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ABSTRACT

BACKGROUND
Bempedoic acid, an ATP citrate lyase inhibitor, reduces low-density lipoprotein
(LDL) cholesterol levels and is associated with a low incidence of muscle-related
adverse events; its effects on cardiovascular outcomes remain uncertain.

METHODS

We conducted a double-blind, randomized, placebo-controlled trial involving pa-
tients who were unable or unwilling to take statins owing to unacceptable adverse
effects (“statin-intolerant” patients) and had, or were at high risk for, cardiovascu-
lar disease. The patients were assigned to receive oral bempedoic acid, 180 mg
daily, or placebo. The primary end point was a four-component composite of
major adverse cardiovascular events, defined as death from cardiovascular causes,
nonfatal myocardial infarction, nonfatal stroke, or coronary revascularization.

RESULTS

A total of 13,970 patients underwent randomization; 6992 were assigned to the
bempedoic acid group and 6978 to the placebo group. The median duration of
follow-up was 40.6 months. The mean LDL cholesterol level at baseline was 139.0
mg per deciliter in both groups, and after 6 months, the reduction in the level was
greater with bempedoic acid than with placebo by 29.2 mg per deciliter; the ob-
served difference in the percent reductions was 21.1 percentage points in favor of
bempedoic acid. The incidence of a primary end-point event was significantly
lower with bempedoic acid than with placebo (819 patients [11.7%] vs. 927
[13.3%]; hazard ratio, 0.87; 95% confidence interval [CI], 0.79 to 0.96; P=0.004),
as were the incidences of a composite of death from cardiovascular causes, non-
fatal stroke, or nonfatal myocardial infarction (575 [8.2%] vs. 663 [9.5%]; hazard
ratio, 0.85; 95% CI, 0.76 to 0.96; P=0.000); fatal or nonfatal myocardial infarction
(261 [3.7%] vs. 334 [4.8%]; hazard ratio, 0.77; 95% CI, 0.66 to 0.91; P=0.002); and
coronary revascularization (435 [6.2%] vs. 529 [7.6%]; hazard ratio, 0.81; 95% CI,
0.72 to 0.92; P=0.001). Bempedoic acid had no significant effects on fatal or non-
fatal stroke, death from cardiovascular causes, and death from any cause. The
incidences of gout and cholelithiasis were higher with bempedoic acid than with
placebo (3.1% vs. 2.1% and 2.2% vs. 1.2%, respectively), as were the incidences of
small increases in serum creatinine, uric acid, and hepatic-enzyme levels.

CONCLUSIONS
Among statin-intolerant patients, treatment with bempedoic acid was associated
with a lower risk of major adverse cardiovascular events (death from cardiovascular
causes, nonfatal myocardial infarction, nonfatal stroke, or coronary revasculariza-
tion). (Funded by Esperion Therapeutics; CLEAR Outcomes ClinicalTrials.gov number,
NCT02993406.)
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DMINISTRATION OF STATINS TO LOWER
elevated levels of low-density lipoprotein
(LDL) cholesterol is the cornerstone of
contemporary therapy to reduce the risk of ma-
jor adverse cardiovascular events in patients for
whom primary or secondary prevention is clini-
cally indicated.! However, 7 to 29% of patients
report adverse musculoskeletal effects that pre-
vent them from using statins or limit their ability
to receive guideline-recommended doses.* With-
drawal from statin therapy is associated with an
increased risk of adverse cardiovascular events.?
Bempedoic acid is an ATP citrate lyase inhibitor
that targets cholesterol synthesis upstream of
3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase, the enzyme inhibited by statins.® Bempe-
doic acid is similar to statins in that it reduces
hepatic cholesterol synthesis and raises LDL re-
ceptor expression, thereby increasing clearance of
LDL cholesterol from the circulation.® However,
bempedoic acid is a prodrug that is activated in
the liver and not in most peripheral tissues, in-
cluding skeletal muscle, a factor that may reduce
the potential for adverse effects on muscles.®*°
In several studies, bempedoic acid reduced the
level of LDL cholesterol by 17 to 28%, a finding
that, in 2020, prompted its approval by the Food
and Drug Administration and the European
Medicines Agency for this indication.”’> However,
data from randomized, controlled trials on the
effects of bempedoic acid on cardiovascular
events are lacking. We conducted the CLEAR
(Cholesterol Lowering via Bempedoic Acid
[ECT1002], an ACL-Inhibiting Regimen) Out-
comes trial to determine the effects of bempe-
doic acid on adverse cardiovascular events in a
mixed population of patients for whom primary
or secondary prevention is clinically indicated
but who were unable or unwilling to take guide-
line-recommended doses of statins.”

