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IMPORTANCE Additional treatment options are needed for patients who do not achieve
sufficient reduction in low-density lipoprotein cholesterol (LDL-C) level with available
lipid-lowering therapies.

OBJECTIVE To assess the efficacy of bempedoic acid vs placebo in patients at high
cardiovascular risk receiving maximally tolerated lipid-lowering therapy.

DESIGN, SETTING, AND PARTICIPANTS Phase 3, randomized, double-blind, placebo-controlled
clinical trial conducted at 91 clinical sites in North America and Europe from November 2016
to September 2018, with a final date of follow-up of September 22, 2018. A total of 779
patients with atherosclerotic cardiovascular disease, heterozygous familial hypercholester-
olemia, or both met randomization criteria, which included LDL-C level 70 mg/dL (1.8
mmol/L) or greater while receiving maximally tolerated lipid-lowering therapy.

INTERVENTIONS Patients were randomized 2:1 to treatment with bempedoic acid (180 mg)
(n = 522) or placebo (n = 257) once daily for 52 weeks.

MAIN OUTCOMES AND MEASURES The primary end point was percent change from baseline in
LDL-C level at week 12. Secondary measures included changes in levels of lipids, lipoproteins,
and biomarkers.

RESULTS Among 779 randomized patients (mean age, 64.3 years; 283 women [36.3%]), 740
(95.0%) completed the trial. At baseline, mean LDL-C level was 120.4 (SD, 37.9) mg/dL.
Bempedoic acid lowered LDL-C levels significantly more than placebo at week 12 (–15.1% vs
2.4%, respectively; difference, –17.4% [95% CI, –21.0% to –13.9%]; P < .001). Significant
reductions with bempedoic acid vs placebo were observed at week 12 for non–high-density
lipoprotein cholesterol (–10.8% vs 2.3%; difference, –13.0% [95% CI, –16.3% to –9.8%];
P < .001), total cholesterol (–9.9% vs 1.3%; difference, –11.2% [95% CI, –13.6% to –8.8%];
P < .001), apolipoprotein B (–9.3% vs 3.7%; difference, –13.0% [95% CI, –16.1% to –9.9%];
P < .001), and high-sensitivity C-reactive protein (median, –18.7% vs –9.4%; difference, –8.7%
[asymptotic confidence limits, –17.2% to –0.4%]; P = .04). Common adverse events included
nasopharyngitis (5.2% vs 5.1% with bempedoic acid and placebo, respectively), urinary tract
infection (5.0% vs 1.9%), and hyperuricemia (4.2% vs 1.9%).

CONCLUSIONS AND RELEVANCE Among patients at high risk for cardiovascular disease
receiving maximally tolerated statins, the addition of bempedoic acid compared with placebo
resulted in a significant lowering of LDL-C level over 12 weeks. Further research is needed to
assess the durability and clinical effect as well as long-term safety.
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T he 2018 multisociety guidelines on management of
blood cholesterol recommend high-intensity or maxi-
mally tolerated statin therapy to lower cholesterol lev-

els and reduce risk in patients with clinical atherosclerotic
cardiovascular disease (ASCVD), with a primary goal of
achieving a 50% or greater reduction in level of low-density
lipoprotein cholesterol (LDL-C).1 For patients in whom statin
therapy alone is insufficient, including those who are at very
high cardiovascular risk or who have heterozygous familial
hypercholesterolemia, the guidelines advocate addition of
nonstatin agents. Despite treatment with available lipid-
lowering therapies, many patients at high cardiovascular risk
due to ASCVD, heterozygous familial hypercholesterolemia,
or both do not achieve appropriate LDL-C levels.2-6

The consistent linear association between pharmaco-
logic lowering of LDL-C levels and reduced cardiovascular
risk7,8 supports the development of novel lipid-lowering
therapies that can be used in conjunction with exist-
ing treatment options. Bempedoic acid (Esperion Therapeu-
tics Inc) is an oral, once-daily, first-in-class drug being
developed for the treatment of hyperlipidemia. Bempedoic
acid is a prodrug activated in the liver to bempedoyl-CoA,
which subsequently inhibits ATP-citrate lyase, an enzyme
upstream of 3-hydroxy-3-methylglutaryl-CoA reductase, the
target of statins, in the cholesterol biosynthesis pathway.9,10

Inhibition of cholesterol synthesis triggers up-regulation of
hepatic LDL receptor expression, thus increasing clearance
of LDL particles and lowering circulating LDL-C levels.11

Bempedoic acid and statins both inhibit cholesterol synthe-
sis in the liver, but bempedoic acid is not activated in skel-
etal muscle.9

In clinical trials, bempedoic acid administered alone or in
addition to ezetimibe or statins significantly lowered levels of
LDL-C as well as other atherogenic lipoproteins and inflam-
matory biomarkers and had a tolerability profile similar to
that of placebo.12-14 This phase 3 study evaluated 12-week
efficacy of bempedoic acid (180 mg once daily) vs placebo for
lowering LDL-C levels in patients with ASCVD, heterozygous
familial hypercholesterolemia, or both who had persistent
hypercholesterolemia despite maximally tolerated lipid-
lowering therapy.

