc. We also conducted a
random-effects model analysis for each parameter
in order to validate our findings. The Cochrane
Collaboration Review Manager 5.3 (RevMan v.5.3)
was used to perform all the analyses in our study.”

2.5. Sensitivity analyses

We anticipated that the variable follow-up of the
included studies might offset the results. Thus, we
classified studies with a follow-up period of three
months or less as “short-term follow-up” and those
with follow-up periods of more than 3 months as
“long-term follow-up” and performed a predefined
sensitivity analysis. One study Ballantyne, 2019” had
four arms (BA, BA + ezetimibe, ezetimibe, and
placebo). To avoid potential confounding of results,
we excluded two of the four arms from our analysis,
specifically the BA + EZ and EZ arms. These arms
did not administer BA alone, which was the focus of
our study.

2.6. Quality assessment

A GRADE assessment of the efficacy outcomes
was conducted by two independent reviewers
(AAM and HS) using GRADEpro GDT software.”"*
Any discrepancies were resolved through mutual
discussion.

3. Results

We retrieved 475 articles from searching the da-
tabases. Following identification and screening, the
meta-analysis included 7 RCTs. The PRISMA flow-
chart depicted in Fig. S1 (https://scholarlycommons.

gbmc.org/cgi/editor.cgi?article=1305&window=add
itional_files&context=jchimp) provides a full
description of the search procedure.

3.1. General characteristics of included studies

This meta-analysis included a total of 17,782 in-
dividual participants from 7 RCTs, with 9535 in-
dividuals in the BA arm while 8247 individuals
made up the control arm. The mean age ranged
from 55.3 to 66.8 years, and the follow-up duration
consisted of range 1 month—40.6 months. Of the
total participants, 54.6 % (9710) were males, and
74.9 % (13,317) of participants completed their trials.
The CLEAR Outcomes' (Nissen 2023) trial
contributed the majority of participants (78.6 %,
n = 13,970) in this meta-analysis. Six of the included
trials were phase III ((CLEAR Tranquility”® (Ballan-
tyne 2018); Clear Wisdom®’ (Goldberg 2019); CLEAR
serenity”® (Laufs 2019); CLEAR Harmony® (Ray
2019); CLEAR Outcomes'® (Nissen 2023); Ballan-
tyne,” 2019)), while one trial (Gutierrez et al.”’) was a
phase IIb trial. All trials were placebo controlled
double-blind trials. All trials used a once daily dose
of BA 180 mg except Gutierrez et al.”’ where BA was
administered 80 mg per day for two weeks following
which 120 mg per day was administered for two
weeks. In two trials**® (CLEAR Serenity and
CLEAR Tranquility), the patients were placed on
low-dose statin therapy. The population in five
studies” %4728 (Ballantyne, 2019, CLEAR Harmony,
CLEAR Outcomes, Clear Wisdom, and Gutierrez
et al.) was high cardiovascular disease risk patients,
and four studies” " (Ballantyne, 2019, CLEAR
Harmony, Clear Wisdom, and CLEAR Serenity)
included patients with heterozygous familial hy-
percholesterolemia. Six trials had 2 arms (BA, pla-
cebo) while one trial” (Ballantyne, 2019) had 4 arms
(BA, BA + EZ, EZ, Placebo). Details about general
characteristics of included studies are given in
Table 1 and details about participant characteristics
are given in the supplementary appendix Table S2
(https://scholarlycommons.gbmec.org/cgi/editor.cgi?
article=1305&window=additional_files&context=
jchimp).

3.2. Efficacy outcomes of bempedoic acid

Efficacy of bempedoic acid was determined by
analyzing the odds of primary RCT endpoints, in the
bempedoic acid as compared to placebo group. Five
RCTs (n = 17,383) reported MACE (major adverse
cardiovascular events). BA a significantly reduced
the odds of MACE vs placebo with an OR of 0.86;
95 % CI 0.78—0.95; p = 0.03; I* = 0 %. (Fig. 1 (i)).
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Table 1. General characteristics of included studies.

