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Abstract 

Background: An ongoing need exists for safe and effective lipid-lowering therapies (LLTs) for 

patients unable to achieve desired lipid levels with current treatment options. 

Objective: Describe the safety profile of bempedoic acid, an oral, first-in-class, adenosine 

triphosphate (ATP)-citrate lyase inhibitor that significantly reduces low-density-lipoprotein 

cholesterol (LDL-C) levels by 17.4%–28.5% vs placebo. 

Methods: This was a pooled analysis of four phase 3, randomized (2:1), double-blind, placebo-

controlled studies in patients with hypercholesterolemia who required additional LDL-C lowering, 

despite stable maximally-tolerated LLT. Patients received bempedoic acid 180 mg (n=2424) or 

placebo (n=1197) once daily for 12 to 52 weeks. Assessments included treatment-emergent 

adverse events (TEAEs) and clinical laboratory tests. 

Results: Of 3621 patients (median drug exposure: 363 days), exposure-adjusted TEAE rates 

were 87.1/100 and 82.9/100 person-years (PY) for bempedoic acid vs placebo, respectively. No 

single TEAE influenced the difference in rates. TEAEs leading to discontinuation occurred at 

rates of 13.4/100 and 8.9/100 PY for bempedoic acid vs placebo, with the most common cause 

being myalgia, which occurred less frequently with bempedoic acid vs placebo (1.5/100 vs 

2.0/100 PY). Rates of myalgia and muscle weakness were comparable vs placebo. Bempedoic 

acid was associated with mild increases in blood urea nitrogen, creatinine, and uric acid, and 

decreases in hemoglobin. These laboratory abnormalities were apparent by week 4, stable over 

time, and reversible after treatment cessation. Gout incidence was 1.6/100 vs 0.5/100 PY in the 

bempedoic acid vs placebo groups. New-onset diabetes/hyperglycemia occurred less frequently 

with bempedoic acid vs placebo (4.7/100 vs 6.4/100 PY). The safety profile was consistent 

across subgroups.  
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Conclusions: Bempedoic acid is generally safe and well tolerated among patients with 

hypercholesterolemia who require additional LLT. 

Keywords: ATP-citrate lyase inhibitor, hypercholesterolemia, low-density lipoprotein 

cholesterol, statins 
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Introduction 

Clinical trial evidence supports reducing low-density lipoprotein cholesterol (LDL-C) levels as a 

strategy to decrease cardiovascular disease (CVD).1,2  Prominent in the armamentarium for 

LDL-C reduction are 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors 

(statins), whose safe and effective reduction of LDL-C and CVD events has secured their 

standard-of-care status.3,4 However, a considerable proportion of patients fail to attain optimal 

lipid levels while receiving statin therapy with or without other nonstatin lipid-lowering therapies 

(LLTs).5,6 This is particularly notable among patients at high risk for CVD, such as individuals 

with preexisting atherosclerotic CVD (ASCVD) or familial hypercholesterolemia, particularly 

when combined with multiple CVD risk factors.7,8 Accentuating this challenge are statin-

associated muscle symptoms, new-onset diabetes, or other side effects that make some 

patients unable to take statins in high enough doses to achieve risk-based LDL-C goals.8-10 

Bempedoic acid (Esperion Therapeutics, Inc., Ann Arbor, MI, USA) is a first-in-class inhibitor of 

adenosine triphosphate (ATP)–citrate lyase, an enzyme two steps upstream of HMG-CoA 

reductase in the cholesterol synthesis pathway. As with statins, decreased hepatic cholesterol 

production upregulates LDL receptor expression, enhances clearance of circulating LDL-C, and 

thus lowers LDL-C levels in blood.11 Unlike statins, bempedoic acid is not active in skeletal 

muscle and most other non-hepatic tissues due to absence of the enzyme very long-chain acyl-

CoA synthetase-1 (ACSVL1), which is required to convert bempedoic acid to its active form.11 

Bempedoic acid is approved by both the US Food and Drug Administration and the European 

Medicines Agency for the treatment of hypercholesterolemia as its own entity and as a fixed-

dose combination therapy with ezetimibe. 
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For any new agent, particularly one representing a novel therapeutic class, it is important to 

establish efficacy and define the safety/tolerability profile. Pooled analyses of data from phase 3 

clinical trials12-15 affirm significant LDL-C lowering with bempedoic acid vs placebo, including an 

~18% lowering of LDL-C levels in high cardiovascular risk patients when added to maximally 

tolerated background statin therapy (with or without other LLTs) and an ~25% lowering of 

LDL-C levels in patients who were statin intolerant.16 This report describes a detailed 

assessment of safety, based on pooled patient-level safety data from phase 3 bempedoic acid 

clinical trials. 
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Methods 

Patients and studies 

Patient-level data were pooled from four phase 3, double-blind, placebo-controlled clinical trials 

(N = 3621) wherein patients were randomized 2:1 to receive treatment with oral bempedoic acid 

180 mg (n = 2424) or placebo (n = 1197) once daily (Fig. 1).12-15 Patients qualified for study 

entry if they required additional LDL-C lowering despite ongoing maximally tolerated LLT. The 

CLEAR Harmony13 (NCT02666664) and CLEAR Wisdom15 (NCT02991118) studies enrolled 

patients at high risk for CVD (presence of ASCVD and/or heterozygous familial 

hypercholesterolemia [HeFH]) who were receiving stable background, maximally tolerated statin 

therapy with or without additional LLT. The CLEAR Tranquility12 (NCT03001076) and CLEAR 

Serenity14 (NCT02988115) studies enrolled patients with a history of statin intolerance. Patients 

could be enrolled in these latter two studies if they were treated with a maximally tolerated dose 

of no more than low-dose statin (lowest approved starting dose of statin [CLEAR Tranquility]) or 

very-low-dose statin (average daily dose less than the lowest approved starting dose of statin, 

as might occur with low dose statin therapy less than daily administration [CLEAR Serenity]). In 

CLEAR Tranquility, all patients were also on background ezetimibe 10 mg once daily. Jo
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Figure 1  Studies included in the pooled analysis. ASCVD, atherosclerotic cardiovascular 

disease; BA, bempedoic acid; HeFH, heterozygous familial hypercholesterolemia; LLT, lipid-

lowering therapy. *Two patients (one taking bempedoic acid and one taking placebo) did not 

receive any dose of study drug and were excluded from the safety analysis population. 

The clinical trials described herein were conducted in accord with the ethical principles 

established by the Declaration of Helsinki and Good Clinical Practice guidelines. Study 

protocols were approved by local institutional review boards/independent ethics committees, 
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and all patients underwent the informed consent process and provided written informed 

consent. 

Safety assessments 

Safety was assessed through the continuous monitoring of treatment-emergent adverse events 

(TEAEs) via medical history, medical records, vital sign measurements, physical examinations, 

clinical laboratory results, and electrocardiograph readings. TEAEs included events that began 

or worsened in severity on or after the first dose through 30 days after the last dose of study 

drug. Reported TEAEs were coded according to Medical Dictionary of Regulatory Activities 

(MedDRA), version 20.1, preferred terms and classified by MedDRA System Organ Class 

designations. 

TEAEs of special interest were identified based on (1) nonclinical or previous clinical findings for 

bempedoic acid; (2) known effects associated with statins or other LLTs; and/or (3) events 

related to the therapeutic area. These prespecified TEAEs of special interest included glycemic 

events (hypoglycemia, new-onset/worsening diabetes), metabolic acidosis, hepatic events, 

muscular safety events, neurologic/neurocognitive events, renal events (including increases in 

creatinine levels), increases in uric acid levels, decreases in hemoglobin levels, and 

cardiovascular events (see footnote of Table 3 for the preferred terms that comprised each 

category of TEAEs of special interest). Cardiovascular events were adjudicated by a blinded 

independent expert committee and included major adverse cardiovascular events (MACE [ie, 

cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable 

angina, and coronary revascularization]) and non-MACE (noncardiovascular death, noncoronary 

arterial revascularization, and hospitalization for heart failure) endpoints. 
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Statistical analysis 

The safety analysis population included all randomized patients who received at least one dose 

of study drug. To assess differences in safety findings related to risk status, length of therapy, 

and/or background statin intensity, subset analyses were performed for similarly designed trials. 

Patients from the 52-week CLEAR Harmony and CLEAR Wisdom trials formed the 

ASCVD/HeFH on statins pool, and patients from CLEAR Tranquility and CLEAR Serenity trials 

comprised the statin-intolerant pool. 

Exposure-adjusted incidence rates are reported for TEAEs. Prespecified composite 3-, 4-, and 

5-component MACE were assessed via Kaplan-Meier estimates for the overall safety population 

and the ASCVD/HeFH on statins pool. Hazard ratios (HRs) and 95% CIs for the composite 

MACE endpoints were calculated using a Cox regression model. Given the small sample size; 

variance in the duration of treatment; small duration of exposure relative to the sample size; 

concerns of errors of multiplicity; and absence of a protocol-specified, a priori intention to apply 

statistical models to safety findings, P values of significance were not applied to MACE values, 

and non-MACE safety analyses were represented by descriptive statistics.  
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Results 

Patients 

A total of 3621 patients were included in the analysis (Fig. 1). Overall median study drug 

exposures were similar in the bempedoic acid group (362 days) and placebo group (363 days). 