Methods
The study protocol (Supplement 1) and informed consent
documents were approved by an institutional review board
or independent ethics committee at each study site.
All study participants provided written informed consent.
The statistical analysis plan for the study is available in
Supplement 2.

Patients
The CLEAR Wisdom trial enrolled adults at high cardiovascu-
lar risk because of ASCVD (coronary heart disease [CHD] or
CHD risk equivalents), heterozygous familial hypercholester-
olemia, or both. Documented CHD included acute myocar-
dial infarction, silent myocardial infarction, unstable angina,

coronary revascularization, or clinically significant CHD diag-
nosed by invasive or noninvasive testing. Cerebrovascular
atherosclerotic disease and symptomatic peripheral arterial
disease, but not type 2 diabetes mellitus, were considered
CHD risk equivalents. Participants were required to be receiv-
ing stable, maximally tolerated lipid-lowering therapy and to
have a fasting LDL-C level of 100 mg/dL (2.6 mmol/L) or
higher at the first screening visit and 70 mg/dL (1.8 mmol/L)
or higher 1 week before randomization. Maximally tolerated
lipid-lowering therapy was determined by the investigator
and included a maximally tolerated statin dose alone or in
combination with other approved lipid-lowering therapies,
excluding simvastatin at an average daily dose of 40 mg or
greater, mipomersen, lomitapide, lipoprotein apheresis, or
gemfibrozil. Cholestin was prohibited. Patients were
excluded from the study if they had a total fasting triglycer-
ide level of 500 mg/dL (5.6 mmol/L) or higher, body mass
index 50 or greater (calculated as weight in kilograms divided
by height in meters squared), severe renal impairment (esti-
mated glomerular filtration rate <30 mL/min/1.73 m2), recent
(within 3 months of screening) CHD event, or clinically sig-
nificant disease that could interfere with study participation.

Study Design
This phase 3, randomized, double-blind, placebo-controlled
clinical trial was conducted from November 2016 to Sep-
tember 2018. Patients were screened at 91 clinical sites in
North America and Europe; of these, 86 sites randomized
patients to study treatment. After completing a 1-week
screening period and 4-week placebo run-in phase, patients
were randomized 2:1 to treatment with bempedoic acid
(180 mg) or placebo once daily for 52 weeks. Randomization
was performed centrally using an interactive web response
system, with stratification by presence of heterozygous
familial hypercholesterolemia and baseline statin intensity
(low-, moderate-, or high-intensity15). Patients not receiving
statin therapy (maximal tolerated dose = 0) were included
in the low-intensity group for the purposes of stratification.
Patients were asked to self-identify their race and ethnicity
according to protocol-defined fixed categories to evaluate
potential differences in response to therapy.

Key Points
Question To what extent does bempedoic acid lower low-density
lipoprotein cholesterol (LDL-C) levels in patients at high
cardiovascular risk who have ongoing hypercholesterolemia,
despite the use of maximally tolerated lipid-lowering therapy?

Findings In this clinical trial that included 779 randomized
patients, the addition to stable background lipid-lowering therapy
of bempedoic acid compared with placebo resulted in mean LDL-C
levels of 97.6 mg/dL vs 122.8 mg/dL at 12 weeks, a difference that
was statistically significant.

Meaning Bempedoic acid provided additional LDL-C
lowering in patients who did not achieve an adequate response
to lipid-lowering therapy when compared with placebo.
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Patients continued stable background lipid-lowering
therapy throughout the study. However, beginning at
week 24, investigators were notified by the central labora-
tory when a patient’s LDL-C level was both higher than
170 mg/dL (4.4 mmol/L) and elevated by 25% or more from
baseline. After confirmation, the investigator was permitted
to adjust background lipid-lowering therapy, including addi-
tion of a new medication or dose adjustment of existing
medications. The sponsor, clinical site personnel, and
patients were blinded to study treatment and lipid mea-
sures for 52 weeks.

Assessments
Blood samples for assessment of fasting lipids, includ-
ing levels of LDL-C, high-density lipoprotein cholesterol
(HDL-C), non–HDL-C, total cholesterol, and triglycerides
were collected at baseline and at weeks 4, 12, 24, and 52
(to convert LDL-C, HDL-C, and total cholesterol values to
mmol/L, multiply by 0.0259; to convert triglyceride values
to mmol/L, multiply by 0.0113). LDL-C values were calcu-
lated using the Friedewald formula except when triglyceride
level was greater than 400 mg/dL or LDL-C level was
50 mg/dL or less, in which case direct measurement of
LDL-C was performed. Levels of apolipoprotein B (apoB)
and high-sensitivity C-reactive protein (hsCRP) were mea-
sured at baseline and at weeks 12, 24, and 52. Quantification
of lipids and biomarkers was performed at a central labora-
tory (Q2 Solutions).