Study ID First author, Study design Phase Centers Follow-up Outcomes Study arms Sample
(Acronym) year (weeks) size, n
NCTO03001076 Ballantyne, RCT (double-blind, III Multi center in 12 Primary: % Change From Baseline to BA: 180 mg/day 181
(CLEAR 2018 [26] placebo- controlled, USA Week 12 in LDL-C; Secondary: % Change Placebo 88
Tranquility) parallel-group) From Baseline to Week 12 in TC, non-HDL-C,
apoB, hs- CRP, TG and HDL-C
NCTO03337308 Ballantyne, RCT (double-blind, III Multi center in 12 Primary: % Change From Baseline to Week 12 in BA + EZE: 86
2019 [7] placebo- controlled, USA LDL-C; Secondary: % Change From Baseline to 180 mg/day + D
parallel-group) Week 12 in TC, non-HDL-C, apoB, hs-CRP 10 mg/day %
BA: 180 mg/day 88 >
EZE: 10 mg/day 86 ;
Placebo 41 =
NCT02991118 Goldberg, RCT (double-blind, III Multi-center in 52 Primary: % Change From Baseline to Week 12 in BA: 180 mg/day 522 8
(CLEAR 2019 [27] placebo- controlled, North America LDL-C; Secondary: % Change From Baseline to Placebo 257 £
Wisdom) parallel-group) and Europe Week 24 in LDL-C; % Change From Baseline to E
Week 12 in TC, non-HDL-C, apoB and hs-CRP; 12 Z
Week and 24 Week absolute change of LDL-C =2
NCT01607294 Gutierrez, RCT (double-blind, IIb Single Center in 4 Primary: % change from baseline to week 4 in BA: 80 mg/day for 30 %
2014 [29] placebo- controlled, USA LDL-C; Secondary: % change from baseline to 2 weeks followed ]
parallel-group) week 4 in TC, non-HDL-C, HDL-C and TG by BA: E
120 mg/day C
for 2 weeks 5
Placebo 30 %
NCT02988115 Laufs, RCT (double-blind, III Multicenter in 24 Primary: % change from baseline to week 12 in BA: 180 mg/day 234 >
(CLEAR 2019 [28] placebo- controlled, USA LDL-C; Secondary: % change from baseline to Placebo 111 ;
Serenity) parallel-group) and Canada week 24 in LDL-C; % change from baseline to =]
week 12 and 24 in TC, non-HDL-C, apoB, hs-CRP, %
HDL-C and TG; week 12 and week 24 absolute Z
change of LDL-C :
NCT02993406 Nissen, RCT (double-blind, III Multi center in 176 Primary: Four component MACE, Secondary: BA: 180 mg/day 6992 5
(CLEAR 2023 [14] placebo- controlled, 32 countries Three-component MACE, Fatal or non fatal MI, Placebo 6978 ﬁ
Outcome) parallel-group) coronary revascularization, fatal oe non-fatal stroke, a
Death from CV causes, Death from any cause, nonfatal 2
myocardial infarction, nonfatal stroke, or coronary &
revascularization, Five-component MACE, Hospitalization §
for unstable angina, New-onset type 2 diabetes mellitus &
NCT02666664 Ray, RCT (double-blind, III Multi Center in 52 Primary: Number of participants with treatment- BA: 180 mg/day 1488 E
(CLEAR 2019 [11] placebo- controlled, North America related AEs; Secondary: % change from baseline to Placebo 742 N
Harmony) parallel-group) and Europe Week 12, 24 and 52 in LDL-C, non-HDL-C, TC, apoB ~
and hs-CRP

AEs: adverse events; apoB: apolipoprotein B; BA:Bempedoic acid; CV: cardiovascular; EZE: Ezetimibe; HDL-C: high-density lipoprotein cholesterol; hs-CRP: C-reactive protein high
sensitivity; low-density lipoprotein cholesterol; MACE: major adverse cardiovascular events; RCT: randomized control trials; TC: total cholesterol; TG: triglycerides.
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N Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
e Goldberg 2019 30 522 20 257 2.8% 0.72 [0.40, 1.30] 1=
> Gutierrez 2014 0 30 1 30 0.2% 0.32 [0.01, 8.24]
a Laufs 2019 9 234 0 111 0.1% 9.39[0.54, 162.88] >
E‘ Nissen 2023 819 6992 927 6978 91.0% 0.87[0.78, 0.96] .
ll-_r; Ray 2019 68 1487 42 742 5.9% 0.80 [0.54, 1.19] —=T
Total (95% Cl) 9265 8118 100.0% 0.86 [0.78, 0.95] ¢
Total events 926 990
T - _ ol i \ ) ; )
Heterogeneity: Chi* = 3.55, df = 4 (P = 0.47); I = 0% o1 o1 ) 100