Patient demographics and baseline characteristics were comparable in the bempedoic acid and 

placebo groups (Table 1). The majority of patients (3035 of 3621 [83.8%]) were receiving 

background statin with or without other LLT, and the majority of patients (80.8%) had history of 

ASCVD. 

Table 1  Patient demographics and baseline characteristics, safety analysis population 

Parameter 
Bempedoic Acid 

(n = 2424) 
Placebo 

(n = 1197) 

Age, years* 65.2 ± 9.3 66.0 ± 9.0 

Male, % (n) 66.0 (1600) 65.1 (779) 

Race, % (n) 
White 
Black  
Other 

 
94.4 (2289) 

3.8 (93) 
1.7 (42) 

 
94.4 (1130) 

3.9 (47) 
1.7 (20) 

Hispanic or Latino, % (n) 5.1 (123) 4.7 (56) 

History of diabetes, % (n) 28.0 (678) 28.1 (336) 

History of hypertension, % (n) 77.6 (1880) 78.9 (944) 

History of ASCVD, % (n) 85.8 (2081) 86.6 (1037) 

Body mass index, kg/m2* 29.8 ± 5.0 29.9 ± 5.1 

eGFR category, % (n) 
≥90 mL/min/1.73 m2 

≥60 to <90 mL/min/1.73 m2 

<60 mL/min/1.73 m2 

 
21.9 (530) 

63.2 (1532) 
14.9 (362) 

 
21.3 (255) 
63.3 (758) 
15.4 (184) 

Baseline LDL-C, mg/dL* 114.3 ± 36.6 113.1 ± 36.5 

Background LLT, % (n) 
Statin alone 
Statin plus other LLT 
Other LLT alone 
None 

 
70.2 (1702) 
13.5 (328) 
9.4 (229) 
6.8 (165) 

 
70.8 (847) 
13.2 (158) 
9.3 (111) 
6.8 (81) 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 12 

Statin intensity, % (n)† 
Low or very low 
Moderate 
High 

 
8.3 (201) 
33.4 (810) 

42.0 (1019) 

 
7.9 (94) 

33.8 (404) 
42.4 (507) 

Baseline ezetimibe use, % (n) 15.1 (365) 14.9 (178) 
ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; LDL-C, low-density 
lipoprotein cholesterol; LLT, lipid-lowering therapy. 
*Data are means ± standard deviations. 
†Does not include patients on no statins. 

Treatment-emergent adverse events 

Exposure-adjusted rates of TEAEs were 87.1/100 person-years (PY) and 82.9/100 PY in the 

bempedoic acid and placebo groups, respectively (Table 2). No individual TEAE was 

responsible for the difference in rates between treatment groups. The most common TEAEs 

overall (irrespective of causality) included nasopharyngitis (8.9/100 PY and 10.1/100 PY for the 

bempedoic acid and placebo groups, respectively), myalgia (5.8/100 PY and 6.0/100 PY), 

urinary tract infection (5.4/100 PY and 6.3/100 PY), and arthralgia (4.9/100 PY and 5.4/100 PY). 

Table 2   Treatment-emergent adverse events and key safety laboratory parameters, safety analysis 
population 

Parameter 
Bempedoic Acid 

(n = 2424) 
Placebo 

(n = 1197) 

Overview of AEs, exposure-adjusted incidence per 100 person-years (n) 

Any AE 87.1 (1771) 82.9 (868) 

Serious AE 16.8 (341) 15.2 (159) 

AE related to study drug 28.7 (583) 23.2 (243) 

Drug discontinuation due to an AE 13.4 (273) 8.9 (93) 

Most common AEs leading to drug discontinuation, exposure-adjusted incidence per 100 person-years 
(n)* 

Myalgia 1.5 (31) 2.0 (21) 

Muscle spasms 0.9 (18) 0.3 (3) 

Headache 0.5 (11) 0.3 (3) 

Diarrhea 0.5 (11) <0.1 (1) 

Pain in extremity 0.5 (10) 0 
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AE with a fatal outcome† 0.9 (19) 0.4 (4) 

Fatal outcome, cardiac disorders SOC 0.4 (8) 0.2 (2) 

Fatal outcome, other 0.5 (11) 0.2 (2) 

Most common AEs, exposure-adjusted incidence per 100 person-years (n)‡ 

Nasopharyngitis 8.9 (180) 10.1 (106) 

Myalgia 5.8 (118) 6.0 (63) 

Urinary tract infection 5.4 (110) 6.3 (66) 

Arthralgia 4.9 (100) 5.4 (57) 

Laboratory results, exposure-adjusted incidence per 100 person-years (n) 

Aminotransferase level elevation >3 × ULN§ 0.8 (18) 0.3 (3) 

Aminotransferase level elevation >5 × ULN§ 0.3 (6) 0.2 (2) 

Creatine kinase level elevation >5 × ULN§ 0.4 (8) 0.2 (2) 

Creatinine level, median (Q1, Q3) change at week 12, 
mg/dL 

0.04 
(–0.02, 0.10)¶ 

0.00 
(–0.05, 0.05)ǁ 

Uric acid level, median (Q1, Q3) change at week 12, 
mg/dL 

0.80 
(0.30, 1.40)** 

0.00 
(–0.50, 0.40)ǁ 

Hemoglobin level, median (Q1, Q3) change at week 12, 
g/dL 

–0.30 
(–0.70, 0.10)†† 

0.10 
(–0.40, 0.50)‡‡ 

Reduction of ≥2 g/dL and <LLN§§ 4.9 (112) 2.0 (23) 

Reduction of ≥3 g/dL and <LLN§§ 1.5 (34) 1.1 (13) 

Reduction of ≥5 g/dL and <LLN§§ 0.2 (5) 0.2 (2) 

Patients with hemoglobin <8 g/dL <0.1 (1) 0 
AE, adverse event; LLN, lower limit of normal; SOC, Medical Dictionary of Regulatory Activities (MedDRA), version 20.1, 
System Organ Class; ULN, upper limit of normal. 
Treatment-emergent adverse event incidence is defined as the number of patients having an event that started in a certain 
period divided by the total person time (in 100 person-years) at risk during this period. 
*
Events with an exposure-adjusted incidence of ≥ 10 per 100 person-years in either treatment group. 
†All fatal AEs were judged by the investigator and medical monitor as unrelated to treatment. 
‡Events with an exposure-adjusted incidence of > 5 per 100 person-years in either treatment group. 
§Patients with repeated and confirmed elevations in aminotransferase or creatine kinase levels. 
¶n = 2326. ǁn = 1168. **n = 2321. ††n = 2317. ‡‡n = 1161. 
§§Patients with values below the LLN during the study whose values were normal at baseline. 

TEAEs leading to treatment discontinuation occurred at a rate of 13.4/100 PY (bempedoic acid) 

and 8.9/100 PY (placebo). The difference in frequency was not caused by an excess incidence 

of any single System Organ Class or preferred term. The most common TEAE leading to 

discontinuation was myalgia, which occurred less frequently with bempedoic acid vs placebo 

(1.5/100 PY vs 2.0/100 PY). The TEAEs leading to discontinuation that occurred more often 

with bempedoic acid vs placebo included muscle spasms, headache, diarrhea, and pain in 
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extremity, none of which differed in occurrence rate by more than 0.6/100 PY between 

treatment groups. 

No notable differences were observed in serious AEs between treatment groups. The most 

frequent serious TEAE was unstable angina (1.5/100 PY [bempedoic acid] and 1.7/100 PY 

[placebo]). No individual treatment-related serious TEAE occurred in more than one patient. A 

total of 23 TEAEs with a fatal outcome were reported, with exposure-adjusted rates of 0.9/100 

PY (bempedoic acid) and 0.4/100 PY (placebo). Cardiac disorder TEAEs with a fatal outcome 

occurred at exposure-adjusted rates of 0.4/100 PY (bempedoic acid) and 0.2/100 PY (placebo). 

No single AE or AE category drove the difference in deaths between groups, and all fatal events 

were judged unrelated to study treatment by the investigator and sponsor medical monitor. 

Adjudicated clinical events 

Positively adjudicated clinical events, including both cardiovascular (cardiovascular death, 

nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina, and coronary 

revascularization) and noncardiovascular events (noncardiovascular death, noncoronary arterial 

revascularization, and hospitalization for heart failure), occurred at exposure-adjusted rates of 

5.3/100 PY and 6.0/100 PY in the bempedoic acid and placebo groups, respectively 

(Supplemental Table 1). Lower composite 3-, 4-, and 5-component MACE rates were observed 

with bempedoic acid vs placebo (HR [95% CI], 0.85 [0.53, 1.37], 0.95 [0.68, 1.34], and 0.91 

[0.66, 1.27], respectively). 

Treatment-emergent adverse events of special interest 

Based on nonclinical or previous clinical findings for bempedoic acid, known effects associated 

with statins or other LLTs, and/or events related to the therapeutic area, several TEAEs of 
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special interest were identified and prespecified in each study protocol for observation. The 

following sections detail these TEAEs of special interest. 