Safety and tolerability were assessed by treatment-
emergent adverse events, laboratory findings, physical
examination findings, vital sign measurements, and electro-
cardiogram readings. Adverse events of special interest
included hepatic events, muscle-related events, metabolic
acidosis, hypoglycemia, new-onset or worsening diabetes,
hyperuricemia, gout, renal events, and neurocognitive
disorders. A blinded independent committee adjudicated
designated cardiovascular and noncardiovascular clini-
cal end points.

End Points
The primary efficacy end point was the percent change
from baseline to week 12 in LDL-C level. Secondary efficacy
end points were the percent change from baseline to week
24 in LDL-C and to week 12 in levels of non–HDL-C, total
cholesterol, apoB, and hsCRP as well as absolute change
from baseline to weeks 12 and 24 in LDL-C. Tertiary efficacy
end points included week 24 and 52 data for efficacy mea-
sures and percent changes from baseline in levels of triglyc-
erides and HDL-C.

Statistical Analysis
A planned sample size of 750 randomized patients (500
assigned to receive bempedoic acid and 250 assigned
to receive placebo) was estimated to provide greater than
95% power to detect a between-group difference of 15% in
LDL-C level percent change from baseline to week 12,
a threshold established using historic benchmarks for lipid-
lowering therapies. This calculation was based on a 2-sided

t test at the 5% level of significance, with a standard devia-
tion of 15%.

For efficacy analyses, patients were analyzed according
to their randomization group. Safety analyses were per-
formed using the safety population, which included all
patients who received 1 or more doses of study drug. Percent
changes from baseline in efficacy measures (other than
hsCRP) were analyzed using analysis of covariance with
treatment group and randomization stratification parameters
as factors and baseline value as a covariate. Missing data
were imputed using a pattern-mixture model (see statistical
analysis plan in Supplement 2). For hsCRP, nonparametric
analyses (Wilcoxon rank-sum test) with Hodges-Lehmann
estimates of location shift and 95% asymptotic confidence
limits were performed, without imputation for missing val-
ues. Efficacy end points were analyzed using a stepdown
approach in which the primary and secondary end points
were tested sequentially to preserve the family-wise type I
error rate using the following order: LDL-C at week 12 (pri-
mary end point), LDL-C at week 24, non–HDL-C at week 12,
total cholesterol at week 12, apoB at week 12, and hsCRP at
week 12. Each hypothesis was tested at a significance level of
.05 (2-sided). Statistical significance at each step was
required to test the next hypothesis. Other lipid parameters
(triglycerides, HDL-C) and measurement time points as well
as safety measures were described using descriptive statis-
tics. No imputation was performed for tertiary efficacy end
points. Baseline LDL-C, non–HDL-C, total cholesterol, triglyc-
erides, and HDL-C values were defined as the mean of the
last 2 nonmissing values on or before day 1; for other para-
meters, baseline was defined as the last value prior to the
first dose of study drug.

To explore the effect of patients who discontinued
study treatment, an on-treatment analysis was performed
for primary and key secondary end points using data col-
lected during the on-treatment period (ie, collected from
patients still receiving study treatment within 7 days of the
efficacy measurement). Subgroup analyses for the primary
end point and for safety assessments were performed in the
following groups: cardiovascular disease risk category
(ASCVD vs heterozygous familial hypercholesterolemia),
baseline statin intensity (low/moderate [including no statin]
vs high), baseline LDL-C category (<130 mg/dL, ≥130 and
<160 mg/dL, ≥160 mg/dL), history of diabetes, age (<65
years, ≥65 to <75 years, ≥75 years), race, sex, body mass
index category (<25, ≥25 and <30, ≥30), and region.

Post Hoc Analyses
Post hoc analyses for the primary end point were performed
in subgroups according to background statin intensity (with
“no statin” comprising its own group) and type of lipid-
lowering therapy, and in patients who maintained stable back-
ground lipid-lowering therapy. Additional post hoc analyses
were performed to assess changes in glycemic control in pa-
tients with diabetes, impaired fasting glucose, and normogly-
cemia at baseline. A post hoc analysis using a mixed-effects
model with site as a random effect was performed to evaluate
the influence of study site on the primary outcome.

Research Original Investigation Effect of Bempedoic Acid vs Placebo Added to Statins on LDL-C in Patients at High Risk for CVD

1782 JAMA November 12, 2019 Volume 322, Number 18 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Columbia University Libraries User  on 11/26/2019

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.16585?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.16585
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.16585


No imputation was performed for missing data in sensi-
tivity, subgroup, or post hoc analyses. Statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc); all tests
were 2-sided, with a significance level of .05.

Results
Patients
A total of 2300 patients were screened, and 779 were random-
ized to receive bempedoic acid (n = 522) or placebo (n = 257)
(Figure 1). Seven hundred forty randomized patients (95.0%)
completed the study, and 629 (80.7%) completed treatment.
Median study drug exposure was similar in the bempedoic acid
(363 days) and placebo (364 days) groups.