Test for overall effect: Z = 3.01 (P = 0.003) Favours [Bempedoic acid] Favours [Placebo]

i) MACE
Bempedoic acid Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 0 181 0 87 Not estimable
Ballantyne 2019 0 88 0 41 Not estimable
Goldberg 2019 6 522 2 257 0.7% 1.48 [0.30, 7.40] ]
Laufs 2019 0 234 0 111 Not estimable
Nissen 2023 434 6992 420 6978 98.7% 1.03 [0.90, 1.19] .
Ray 2019 13 1487 2 742 0.7% 3.26[0.73, 14.50] —
Total (95% Cl) 9504 8216 100.0% 1.05 [0.92, 1.21] (3
Total events 453 424
Heterogeneity: Chi? = 2.45, df = 2 (P = 0.29); I> = 18% =0 o1 0=1 1=0 100:

Test for overall effect: Z = 0.71 (P = 0.48) Favours [Bempedoic acid] Favours [Placebo]

i) All-cause mortality

Bempedoic acid Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Goldberg 2019 4 522 2 257 1.1% 0.98[0.18, 5.41]

Laufs 2019 0 234 0 111 Not estimable

Nissen 2023 269 6992 257 6978 98.4% 1.05 [0.88, 1.25]

Ray 2019 6 1487 1 742 0.5%  3.00 [0.36, 24.98]

Total (95% CI) 9235 8088 100.0% 1.06 [0.89, 1.25]

Total events 279 260

Heterogeneity: Chi? = 0.95, df = 2 (P = 0.62); I> = 0%

Test for overall effect: Z = 0.62 (P = 0.54) 0:01 D:l 10 100

Favours [Bempedoic acid] Favours [Placebo]

i) Cardiovascular mortality

Bempedoic acid Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2019 2 88 0 41 0.2% 2.40[0.11, 51.10]
Goldberg 2019 6 522 9 257 3.5% 0.32[0.11, 0.91]
Gutierrez 2014 0 30 1 30 0.4% 0.32[0.01, 8.24]
Laufs 2019 1 234 0 111 0.2% 1.43[0.06, 35.45]
Nissen 2023 236 6992 317 6978 90.6% 0.73[0.62, 0.87] .
Ray 2019 19 1487 13 742 5.1% 0.73 [0.36, 1.48] e
Total (95% CI) 9353 8159 100.0% 0.72 [0.61, 0.85] *
Total events 264 340
Heterogeneity: Chi? = 3.37, df = 5 (P = 0.64); I> = 0% (4) o1 0=1 1=0 10(4)

Test for overall effect: Z = 3.89 (P < 0.0001) Favours [Bempedoic acid] Favours [Placebo]

iv) Non-fatal Ml

Fig. 1. Pooled Odds ratio (OR) for efficacy outcomes of BA vs placebo.

The all-cause mortality and cardiovascular mor-  0.89—1.25; p = 0.54 I’ = 0 %; 4 RCTs; 17,323 partic-
tality outcomes of BA vs Placebo were not signifi-  ipants) respectively). (Fig. 1 (ii) (iii))
cant ((OR 1.05; 95 % CI0.92—1.21; p = 0.48; I =18 %; When compared to placebo, the risks of a non-
6 RCTS; 17,720 participants) (OR 1.06; 95 % CI  fatal myocardial infarction were statistically
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significantly lower after BA administration in the six
RCTs with a total of 17,512 individuals. (OR 0.72;
95 % CI 0.61—0.85; p < 0.0001; I* = 0 %) (Fig. 1 (iv))

3.3. Safety outcomes of bempedoic acid

The incidence of certain side effects was evaluated
in this meta-analysis. Between the BA and placebo
groups, there were no discernible differences in the
frequency of major adverse events. (OR 1.03; 95 %
CI 0.96—1.10; p = 0.45; > = 0 %; 6 RCTs; 17,715
participants) (Fig. 2 (i)).

BA demonstrated a significant reduction in the
odds of new-onset or worsening diabetes mellitus in
comparison to placebo (OR 0.55; 95 % CI 0.30—0.98;
p = 0.04; I> = 84 %) across 5 RCTs, involving 17,568
participants. (Fig. 2 (ii)) The high heterogeneity
observed (I> = 84 %) in this study, necessitated the
use of a random-effects model to compute the odds
ratio in this outcome.

Results showed that gout (OR 1.59; 95 % CI
1.29—1.96; p < 0.0001; I* = 0 %; 5 RCTs; 17,568 par-
ticipants), elevated transaminases (OR 1.56; 95 % CI
1.31-1.86; p = <0.00001; > = 0 %; 7 RCTs; 17,775
participants), and renal impairment (OR 1.38; 95 %
CI 1.23—1.54; p = <0.00001; I> = 0 %; 5 RCTs; 17,568
participants) had a significantly higher probability
of occurring in the BA group as compared to pla-
cebo (Fig. 2 (iii) (v) (vi)). Further analysis indicated
that these effects did not differ significantly between
studies, as indicated by an I value of 0 % for each
outcome. However, muscle-related adverse events
did not differ significantly between participants
receiving BA and those receiving placebo as shown
in (Fig. 3(iv)).