Elevated liver enzymes 

The rate of repeated and confirmed (2 consecutive incidences) elevations in aminotransferase 

levels >3 times the upper limit of normal (ULN) was 0.8/100 PY (bempedoic acid) and 

0.3/100 PY (placebo) (Table 2). Aminotransferase level >5 × ULN was 0.3/100 PY vs 0.2/100 

PY. Aminotransferase levels all returned to <3 × ULN, regardless of whether the patient 

continued or discontinued study treatment. No patient in the bempedoic acid group had total 

bilirubin levels >2 × ULN, and no patient in either treatment group met Hy’s Law criteria. 

Investigator-reported TEAEs of elevations in hepatic enzyme levels occurred at rates of 3.3/100 

PY (bempedoic acid) and 1.4/100 PY (placebo) (Table 3). 

Table 3   Adverse Events of Special Interest 

Parameter 

Exposure-Adjusted Incidence  
per 100 Person-Years (n) 

Bempedoic Acid 
(n = 2424) 

Placebo 
(n = 1197) 

Hypoglycemia 2.0 (41) 2.4 (25) 

Metabolic acidosis <0.1 (1) 0 

New-onset diabetes/hyperglycemia* 4.7 (96) 6.4 (67) 

Hepatic enzyme elevation† 3.3 (67) 1.4 (15) 

Aspartate aminotransferase levels increased 1.5 (30) 0.3 (3) 

Alanine aminotransferase levels increased 1.1 (23) 0.2 (2) 

Muscular disorders‡ 15.4 (312) 11.9 (125) 

Myalgia 5.8 (118) 6.0 (63) 

Muscle spasms 4.4 (89) 3.0 (31) 

Pain in extremity 3.7 (75) 2.0 (21) 

Blood creatine phosphokinase levels increased 2.3 (47) 1.5 (16) 

Muscular weakness 0.6 (13) 0.7 (7) 

Myositis 0.1 (3) 0 
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Neurocognitive disorders§ 0.8 (16) 0.9 (9) 

Renal and urinary disorders¶ 1.9 (38) 1.0 (10) 

Renal disorder investigations 1.6 (32) 0.5 (5) 

Blood creatinine levels increased 0.9 (19) 0.4 (4) 

Glomerular filtration rate decreased 0.8 (16) <0.1 (1) 

Blood urea levels increased 0.1 (3) <0.1 (1) 

Blood uric acid levels increased 2.5 (51) 0.6 (6) 

Hyperuricemia 2.0 (40) 0.7 (7) 

Gout 1.6 (33) 0.5 (5) 

Anemia 3.0 (60) 1.8 (19) 
SOC, Medical Dictionary of Regulatory Activities (MedDRA), version 20.1, System Organ Class. 
Data are based on investigator-reported adverse events. 
Treatment-emergent adverse event incidence is defined as the number of patients having an event that started in 
a certain period divided by the total person time (in 100 person-years) at risk during this period. 
*Category included MedDRA preferred terms: blood glucose abnormal, blood glucose increased, diabetes mellitus, 
diabetes mellitus inadequate control, diabetic ketoacidosis, glucose tolerance impaired, glucose urine present, 
glycosuria, glycosylated hemoglobin increased, hyperglycemia, impaired fasting glucose, ketoacidosis, ketosuria, 
ketosis, type 2 diabetes mellitus, and urine ketone body present. 
†Category included MedDRA preferred terms: aminotransferase abnormal, alanine aminotransferase increased, 
aspartate aminotransferase abnormal, aspartate aminotransferase increased, blood bilirubin abnormal, blood 
bilirubin increased, hepatic enzyme abnormal, hepatic enzyme increased, hypertransaminasemia, liver function 
test abnormal, liver function test increased, transaminases abnormal, and transaminases increased. 
‡Category included MedDRA preferred terms: muscular weakness, muscle necrosis, muscle spasms, myalgia, 
myositis, myoglobin blood increased, myoglobin blood present, myoglobin urine present, myoglobinemia, 
myoglobinuria, myopathy, myopathy toxic, necrotizing myositis, pain in extremity, rhabdomyolysis. 
§Category included MedDRA preferred terms: cognitive disorder, confusional state, disorientation, memory 
impairment, and mental status changes. 
¶Events included renal failure, renal impairment, and acute kidney injury. Estimated glomerular filtration rate 
(eGFR) <30 mL/min/1.73 m² was a study exclusion criterion. No patients had eGFR <15 mL/min/1.73 m². 

Muscular symptoms 

The TEAEs of special interest related to muscular symptoms occurred at rates of 15.4/100 PY 

(bempedoic acid) compared with 11.9/100 PY (placebo) (Table 3). Skeletal muscle TEAEs 

commonly attributed to statins were reported at similar incidence rates between treatment 

groups (myalgia, 5.8/100 PY [bempedoic acid] vs 6.0/100 PY [placebo]; muscular weakness, 

0.6/100 PY [bempedoic acid] vs 0.7/100 PY [placebo]). No cases of myopathy or 

rhabdomyolysis were reported for either treatment group. Investigator-reported myositis 

occurred in three patients (0.1/100 PY) in the bempedoic acid group (vs zero in the placebo 

group), all of whom were receiving background statin therapy (simvastatin 40 mg, atorvastatin 
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20 mg, or atorvastatin 80 mg). A similar number of patients experienced elevations in creatine 

kinase levels >5 × ULN in both treatment groups (Table 2). 

Uric acid elevation and gout 

Bempedoic acid was associated with small mean increases in uric acid levels (mean change at 

week 12, 0.82 mg/dL [bempedoic acid] vs –0.02 mg/dL [placebo]), which were apparent within 

the first 4 weeks of treatment, were stable over time, and were reversible after treatment 

cessation (Fig. 2). Changes in uric acid levels were not influenced by baseline renal function 

(Supplemental Table 2). 

 

Figure 2  Change in uric acid before, during, and after treatment in the ASCVD/HeFH on statins 

pool. Data represent the subset of patients who underwent further assessments after 

discontinuing study treatment. Only patients with both pre- and post-IMP data are included. 
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Patients who discontinued study drug were encouraged to remain in the study and continue 

regularly scheduled study visits. There were no specific assigned time points for patients to 

return for assessment; in general, the timing of the study visit after discontinuation was based 

on the timing of discontinuation relative to the next scheduled visit. Values shown on the x-axis 

represent study visit time points. Time point 0 represents the last assessment prior to end of 

study drug treatment. Other time points are relative to time point 0 (eg, –2 means the second 

value prior to time 0 assessment). ASCVD, atherosclerotic cardiovascular disease; HeFH, 

heterozygous familial hypercholesterolemia; IMP, investigational medicinal product. 

The rate of gout was 1.6/100 PY (bempedoic acid) and 0.5/100 PY (placebo). A medical history 

of gout was present in 5.4% (196 of 3621) of the overall patient population. The incidence of 

gout was greater in patients who had a medical history of gout compared with those who had no 

medical history of gout (bempedoic acid, 11.0% vs 0.8%, respectively; placebo, 2.9% vs 0.3%, 

respectively) (Table 4). Further, among the subset of patients who had a history of gout, those 

with elevated uric acid levels at baseline had a greater incidence of gout than did those who had 

uric acid levels within normal limits (bempedoic acid, 23.1% vs 5.7%; placebo, 9.5% vs 0%). In 

patients without a history of gout, elevated uric acid levels at baseline were associated with a 

greater incidence of gout with bempedoic acid vs placebo (3.1% vs 0.4%, respectively), 

whereas uric acid levels within normal range at baseline were associated with a comparable 

incidence of gout for bempedoic acid and placebo (0.3% vs 0.2%, respectively). Among patients 

with a medical history of gout who experienced a TEAE of gout (bempedoic acid, n = 14; 

placebo, n = 2), most were male (bempedoic acid, n = 13; placebo, n = 1), some were receiving 

medication to treat gout when they had their first TEAE of gout (bempedoic acid, n = 6; placebo, 

n = 1), and few had a repeated incidence of gout during the studies (bempedoic acid, n = 4; 

placebo, n = 0). Of patients receiving gout medication at baseline, 7 of 20 in the bempedoic acid 
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group developed gout and 3 of 3 in the placebo group developed gout. Other potential clinical 

consequences of elevated uric acid levels, such as kidney stones, were infrequent (occurring in 

<1% of patients), and balanced between treatment groups. 

Table 4   Incidence of gout by baseline uric acid levels and by medical history of gout 

Parameter 

TEAE of gout No TEAE of gout 

Bempedoic 
acid Placebo 

Bempedoic 
acid Placebo 

Patients with medical history of gout, % 
(n/total) 

Uric acid levels at baseline, %* (n) 
≤ ULN 
> ULN 

11.0  
(14/127) 

 
5.7 (5) 

23.1 (9) 

2.9 
(2/69) 

 
0 

9.5 (2) 

89.0 
(113/127) 

 
94.3 (83) 
76.9 (30) 

97.1  
(67/69) 

 
100 (48) 
90.5 (19) 

Patients without medical history of gout, % 
(n/total) 

Uric acid levels at baseline, %* (n) 
≤ ULN 
> ULN 

0.8 
(19/2297) 

 
0.3 (5) 

3.1 (14) 

0.3 
(3/1128) 

 
0.2 (2) 
0.4 (1) 

99.2 
(2278/2297) 

 
99.7 (1841) 
96.9 (437) 

99.7 
(1125/1128) 

 
99.8 (899) 
99.6 (226) 

TEAE, treatment-emergent adverse event; ULN, upper limit of normal. 
*Percentages are calculated based on the total number of patients with or without medical history of gout in each treatment 
group. 