The patient population was predominantly men
(496/779 [63.7%]) and white (735/779 [94.4%]) and had a
mean age of 64.3 (SD, 8.8) years. Most patients (736/779
[94.5%]) had ASCVD without heterozygous familial hyper-
cholesterolemia. A history of diabetes was reported by 236
patients (30.3%) and a history of impaired fasting glucose
by 14 patients (1.8%). Mean baseline LDL-C level was 120.4
(37.9) mg/dL. The majority of patients (698/779 [89.6%])
were receiving background statin therapy (53.0% high-
intensity). Five percent of patients (41/779) were not taking
lipid-lowering therapy at baseline. Demographics and base-
line characteristics were generally balanced between treat-
ment groups (Table 1).

Primary Outcome
At week 12, bempedoic acid lowered LDL-C levels signifi-
cantly more than placebo (–15.1% vs 2.4%, respectively;
P < .001), for a placebo-corrected least-squares mean differ-
ence of –17.4% (95% CI, –21.0% to –13.9%). Mean LDL-C level
at week 12 in the bempedoic acid group was 97.6 mg/dL, com-
pared with 122.8 mg/dL in the placebo group (Figure 2; eTable 1
in Supplement 3).

Secondary and Other Efficacy Outcomes
At week 24, change in LDL-C level from baseline was –12.1%
in the bempedoic acid group and 2.7% in the placebo group
(difference, –14.8% [95% CI, –19.5% to –10.0%]; P < .001).
Significant reductions at week 12 with bempedoic acid vs pla-
cebo were observed for levels of non–HDL-C, total choles-
terol, apoB, and hsCRP (P < .05) (Table 2). Improvements in
lipid parameters and biomarkers were maintained through
week 52 (Figure 2 and Table 2). In the bempedoic acid treatment
group, mean absolute LDL-C level was less than 100 mg/dL at
all postbaseline assessments. Changes from baseline in tri-
glyceride levels were comparable between treatment groups,
and statistically significant reductions in HDL-C levels were
observed in the bempedoic acid group (P < .001) (eTable 2 in
Supplement 3).

Prespecified sensitivity analyses confirmed the LDL-C
lowering observed with bempedoic acid. Among patients
receiving assigned study drug at week 12 (on-treatment
analysis), bempedoic acid lowered LDL-C levels by 16.0%
compared with an increase of 2.4% in the placebo group

(difference, –18.4% [95% CI, –21.9% to –14.9%]; P < .001).
Results from on-treatment analyses were also comparable
with primary analyses for HDL-C, total cholesterol, apoB,
and hsCRP. In all prespecified patient subgroups, LDL-C
lowering at week 12 was significantly greater with bempe-
doic acid compared with placebo (P < .05) (eFigure in
Supplement 3). The magnitude of LDL-C lowering was gen-
erally consistent among subgroups.

Figure 1. Participant Flow in the CLEAR Wisdom Randomized Clinical Trial

2300 Patients screened

1521 Excluded
1468 Did not meet

randomization criteria
39 Patient withdrawal
4 Physician decision
3 Adverse event
2 Protocol deviation
5 Other reason

779 Randomized (2:1)

257 Randomized to receive placebo
257 Received placebo as

randomized

522 Randomized to receive
bempedoic acid
522 Received bempedoic

acid as randomized

257 Included in primary analysis
257 Included in safety analysis

522 Included in primary analysis
522 Included in safety analysis

6 Discontinued study

1 Lost to follow-up

3 Died
2 Adverse event
1 Patient withdrawal

23 Discontinued study

9 Lost to follow-up

8 Died
6 Patient withdrawal
3 Protocol deviation
2 Adverse event
1 Physician decision
3 Other reason

42 Discontinued treatmenta

1 Lost to follow-up

21 Adverse event
11 Patient decision
6 Physician decision
1 Died
1 Protocol deviation
1 Sponsor decisionb

1 Other reason

100 Discontinued treatmenta

7 Lost to follow-up

54 Adverse event
22 Patient decision
5 Patient withdrawal
5 Physician decision
5 Protocol deviation
3 Died
3 Sponsor decisionb

3 Other reason

Discontinuations are categorized by the primary reason for discontinuation.
If a patient had a fatal adverse event and the death occurred at the end of
treatment or study, then “death” was reported as the primary reason for
both discontinuation of study treatment and discontinuation from the study.
If a patient had a fatal adverse event and the death occurred after the end
of treatment, “adverse event” was reported as the primary reason for
discontinuation of study treatment, and “death” as the primary reason
for discontinuation from the study.
a Comprising patients who discontinued study drug but continued with study

visits and assessments.
b Four patients (3 bempedoic acid, 1 placebo) discontinued study drug after

implementation of a protocol amendment that made them no longer eligible
for study treatment because of use of simvastatin at an average daily dose of
40 mg or greater.
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Post Hoc Analyses
Additional post hoc analyses found similar LDL-C lowering
in patients receiving a low-/moderate-intensity or high-
intensity statin and placebo-corrected decreases from base-
line of 22.0% (95% CI, –33.4% to –10.6%; P < .001) in patients
receiving no statin and 26.8% (95% CI, –40.2% to –13.3%;
P < .001) in patients receiving no lipid-lowering therapy