METHODS

TRIAL ORGANIZATION AND OVERSIGHT

This double-blind, randomized, placebo-controlled
trial involved patients at 1250 sites in 32 coun-
tries (see the Supplementary Appendix, available
with the full text of this article at NEJM.org).
The trial was designed by the sponsor, Esperion
Therapeutics, in collaboration with the Cleve-
land Clinic Coordinating Center for Clinical Re-
search (C5Research) and an academic executive
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committee. The protocol, available at NEJM.org,
was approved by the ethics committees at the
participating sites. A contract research organiza-
tion collected the data. At completion of the
trial, the database was transferred to C5Research,
where statisticians conducted the data analyses.
An independent data monitoring committee re-
viewed safety and efficacy data during the trial.
The first author wrote the first draft of the manu-
script, which was reviewed and approved by all
the authors. The sponsor reviewed the manuscript
and provided suggested revisions, but the final
decision on content was reserved for the aca-
demic authors with no restrictions on the right
to publish. The first author vouches for the ac-
curacy and completeness of the data and for the
fidelity of the trial to the protocol and statistical
analysis plan, available with the protocol.

TRIAL POPULATION

Patients 18 to 85 years of age were eligible if
they met either of two criteria for increased car-
diovascular risk — a previous cardiovascular
event (secondary-prevention patients) or clinical
features that placed them at high risk for a car-
diovascular event (primary-prevention patients).!?
All the patients provided written informed con-
sent. Eligible patients had to report being unable
or unwilling to receive statins owing to an ad-
verse effect that had started or increased during
statin therapy and resolved or improved after
statin therapy was discontinued (“statin-intoler-
ant” patients). The patients were required to pro-
vide written confirmation that they were statin
intolerant and aware of the benefits of statins in
reducing the risk of cardiovascular events, in-
cluding death, as well as acknowledge that many
patients who are unable to receive an adminis-
tered statin can receive a different statin or dose;
the site investigators were also required to con-
firm and acknowledge these statements with
respect to the patients. The form that was signed
by the patients and site investigators is included
in the Supplementary Appendix. Patients who
were receiving a very low average daily statin
dose (as defined in the Supplementary Appen-
dix) without unacceptable adverse effects could
be enrolled. Other lipid-lowering therapies were
permitted, such as ezetimibe, niacin, bile acid
resins, fibrates, or proprotein convertase subtili-
sin—kexin type 9 (PCSK9) inhibitors, adminis-
tered as monotherapy or in combinations. Full
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inclusion and exclusion criteria have been previ-
ously published® and are provided in the Supple-
mentary Appendix.

RANDOMIZATION AND TRIAL REGIMENS

Eligible patients entered a 4-week run-in period
during which they received single-blind placebo.
If patients could not receive placebo because of
unacceptable adverse effects or if adherence was
less than 80% according to the tablet count, they
were deemed to be ineligible for randomization.
Patients who successfully completed the run-in
period were randomly assigned in a 1:1 ratio to
receive bempedoic acid at a daily oral dose of
180 mg or matching placebo. At 6 months after
randomization, the central laboratory began to
notify the investigator, who remained unaware
of the trial-group assignments and laboratory
values, if the LDL cholesterol level in a patient
was 25% or higher than the baseline level. Such
patients were counseled on healthy dietary
guidelines and reminded to take all lipid-regu-
lating medications. If repeat testing confirmed
that the LDL cholesterol level exceeded the
threshold, the investigator could adjust the lipid-
lowering regimen according to the standard of
care and local guidelines.

TRIAL END POINTS

The primary end point was a four-component
composite of major adverse cardiovascular events,
defined as death from cardiovascular causes,
nonfatal myocardial infarction, nonfatal stroke,
or coronary revascularization, as assessed in a
time-to-first-event analysis. Key secondary end
points, also assessed in a time-to-first-event
analysis and tested in a hierarchical order, in-
cluded a three-component composite of death
from cardiovascular causes, nonfatal stroke, or
nonfatal myocardial infarction; fatal or nonfatal
myocardial infarction; coronary revasculariza-
tion; fatal or nonfatal stroke; death from cardio-
vascular causes; and death from any cause. End
points were adjudicated by the C5Research clini-
cal end-points committee, the members of which
were unaware of the trial-group assignments.
Trial end-point definitions are provided in the
Supplementary Appendix.