Other TEAEs of special interest 

Rates of new-onset diabetes/hyperglycemia were 4.7/100 PY (bempedoic acid) and 6.4/100 PY 

(placebo). These rates were based on investigator reports of diabetes-related TEAEs (Table 3) 

as well as laboratory assessments of increased glucose levels ≥126 mg/dL or hemoglobin A1c 

levels ≥6.5%. 

The proportions of patients who experienced other TEAEs of special interest, including 

hypoglycemia, metabolic acidosis, or neurocognitive disorders, were low and similar between 

the bempedoic acid and placebo groups (Table 3). 
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Other laboratory findings and related TEAEs of special interest 

Bempedoic acid was associated with small increases in mean blood urea nitrogen (week 12, 

1.7 mg/dL [bempedoic acid] vs 0.1 mg/dL [placebo]) and creatinine (week 12: 0.048 mg/dL 

[bempedoic acid] vs –0.002 mg/dL [placebo]) levels and small decreases in mean hemoglobin 

concentrations (Table 2). These findings were apparent within the first 4 weeks of treatment, 

were stable over time, and reversible after treatment cessation (Supplemental Figure). For the 

majority of patients, laboratory changes were not associated with clinical symptoms. Based on 

subgroup analyses of baseline renal function categories, no subgroup appears to have had 

significant impact on the changes in laboratory values. No meaningful clinical manifestations in 

the laboratory values were observed across baseline renal function categories. Renal AEs of 

special interest (ie, renal failure, renal impairment, acute kidney injury, increased blood 

creatinine levels, increased blood urea levels, and decreased eGFR), occurred in more patients 

treated with bempedoic acid, although the difference between groups was no more than 0.8/100 

PY (Table 3). 

Reductions in hemoglobin of ≥2 g/dL from baseline that resulted in values below the lower limit 

of normal were more frequent with bempedoic acid vs placebo, but the incidence was low in 

both groups (4.9/100 PY vs 2.0/100 PY, respectively; Table 2). Reductions in hemoglobin levels 

of ≥3 g/dL and below the lower limit of normal were generally balanced between the 

two treatment groups (1.5/100 PY [bempedoic acid] vs 1.1/100 PY [placebo]). One patient 

treated with bempedoic acid (vs no patients with placebo) developed clinically defined anemia 

(<8 mg/dL). This patient had a history of chronic recurrent iron deficiency anemia and was 

treated with a blood transfusion on hospitalization for severe anemia; the investigator did not 

consider the anemia to be related to bempedoic acid and the patient restarted bempedoic acid 

treatment after hemoglobin levels returned to normal range. Anemia reported as an AE occurred 
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at rates of 3.0/100 PY (bempedoic acid) and 1.8/100 PY (placebo) (Table 3). Small changes in 

hematocrit and erythrocyte levels were observed during the study; these changes were to a 

similar degree as seen with hemoglobin, with a mean change from baseline at week 4 of –1.1% 

(bempedoic acid) vs 0.5% (placebo) in hematocrit levels and –1.8% (bempedoic acid) vs –

0.01% (placebo) in erythrocytes. The maximum mean percentage increase in platelet levels was 

observed for bempedoic acid (11.0%) vs placebo (4.0%). No clinically meaningful changes were 

found in mean corpuscular hemoglobin, mean corpuscular volume, or lactate dehydrogenase. 

No other changes in hematological measures occurred. 

Other adverse events: tendon rupture 

The overall incidence of the AE term, tendon rupture, was low, occurring in six patients 

(0.3/100 PY) in the bempedoic acid group and no cases in the placebo group. These reports of 

tendon rupture are from CLEAR Harmony and CLEAR Wisdom trials, as no incidence of tendon 

rupture was reported in the CLEAR Serenity or CLEAR Tranquility trials. Although not a 

prespecified TEAE of special interest, the US Food and Drug Administration conducted a 

separate analysis of the data and identified 10 cases of what they considered to be tendon 

rupture or injury (Supplemental Table 3)17; of these, six patients had an AE term of tendon 

rupture, three patients had rotator cuff syndrome, and one patient had tendon injury (confirmed 

by the investigator to not be a rupture). The majority of patients with tendon rupture had 

sustained injury in the setting of trauma or other mechanical stress and/or had a medical history 

of tendon rupture or injury. Beyond hypercholesterolemia present in all patients, additional risk 

factors present for tendon rupture included male sex (n = 9), diabetes (n = 4), renal impairment 

(n = 1), and statin use (n = 10). 
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Patient pools and subgroups 

Safety assessments were also analyzed separately for patients in the ASCVD/HeFH on statins 

and statin-intolerant pools. Demographic and baseline characteristics were generally consistent 

with those of the overall analysis population.16 The statin-intolerant pool included a greater 

proportion of women (58% vs 29%) and was more racially/ethnically diverse compared with the 

ASCVD/HeFH on statins pool, in which 97% of patients had preexisting ASCVD. 

Safety measures in the two patient pools followed the trends observed for the overall population 

(Supplemental Table 4). Overall TEAE rates were higher in the statin-intolerant pool in both 

treatment groups. Rates of muscle-related TEAEs were not elevated with bempedoic acid 

treatment relative to placebo in the statin-intolerant pool. Among patients in the ASCVD/HeFH 

on statins pool, the incidences of myalgia and muscle weakness were similar in the bempedoic 

acid and placebo groups overall and in the subgroups of patients who received moderate- or 

high-intensity background statin therapy (data not shown).   
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Discussion 

This analysis reports combined safety data from four phase 3 clinical trials encompassing more 

than 3600 patients (>3000 from 52-week studies). The pooled nature of the analysis using 

individual patient data provides insight into the safety of bempedoic acid beyond currently 

published data and systematic reviews/meta-analyses that use summary information18-22, 

revealing a consistent profile across clinical trials and patient subgroups. Background LLT, 

which was used by the majority of patients, had no demonstrable effect on the safety or 

tolerability of bempedoic acid. 

Several safety considerations (TEAEs of special interest) were identified a priori for additional 

scrutiny based on preclinical observations, experiences from prior clinical trials of other LLTs, 

and/or particular relevance to the disease state. Among these were muscle-related symptoms, 

the most common symptoms associated with statin intolerance. Bempedoic acid and statins 

both inhibit cholesterol synthesis enzymes, namely ATP citrate lyase and HMG-CoA reductase, 

respectively. Although the mechanism underlying statin-associated muscle symptoms is 

unclear, it was hypothesized that lack of bempedoic acid activation in skeletal muscle would 

limit such symptoms from occurring with bempedoic acid.11 In our analysis, myalgia and muscle 

weakness were comparable in the bempedoic acid and placebo groups. Parity between 

treatments was observed even among patients who were receiving background high-intensity 

statin therapy and patients with a history of statin intolerance. No cases of rhabdomyolysis 

occurred in these studies. 

Administration of bempedoic acid resulted in slight elevations in alanine aminotransferase and 

aspartate aminotransferase in these studies. The incidence of repeated and confirmed 

elevations in alanine aminotransferase and/or aspartate aminotransferase is within the range of 
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aminotransaminase elevations >3 × ULN reported for statins (0.2%–2.3% atorvastatin,23 1.1% 

rosuvastatin,24 0.9%–2.1% simvastatin25) and for ezetimibe (0.5%)26. The incidence of repeated 

and confirmed aminotransferase elevations >5 × ULN was comparable between treatment 

groups. The incidence of prespecified TEAEs of special interest within hepatic events was low. 

These results appear to be consistent with prior clinical experience with statins and were not 

associated with any other AEs. No patient in the bempedoic acid group met the criteria for 

potential Hy’s Law. 

Statins are associated with a small risk of incident diabetes, particularly with high-intensity 

statins and in patients at risk for diabetes.27,28 In this pooled analysis, new-onset diabetes and 

worsening of diabetes occurred less frequently with bempedoic acid vs placebo. Other analyses 

have reported numerically lower hemoglobin A1c levels in patients with diabetes who received 

bempedoic acid vs placebo after 12 weeks of treatment.29 A separate analysis of the effect of 

bempedoic acid on glycemic parameters in patients who have diabetes or prediabetes is 

ongoing. 