3.4. Bempedoic acid vs placebo effects on lipid
levels

The pooled mean difference in LDL-C for BA
compared to placebo was found to be significant in 7
RCTs (MD = —22.53 %; 95 % CI -25.54 to —19.52,
p < 0.00001; I* = 84 %; 17,781 participants). Similarly,
in 7 RCTs (n = 17,741), the mean difference in total
cholesterol was significant for BA compared to pla-
cebo (MD = -16.90 %; 95 % CI -19.62 to —14.18,
p < 0.00001; I*> = 87 %) (Fig. 4 (i)).

In terms of other lipid parameters, BA also
showed a significant effect on apolipoprotein B
showing a mean difference change of —14.6 %; 95 %
CI -17.43 to —11.95, p < 0.00001; I* = 70 % in 5 RCTs
(n = 3683) (Fig. 3 (iii)). For high density lipoprotein
(HDL-C), the mean difference was —6.12 %; 95 % CI
-6.76 to —5.48, p < 0.00001; > = 14 % in 6 RCTs
(n = 17,535) (Fig. 3 (iv)). Finally, in 7 RCTs

(n = 17,747), the mean difference change in Non
HDL-C cholesterol was —18.87 %; 95 % CI -21.70 to
—16.04, p < 0.00001; I* = 82 % (Fig. 3 (v)).

3.5. Sensitivity analyses

Three studies (Ballantyme,26 2018; Ballamtyne,7
2019; Gutierrez,” 2014) were identified as having a
short-term follow-up and were subsequently
removed from the sensitivity analysis. The remain-
ing four studies included in the sensitivity analysis
yielded identical results, thereby confirming that
those three short-term studies did not significantly
affect our results. The supplemental appendix 1's
Fig. S2 (https://scholarlycommons.gbmc.org/cgi/
editor.cgi?article=1305&window=additional_files&
context=jchimp) contains specific figures outlining
the outcomes of the sensitivity analysis.

3.6. Risk of bias
Three studies®'“*® were at low risk of bias for all
categories. Selection bias was assess in all studies
and revealed that three studies”***’ had an unclear
risk for random sequence generation and two
studies”” were at an unclear risk of allocation
concealment. The study by Gutierez et al.”” was at
an unclear risk of bias in four category divisions
(allocation concealment, Random sequence gener-
ation, blinding of outcome assessments and other
bias. This study was removed from the sensitivity
analysis on account of short follow-up. The figure
for risk of bias is given in supplementary appendix
in Fig. S3 (https://scholarlycommons.gbmc.org/cgi/
editor.cgi?article=1305&window=additional_files&
context=jchimp).

3.7. Quality assessment

GRADE assessment for the efficacy outcomes
showed a high certainty of evidence for MACE and
non-fatal MI, moderate certainty of evidence for
cardiovascular mortality, and low certainty of evi-
dence for mortality. The GRADE certainty of evi-
dence for clinicians is given in Fig. 4 and a detailed
table is given in the supplementary appendix 1
(Tables S2a and S2b) (https://scholarlycommons.
gbmc.org/cgi/editor.cgi?article=1305&window=add
itional_files&context=jchimp).

4. Discussion

We conducted this meta-analysis of 7 RCTs to
examine the safety and efficacy of BA in patients
who have hypercholesterolemia and are either
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Bempedoic acid Placebo 0dds Ratio 0Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 5 181 3 87 0.3% 0.80[0.19, 3.41]
Ballantyne 2019 7 88 1 41 0.1%  3.46 [0.41, 29.07] a—
Goldberg 2019 106 522 48 257 3.5% 1.11[0.76, 1.62] T
Laufs 2019 14 234 4 111 0.3% 1.70[0.55, 5.30]
Nissen 2023 1767 7001 1733 6964 87.8% 1.02 [0.94, 1.10]
Ray 2019 216 1487 104 742 8.0% 1.04 [0.81, 1.34]

Total (95% CI)
Total events
Heterogeneity: Chi? =

9513 8202
2115 1893
2.34,df = 5 (P = 0.80); I = 0%

100.0%  1.03 [0.96, 1.10]