STATISTICAL ANALYSIS
This event-driven trial was designed to provide
at least 90% power to detect a 15% reduction in
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the relative risk of a primary end-point event at
an overall two-sided significance level of 0.05.
For the trial to have 90% power, a minimum of
1620 primary end-point events were required to
have occurred. At least 24 months of follow-up
of all the patients and at least 810 key secondary
end-point events were also required for study
completion. We estimated that bempedoic acid
or placebo would be administered for a median of
42 months and that the rate of loss to follow-up
would be 1% per year. Assuming a 3.59% an-
nual event rate in the placebo group, we calcu-
lated that for the event threshold to be reached,
12,600 patients would need to be enrolled, which
was subsequently amended to 14,000 patients
after hospitalization for unstable angina was
omitted from the primary composite end point.
No interim efficacy analyses were conducted. A
hierarchical approach was prespecified to evalu-
ate sequentially the primary end point and each
of the six key secondary efficacy end points;
statistical significance at each step was required
to test the next hypothesis, thereby preserving
the study-wise type I error rate at 5%. All effi-
cacy analyses were based on the intention-to-
treat principle. All efficacy end points were ana-
lyzed with the use of a Cox proportional-hazards
model that included the trial-group assignment
as a factor to generate the hazard ratio and 95%
confidence interval. P values were obtained with
the use of a two-sided log-rank test.

RESULTS

RANDOMIZATION, PATIENT CHARACTERISTICS,

AND FOLLOW-UP

Between December 2016 and August 2019, a to-
tal of 13,970 patients underwent randomization;
6992 were assigned to the bempedoic acid group
and 6978 to the placebo group. The flow of pa-
tients through the trial is shown in Figure S1 in
the Supplementary Appendix. The baseline char-
acteristics of the patients in the trial groups
were similar (Table 1 and Table S1). The mean
(£SD) age was 065.5+9.0 years, 6740 patients
(48.2%) were female, 6373 (45.6%) had diabetes,
9764 (69.9%) had had a previous cardiovascular
event, 3174 (22.7%) were taking a statin, and 1612
(11.5%) were receiving ezetimibe. The mean
LDL-cholesterol level was 139.0 mg per deciliter
(3.59 mmol per liter), the mean high-density lipo-
protein cholesterol level 49.5 mg per deciliter
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Table 1. Demographic and Baseline Patient Characteristics in the Intention-to-Treat Population.*
Bempedoic Acid Placebo
Characteristic (N=6992) (N=6978)
Age
Mean — yr 65.5+£9.0 65.5+8.9
Distribution — no. (%)
<65 yr 2859 (40.9) 2907 (41.7)
265 to <75 yr 3070 (43.9) 3027 (43.4)
=75 yr 1063 (15.2) 1044 (15.0)
Female sex — no. (%) 3361 (48.1) 3379 (48.4)
White race — no. (%) 6397 (91.5) 6335 (90.8)
Hispanic or Latinx — no. (%) 1190 (17.0) 1143 (16.4)
Body-mass indexi 29.9+5.2 30.0+5.2
LDL cholesterol
Mean value — mg/d| 139.0+34.9 139.0+35.2
Distribution — no. (%)
<130 mg/dl 3074 (44.0) 3089 (44.3)
>130 to <160 mg/dl 2213 (31.7) 2250 (32.2)
=160 mg/dl 1705 (24.4) 1639 (23.5)
HDL cholesterol — mg/dI 49.6+13.3 49.4+13.3
Non-HDL cholesterol — mg/dl 173.8+39.5 173.9+40.2
Total cholesterol — mg/dl 223.5+40.6 223.3+41.1
Median triglycerides (IQR) — mg/d| 159.5 (118.0-216.5) 158.5 (118.0-215.0)
Median high-sensitivity CRP (IQR) — mg/liter 2.3 (1.2-4.5) 2.3 (1.2-4.5)
Estimated GFR — no. (%)
290 ml/min/1.73 m? 1216 (17.4) 1233 (17.7)
260 to <90 ml/min/1.73 m? 4322 (61.8) 4282 (61.4)
230 to <60 ml/min/1.73 m? 1437 (20.6) 1444 (20.7)
Cardiovascular risk category — no. (%)
Primary prevention 2100 (30.0) 2106 (30.2)
Secondary prevention 4892 (70.0) 4872 (69.8)
Coronary artery disease 3574 (51.1) 3536 (50.7)
Peripheral arterial disease 794 (11.4) 830 (11.9)
Cerebrovascular atherosclerotic disease 1027 (14.7) 1040 (14.9)
Glycemic status — no. (%)
Diabetes( 3144 (45.0) 3229 (46.3)
Inadequately controlled diabetes€ 1356 (19.4) 1369 (19.6)
Statin use — no. (%) 1601 (22.9) 1573 (22.5)
Ezetimibe use — no. (%) 803 (11.5) 809 (11.6)

3

Plus—minus values are means +SD. The intention-to-treat population included all the patients who underwent random-
ization. Percentages may not total 100 because of rounding. To convert the values for cholesterol to millimoles per liter,
multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. CRP denotes
C-reactive protein, GFR glomerular filtration rate, HDL high-density lipoprotein, IQR interquartile range, and LDL low-
density lipoprotein.