Laboratory assessments revealed mild increases in creatinine, blood urea nitrogen, and uric 

acid levels in the bempedoic acid group that returned to baseline levels after discontinuation of 

treatment. The observed increases in creatinine and uric acid levels appear to be primarily due 

to an effect of bempedoic acid on organic anion transporter 2, a renal transporter involved in 

excretion of creatinine and uric acid.30,31 In preclinical studies, bempedoic acid demonstrated 

inhibitory activity toward organic anion transporter 2, including specific effects on uric acid and 

creatinine levels as substrates (unpublished data). The mechanism for the mild increases in 

blood urea nitrogen levels is not known. 
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One of the unique aspects of this safety analysis of bempedoic acid was the assessment of the 

relationship between uric acid levels and gout, which may provide clinicians practical clinical 

guidance. Firstly, the overall rate of gout in this pooled analysis was low (bempedoic acid, 

1.6/100 PY and placebo, 0.5/100 PY). Secondly, patients who had a medical history of gout had 

a greater chance of gout compared with those patients who had no medical history of gout 

(bempedoic acid, 11.0% vs 0.8%, respectively; placebo, 2.9% vs 0.3%, respectively). Thirdly, 

patients who had a history of gout and elevated uric acid levels at baseline had a greater 

incidence of gout than did those who had uric acid levels within normal limits (bempedoic acid, 

23.1% vs 5.7%; placebo, 9.5% vs 0%). Fourthly, in patients without a history of gout, elevated 

uric acid levels at baseline were associated with a greater incidence of gout with bempedoic 

acid vs placebo (3.1% vs 0.4%, respectively). Finally, if the uric acid levels were within normal 

range at baseline in patients without a history of gout, then the onset of gout was similar 

between patients taking bempedoic acid and placebo (0.3% vs 0.2%, respectively). 

Mild reversible reductions in hemoglobin levels were also associated with bempedoic acid. One 

patient in the bempedoic acid group experienced a hemoglobin level <8 mg/dL; however, the 

investigator did not consider this AE to be related to bempedoic acid and the patient continued 

bempedoic acid treatment after hemoglobin levels returned to normal range. The mechanism by 

which bempedoic acid may have an association with reduced hemoglobin levels is unknown. 

The adverse event of anemia was reported by a low proportion of patients in both groups (3.0% 

vs 1.8% for bempedoic acid and placebo, respectively), no qualitative changes existed in red 

blood cells (eg, mean corpuscular hemoglobin concentration), and no evidence supported 

plasma dilution as a potential cause. 

In this pooled analysis, the frequency of tendon rupture was low (six of 2424 patients who 

received bempedoic acid), which was based on the MedDRA preferred term of “tendon rupture”, 
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unlike the terms used by the US Food and Drug Administration in a separate analysis (broader 

criteria included three cases of rotator cuff syndrome and one case of tendon injury). 

Hypercholesterolemia (particularly HeFH), is associated with an increased risk of tendon 

rupture.32 Other risk factors for tendon rupture include statin use, diabetes, fluoroquinolone or 

systemic steroid use, renal failure, age over 60 years, male sex, and previous tendon 

disorders.33-37 In this pooled analysis, all patients who developed tendon rupture had one or 

more of these potential risk factor(s) for tendon rupture (no patients who had tendon rupture 

were taking concomitant fluoroquinolone or systemic steroid medication) (Supplemental Table 

3). 

Limitations of this analysis include pooling of data from studies of varying duration that differed 

in patient enrollment criteria. Background LLT was also heterogeneous both within and among 

studies. However, the diversity of background treatment, and the variance in the duration of 

treatment might have applicability to patients commonly encountered in clinical practice. 

Because the majority of patients enrolled in the studies were white, the generalizability to 

underrepresented racial and ethnic groups is limited. The longest study duration was 52 weeks, 

which may limit any long-term safety conclusions; however, further insights into the long-term 

effects of bempedoic acid will come from the CLEAR Harmony open-label extension study 

(NCT03067441), in which 1462 patients who were eligible and chose to participate could 

achieve a total of up to 2.5 years of bempedoic acid treatment. Additional insights on the 

bempedoic acid safety profile will come from the ongoing ~14,000-patient, event-driven 

cardiovascular outcomes trial (CLEAR Outcomes; NCT02993406) conducted in patients with 

statin intolerance for an estimated average treatment duration of 3.5 years. The estimated study 

completion date for CLEAR Outcomes is 2022. 
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In summary, in this pooled analysis, bempedoic acid was generally well tolerated. Bempedoic 

acid was associated with small increases in creatinine and uric acid levels and greater incidence 

of gout, as well as infrequent decreases in hemoglobin levels. Elevations in other laboratory 

values were generally reversible and not considered related to treatment. The safety profile of 

bempedoic acid was consistent when used in conjunction with other LLTs (eg, statins and/or 

ezetimibe) and within different patient subgroups. Compared with placebo, bempedoic acid did 

not increase myalgia and muscle weakness to a clinically meaningful degree, even among a 

subset of patients with a history of statin intolerance. This pooled safety analysis revealed no 

cases of rhabdomyolysis. With its demonstrated efficacy and favorable safety profile, 

bempedoic acid may be a useful addition to the LLT armamentarium, especially among patients 

wherein safety and tolerability issues with other LLTs may be a concern.  

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 28 

Acknowledgments 

The authors offer appreciation to all study investigators, clinical site staff, and study participants. 

KKR acknowledges support from the NIHR Imperial Biomedical Research Centre. Amy Feng, of 

Esperion, provided additional statistical support and reviewed the manuscript for accuracy. 

Medical writing/editorial support (funded by Esperion) for preparation of this article was provided 

by Crystal Murcia, PhD, and Kelly M. Cameron, PhD, CMPP, of JB Ashtin. 

Funding/Support 

This work was supported by Esperion Therapeutics, Inc. Esperion was involved in the design of 

the studies, in collaboration with an expert steering committee; in the conduct of the studies; 

and in data collection and management. Esperion was involved in the analysis and 

interpretation of the data; preparation, review, and approval of the manuscript; and decision to 

submit the manuscript for publication, but had no veto authority with respect to publication or 

control of the decision regarding choice of journal for submission.  

Data sharing statement  

The data, analytic methods, and study materials will not be made available to other researchers 

for purposes of reproducing the results or replicating the procedures. 

Financial disclosure 

Harold E. Bays has received research grant(s)/support from Amgen, LIB Therapeutics, Merck, 

Regeneron, and Sanofi, and has served as a consultant for or received honoraria from 

Aegerion, Amgen, Regeneron, and Sanofi. Maciej Banach has received research 

grant(s)/support from Sanofi, Valeant, and Mylan, and has served as a consultant for 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 29 

Abbott/Mylan, Abbott Vascular, Actavis, Akcea, Amgen, Biofarm, KRKA, MSD, Sanofi-Aventis, 

Servier, Valeant, Freia Pharmaceuticals, Polfarmex, Daiichi Sankyo, Esperion, Lilly, and 

Resverlogix. Alberico L. Catapano has received research grant(s)/support from Sanofi, Sanofi 

Regeneron, Amgen, Mylan, and Menarini, and has served as a consultant for Amgen, Sanofi, 

Esperion, Novartis, Ionis Pharmaceuticals, Mylan, Menarini, Recordati, and Sankyo. P. Barton 

Duell has received institutional research grant(s)/support from Retrophin, Regeneron, and 

Regenxbio, and has served as a consultant for Akcea, Astra Zeneca, Esperion, Retrophin, 

Regeneron, and Regenxbio. Antonio M. Gotto, Jr. reported being an Esperion Therapeutics, Inc. 

board member; chairing the Akcea Therapeutics Data and Safety Monitoring Board; and 

receiving personal fees from Amarin Pharmaceuticals, Esperion Therapeutics, Inc., Ionic 

Pharmaceuticals, and Kowa Pharmaceuticals during the conduct of the study and outside the 

submitted work. Ulrich Laufs has served as a consultant for Amgen, Esperion, and Sanofi. G. B. 

John Mancini has received research grant(s)/support from Merck, AstraZeneca, Amgen, Sanofi, 

Novo Nordisk, and Boehringer Ingelheim, and has served as a consultant for these companies 

as well as Esperion, Novartis, and Servier. Lawrence A. Leiter has received research 

grant(s)/support from Astra Zeneca, Amgen, Kowa, Novartis, The Medicines Company, and 

Sanofi/Regeneron. He has also served as a consultant for Astra Zeneca, Amgen, Esperion,  

Merck, Novartis, The Medicines Company, and Sanofi/Regeneron. Kausik K. Ray has received 

research grant(s)/support from Amgen, MSD, Pfizer, Regeneron, and Sanofi (all paid to his 

institution), and served as a consultant for or received honoraria from AbbVie, Akcea, Algorithm, 

Amgen, AstraZeneca, Boehringer Ingelheim, Cerenis, Cipla, Dr Reddy’s Laboratories, Eli Lilly, 

Esperion, Kowa, Medco, MSD, Novo Nordisk, Pfizer, Regeneron, Resverlogix, Sanofi, Takeda, 

and Zuellig Pharma. LeAnne T. Bloeden, William J. Sasiela, and Zhan Ye are employees of 

Esperion Therapeutics, Inc., and may hold stock and/or stock options. Christie M. Ballantyne 

has received research grant(s)/support from Abbott Diagnostic, Akcea, Amarin, Amgen, 

Esperion, Ionis, Novartis, Regeneron, Roche Diagnostic, Sanofi-Synthelabo, NIH, AHA, and 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 30 

ADA (all paid to his institution). He has also served as a consultant for Abbott Diagnostics, 

Amarin, Amgen, Astra Zeneca, Boehringer Ingelheim, Eli Lilly, Esperion, Intercept, Ionis, 

Matinas BioPharma Inc, Merck, Novartis, Novo Nordisk, Regeneron, Roche Diagnostic, and 

Sanofi-Synthelabo. 

