American Journal of Preventive Cardiology 8 (2021) 100278

Contents lists available at ScienceDirect %mﬁfg&
American Journal of Preventive Cardiology
journal homepage: www.journals.elsevier.com/the-american-journal-of-preventive-cardiology IJASPC
Short Report
Effect of bempedoic acid plus ezetimibe fixed-dose combination vs N
ezetimibe or placebo on low-density lipoprotein cholesterol in patients | e

with type 2 diabetes and hypercholesterolemia not treated with statins

Harold E. Bays®*, Seth J. BaumP", Eliot A. Brinton®¢, Jorge Plutzky Y, Jeffrey C. Hanselman®,
Rujun Teng®, Christie M. Ballantyne'

a Louisville Metabolic and Atherosclerosis Research Center, Inc., Louisville, KY, USA
b Excel Medical Clinical Trials, Inc., Boca Raton, FL, USA

¢ Utah Lipid Center, Salt Lake City, UT, USA

d Brigham and Women’s Hospital, Boston, MA, USA

¢ Esperion Therapeutics, Inc., Ann Arbor, MI, USA

f Baylor College of Medicine, Houston, TX, USA

ARTICLE INFO ABSTRACT

Keywords:

Bempedoic acid
Diabetes mellitus type 2
Ezetimibe
Hypercholesterolemia

Objective: Statins are sometimes associated with worsened glycemic control. Patients with type 2 diabetes mellitus
(T2DM) may require non-statin therapies to achieve low-density lipoprotein cholesterol (LDL-C) lowering goals.
This study evaluated the efficacy and safety of bempedoic acid 180 mg plus ezetimibe 10 mg fixed-dose com-
bination (BA + EZE FDC) in patients with T2DM and hypercholesterolemia who were not receiving background
statins or other lipid-lowering therapy.

Methods: Patients with T2DM and elevated LDL-C levels were enrolled into this phase 2, double-blind study
(NCT03531905). Patients received placebo during a 5-week washout period where background lipid-lowering
therapies (including statins) were discontinued. Eligible patients were then randomized 1:1:1 to receive either
BA + EZE FDC, ezetimibe 10 mg, or placebo once daily for 12 weeks. Assessments included the percent change
from baseline to week 12 in LDL-C, other lipid parameters, and high-sensitivity C-reactive protein (hsCRP); and
the monitoring of safety and tolerability.

Results: Among 179 randomized patients, baseline characteristics following the washout period were similar
across treatment groups, with mean LDL-C levels of 142.6 mg/dL and mean glycated hemoglobin of 8.0%. At
week 12, BA + EZE FDC therapy lowered mean LDL-C levels by 38.8%, significantly more than ezetimibe alone
(19.2%; difference, 19.5% [95% confidence interval (CI), 13.4%-25.7%]; p < 0.001) or placebo (increase of 0.9%;
difference, 39.6% [95% CI, 33.4%-45.8%]; p < 0.001). BA + EZE FDC significantly reduced hsCRP levels from
baseline vs ezetimibe (29.2%; p = 0.005) and vs placebo (36.7%; p < 0.001). Incidence of treatment-emergent
adverse events was low in all treatment groups, with no indication of worsened glycemic control.

Conclusion: In patients with T2DM and hypercholesterolemia who were not receiving statins or other lipid-
lowering drugs, BA + EZE FDC significantly lowered LDL-C levels and was generally well tolerated.

1. Introduction

Patients with type 2 diabetes mellitus (T2DM) and hypercholes-
terolemia are at high risk for atherosclerotic cardiovascular disease (AS-
CVD) [1,2]. Guidelines recommend statins as first-line therapy to treat
elevated low-density lipoprotein cholesterol (LDL-C) levels in these pa-
tients, adding non-statins as needed to achieve risk-based LDL-C low-

ering goals [2,3]. Statin therapy, however, is associated with increased
rates of new-onset diabetes and worsening of glycemic control in pa-
tients with established T2DM [4-7]. Further, many patients with hy-
percholesterolemia (including patients with T2DM) are unable or un-
willing to take statins, or they may respond inadequately to them, and
thus may not achieve their risk-based LDL-C lowering goals with statins
alone [8]. Bempedoic acid (NEXLETOL®, Esperion Therapeutics, Inc.),
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a first-in-class oral ATP-citrate lyase inhibitor, and a bempedoic acid
plus ezetimibe fixed-dose combination (BA + EZE FDC; NEXLIZET®)
are approved in the United States as adjuncts to diet and maximally
tolerated statin therapy for patients with ASCVD and/or heterozygous
familial hypercholesterolemia who require additional LDL-C lowering
[9-14]. In Europe, bempedoic acid and BA + EZE FDC are approved as
NILEMDO® and NUSTENDI® with different prescribing information and
indications. Limited data are available regarding efficacy and tolerabil-
ity of BA + EZE FDC in patients with T2DM. This short report describes
findings from a phase 2 study evaluating the effects of BA + EZE FDC
compared with ezetimibe monotherapy or placebo on LDL-C and other
atherogenic lipoproteins and lipids, high-sensitivity C-reactive protein
(hsCRP), and safety in patients with T2DM who were not receiving back-
ground statins or other lipid-modifying therapies.