0.01 .1 10 100
Test for overall effect: Z = 0.75 (P = 0.45) Favours [Bempedoic acid] Favours [Placebo]
i) Serious adverse events
Bempedoic acid Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ballantyne 2018 2 181 22 87 10.2% 0.03[0.01,0.14] ¢————
Goldberg 2019 36 522 19 257  22.8% 0.93[0.52, 1.65] .
Laufs 2019 5 234 5 111  12.4% 0.46 [0.13, 1.63] —
Nissen 2023 1334 7001 1386 6964 29.2% 0.95 [0.87, 1.03] -
Ray 2019 49 1487 40 742 25.4% 0.60[0.39, 0.92] o
Total (95% Cl) 9425 8161 100.0% 0.55 [0.30, 0.98] <
Total events 1426 1472
Heterogeneity: Tau? = 0.30; Chi? = 25.15, df = 4 (P < 0.0001); I> = 84% 5 o o 100
Testiforoverallieffect:Z:%:2:04, (R=0:04) Favours [Bempedoic acid] Favours [Placebo]
ii) New-onset and worsening of diabetes mellitus
Bempedoic acid Placebo 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 0 181 0 87 Not estimable
Goldberg 2019 11 522 2 257  1.8% 2.74[0.60, 12.48] —
Laufs 2019 4 234 1 111 0.9% 1.91[0.21,17.32] =
Nissen 2023 215 7001 143 6964 95.5%  1.51[1.22,1.87]
Ray 2019 18 1487 2 742 1.8% 4.53[L.05,19.59]
Total (95% CI) 9425 8161 100.0% 1.59 [1.29, 1.96] $
Total events 248 148
Heterogeneity: Chi? = 2.71, df = 3 (P = 0.44); I> = 0% =3 o 7 T
Test for overall effect: Z = 4.39 (P < 0.0001) Favours [Bempidoic acid] Favours [Placebo]
iii) Gout
Bempedoic acid Placebo Odds Ratio 0Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 11 181 5 87 0.6% 1.06 [0.36, 3.15]
Ballantyne 2019 7 88 3 41 0.4% 1.09 [0.27, 4.47] —
Goldberg 2019 39 522 13 257 1.5% 1.52[0.79, 2.89] T
Gutierrez 2014 0 30 0 30 Not estimable
Laufs 2019 30 234 18 111 2.0% 0.76 [0.40, 1.43] -
Nissen 2023 1052 7001 1070 6964 87.1% 0.97 [0.89, 1.07] .
Ray 2019 195 1487 75 742 8.3% 1.34[1.01, 1.78] ™
Total (95% CI) 9543 8232 100.0% 1.01 [0.93, 1.10]
Total events 1334 1184
Heterogeneity: Chi? = 6.80, df = 5 (P = 0.24); I = 26% hot o1 0 100
Test for overall effect: Z = 0.22 (P = 0.83) Favours [Bempedoic acid] Favours [Placebo]
iv) Muscle related adverse effects
Bempedoic acid Placebo 0Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 7 181 [ 87 0.3% 7.52[0.42, 133.22]
Ballantyne 2019 ] 88 0 41 Not estimable
Goldberg 2019 6 522 2 257 1.3%  1.48[0.30,7.40] _—
Gutierrez 2014 0 30 0 30 Not estimable
Laufs 2019 1 234 0 111 0.3%  1.43[0.06, 35.45]
Nissen 2023 317 7001 209 6964 97.4% 1.53[1.28, 1.83] -
Ray 2019 7 1487 1 742 0.6% 3.50[0.43, 28.54] —
Total (95% Cl) 9543 8232 100.0% 1.56 [1.31, 1.86] *
Total events 338 212
Heterogeneity: Chi? = 1.77, df = 4 (P = 0.78); I> = 0%
0.01 0.1 10 100
Test for overall effect: Z = 5.00 (P < 0.00001) Favours [Bempedoic acid] Favours [Placebo]
v) Elevated LFTs
Bempedoic acid Placebo Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballantyne 2018 4 181 0 87 0.1%  4.44[0.24, 83.33]
Goldberg 2019 4 522 1 257  02% 1.98[0.22,17.78] —iij
Laufs 2019 1 234 1 11 0.3% 0.47[0.03, 7.62]
Nissen 2023 802 7001 599 6964 99.3% 1.37[1.23, 1.54] .
Ray 2019 2 1487 0 742 0.1%  2.50[0.12, 52.12]
Total (95% CI) 9425 8161 100.0% 1.38[1.23, 1.54] ¢+
Total events 813 601
2= _ - 2
Heterogeneity: Chi? = 1.43, df = 4 (P = 0.84); I* = 0% o1 o1 100

Test for overall effect:

Z =5.68 (P < 0.00001)

vi) Renal impairment

B 10
Favours [Bempedoic acid] Favours [Placebo]