Author contributions 

Harold E. Bays, Maciej Banach, Alberico L. Catapano, Ulrich Laufs, and Kausik K. Ray were all 

involved in the concept/design of the manuscript and data interpretation. P. Barton Duell, 

Lawrence A. Leiter, and G.B. John Mancini were involved in the data interpretation. LeAnne T. 

Bloedon, William J. Sasiela, and Christie M. Ballantyne were all involved in the concept/design 

of the manuscript, data acquisition, and data interpretation. Zhan Ye was involved in the 

concept/design, data acquisition, statistical analysis, and data interpretation. All authors critically 

reviewed the manuscript and approved the final version of the manuscript for submission.  

  

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 31 

References 

1. Cholesterol Treatment Trialists Collaboration, Baigent C, Blackwell L, et al. Efficacy and 

safety of more intensive lowering of LDL cholesterol: a meta-analysis of data from 

170,000 participants in 26 randomised trials. Lancet. 2010;376(9753):1670-1681. doi: 

10.1016/S0140-6736(10)61350-5. 

2. Sabatine MS, Wiviott SD, Im K, Murphy SA, Giugliano RP. Efficacy and safety of further 

lowering of low-density lipoprotein cholesterol in patients starting with very low levels: a 

meta-analysis. JAMA Cardiol. 2018;3(9):823-828. doi: 10.1001/jamacardio.2018.2258. 

3. Catapano AL, Graham I, De Backer G, et al. 2016 ESC/EAS guidelines for the 

management of dyslipidaemias. Eur Heart J. 2016;37(39):2999-3058. doi: 

10.1093/eurheartj/ehw272. 

4. Grundy SM, Stone NJ, Bailey AL, et al. 2018 

AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on 

the management of blood cholesterol: A report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J 

Am Coll Cardiol. 2019;73(24):e285-e350. doi: 10.1016/j.jacc.2018.11.003. 

5. Toth PP, Foody JM, Tomassini JE, et al. Therapeutic practice patterns related to statin 

potency and ezetimibe/simvastatin combination therapies in lowering LDL-C in patients 

with high-risk cardiovascular disease. J Clin Lipidol. 2014;8(1):107-116. doi: 

10.1016/j.jacl.2013.09.009. 

6. Kuiper JG, Sanchez RJ, Houben E, et al. Use of lipid-modifying therapy and LDL-C goal 

attainment in a high-cardiovascular-risk population in the Netherlands. Clin Ther. 

2017;39(4):819-827 e811. doi: 10.1016/j.clinthera.2017.03.001. 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 32 

7. Perez de Isla L, Alonso R, Watts GF, et al. Attainment of LDL-cholesterol treatment 

goals in patients with familial hypercholesterolemia: 5-year SAFEHEART Registry follow-

up. J Am Coll Cardiol. 2016;67(11):1278-1285. doi: 10.1016/j.jacc.2016.01.008. 

8. De Backer G, Jankowski P, Kotseva K, et al. Management of dyslipidaemia in patients 

with coronary heart disease: Results from the ESC-EORP EUROASPIRE V survey in 27 

countries. Atherosclerosis. 2019;285:135-146. doi: 

10.1016/j.atherosclerosis.2019.03.014. 

9. Laufs U, Filipiak KJ, Gouni-Berthold I, Catapano AL, SAMS Expert Working Group. 

Practical aspects in the management of statin-associated muscle symptoms (SAMS). 

Atheroscler Suppl. 2017;26:45-55. doi: 10.1016/S1567-5688(17)30024-7. 

10. Rosenson RS, Baker S, Banach M, et al. Optimizing Cholesterol Treatment in Patients 

With Muscle Complaints. J Am Coll Cardiol. 2017;70(10):1290-1301. doi: 

10.1016/j.jacc.2017.07.752. 

11. Pinkosky SL, Newton RS, Day EA, et al. Liver-specific ATP-citrate lyase inhibition by 

bempedoic acid decreases LDL-C and attenuates atherosclerosis. Nat Commun. 

2016;7:13457. doi: 10.1038/ncomms13457. 

12. Ballantyne CM, Banach M, Mancini GBJ, et al. Efficacy and safety of bempedoic acid 

added to ezetimibe in statin-intolerant patients with hypercholesterolemia: A randomized, 

placebo-controlled study. Atherosclerosis. 2018;277:195-203. doi: 

10.1016/j.atherosclerosis.2018.06.002. 

13. Ray KK, Bays HE, Catapano AL, et al. Safety and efficacy of bempedoic acid to reduce 

LDL cholesterol. N Engl J Med. 2019;380(11):1022-1032. doi: 

10.1056/NEJMoa1803917. 

14. Laufs U, Banach M, Mancini GBJ, et al. Efficacy and safety of bempedoic acid in 

patients with hypercholesterolemia and statin intolerance. J Am Heart Assoc. 

2019;8(7):e011662. doi: 10.1161/JAHA.118.011662. 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 33 

15. Goldberg AC, Leiter LA, Stroes ESG, et al. Effect of bempedoic acid vs placebo added 

to maximally tolerated statins on low-density lipoprotein cholesterol in patients at high 

risk for cardiovascular disease: The CLEAR Wisdom randomized clinical trial. JAMA. 

2019;322(18):1780-1788. doi: 10.1001/jama.2019.16585. 

16. Banach M, Duell PB, Gotto AM, Jr., et al. Association of bempedoic acid administration 

with atherogenic lipid levels in phase 3 randomized clinical trials of patients with 

hypercholesterolemia. JAMA Cardiol. 2020. doi: 10.1001/jamacardio.2020.2314. 

17. NEXLETOL (bempedoic acid) [package insert]. Ann Arbor, MI: Esperion 

Pharamceuticals LP; 2020. 

18. Cicero AFG, Fogacci F, Hernandez AV, Banach M, Lipid and Blood Pressure Meta-

Analysis Collaboration Group, the International Lipid Expert Panel. Efficacy and safety of 

bempedoic acid for the treatment of hypercholesterolemia: a systematic review and 

meta-analysis. PLoS Med. 2020;17(7):e1003121. doi: 10.1371/journal.pmed.1003121. 

19. Cicero AFG, Pontremoli R, Fogacci F, Viazzi F, Borghi C. Effect of bempedoic acid on 

serum uric acid and related outcomes: a systematic review and meta-analysis of the 

available phase 2 and phase 3 clinical studies. Drug Saf. 2020. doi: 10.1007/s40264-

020-00931-6. 

20. Dai L, Zuo Y, You Q, Zeng H, Cao S. Efficacy and safety of bempedoic acid in patients 

with hypercholesterolemia: a systematic review and meta-analysis of randomized 

controlled trials. Eur J Prev Cardiol. 2020:2047487320930585. doi: 

10.1177/2047487320930585. 

21. Niman S, Rana K, Reid J, et al. A review of the efficacy and tolerability of bempedoic 

acid in the treatment of hypercholesterolemia. Am J Cardiovasc Drugs. 2020. doi: 

10.1007/s40256-020-00399-w. 

22. Yang J. Bempedoic acid for the treatment of hypercholesterolemia. Expert Rev 

Cardiovasc Ther. 2020;18(7):373-380. doi: 10.1080/14779072.2020.1782744. 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 34 

23. LIPITOR (atorvastatin) [package insert]. New York, NY: Pfizer; 2019. 

24. CRESTOR (rosuvastatin) [package insert]. Wilmington, DE: AstraZeneca 

Pharamceuticals LP; 2010. 

25. ZOCOR (simvastatin) [package insert]. Whitehouse Station, NY: Merck & Co., Inc.; 

2020. 

26. Zetia (ezetimibe) [package insert]. Whitehouse Station, NY: Merck & Co., Inc.; 2013. 

27. Preiss D, Seshasai SR, Welsh P, et al. Risk of incident diabetes with intensive-dose 

compared with moderate-dose statin therapy: a meta-analysis. JAMA. 

2011;305(24):2556-2564. doi: 10.1001/jama.2011.860. 

28. Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident diabetes: a collaborative 

meta-analysis of randomised statin trials. Lancet. 2010;375(9716):735-742. doi: 

10.1016/S0140-6736(09)61965-6. 

29. Leiter LA, Banach M, Catapano AL, et al. Abstract 11417: Bempedoic acid and glycemic 

control: a pooled analysis of 4 phase 3 clinical trials. Circulation. 2019;140:A11417. doi: 

10.1161.circ.140.suppl_1.11417. 

30. Sato M, Mamada H, Anzai N, Shirasaka Y, Nakanishi T, Tamai I. Renal secretion of uric 

acid by organic anion transporter 2 (OAT2/SLC22A7) in human. Biol Pharm Bull. 

2010;33(3):498-503. doi: 10.1248/bpb.33.498. 

31. Lepist EI, Zhang X, Hao J, et al. Contribution of the organic anion transporter OAT2 to 

the renal active tubular secretion of creatinine and mechanism for serum creatinine 

elevations caused by cobicistat. Kidney Int. 2014;86(2):350-357. doi: 

10.1038/ki.2014.66. 