(eTable 3 in Supplement 3). In an exploratory analysis, LDL-C
lowering at week 12 in patients who maintained stable back-
ground lipid-lowering therapy (≈95% of patients) was consis-
tent with that in the overall population. A post hoc analysis
detected no effect of study site on the primary end point
(P = .28); LDL-C lowering with bempedoic acid vs placebo
was 17.5% (95% CI, –21.0 to –13.9%; P < .001) when study site

Table 1. Patient Demographics and Baseline Characteristicsa

Parameter Bempedoic Acidb (n = 522) Placebob (n = 257)
Age, mean (SD), y 64.1 (8.8) 64.7 (8.7)

Sex, No. (%)

Men 328 (62.8) 168 (65.4)

Women 194 (37.2) 89 (34.6)

Race, No. (%)

White 491 (94.1) 244 (94.9)

Black or African American 24 (4.6) 12 (4.7)

Otherc 7 (1.3) 1 (0.4)

Hispanic or Latino, No. (%) 43 (8.2) 19 (7.4)

Cardiovascular disease risk category, No. (%)

ASCVD only 495 (94.8) 241 (93.8)

Heterozygous familial hypercholesterolemia
with or without ASCVD

27 (5.2) 16 (6.2)

Disease history, No. (%)d

Hypertension 438 (83.9) 224 (87.2)

Coronary heart disease 432 (82.8) 205 (79.8)

Diabetes 155 (29.7) 81 (31.5)

Impaired fasting glucose 9 (1.7) 5 (1.9)

Body mass index, mean (SD)e 30.0 (5.2) 30.6 (5.0)

eGFR category, mL/min/m2, No. (%)

≥90 107 (20.5) 56 (21.8)

≥60 to <90 338 (64.8) 164 (63.8)

<60 77 (14.8) 37 (14.4)

Background lipid-lowering therapy, No. (%)f,g

Statin without other nonstatin therapy 416 (79.7) 196 (76.3)

Statin with other nonstatin therapy 54 (10.3) 32 (12.5)

Nonstatin(s) alone 22 (4.2) 15 (5.8)

None 30 (5.7) 14 (5.4)

Statin intensity, No. (%)h

Low or no statin 78 (14.9) 40 (15.6)

Moderate 166 (31.8) 82 (31.9)

High 278 (53.3) 135 (52.5)

Receiving ezetimibe, No. (%) 38 (7.3) 24 (9.3)

Lipids, mean (SD), mg/dL

Total cholesterol 202.1 (42.7) 204.8 (46.1)

HDL-C 51.4 (12.9) 51.1 (13.1)

Non–HDL-C 150.7 (42.7) 153.7 (44.4)

LDL-C 119.4 (37.7) 122.4 (38.3)

LDL-C category, No. (%)

<130 365 (69.9) 173 (67.3)

≥130 and <160 89 (17.0) 45 (17.5)

≥160 68 (13.0) 39 (15.2)

Triglycerides, median (IQR) 139.3 (102.5-190.0) 143.0 (106.0-189.0)

Apolipoprotein B, mean (SD), mg/dL 116.2 (29.6) 118.6 (30.5)

hsCRP, median (IQR), mg/L 1.61 (0.87-3.46) 1.88 (0.92-3.79)

Abbreviations: ASCVD,
atherosclerotic cardiovascular
disease; eGFR, estimated glomerular
filtration rate; HDL-C, high-density
lipoprotein cholesterol;
hsCRP, high-sensitivity C-reactive
protein; IQR, interquartile range;
LDL-C, low-density lipoprotein
cholesterol.

SI conversion factors: To convert total
cholesterol, HDL-C, and LDL-C levels
to mmol/L, multiply by 0.0259;
triglyceride values to mmol/L,
multiply by 0.0113; hsCRP values to
nmol/L, multiply by 9.524.
a Baseline for LDL-C, HDL-C,

non-HDL-C, triglycerides, and total
cholesterol was defined as the mean
of the last 2 nonmissing values on or
before day 1. Baseline for
apolipoprotein B and hsCRP was
defined as the last nonmissing value
on or before day 1. Baseline for all
other parameters was defined as
last measurement before the first
dose of study drug.

b Entries are mean (SD) unless
otherwise indicated.

c Including American Indian or Alaska
Native (n = 1), Asian (n = 4), Native
Hawaiian or other Pacific Islander
(n = 1), and multiple (n = 2).

d Presence of these conditions was
determined by patient-reported
medical history.

e Calculated as weight in kilograms
divided by height in meters
squared.

f Changes in background
lipid-lowering therapy during the
study were reported by 61 patients
(11.7%) in the bempedoic acid group
and 33 patients (12.8%) in the
placebo group.

g Five patients (2 bempedoic acid,
3 placebo) were receiving
background treatment with
proprotein convertase
subtilisin/kexin type 9 (PCSK9)
inhibitors.

h Statin intensity classification is
based on the 2013 American College
of Cardiology/American Heart
Association guidelines.15
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was added as a random effect in a mixed-effects model
(eTable 4 in Supplement 3).