Fig. 2. Pooled Odds ratio (OR) for safety outcomes of BA vs placebo.
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Bempedoic Acid Placebo Mean Difference Mean Difference E
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI <
Ballantyne 2018 -23.5 23.36 181 5 23.36 88 11.5% -28.50([-34.45,-22.55] == o]
Ballantyne 2019 -17.2 23.4521 88 1.8 22.4109 41 7.9% -19.00 [-27.43, -10.57] —_ )
Goldberg 2019 -15.1 23.4344 522 2.4 23.4344 257 16.2% -17.50([-21.00, -14.00] - &~
Gutierrez 2014 -42.9 14.0014 29 -4 13.6931 30 9.7% -38.90[-45.97, -31.83] e [f]
Laufs 2019 -23.6 16.38 234 -2.2 16.38 111 15.8% -21.40[-25.10,-17.70] - 192]
Nissen 2023 -21.1 21.3279 6992 -0.8 25.5678 6978 20.5% -20.30[-21.08, -19.52] E
Ray 2019 -19.2 24 1488 0.4 27 742 18.5% -19.60[-21.89,-17.31]
Total (95% CI) 9534 8247 100.0% -22.53 [-25.54, -19.52] ¢
Heterogeneity: Tau? = 11.37; Chi® = 36.96, df = 6 (P < 0.00001); I* = 84% t t

-100 50 0 50 100

Test for overall effect: Z = 14.67 (P < 0.00001) Favours [Bempedoic Acid] Favours [Placebo]

i) LDL-C

Bempedoic Acid Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Ballantyne 2018 -15.1 15.3899 181 2.9 15.3899 88 13.4% -18.00[-21.92,-14.08] -
Ballantyne 2019 -12.1 16.8855 88 0.7 16.0078 41 9.7% -12.80[-18.84, -6.76] ==
Goldberg 2019 -9.9 15.6368 499 1.3 17.4966 253 16.0% -11.20[-13.76, -8.64]
Gutierrez 2014 -25.1 10.4067 30 -0.5 10.4067 30 11.0% -24.60[-29.87,-19.33] -
Laufs 2019 -15.5 14.9666 224 -1 10.3441 107 15.6% -14.50[-17.27,-11.73] -
Nissen 2023 -16.9 16.7 6992 -0.6 16.3 6978 18.5% -16.30[-16.85,-15.75]
Ray 2019 -21.7 28.3 14838 0.3 31.1 742 15.8% -22.00[-24.66, -19.34]
Total (95% ClI) 9502 8239 100.0% -16.90 [-19.62, -14.18] ¢
Heterogeneity: Tau? = 10.33; Chi? = 46.10, df = 6 (P < 0.00001); I* = 87% L + + J
Test for overall effect: Z = 12.19 (P < 0.00001) =108 220 o0 100

Favours [Bempedoic Acid] Favours [Placebo]

i) Total cholesterol

Bempedoic Acid Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Ballantyne 2018 -14.6 17.6983 181 4.7 17.6983 88 17.1% -19.30[-23.81,-14.79] e
Ballantyne 2019 -11.8 20.6378 88 5.5 19.2094 41 9.8% -17.30[-24.59, -10.01] —
Goldberg 2019 -9.3 19.6975 479 3.7 20.3482 245 22.6% -13.00[-16.10, -9.90] -
Laufs 2019 -15 16.4633 224 0.5 13.4473 107 21.6% -15.50[-18.84,-12.16] -
Ray 2019 -10 16.9 1488 1.8 17.7 742 28.9% -11.80[-13.34,-10.26]
Total (95% ClI) 2460 1223 100.0% -14.69 [-17.43, -11.95] ¢
Heterogeneity: Tau? = 6.16; Chi? = 13.27, df = 4 (P = 0.01); I> = 70% t + t J
Test for overall effect: Z = 10.50 (P < 0.00001) =100 20 9 >0 100

Favours [Bempedoic acid] Favours [Placebo]

iii) Apollprotien B

Bempedoic Acid Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
Ballantyne 2018 -7.3 16.1443 181 -1.4 13.1332 88 3.0% -5.90[-9.51, -2.29] e
Goldberg 2019 -6.4 15.6368 499 -0.2 14.3154 253 7.5% -6.20[-8.43, -3.97] -
Gutierrez 2014 -1.2 9.859 30 0.5 9.859 30 1.6% -1.70[-6.69, 3.29] =
Laufs 2019 -5.2 16.4633 224 -0.6 10.3441 107 4.6% -4.60[-7.51, -1.69] =
Nissen 2023 -5.8 18 6992 0.7 15.1 6978 57.2% -6.50[-7.05, -5.95]
Ray 2019 -5.92 13.5 1427 -0.09 11.2 726 26.1% -5.83[-6.90, -4.76]
Total (95% CI) 9353 8182 100.0% -6.12 [-6.76, -5.48] {
Heterogeneity: Tau? = 0.11; Chi* = 5.84, df = 5 (P = 0.32); I = 14% t + + J