32. Yang Y, Lu H, Qu J. Tendon pathology in hypercholesterolaemia patients: Epidemiology, 

pathogenesis and management. J Orthop Translat. 2019;16:14-22. doi: 

10.1016/j.jot.2018.07.003. 

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis   Page 35 

33. Contractor T, Beri A, Gardiner JC, Tang X, Dwamena FC. Is statin use associated with 

tendon rupture? a population-based retrospective cohort analysis. Am J Ther. 

2015;22(5):377-381. doi: 10.1097/MJT.0000000000000039. 

34. Hoffman KB, Kraus C, Dimbil M, Golomb BA. A survey of the FDA's AERS database 

regarding muscle and tendon adverse events linked to the statin drug class. PLoS One. 

2012;7(8):e42866. doi: 10.1371/journal.pone.0042866. 

35. Marie I, Delafenetre H, Massy N, Thuillez C, Noblet C, Network of the French 

Pharmacovigilance Centers. Tendinous disorders attributed to statins: a study on ninety-

six spontaneous reports in the period 1990-2005 and review of the literature. Arthritis 

Rheum. 2008;59(3):367-372. doi: 10.1002/art.23309. 

36. Pullatt RC, Gadarla MR, Karas RH, Alsheikh-Ali AA, Thompson PD. Tendon rupture 

associated with simvastatin/ezetimibe therapy. Am J Cardiol. 2007;100(1):152-153. doi: 

10.1016/j.amjcard.2007.02.068. 

37. Rubin G, Haddad E, Ben-Haim T, Elmalach I, Rozen N. Bilateral, simultaneous rupture 

of the quadriceps tendon associated with simvastatin. Isr Med Assoc J. 2011;13(3):185-

186.  

Jo
urn

al 
Pre-

pro
of



Bays et al    Bempedoic Acid Safety Analysis                                                                     

Highlights  

• Bempedoic acid significantly lowered LDL-C in 4 phase 3 placebo-controlled trials 

• Bempedoic acid had an adverse event profile similar to placebo 

• Bempedoic acid was associated with increases in uric acid and incidence of gout 

• New-onset diabetes/hyperglycemia incidence was lower with bempedoic acid vs placebo  

• Bempedoic acid was generally well-tolerated with consistent safety in subgroups 
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Bempedoic acid safety analysis: Pooled data from four phase 3 clinical trials 

SUPPLEMENTAL MATERIAL 

Supplemental Table 1   Adjudicated clinical events, safety analysis population 

Parameter 

Exposure-adjusted incidence  
per 100 person-years (n) 

Hazard Ratio (95% CI) 
Bempedoic Acid 

(n = 2424) 
Placebo 

(n = 1197) 

Any positively adjudicated event 5.3 (120) 6.0 (68) NC 

Adjudicated MACE 
Cardiovascular death 
Nonfatal myocardial infarction 
Nonfatal stroke 
Hospitalization for unstable angina 
Coronary revascularization 

 
0.4 (10) 
1.1 (26) 
0.5 (11) 
1.3 (30) 
2.9 (66) 

 
0.3 (3) 
1.9 (22) 
0.4 (4) 
1.3 (15) 
3.5 (40) 

NC 

Other adjudicated non-MACE events 
Noncardiovascular death 
Noncoronary arterial revascularization 
Hospitalization for heart failure 

 
0.2 (4) 
0.5 (11) 
0.6 (14) 

 
<0.1 (1) 
1.1 (12) 
0.3 (3) 

NC 

3-component MACE* 2.0 (45) 2.4 (27) 0.85 (0.53, 1.37) 

4-component MACE† 4.1 (93) 4.4 (50) 0.95 (0.68, 1.34) 

5-component MACE‡ 4.3 (98) 4.8 (55) 0.91 (0.66, 1.27) 
Treatment-emergent adverse event incidence is defined as the number of patients having an event that started in a certain period divided by the total person 
time (in 100 person-years) at risk during this period. 
MACE, major adverse cardiovascular events; NC, not calculated. 
*3-component MACE was defined as cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 
†4-component MACE was defined as 3-component MACE events plus coronary revascularization. 
‡5-component MACE was defined as 4-component MACE events plus hospitalization for unstable angina. 
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Supplemental Table 2   Summary of changes in uric acid by baseline eGFR category in the overall safety population 

 Baseline eGFR 

Uric acid values, mean (SD) 

30 to <60 mL/min/1.73 m2 60 to <90 mL/min/1.73 m2 ≥90 mL/min/1.73 m2 

Bempedoic 
acid 

(n = 359) 

Placebo 

(n = 183) 

Bempedoic 
acid 

(n = 1532) 

Placebo 

(n = 758) 

Bempedoic 
acid 

(n = 530) 

Placebo 

(n = 255) 

Baseline, mg/dL 6.6 (1.5) 6.5 (1.5) 6.0 (1.4) 6.0 (1.3) 5.6 (1.3) 5.5 (1.3) 

Week 4, % change 12.8 (17.3) 
(n = 347) 

1.2 (11.2) 
(n = 181) 

13.9 (15.0) 
(n = 1494) 

0.3 (12.2) 
(n = 744) 

13.8 (15.2) 
(n = 513) 

2.2 (13.5) 
(n = 247) 

Week 12, % change 15.0 (23.3) 
(n = 345) 

–1.0 (13.8) 
(n = 177) 

14.7 (16.0) 
(n = 1464) 

0.02 (13.0) 
(n = 742) 

14.9 (16.0) 
(n = 509) 

3.8 (16.0) 
(n = 248) 

Week 52, % change 13.7 (21.5) 
(n = 268) 

1.2 (24.7) 
(n = 129) 

13.1 (20.2) 
(n = 1168) 

–0.04 (15.0) 
(n = 582) 

13.9 (19.4) 
(n = 388) 

1.9 (15.1) 
(n = 206) 

eGFR, estimated glomerular filtration rate; SD, standard deviation. 
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Supplemental Table 3   Description of tendon rupture and injury cases among patients in the four phase 3 studies, as identified by the FDA 

Sex Age, y 

Risk Factors* 

Verbatim term/ 
preferred term 

Relevant MH or 
circumstances 

Relevant concomitant 
medications Onset day† MH Tr DM RI SU 

CLEAR Harmony 
Male 65 

� 
   

� 
Biceps tendon tear left/ 
Tendon rupture 

Past history of left rotator 
cuff pain years before 
entering study; bilateral 
tennis elbow 1983 

Atorvastatin 40 mg/day; 
on for 1 year prior to 
event 

106 

Left shoulder rotator cuff 
tear/ 
Rotator cuff syndrome 

188 

Male 52  
� 

  
� 

Tendinus rupture shoulder 
right/ 
Tendon rupture 

No relevant MH 
Rupture occurred when 
catching a TV that he 
dropped 

Rosuvastatin 
5 mg/week; on for 5 
months prior to event 

345 

Male 70 
� 

 
� 

 
� 

Tendon rupture of biceps/ 
Tendon rupture 

Arthralgia of left shoulder 
joint reported 5 days prior to 
first dose 

Atorvastatin 20 mg/day; 
on for 3.5 years prior to 
event 

269 

Male 63 
� 

 
� � � 

Right rotator cuff tear/ 
Rotator cuff syndrome‡ 

Past history of torn knee 
ligament (right and left) 
months before entering 
study 

Atorvastatin 40 mg/day; 
on for 6 months prior to 
event 

128 

Male 78 
� � � 

 
� 

Right shoulder torn rotator 
cuff/ 
Rotator cuff syndrome‡ 

No relevant MH 
Tendon tear as the result of 
a work-related injury 

Simvastatin 10 mg/day; 
on for 6 years prior to 
event  

15 

Male 63 
� 

   
� 

Achilles tendon injury on 
both sides/ 
Tendon injury‡  

No relevant MH 
No documentation of tendon 
tear or rupture 

Mirtazapine 30mg 
PRN; on for 5 years 
prior to event 
Atorvastatin 40 mg/day; 
on for 2 years prior to 
event 

106 
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CLEAR Wisdom 
Male 60  

�
  

� 
Tendon rupture right 
shoulder/ 
Tendon rupture 

No relevant MH 
Tendon rupture was the 
direct result of a fall onto the 
right shoulder 

Atorvastatin 40 mg/day; 
9 years to 1.5 years 
prior to event 
Fluvastatin 20 mg/day; 
on for 1.5 years prior to 
event 

126 

Female 52   
� 

 
� 

Rupture of right biceps/ 
Tendon rupture 

No relevant MH Atorvastatin 40 mg/day; 
on for 1.5 years prior to 
event 

165 

Male 60  
�

  
� 

Avulsive rupture of right 
bicep tendon enthesis/ 
Tendon rupture 

No relevant MH 
Avulsion occurred while 
lifting weights 

Rosuvastatin 
40 mg/day; on for 
3.5 years prior to event 

65 

Male 68 
� �

  
� 

Left tear of rotator cuff/ 
Rotator cuff syndrome‡ 

Two rotator cuff repairs 
years before entering the 
study. 
Never completely symptom 
free after prior procedures. 
Current tendon tear 
(confirmed rupture) 
occurred while lifting a 
heavy box from back seat of 
car with arm extended and 
sensed a tearing sensation 
reminiscent of his prior 
injury 