Race and Hispanic or Latinx ethnic group were reported by the patient.

I The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ At baseline, diabetes was defined as a medical history of type 2 diabetes, previous use of glucose-lowering medication,
a glycated hemoglobin measurement of 6.5% or greater, or two or more fasting glucose measurements of 126 mg per
deciliter (7.0 mmol per liter) or greater at baseline.

9 Inadequately controlled diabetes was defined as diabetes and a glycated hemoglobin level of 7.0% or greater at baseline.
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(1.28 mmol per liter), the median triglyceride
level 159.0 mg per deciliter (1.80 mmol per liter),
and the median high-sensitivity C-reactive pro-
tein (CRP) level 2.3 mg per liter.

Patients were followed for a median of 40.6
months. Premature discontinuation of the trial
regimen occurred in 2035 patients (29.1%) in
the bempedoic acid group and in 2212 patients
(31.7%) in the placebo group. The duration of
exposure to bempedoic acid and to placebo was
similar, with patients receiving the assigned
regimen for 82.7% and 81.0%, respectively, of
potential follow-up time. A complete assess-
ment of the primary end point was available for
13,313 patients (95.3%), and vital status was
available for 13,886 (99.4%). Data on the key
efficacy end points at the trial sites in Ukraine
were censored after the start of the conflict on
February 24, 2022.

EFFECT ON LDL CHOLESTEROL AND HIGH-
SENSITIVITY CRP

Observed data are reported without imputation
unless otherwise noted. The effects of the trial
regimens over time on LDL cholesterol and high-
sensitivity CRP are shown in Figure 1. The mean
LDL cholesterol level after 6 months of treat-
ment with bempedoic acid was 107.0 mg per
deciliter (2.77 mmol per liter), as compared with
136.0 mg per deciliter (3.52 mmol per liter) with
placebo, for a difference of 29.2 mg per deciliter
(0.76 mmol per liter); the observed difference in
the percent reductions was 21.1 percentage points
(95% confidence interval [CI], 20.3 to 21.9) in
favor of bempedoic acid. At 6 months, the de-
crease in LDL cholesterol level, adjusted with the
use of a pattern-mixture model for missing data,
was 20.3 percentage points (Table 2). The time-
averaged difference in the reduction in LDL cho-
lesterol level between the bempedoic acid group
and the placebo group over the duration of the
trial was 22.0 mg per deciliter (0.57 mmol per
liter); the difference in the percent reductions
was 15.9 percentage points in favor of bempe-
doic acid. Among the patients in the placebo
group, 15.6% received additional lipid-lowering
therapy, as compared with 9.4% of the patients
in the bempedoic acid group. At 6 months, the
difference in the percent change in the median
high-sensitivity CRP level was —21.6 percentage
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Figure 1. Changes in LDL Cholesterol and High-Sensitivity CRP Levels
over Time.

Panel A shows the percent changes from baseline in the low-density lipo-
protein (LDL) cholesterol level in the bempedoic acid group and placebo
group throughout the trial. The mean baseline LDL cholesterol level in both
groups was 139.0 mg per deciliter. The time-averaged difference in the re-
duction in LDL cholesterol level between the bempedoic acid group and
the placebo group over the duration of the trial was -22.0 mg per deciliter
(-0.57 mmol per liter); the difference in percent reduction was 15.9 percent-
age points in favor of bempedoic acid. To convert the values for cholesterol
to millimoles per liter, multiply by 0.02586. Panel B shows the changes from
baseline in the high-sensitivity C-reactive protein (CRP) level in the bempe-
doic acid group and placebo group at several time points during the trial.
The median baseline high-sensitivity CRP was 2.3 mg per liter.

points (95% CI, —23.7 to —19.6) in favor of bem-
pedoic acid. Data on the effects of the trial regi-
mens on tertiary lipid biomarkers are provided
in Table S2.
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Table 2. Efficacy End Points in the Intention-to-Treat Population.*

Bempedoic Acid

Outcome (N=6992)
Primary efficacy end point
Four-component MACE — no. (%) 819 (11.7)
Key secondary efficacy end points
Three-component MACE — no. (%)§ 575 (8.2)
Fatal or nonfatal myocardial infarction — no. (%) 261 (3.7)
Coronary revascularization — no. (%) 435 (6.2)
Fatal or nonfatal stroke — no. (%) 135 (1.9)
Death from cardiovascular causes — no. (%) 269 (3.8)
Death from any cause — no. (%) 434 (6.2)
Additional secondary end points
Death from any cause, nonfatal myocardial infarction, 962 (13.8)

nonfatal stroke, or coronary revascularization

— no. (%)
Five-component MACE — no. (%) 9 831 (11.9)
Hospitalization for unstable angina — no. (%) 91 (1.3)