2. Methods
2.1. Patients

Eligible patients included men and women aged 18-75 years with
reported >6 months history of T2DM and elevated LDL-C levels
(>70 mg/dL at screening and 100-220 mg/dL after lipid-lowering ther-
apy [LLT] washout) who were receiving stable diabetes treatment for
>3 months and had a glycated hemoglobin (HbA,.) level of 7.0% to
<10.0% at screening. Patients were ineligible if the investigator chose
not to discontinue all LDL-C-lowering drugs and lipid-altering nutri-
tional supplements for 17 weeks, or if patients had a body mass in-
dex >40 kg/m?, had documented cardiovascular disease, had a fasting
triglyceride (TG) level >400 mg/dL after LLT washout, had a history of
type 1 diabetes, or had uncontrolled hypothyroidism, significant hep-
atic or renal dysfunction, gastrointestinal or hematologic disorders, ac-
tive malignancy, unexplained elevated levels of serum creatine kinase
(>3 x ULN), or recent history of drug or alcohol abuse. Patients were
encouraged to follow a healthful diet and exercise regularly throughout
the study.

2.2. Study design and treatment

This was a double-blind, parallel-group, placebo-controlled, multi-
center, phase 2 trial (NCT03531905) conducted between May 9, 2018,
and June 18, 2019, at 28 US clinical research sites. Patients were ran-
domized 1:1:1 to receive once daily BA + EZE FDC (180 mg BA + 10 mg
EZE), ezetimibe alone (10 mg), or placebo (Fig. 1A). The study consisted
of a 5-week LLT washout period during which patients received single-
blind, once-daily placebo treatment, followed by 12 weeks of study drug.
The study was approved by individual institutional review boards, all
patients provided written informed consent prior to the study onset,
and the study was conducted under the guidance of the Good Clinical
Practice Guideline principles as defined by the Declaration of Helsinki.

2.3. Assessments

The primary endpoint was percent change from baseline to week
12 in LDL-C levels for BA + EZE FDC vs ezetimibe alone or placebo.
The secondary endpoints were percent change from baseline to week
12 in hsCRP, non-high-density lipoprotein cholesterol (non-HDL-C), to-
tal cholesterol (TC), apolipoprotein B (Apo B), TG, and high-density
lipoprotein cholesterol (HDL-C) levels, and the proportion of patients
achieving LDL-C <70 mg/dL and/or a > 50% reduction from baseline.
The proportion of patients achieving LDL-C levels <100 mg/dL was de-
termined post hoc.

Safety and tolerability were assessed by treatment-emergent adverse
events (TEAEs), vital signs, physical examinations, and laboratory tests.
Adverse events of special interest (AESIs) were prespecified based on
potential or theoretical risks of bempedoic acid or other lipid-lowering
therapies and included categories of new-onset or worsening diabetes
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mellitus (including blood glucose increased), hepatic enzyme elevations,
hypoglycemia, muscular disorders, renal disorders, and neurocognitive
events.

2.4. Statistical analysis

Fifty-six patients per treatment group were estimated to provide
>95% power to detect an estimated 15% treatment effect (+20% stan-
dard deviation [SD]) in the primary endpoint. A total of 659 patients
were screened and 242 patients were randomized to receive BA + EZE
FDC (n = 81), ezetimibe alone (n = 81), or placebo (n = 80). Before
unblinding of the data, concerns arose regarding data integrity at three
sites (as in another study of BA + EZE FDC [15]) and data from these
three sites were excluded from the analyses. A total of 179 patients who
were randomized and received at least one dose of study medication
were included in the final efficacy and safety analyses (BA + EZE FDC
[n = 60], ezetimibe 10 mg alone [n = 60], or placebo [n = 59]). The
percent change from baseline to week 12 in LDL-C, Apo B, TC, HDL-C,
and non-HDL-C were analyzed using the analysis of covariance model,
which included treatment as a factor and baseline value as a covariate.
The percent change in hsCRP and TG levels from baseline to week 12
was analyzed using a non-parametric (Wilcoxon rank-sum test) analysis
with Hodges-Lehmann estimates because of non-normal distribution.

3. Results
3.1. Patients

The efficacy and safety analysis populations included 179 patients
who were randomized to BA + EZE FDC (n = 60), ezetimibe 10 mg
alone (n = 60), or placebo (n = 59). Patient characteristics were gener-
ally similar across treatment groups, with an average duration of T2DM
> 11 years (range, 0.7-39.7 years) and mean body mass index of
31.3 kg/m? (Table S1). The study population was diverse and generally
representative of the US population: 48% of the patients were female,
25% were black, and 21% were Hispanic or Latino. After LLT washout,
mean LDL-C levels were 145.1 + 31.5 mg/dL in the BA + EZE FDC group,
139.2 + 28.1 mg/dL in the ezetimibe group, and 143.4 + 26.4 mg/dL in
the placebo group. Other baseline parameters were generally compara-
ble, although median baseline hsCRP levels were higher in the placebo
group (3.5 mg/L) vs BA + EZE FDC or ezetimibe (2.6 and 2.4 mg/L,
respectively).