Z100 -50 0 50 100

Test for overall effect: Z = 18.79 (P < 0.00001) Favours [Bempedoic acid] Favours [Placebo]

iv) HDL-C

Bempedoic Acid Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ballantyne 2018 -18.4 21.6782 188 5.2 21.6782 88 11.7% -23.60[-29.09, -18.11] .
Ballantyne 2019 -14.1 20.6378 88 1.8 21.1303 41 8.1%  -15.90[-23.67,-8.13] —
Goldberg 2019 -10.8 22.3159 498 2.3 22.2684 253 16.0% -13.10[-16.47,-9.73] -
Gutierrez 2014 -32 12.5976 30 -0.5 12.5976 30 10.1% -31.50[-37.88,-25.12] =
Laufs 2019 -18 17.96 224 -0.9 13.4473 107 15.8% -17.10[-20.57,-13.63] e
Nissen 2023 -17.2 21.2 6992 -0.4 21.4 6978 20.5% -16.80[-17.51,-16.09]
Ray 2019 -18.5 27.2 1488 0.6 30.2 742 17.7% -19.10[-21.68, -16.52]
Total (95% ClI) 9508 8239 100.0% -18.87 [-21.70, -16.04] ¢
Heterogeneity: Tau? = 10.07; Chi? = 33.48, df = 6 (P < 0.00001); I* = 82% k + + J
Test for overall effect: Z = 13.05 (P < 0.00001) =100 ek 0 >0 100

Favours [Bempedoic acid] Favours [Placebo]

v) Non HDL-C

Fig. 3. Pooled % mean difference in lipid levels for BA vs Placebo.

statin intolerant or taking maximum dose statins =~ LDL-C levels successfully compared to placebo.
and still require further control of their LDL-C  Moreover, we found that BA significantly reduced
levels. Our results showed that BA was able to lower  the odds of MACE and non-fatal MI. While BA was
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Absolute Effect
Outcomes

Relative Effect Certainty of Evidence

With Placebo With Bempedoic acid (95% Cl) GRADE
Major adverse 122 107 OR 0.86
cardiovascular events ' 0000
Follow-up: range 1 month to Difference: 15 fewer per 1000 patients (0.78 t0 0.95) HIGH
40 months (95% Cl: 24 to 5 fewer per 1000 patients)
Based on data from 17383 patients in 5 studies
All cause mortality 52 54
< > < ) OR 1.05 0000
Follow-up: range 1 month to LOW
40 months Difference: 2 more per 1000 patients (0.92 to 1.21) Due to serious indirectness
(95% CI: 4 fewer to 10 more per 1000 patients) Due to serious impercision
Based on data from 17720 patients in 5 studies
Cardiovascular mortality 32 34
< ) < > OR 1.06 0000
Follow-up: range 3 months MODERATE

to 40 months

Difference: 2 more per 1000 patients
(95% CI: 3 fewer to 8 more per 1000 patients)

(0.89 to 1.25)

Due to serious
impercision

Based on data from 17323 patients in 4 studies

Non-fatal myocardial )
infarction

®

Follow-up: range 1 month to
40 months

Difference: 11 fewer per 1000 patients

31 OR 0.72

®

0000

(0.61 to 0.85) HIGH

(95% CI: 16 to 6 fewer per 1000 patients)
Based on data from 17512 patients in 6 studies

Fig. 4. GRADE certainty of evidence for clinicians for BA vs placebo.

known to cause side effects, including gout, elevated
transaminases, and renal impairment, we found no
associations with serious adverse effects.

With our study, we hope to add to the existing
literature on the clinical effectiveness and safety
profile of BA. In comparison to a past meta-analysis
conducted by Lin et al.,,'* which included six trials
and 3956 participants, our meta-analysis analyzed
data from 7 trials, including the recently published
CLEAR Outcomes trial (Nissen 2023)."* The CLEAR
Outcomes is the largest trial of BA to date with a
sample size of 17, 868 participants. Our study found
a significant decrease in the odds of MACE in the
BA group as opposed to the placebo, whereas Lin
et al. could not demonstrate a significant reduction
in MACE. We also found a more significant reduc-
tion in the odds of non-fatal MI with BA than the
previous meta-analysis (p < 0.0001 vs p = 0.05,
respectively). Both studies showed similar outcomes
for new onset or worsening of DM and increased
odds of side effects such as gout, elevated trans-
aminases, and renal impairment with BA. However,
our study had greater statistical power and signifi-
cance in these outcomes due to the larger pooled
sample size.