New-onset type 2 diabetes mellitus — no./total no. (%) | 429/3848 (11.1)

Change from baseline in secondary lipid and biomarker
efficacy end points

Mean percent change in mean LDL cholesterol level at
6 mo (95% Cl)**

-21.1 (-21.6 to -20.5)

Median percent change in high-sensitivity CRP level at
6 mo (95% Cl)

-22.2 (-23.5t0-20.8)

Mean percentage-point change in glycated hemoglobin
level at 12 mo in patients with inadequately controlled
type 2 diabetes mellitus(95% Cl)**{

-0.04 (-0.12 t0 0.03)

Placebo Difference

(N=6978) (95% CI)* P Valuey
927 (13.3) 0.87 (0.79 to 0.96) 0.004
663 (9.5) 0.85 (0.76 to 0.96) 0.006
334 (4.8) 0.77 (0.66 to 0.91) 0.002
529 (7.6) 0.81 (0.72 t0 0.92) 0.001
158 (2.3) 0.85 (0.67 to 1.07) 0.16
257 (3.7) 1.04 (0.88 to 1.24)

420 (6.0) 1.03 (0.90 to 1.18)

1062 (15.2) 0.89 (0.82 t0 0.97)

952 (13.6) 0.86 (0.78 to 0.94)

137 (2.0) 0.66 (0.50 to 0.86)

433/3749 (11.5) 0.95 (0.83 to 1.09)

08 (-1.4t0-0.2)  -203 (-21.1t0-19.5)

2.4 (0.0t0 4.2) -21.6 (-23.7 to -19.6)

-0.01 (-0.09t0 0.06)  -0.03 (~0.14 to 0.08)

Sede

* Results were adjusted for baseline LDL cholesterol or glycated hemoglobin levels with the use of a pattern-mixture model for missing data.

The patients were followed for a median of 40.6 months. Differences are given

as the hazard ratio for the primary efficacy end point, the

key secondary efficacy end points, and the additional secondary end points and as the percentage-point difference for the changes from

baseline in secondary lipid and biomarker efficacy end points.

As prespecified in the hierarchical testing procedure, all P values after the first nonsignificant P value are not presented.

The primary efficacy end point was a four-component composite of adjudicated major adverse cardiovascular events (MACE), defined as

death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or coronary revascularization, as assessed in a time-to-
first-event analysis.

The first key secondary end point was a three-component MACE, defined as death from cardiovascular causes, nonfatal myocardial infarc-

tion, or nonfatal stroke.

The five-component MACE was defined as death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, coronary

revascularization, or hospitalization for unstable angina.

New-onset type 2 diabetes mellitus was defined as a glycated hemoglobin level of 6.5% or greater or two or more fasting glucose mea-
surements of 126 mg per deciliter (7.0 mmol per liter) or greater in patients with a baseline glycemic status of no diabetes.

7T Inadequately controlled type 2 diabetes was defined as type 2 diabetes and a glycated hemoglobin level of 7% or greater at baseline.

EFFICACY END POINTS

A primary end-point event (death from cardio-
vascular causes, nonfatal myocardial infarction,
nonfatal stroke, or coronary revascularization)
occurred in 819 patients (11.7%) in the bempe-
doic acid group and in 927 patients (13.3%) in
the placebo group (hazard ratio, 0.87; 95% CI,
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0.79 to 0.96; P=0.004) (Table 2 and Fig. 2A). The
risk of events with respect to the first three key
secondary end points was significantly lower
with bempedoic acid than with placebo. Death
from cardiovascular causes, nonfatal stroke, or
nonfatal myocardial infarction (the first key sec-
ondary end point) occurred in 575 patients
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Figure 2. Cumulative Incidence of Cardiovascular Events.

Panel A shows the cumulative incidence of a primary end-point event, a four-component composite of major adverse cardiovascular
events (MACE), defined as death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or coronary revasculariza-
tion. Panel B shows the cumulative incidence of a three-component MACE, defined as death from cardiovascular causes, nonfatal myo-
cardial infarction, or nonfatal stroke (the first key secondary end point). Panel C shows the cumulative incidence of fatal or nonfatal
myocardial infarction (the second key secondary end point). Panel D shows the cumulative incidence of coronary revascularization (the
third key secondary end point). The definitions of all end points are provided in the Supplementary Appendix. In each panel, the inset
shows the same data on an enlarged y axis. The P values were calculated with the use of the log-rank test.