Adverse Events
Treatment-emergent adverse events occurred in 70.1% of pa-
tients in the bempedoic acid group and 70.8% of patients in
the placebo group (Table 3). The majority of adverse events

(430/548 [78.5%]) were mild or moderate in intensity, and most
(425/548 [77.6%]) were classified by the investigator as not re-
lated or unlikely related to study drug treatment. Seventy-
nine patients (57/522 [10.9%] bempedoic acid, 22/257 [8.6%]
placebo) had an adverse event that led to discontinuation of
study treatment. The difference in frequency was not caused
by an imbalance in any single adverse event or class of adverse

Figure 2. Effect of Bempedoic Acid on Low-Density Lipoprotein Cholesterol (LDL-C) Level
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Table 2. Percent Change From Baseline in Secondary Efficacy Variables

Parameter, wk

Bempedoic Acid Placebo

LS Mean Difference (95% CI)b P ValueNo.
Change From Baseline,
LS Mean (SE), %a No.

Change From Baseline,
LS Mean (SE), %a

Non–HDL-C

12 498 –10.8 (1.0) 253 2.3 (1.4) –13.0 (–16.3 to –9.8) <.001

24 485 –10.2 (1.2) 247 2.4 (1.6) –12.6 (–16.6 to –8.7) <.001

52 467 –10.3 (1.2) 237 –0.4 (1.6) –9.9 (–13.8 to –6.0) <.001

Total cholesterol

12 499 –9.9 (0.7) 253 1.3 (1.0) –11.2 (–13.6 to –8.8) <.001

24 486 –9.3 (0.9) 247 1.5 (1.2) –10.8 (–13.7 to –7.8) <.001

52 467 –10.3 (0.8) 237 –1.9 (1.2) –8.4 (–11.2 to –5.5) <.001

Apolipoprotein B

12 479 –9.3 (0.9) 245 3.7 (1.3) –13.0 (–16.1 to –9.9) <.001

24 294 –8.6 (1.3) 144 4.4 (2.1) –13.0 (–17.8 to –8.2) <.001

52 464 –6.6 (1.0) 237 3.0 (1.5) –9.6 (–13.1 to –6.0) <.001

hsCRP

12 467 –18.7 (–46.1 to 23.9) 240 –9.4 (–36.3 to 35.2) –8.7 (–17.2 to –0.4) .04

24 271 –24.1 (–51.5 to 14.0) 127 1.6 (–32.2 to 47.5) –21.3 (–32.3 to –10.0) <.001

52 465 –16.7 (–50.9 to 31.4) 237 –6.3 (–39.3 to 41.8) –7.6 (–17.0 to 1.7) .10

Abbreviations: hsCRP, high-sensitivity C-reactive protein; LS, least-squares;
non–HDL-C, non–high-density lipoprotein cholesterol.
a Data for hsCRP are presented as median (25th-75th percentile).
b Percent changes from baseline in non–HDL-C, total cholesterol, and

apolipoprotein B were analyzed using analysis of covariance with treatment
group and randomization stratification parameters as factors and baseline

value as a covariate. For secondary end points (week 12), missing data were
imputed using a pattern-mixture model. For hsCRP, nonparametric analyses
(Wilcoxon rank-sum test) with Hodges-Lehmann estimates of location shift
and 95% asymptotic confidence limits were performed without imputation for
missing values.

Effect of Bempedoic Acid vs Placebo Added to Statins on LDL-C in Patients at High Risk for CVD Original Investigation Research

jama.com (Reprinted) JAMA November 12, 2019 Volume 322, Number 18 1785

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Columbia University Libraries User  on 11/26/2019

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.16585?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.16585
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.16585?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.16585
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.16585


events. Adverse events leading to discontinuation that oc-
curred in more than 0.5% of patients in either treatment group
were myalgia (1.0% bempedoic acid, 0.8% placebo), in-
creased aspartate aminotransferase level (0.6% bempedoic
acid, 0% placebo), arthralgia (0.6% bempedoic acid, 0% pla-

cebo), muscle spasms (0.6% bempedoic acid, 0% placebo), car-
diac arrest (0.2% bempedoic acid, 0.8% placebo), and fatigue
(0.2% bempedoic acid, 0.8% placebo). Serious adverse events
occurred in 19.8% of patients (154/779). Three serious ad-
verse events were considered to be at least possibly related to
study treatment: ulcerative colitis and ischemic stroke in the
bempedoic acid group and upper abdominal pain in the pla-
cebo group.

Eight fatal treatment-emergent adverse events were re-
ported during the study, including 1 case each of cardiac ar-
rest, coronary artery arteriosclerosis, acute poisoning with car-
bon dioxide, myocardial infarction, septic shock (related to a
prescheduled abdominal surgical procedure), and unknown
cause in the bempedoic acid group and acute coronary syn-
drome and coronary artery disease in the placebo group. All
fatal adverse events were assessed by the investigator as un-
related to study drug. Four events (0.8%) in the bempedoic acid
group (including the death from unknown cause) and 2 events
(0.8%) in the placebo group were positively adjudicated as car-
diovascular deaths (eTable 5 in Supplement 3). Adjudicated
clinical events occurred in 8.2% of patients (43/522) in the bem-
pedoic acid group and 10.1% (26/257) in the placebo group. Posi-
tively adjudicated 3-component major adverse cardiovascu-
lar event rates of 2.7% and 4.7% were observed in the
bempedoic acid and placebo groups, respectively (eTable 5 in
Supplement 3); the difference between groups was not statis-
tically significant.