Furthermore, our meta-analysis showed highly
significant results for the mean decrease in levels of
LDL-C in the participants taking BA (BA) compared
to the placebo. We found a 22.3 % reduction in the
LDL-C levels with a p-value less than 0.00001. This
result is more significant than the previous meta-
analysis, which reported a 19.93 % reduction with a
p-value of less than 0.01. This further strengthens
the notion that BA is an effective adjunct/alternative
to statins, especially in statin-intolerant or statin-
resistant individuals and other anti-lipid medica-
tion. This LDL-C lowering effect is further
augmented when used in combination with ezeti-
mibe, as demonstrated by Ballantyne 2019.”

BA has been an emerging treatment for hyper-
cholesterolemia for patients particularly susceptible
to developing cardiovascular disease as a sequel of
ASCVD or HeFH.?” Our meta-analysis further con-
firms and acknowledges this concept as the com-
mon risk factor in most of the included RCTs was
ASCVD or HeFH.

Muscle-related side effects are the most common
reason for cessation of statin therapy in most pa-
tients.”’ Our meta-analysis shows that BA does not
lead to increased chances of developing muscular
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adverse effects compared to placebo, suggesting
that it could be a viable option for patients who are
intolerant to statins. While statins are associated
with increasing the risk of developing diabetes
mellitus,”’ our analysis suggests that BA may offer a
more favorable safety profile. Specifically, our
findings indicate that BA is associated with
decreased odds of initial development or progres-
sion of diabetes mellitus, making this drug a po-
tential alternative therapy for patients with
hypercholesterolemia who are intolerant to statins
or have comorbidities such as diabetes. These
findings indicate that BA could have potential use in
managing cardiovascular risk in high-risk patient
populations and therefore warrants further investi-
gation in future clinical studies. A recent meta-
analysis by Mutschlechner et al. on the efficacy of
BA in hypercholesterolemia patients showed similar
reductions in cardiovascular events.’> However, this
meta-analysis did not discuss the safety profile or
the effect of BA on lipid levels, unlike our study.

Combination lipid-lowering therapy is shown to
play a role in treating patients more prone to
developing cardiovascular complications, starting
with the prescription of statin and ezetimibe.” If
LDL-C levels are not sufficiently (<50 %) reduced,
PCSK-9 targeted therapy or BA can be added.” For
patient's intolerant to statins, ezetimibe in combi-
nation with PCSK-9 targeted therapy or BA is rec-
ommended.* Thus, BA has a role in high CVD-risk
patients and patients intolerant to statins. Therefore,
this study will help guide further evidence-based
decision-making for using BA in specific high-risk
populations.

Our study had some limitations such as the
limited number of RCTs included in the analysis
and the variable follow-up period among studies.'
However, our sensitivity analyses were successful in
addressing the issue of heterogeneity in the follow-
up period and instead confirmed the robustness of
our results. Another limitation of our study is that
all the trials included were conducted in North
America or Europe and predominantly on the white
race (92 %), thus making it difficult to generalize the
results for recommendations on a diverse popula-
tion. The strength of our study lies in its large,
pooled sample size, making it the most extensive
meta-analysis to date regarding the safety and effi-
cacy of BA.

5. Conclusion

This meta-analysis provides valuable insights into
the efficacy and safety of BA for controlling the LDL-
C levels in patients who have hypercholesterolemia

in addition to being either statin-intolerant or
requiring additional therapy. The significant
reduction in LDL-C levels and the decreased odds
of MACE and non-fatal MI with BA compared to
placebo highlights its potential as a treatment option
in these patient populations. Additionally, the
absence of an increased risk of muscle-related
adverse effects with BA is a significant advantage for
patient's intolerant to statins. This absence of mus-
cle-related side effects may also play a role in
helping reduce non-compliance among patients
who report muscle aches as a primary cause of non-
compliance to statin therapy. Our meta-analysis
provides a basis for future research and clinical
decision-making and supports using BA in high-risk
populations. However, it is important to look out for
the results of ongoing trials (Europe, Japan and the
USA) and conduct further RCTs with ethnically
diverse populations, larger sample sizes and longer
follow-ups to confirm the efficacy and safety of BA
in diverse patient populations.
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