(8.2%) in the bempedoic acid group and in 663
patients (9.5%) in the placebo group (hazard
ratio, 0.85; 95% CI, 0.76 to 0.96; P=0.006) (Ta-
ble 2 and Fig. 2B). Fatal or nonfatal myocardial
infarction (the second key secondary end point)
occurred in 261 patients (3.7%) in the bempe-
doic acid group and in 334 patients (4.8%) in the
placebo group (hazard ratio, 0.77; 95% CI, 0.66
to 0.91; P=0.002) (Table 2 and Fig. 2C). Coro-
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nary revascularization (the third key secondary
end point) occurred in 435 patients (6.2%) in the
bempedoic acid group and in 529 patients (7.6%)
in the placebo group (hazard ratio, 0.81; 95% CI,
0.72 to 0.92; P=0.001) (Table 2 and Fig. 2D). The
results for the other key secondary end points
(fatal or nonfatal stroke, death from cardiovas-
cular causes, and death from any cause) did not
differ significantly between the bempedoic acid
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group and the placebo group (Table 2 and Fig.
S$2). Results of a prespecified subgroup analysis of
the primary end point are provided in Figure S3.

ADVERSE EVENTS

Adverse events are reported in Table 3 and Table
S3. The overall incidences of adverse events, seri-
ous adverse events, and adverse events leading to
discontinuation of the trial regimen did not dif-
fer meaningfully between the bempedoic acid
group and the placebo group. The incidences of
investigator-reported prespecified adverse events
of special interest were similar in the two trial
groups except for elevations in the hepatic-
enzyme level (4.5% in the bempedoic acid group
vs. 3.0% in the placebo group) and renal events
(11.5% in the bempedoic acid group vs. 8.6% in
the placebo group). Myalgias were reported in
5.6% of the patients in the bempedoic acid group
and in 6.8% of those in the placebo group. Inves-
tigators reported rhabdomyolysis in eight patients
(0.06%), two of whom (one in each trial group)
met the diagnostic criteria for rhabdomyolysis
(Tables S4).2 Elevations in liver aminotransferase
levels of more than three times the upper limit
of the normal range occurred more frequently in
the bempedoic acid group than in the placebo
group, and the mean changes from baseline in
the creatinine and uric acid levels were greater
in the bempedoic acid group. The incidence of
hyperuricemia was higher in the bempedoic acid
group than in the placebo group (10.9% vs.
5.6%), as were the incidences of gout (3.1% vs.
2.1%) and cholelithiasis (2.2% vs. 1.2%).

DISCUSSION

Among patients for whom primary or secondary
prevention of cardiovascular disease is clinically
indicated but who were unable or unwilling to
take guideline-recommended doses of statins,
the risk of a primary end-point event (death from
cardiovascular causes, nonfatal myocardial in-
farction, nonfatal stroke, or coronary revascular-
ization) was significantly lower by 13% with
bempedoic acid than with placebo after a medi-
an of 40.6 months of follow-up, with an absolute
between-group difference in incidence of 1.6 per-
centage points. Hierarchical testing of the first
three key secondary end points also showed
significant benefits with bempedoic acid over
placebo. The risk of death from cardiovascular
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causes, nonfatal stroke, or nonfatal myocardial
infarction (the first key secondary end point)
was 15% lower with bempedoic acid than with
placebo, and the risks of fatal or nonfatal myo-
cardial infarction and coronary revasculariza-
tion were 23% lower and 19% lower, respectively.
At 6 months, the observed reduction in mean
LDL cholesterol level in the bempedoic acid
group was greater than that in the placebo
group, and bempedoic acid reduced the high-
sensitivity CRP level as compared with placebo.

Treatment with bempedoic acid appeared to
lead to few adverse events, and the incidences of
discontinuation for any reason, including ad-
verse musculoskeletal effects, were similar to
those with placebo. The occurrence of other
prespecified adverse events of special interest,
including new-onset or worsening of diabetes
mellitus, hypoglycemia and metabolic acidosis,
neurocognitive disorders, atrial fibrillation, ten-
dinopathies including tendon rupture, and ma-
lignant conditions, did not differ meaningfully
between the two trial groups. As previously re-
ported, a reduction in the renal tubular excretion
of uric acid and creatinine was observed in the
bempedoic acid group, and the incidences of ele-
vated hepatic-enzyme levels and gout were higher
with bempedoic acid than with placebo.**** The
incidence of cholelithiasis was higher with bem-
pedoic acid than with placebo, a finding that
had not been observed in previous trials.