Myalgia was reported by approximately 3% of patients
and muscle weakness by 0.4% of patients who were receiving
either bempedoic acid or placebo (Table 3). New-onset or
worsening diabetes occurred in approximately 7% of patients
in both treatment groups. Gout and increased blood uric acid
level were experienced, respectively, by 2.1% and 2.7% of
patients in the bempedoic acid group and 0.8% and 0.4% of
patients in the placebo group. Among the 11 patients in the
bempedoic acid group who experienced gout, 5 had a history
of gout and 3 had a history of hyperuricemia before study
enrollment. Uric acid levels were above the upper limit of
normal at baseline for 10 of the 11 patients in the bempedoic
acid group who reported gout.

Laboratory and Other Safety Measures
Among patients with diabetes at baseline, mean hemoglobin
A1c (HbA1c) levels decreased from baseline to week 12 by 0.08
percentage point in the bempedoic acid group and increased
by 0.13 percentage point in the placebo group. To further ex-
plore effects of bempedoic acid on glycemia, fasting glucose
and HbA1c levels were evaluated in patients with a history of
or laboratory evidence indicating diabetes or impaired fast-
ing glucose. Changes in HbA1c levels across populations with
diabetes and with impaired fasting glucose showed improve-
ment or less worsening of glycemic control at week 12 (eTable 6
in Supplement 3). Favorable glycemic control and less wors-
ening of diabetes persisted over the 1-year treatment period.

Overall,meanuricacidlevelsincreasedby0.6(SD,1.2)mg/dL
at week 52 in the bempedoic acid group compared with
0.1 (SD, 1.1) mg/dL in the placebo group (Table 3). Rates of
aminotransferase level elevations greater than 3 times the

Table 3. Treatment-Emergent Adverse Events and Key Safety
Laboratory Parameters

Parameter
Bempedoic Acid
(n = 522)

Placebo
(n = 257)

Overview of AEs, No. (%)

Any AE 366 (70.1) 182 (70.8)

Serious AE 106 (20.3) 48 (18.7)

Study drug–related AEs 91 (17.4) 32 (12.5)

Discontinuation because of AE 57 (10.9) 22 (8.6)

Fatal treatment-emergent AE 6 (1.1) 2 (0.8)

Most common AEs, No. (%)a

Nasopharyngitis 27 (5.2) 13 (5.1)

Urinary tract infection 26 (5.0) 5 (1.9)

Hyperuricemia 22 (4.2) 5 (1.9)

Upper respiratory tract infection 19 (3.6) 9 (3.5)

Arthralgia 18 (3.4) 8 (3.1)

Diarrhea 16 (3.1) 7 (2.7)

Angina pectoris 16 (3.1) 5 (1.9)

Osteoarthritis 16 (3.1) 5 (1.9)

Dizziness 8 (1.5) 9 (3.5)

Lower respiratory tract infection 8 (1.5) 8 (3.1)

Fatigue 6 (1.1) 9 (3.5)

AEs of special interest, No. (%)

Myalgia 15 (2.9) 8 (3.1)

Muscle spasms 11 (2.1) 3 (1.2)

Pain in extremity 11 (2.1) 1 (0.4)

Muscular weakness 2 (0.4) 1 (0.4)

New-onset or worsening diabetes 36 (6.9) 19 (7.4)

Blood uric acid increased 14 (2.7) 1 (0.4)

Gout 11 (2.1) 2 (0.8)

Blood creatinine increased 4 (0.8) 1 (0.4)

Glomerular filtration rate decreased 4 (0.8) 1 (0.4)

Neurocognitive disorders 3 (0.6) 1 (0.4)

Laboratory results

ALT or AST >3× ULN, No. (%)b 6 (1.1) 2 (0.8)

Creatine kinase >5× ULN, No. (%)b 0 1 (0.4)

Mean (SD) change, baseline to wk 52

Uric acid, mg/dLc 0.6 (1.2) 0.1 (1.1)

Creatinine, mg/dL 0.05 (0.16) 0.01 (0.12)

eGFR, mL/min/1.73 m2 –3.8 (10.2) –1.1 (10.8)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; eGFR, estimated glomerular filtration rate; ULN, upper limit
of normal.