Pravastatin 20 mg/day; 
3 years to 1 year prior 
to event 
Betamethasone cream 
(topical) PRN; on for 10 
years prior to event 
Triamcinolone cream 
(topical) PRN; on for 4 
years prior to event 

155 

ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus (type 1 or type 2); HeFH, heterozygous familial hypercholesterolemia; MH, medical history 
of tendon rupture/injury; PRN, as needed; RI, renal impairment; SU, statin use; Tr, physical trauma; y, years. 
*Risk factors for tendon rupture included prior medical history of tendon rupture or injury, physical trauma, diabetes mellitus (Type 1 or Type 2), renal impairment, 
and/or statin use. All patients also fulfill the risk factor of advanced age and having hyperlipidemia. 
†Onset day is the day of TEAE occurrence relative to the first dose of bempedoic acid. 
‡Denotes additional patients identified by the US Food and Drug Administration as having tendon rupture or injury (rotator cuff syndrome, n = 3; tendon injury, n = 
1). 
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Supplemental Figure 
 

 

 

Supplemental Figure. Changes in (A) hemoglobin and (B) creatinine levels before, during, and 

after treatment in the ASCVD/HeFH on statins pool. Data represent the subset of patients who 

underwent further assessments after discontinuing study treatment. Only patients with both pre- 

and post-IMP data are included. Patients who discontinued study drug were encouraged to 
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remain in the study and continue regularly scheduled study visits. There were no specific 

assigned time points for patients to return for assessment; in general, the timing of the study 

visit after discontinuation was based on the timing of discontinuation relative to the next 

scheduled visit. Values shown on the x-axis represent study visit time points. Time point 0 

represents the last assessment prior to end of study drug treatment. Other time points are 

relative to time point 0 (eg, –2 means the second value prior to time 0 assessment). ASCVD, 

atherosclerotic cardiovascular disease; HeFH, heterozygous familial hypercholesterolemia; IMP, 

investigational medicinal product. 
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Supplemental Table 4  Treatment-emergent adverse events and key safety laboratory parameters in the ASCVD/HeFH on 
statins and statin intolerant pools 

Parameter 

ASCVD/HeFH on statins Statin intolerant 

Bempedoic 
Acid 

(n = 2009) 
Placebo 
(n = 999) 

Bempedoic  
Acid 

(n = 415) 
Placebo 
(n = 198) 

Overview of AEs, exposure-adjusted incidence per 100 person-years (n) 

Any AE 82.2 (1533) 79.5 (766) 141.7 (238) 123.5 (102) 

Serious AE 17.3 (322) 15.8 (152) 11.3 (19) 8.5 (7) 

AE related to study drug 26.4 (493) 22.3 (215) 53.6 (90) 33.9 (28) 

Drug discontinuation due to an AE 11.7 (219) 7.8 (75) 32.1 (54) 21.8 (18) 

AE with a fatal outcome* 1.0 (19) 0.4 (4) 0 0 

Fatal outcome, cardiac disorders SOC 0.4 (8) 0.2 (2) 0 0 

Fatal outcome, other 0.6 (11) 0.2 (2) 0 0 

Adverse events of special interest, exposure-adjusted incidence per 100 person-years (n) 

Hypoglycemia 2.1 (40) 2.6 (25) 0.6 (1) 0 

Metabolic acidosis <0.1 (1) 0 0 0 

New-onset diabetes/hyperglycemia† 4.6 (85) 6.1 (59) 6.5 (11) 9.7 (8) 

Hepatic enzyme elevation‡ 2.7 (51) 1.6 (15) 9.5 (16) 0 

Aspartate aminotransferase levels increased 1.4 (26) 0.3 (3) 2.4 (4) 0 

Alanine aminotransferase levels increased 1.0 (19) 0.2 (2) 2.4 (4) 0 
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Muscular disorders     

Myalgia 5.6 (104) 5.5 (53) 8.3 (14) 12.1 (10) 

Muscle spasms 3.9 (73) 2.4 (23) 9.5 (16) 9.7 (8) 

Pain in extremity 3.3 (61) 1.8 (17) 8.3 (14) 4.8 (4) 

Blood creatine phosphokinase levels increased 2.1 (39) 1.7 (16) 4.8 (8) 0 

Muscular weakness 0.6 (11) 0.5 (5) 1.2 (2) 2.4 (2) 

Myositis 0.2 (3) 0 0 0 

Neurocognitive disorders§ 0.8 (14) 0.8 (8) 1.2 (2) 1.2 (1) 

Renal and urinary disorders¶ 1.7 (32) 0.8 (8) 3.6 (6) 2.4 (2) 

Investigations in renal disorders SOC 1.5 (28) 0.5 (5) 2.4 (4) 0 

Blood creatinine levels increased 0.9 (16) 0.4 (4) 1.8 (3) 0 

Glomerular filtration rate decreased 0.6 (12) 0.1 (1) 2.4 (4) 0 

Blood urea levels increased 0.2 (3) 0.1 (1) 0 0 

Blood uric acid levels increased 1.8 (33) 0.4 (4) 10.7 (18) 2.4 (2) 

Hyperuricemia 2.0 (37) 0.7 (7) 1.8 (3) 0 

Gout 1.6 (29) 0.4 (4) 2.4 (4) 1.2 (1) 

Anemia 3.1 (57) 2.0 (19) 1.8 (3) 0 

Laboratory results, exposure-adjusted incidence per 100 person-years (n) 

Aminotransferase level elevation >3 × ULN‖ 0.6 (13) 0.3 (3) 2.8 (5) 0 

Aminotransferase level elevation >5 × ULN‖ 0.2 (4) 0.2 (2) 1.1 (2) 0 

Creatine kinase level elevation >5 × ULN‖ 0.3 (7) 0.2 (2) 0.6 (1) 0 
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Creatinine, median (Q1, Q3) change at week 12, 
mg/dL 

0.04 
(–0.02, 0.10)** 

–0.01 
(–0.05, 0.05)†† 

0.04 
(–0.03, 0.11)‡‡ 

0.01 
(–0.06, 0.06)§§ 

Uric acid levels, median (Q1, Q3) change at week 
12, mg/dL 

0.80 
(0.30, 1.40)¶¶ 

0.00 
(–0.40, 0.50)†† 

0.60 
(0.10, 1.20)‖‖ 

–0.20 
(–0.60, 0.40)§§ 

Hemoglobin levels, median (Q1, Q3) change at 
week 12, g/dLg 

–0.30 
(–0.70, 0.10)*** 

0.10 
(–0.40, 0.50)††† 

–0.40 
(–0.80, 0.20)‖‖ 

–0.10 
(–0.30, 0.50)‡‡‡ 

Reduction of ≥2 g/dL and < LLN** 4.9 (103) 2.2 (23) 5.0 (9) 0 

Reduction of ≥3 g/dL and < LLN** 1.4 (29) 1.2 (13) 2.8 (5) 0 

Reduction of ≥5 g/dL and < LLN** 0.1 (3) 0.2 (2) 1.1 (2) 0 

Patients with hemoglobin <8 g/dL <0.1 (1) 0 0 0 

AE, adverse event; ASCVD, atherosclerotic cardiovascular disease; HeFH, heterozygous familial hypercholesterolemia; LLN, lower limit of normal; SOC, 
Medical Dictionary of Regulatory Activities (MedDRA), version 20.1, System Organ Class; TEAE, treatment-emergent adverse event; ULN, upper limit of 
normal. 
Exposure-adjusted TEAE incidence is defined as the number of patients having an event started in a certain period divided by the total person time (in 100 
person-years) at risk during this period. Exposure-adjusted rates can be greater than 100 per 100 person-years. 
*All fatal AEs were judged by the investigator and medical monitor as unrelated to treatment. 
†Category included MedDRA preferred terms: blood glucose abnormal, blood glucose increased, diabetes mellitus, diabetes mellitus inadequate control, 
diabetic ketoacidosis, glucose tolerance impaired, glucose urine present, glycosuria, glycosylated hemoglobin increased, hyperglycemia, impaired fasting 
glucose, ketoacidosis, ketosuria, ketosis, type 2 diabetes mellitus, and urine ketone body present. 
‡Category included MedDRA preferred terms: aminotransferase abnormal, alanine aminotransferase increased, aspartate aminotransferase abnormal, 
aspartate aminotransferase increased, blood bilirubin abnormal, blood bilirubin increased, hepatic enzyme abnormal, hepatic enzyme increased, 
hypertransaminasemia, liver function test abnormal, liver function test increased, transaminases abnormal, and transaminases increased. 
§Category included MedDRA preferred terms: cognitive disorder, confusional state, disorientation, memory impairment, and mental status changes. 
¶Events included renal failure, renal impairment, and acute kidney injury. Estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m² was a study 
exclusion criterion. No patients had eGFR <15 mL/min/1.73 m². 
‖Patients with repeated and confirmed elevations in aminotransferase or creatine kinase levels. 
**n = 1926. ††n = 979. ‡‡n = 400. §§n = 189. ¶¶n = 1922. ‖‖n = 399. ***n = 1918. †††n = 971. ‡‡‡n = 190. 
Patients with values below the LLN during the study whose values were normal at baseline. 
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