The observed lower incidence of cardiovascu-
lar events suggests that bempedoic acid is among
the medications that lower the LDL cholesterol
level and have clinically meaningful cardiovas-
cular benefits. However, there are important
differences between bempedoic acid and other
LDL cholesterol-lowering drugs. Because bem-
pedoic acid is a prodrug that requires activation
by an enzyme (very-long-chain acyl-CoA synthe-
tase 1) that is present primarily in the liver, the
use of this drug may avoid the muscle-related
adverse effects that are reported by some pa-
tients taking statins. Because the incidence of
reports of muscle-related adverse effects in the
bempedoic acid group and placebo group was
similar, the findings support the use of bempe-
doic acid as an alternative LDL cholesterol-low-
ering therapy in patients who are unable or un-
willing to take statins.

The effects of bempedoic acid are consistent
with the event reduction predicted in the meta-
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analysis by the Cholesterol Treatment Trialists
Collaboration.”® The time-averaged reduction in
LDL cholesterol level of 22.0 mg per deciliter
over the duration of the trial would be expected
to lead to the approximate relative reduction in
the risk of cardiovascular events that was ob-
served. The effects of bempedoic acid on cardio-
vascular outcomes were similar to those ob-
served in other trials of LDL cholesterol-lowering
nonstatin therapies. Two different PCSK9 in-
hibitors showed larger decreases in the LDL
cholesterol level but only a 15% reduction in the
risk of a primary end-point event (slightly differ-
ent from that specified in our trial), which is
potentially the result of the short median dura-
tion of treatment in both trials and the man-
dated reduction or discontinuation of therapy for
LDL cholesterol levels deemed to be too low in
the trial of alirocumab.'*"” The effect size in the
current trial was greater than the 6% reduction
in the risk of cardiovascular events observed for
a time-averaged difference of 16 mg per deciliter
(0.41 mmol per liter) in the LDL cholesterol level
with ezetimibe as compared with placebo during
a follow-up of 6 years.”® None of these LDL cho-
lesterol-lowering nonstatin therapies, including
bempedoic acid, reduced the risk of death from
cardiovascular causes, which may reflect the ef-
fectiveness of contemporary adjunctive therapies,
the need for a longer treatment duration to re-
duce this risk, or a lack of effect of the drugs on
mortality.

Differences in effects were also observed be-
tween bempedoic acid and statins or other lipid-
lowering nonstatin therapies. Unlike statins,
bempedoic acid, as compared with placebo, did
not increase glycated hemoglobin levels or the
incidence of new-onset diabetes.! Six months of
treatment with bempedoic acid resulted in a 21.6%
reduction in the high-sensitivity CRP level rela-
tive to placebo. Although statins reduce the high-
sensitivity CRP level, neither PCSK9 inhibitors
nor ezetimibe monotherapy have shown reduc-
tions in biomarkers associated with inflamma-
tion. Further study is needed to determine
whether the reduction in the high-sensitivity
CRP level with bempedoic acid contributed to
the observed benefits.

The trial enrolled a mixture of patients for
whom primary or secondary prevention of car-
diovascular disease is clinically indicated. Al-
though the incidence of a primary end-point

N ENGL J MED

event was higher among the patients with pre-
existing cardiovascular disease, the hazard ratio
in the primary-prevention subgroup was lower
than that in the secondary prevention popula-
tion. The results of the other prespecified sub-
group analyses showed similar effects with re-
spect to the primary efficacy end point. In our
trial, women composed 48% of the patient
population, a larger fraction of female patients
than that in other recent cardiovascular outcome
trials. The hazard ratio for a primary end-point
event among women was similar to that among
men. Subgroups analyses were not adjusted for
multiplicity and therefore do not provide defini-
tive conclusions.

In designing the current trial, we recognized
that statins have shown major cardiovascular
benefits in multiple clinical trials and are recom-
mended by all global guidelines as the first-line
treatment in patients at increased risk for adverse
cardiovascular events. Thus, the patients who
were considering participation in the trial were
informed about the established benefits of statins
and appropriately accepted the possibility of re-
ceiving placebo instead of the active drug. The
concept of statin intolerance remains controver-
sial, with some recent studies suggesting that
reported adverse effects represent an anticipa-
tion of harm, often described as the nocebo ef-
fect.?>? Whether real or perceived, statin intoler-
ance remains a vexing clinical problem that can
prevent patients who are guideline-eligible for
statin treatment from reaching LDL cholesterol
levels associated with clinical benefits.> Accord-
ingly, alternative nonstatin therapies are needed
to manage the LDL cholesterol level in these
patients.

A major limitation of our trial was the inclu-
sion of only patients who had reported that they
were unable or unwilling to take statins, a factor
that resulted in a high mean LDL cholesterol
level at baseline. The effects of bempedoic acid
on cardiovascular events in populations with
lower LDL cholesterol levels and in patients tak-
ing conventional therapeutic doses of statins
were not studied.