SI conversion factors: To convert uric acid values to μmol/L, multiply by 59.485;
creatinine values to μmol/L, multiply by 88.4.
a Occurring in 3% or more of patients in either treatment group, excluding AEs

of special interest.
b Percentage of patients with repeated and confirmed elevations in

aminotransferase or creatine kinase levels.
c Baseline mean uric acid concentrations were 5.95 (SD, 1.47) mg/dL

(bempedoic acid) and 5.97 (SD, 1.44) mg/dL (placebo).
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upper limit of normal were 1.1% in the bempedoic acid group
and 0.8% in the placebo group. Mean creatinine concentra-
tion increased by 0.5 (SD, 0.16) mg/dL and estimated glomer-
ular filtration rate (calculated based on creatinine concentra-
tion) decreased by 3.8 (SD, 10.2) mL/min/1.73 m2 from baseline
to week 52 among patients who received bempedoic acid.

Discussion
In this population of patients at high cardiovascular risk,
addition of oral bempedoic acid (180 mg) once daily to maxi-
mally tolerated lipid-lowering therapy significantly lowered
LDL-C levels compared with placebo. The results of this
study reinforce observations from the similarly designed
CLEAR Harmony clinical trial in which bempedoic acid low-
ered LDL-C levels at week 12 by 18.1% (95% CI, –20.0% to
–16.1%; P < .001) compared with placebo in patients receiving
maximally tolerated statin therapy.13 In both studies, LDL-C
lowering was maintained through week 52, significant
improvements were observed in secondary efficacy mea-
sures, and treatment effects were consistent across patient
subgroups. In addition, despite prevalent background statin
use, rates of adverse events associated with statin therapy
such as muscle-related adverse events and new-onset or
worsening diabetes were generally low. Similar to this
52-week trial, a statistically nonsignificant difference in the
incidence of major adverse cardiovascular events with bem-
pedoic acid (4.6%) vs placebo (5.7%) (relative risk, 0.81 [95%
CI, 0.56 to 1.17]) was observed in CLEAR Harmony.

The study described herein expands on the findings of
CLEAR Harmony in several key areas. The current study re-
quired that patients be receiving maximally tolerated lipid-
lowering therapy, which may have included no statin or no
background lipid-lowering therapy, whereas patients in CLEAR
Harmony were required to be receiving a maximally toler-
ated statin. Inclusion of these different groups allowed for
analysis of the effects of background therapies on lipid changes
and revealed considerable LDL-C lowering among patients in
the bempedoic acid treatment group who were not receiving
statin therapy or not receiving any background lipid-
lowering therapy. The screening LDL-C threshold in the cur-
rent study (≥100 mg/dL) was also higher than that in CLEAR
Harmony (≥70 mg/dL), which resulted in greater baseline
mean LDL-C values (120.4 and 103.2 mg/dL, respectively).13

The higher baseline mean LDL-C level reflects a population
in greater need of LDL-C lowering compared with the
CLEAR Harmony population. Neither the difference in statin
usage nor the variance in baseline LDL-C levels affected over-
all LDL-C reduction with bempedoic acid. In CLEAR Harmony,
new-onset or worsening diabetes occurred in 3.3% of pa-

tients who received bempedoic acid vs 5.4% of patients who
received placebo.13 These observations formed the basis for ad-
ditional exploration in the current study, which revealed im-
provement or less worsening of glycemic control among pa-
tients receiving bempedoic acid. In the current study, there
were no deaths due to cancer, and the rate of fatal treatment-
emergent adverse events was 1.1% in the bempedoic acid group
and 0.8% in the placebo group.

Thetreatmentstrategyappliedinthecurrentstudy,wherein
an additional agent is added to maximally tolerated lipid-
lowering therapy in patients at high cardiovascular risk who
have not achieved sufficient LDL-C lowering, is consistent
with cholesterol management guideline recommendations.1

At screening, all of the enrolled patients had LDL-C levels
100 mg/dL or greater despite background therapy rates of
90% for statins, the first-line therapy for LDL-C lowering,
and 8% for ezetimibe, the guideline-recommended adjunct
to statin therapy in patients requiring further LDL-C lower-
ing. Although use of a background proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitor was allowed in the
current study, few patients were using this therapy, likely
because of barriers to access common during the enrollment
period of the study.16 The risk associated with persistent
on-treatment hypercholesterolemia in patients at high car-
diovascular risk warrants investigation of new pharmaco-
logic therapies that can be used in conjunction with statins
as well as other nonstatin agents.

Limitations
This study has several limitations. First, although adherence
to study drug was monitored, adherence to background therapy
was not. Given the known problems with inconsistency in long-
term adherence to statin therapy,17,18 it is reasonable to ex-
pect that some patients did not maintain a stable treatment
regimen over time, which would have the effect of dampen-
ing the observed lipid lowering. Second, the study was only
52 weeks in duration; further data on long-term efficacy and
safety are needed. Third, the study was not powered to evalu-
ate cardiovascular outcomes. Greater clarity regarding event
risk reduction with bempedoic acid will come from the ongo-
ing 12 600-patient cardiovascular outcomes trial (CLEAR Out-
comes [NCT02993406]).

Conclusions
Among patients at high risk for cardiovascular disease receiv-
ing maximally tolerated statins, the addition of bempedoic acid
compared with placebo resulted in a significant lowering of
LDL-C level over 12 weeks. Further research is needed to as-
sess the durability and clinical effect as well as long-term safety.
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