In this randomized, placebo-controlled trial
involving patients for whom primary or second-
ary prevention of cardiovascular disease is clini-
cally indicated but who were unable or unwilling
to take recommended doses of statins, treatment
with bempedoic acid during a median follow-up
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Table 3. Investigator-Reported Adverse Events and Laboratory Safety-Related Findings in the Safety Population.*

Bempedoic Acid Placebo
Event (N=7001) (N=6964)
Any adverse event that started or worsened after the first 6040 (86.3) 5919 (85.0)
dose of a trial agent — no. (%)
Serious adverse event that started or worsened after the first 1767 (25.2) 1733 (24.9)
dose of a trial agent — no. (%)
Adverse event leading to discontinuation of the trial regimen 759 (10.8) 722 (10.4)
—no. (%)
Prespecified adverse events of special interest
Myalgia — no. (%) 393 (5.6) 471 (6.8)
Discontinuation of the trial regimen because of myalgia 124 (1.8) 129 (1.9)

—no. (%)

New-onset diabetes in patients without diabetes at base-
line — no./total no. (%)

New-onset diabetes in patients with prediabetes at base-
line — no./total no. (%)

New-onset diabetes in patients with normoglycemia at
baseline — no./total no. (%)t

Worsening hyperglycemia — no./total no. (%)

621/3856 (16.1)

569/2918 (19.5)

52/938 (5.5)

713/3145 (22.7)

640/3740 (17.1)
586/2877 (20.4)
54/863 (6.3)

7463224 (23.1)

Hypoglycemia — no. (%) 304 (4.3) 267 (3.8)
Metabolic acidosis — no. (%) 13 (0.2) 11 (0.2)
Elevated hepatic-enzyme level — no. (%) 317 (4.5) 209 (3.0)
Renal impairment — no. (%) 802 (11.5) 599 (8.6)
Neurocognitive disorders — no. (%) 8(0.8) 69 (1.0)
Atrial fibrillation — no. (%) 229 (3.3) 246 (3.5)
Adjudicated tendon rupture — no. (%) 86 (1.2) 66 (0.9)
Tendinopathies — no. (%) 118 (1.7) 128 (1.8)
Malignant conditions — no. (%) 321 (4.6) 341 (4.9)
Other adverse events — no. (%)
Hyperuricemia 763 (10.9) 393 (5.6)
Gout 215 (3.1) 143 (2.1)
Cholelithiasis 152 (2.2) 81 (1.2)
Laboratory results after 6 mo — mg/dl
Change from baseline in uric acid level 0.76x1.2 -0.03£1.0
Change from baseline in creatinine level 0.05+0.2 0.01+0.2
Laboratory results after 12 mo
Change from baseline in glycated hemoglobin level 0.04+0.74 0.06+0.70
—%§
Abnormal enzyme level at any visit — no. (%)
Creatine kinase level >5x ULN, single occurrence 45 (0.6) 40 (0.6)
Creatine kinase level >5x ULN, repeated and confirmed 8 (0.1) 8(0.1)
Creatine kinase level >10x ULN, single occurrence 18 (0.3) 15 (0.2)
Creatine kinase level >10x ULN, repeated and confirmed 2 (<0.1) 4(0.1)
Alanine aminotransferase level >3x ULNY| 83 (1.2) 53 (0.8)
Aspartate aminotransferase level >3x ULNY| 80 (1.1) 43 (0.6)
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Table 3. (Continued.)

* Plus—minus values are means +SD. The safety population included all patients who underwent randomization and re-
ceived at least one dose of bempedoic acid or placebo; patients who received any dose of double-blind bempedoic acid
were placed in the bempedoic acid group in the safety analyses. To convert the values for creatinine to micromoles per
liter, multiply by 88.4. To convert the values for uric acid to micromoles per liter, multiply by 59.48. ULN denotes upper
limit of the normal range.

7 Prediabetes at baseline was defined as no medical history of diabetes plus a glycated hemoglobin level of 5.7 to less than
6.5% or one or more fasting glucose measurements of 100 mg per deciliter (5.6 mmol per liter) or greater but not more
than one fasting glucose measurement of 126 mg per deciliter (7.0 mmol per liter) or greater. Patients with normogly-
cemia at baseline did not meet the criteria for prediabetes.

I Worsening hyperglycemia was assessed in patients with diabetes at baseline.

§ Change from baseline in the glycated hemoglobin level was not a prespecified safety measure.

9 Measurements were repeated and elevations confirmed.

of 40.6 months significantly lowered the risk of  Supported by Esperion Therapeutics.

major adverse cardiovascular events (death from NE?;;cIosure forms provided by the authors are available at
. L. .org.

cardiovascular causes, nonfatal myocardlal n- A data sharing statement provided by the authors is available
farction, nonfatal stroke, or coronary revascular- with the full text of this article at NEJM.org.

ization).
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