3.2. Efficacy

At week 12, BA + EZE FDC therapy lowered mean LDL-C by 38.8%,
which was significantly greater than with ezetimibe (19.2%; difference,
19.5% [95% confidence interval (CI), 13.4%-25.7%]; p < 0.001) or
placebo (increased by 0.9%; difference, 39.6% [95% CI, 33.4%-45.8%];
p < 0.001; Fig. 1B). The mean absolute reductions in LDL-C levels were
58.6 mg/dL with BA + EZE FDC and 26.4 mg/dL with ezetimibe; LDL-C
levels were increased by 0.2 mg/dL with placebo. Attainment of LDL-C
lowering goals was greater with BA + EZE FDC than with ezetimibe or
placebo. Significantly more patients achieved LDL-C levels <70 mg/dL
when treated with BA + EZE FDC (38.9%) than did patients taking eze-
timibe (5.4%) or placebo (0%; p < 0.001 for all; Fig. 1C). Similarly,
the proportion of patients who achieved LDL-C levels <100 mg/dL was
72.2% in the BA + EZE FDC group, 32.1% in the ezetimibe group, and
8.8% in the placebo group (p < 0.001 for BA + EZE FDC vs ezetim-
ibe and vs placebo). Of patients who were treated with BA + EZE FDC,
40.7% achieved a reduction in LDL-C of >50% from baseline, while no
patients who received ezetimibe or placebo achieved >50% reduction
in LDL-C levels from baseline. At week 12, BA + EZE FDC therapy re-
duced median hsCRP by 25.3%, which was significantly greater than
with ezetimibe alone (increased by 2.1%; difference, 29.2% [95% CI,
9.6-48.91; p = 0.005) or with placebo (increased by 14.1%; difference,
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Fig. 1. Study design and efficacy of BA + EZE FDC in patients with T2DM. (A) Schematic of the study design. (B) Percent change from baseline in LDL-C levels at
week 12. (C) Proportion of patients meeting LDL-C lowering goals at week 12. (D) Percent change from baseline in hsCRP levels at week 12. (E) Percent change from
baseline in TC, Apo B, HDL-C, non-HDL-C, and TG levels at week 12. *Data for TG are presented as median; interquartile range is 47.4 mg/dL for BA + EZE FDC
(n=54), 29.9 mg/dL for ezetimibe (n = 56), and 32.0 mg/dL for placebo (n = 57). Bars represent the standard error (SE) of the least squares mean. Abbreviations: Apo
B, apolipoprotein B; BA + EZE FDC, bempedoic acid plus ezetimibe fixed-dose combination; HbA, ., hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol;
hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; R, randomization; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG,
triglycerides.
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Table 1
Treatment-emergent adverse events.
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Safety Parameter

Patients, n (%)

BA + EZE FDC (n = 60)

Ezetimibe (n = 60) Placebo (n = 59)

Any TEAE?

Treatment-related TEAE

Serious TEAE

TEAE leading to discontinuation of study drug
TEAEs with a fatal outcome

AESIs”

Hypoglycemia

Blood glucose increased
Glycosylated hemoglobin increased
Urine ketone body present

Glucose urine present

Diabetes mellitus®

Type 2 diabetes mellitus®

Diabetes mellitus inadequate control
Hyperglycemia

Muscle spasms

Myalgia

Hepatic enzyme increased

26 (43.3) 18 (30.0) 22 (37.3)
1(1.7) 3(5.0) 3(5.1)
0 1(1.7) 1(1.7)
0 1(1.7) 0

0 0 0

9 (15.0) 5(8.3) 5(8.5)
0 1(1.7) 2(3.4)
3(5.0) 0 0

0 1(1.7) 2(3.4)
2(3.3) 0 0
11.7) 0 0
2(3.3) 0 0
1(1.7) 1(1.7) 0
1(1.7) 0 0

0 1(1.7) 0
1(1.7) 1(1.7) 0

0 0 1(1.7)
1@1.7) 0 0

Abbreviations: AESI, adverse event of special interest; BA + EZE FDC, bempedoic acid plus ezetimibe fixed-dose combina-

tion; TEAE, treatment-emergent adverse event.

2 TEAEs were defined as adverse events that began or worsened in severity after the first dose of double-blind study drug
until 30 days after the last dose. The subject incidence of TEAEs were summarized by treatment group. TEAEs were coded
according to Medical Dictionary of Regulatory Activities (MedDRA), version 20.1.

b AESIs were prespecified based on potential or theoretical risks of bempedoic acid or other lipid-lowering therapies
and included preferred terms related to metabolic acidosis; hepatic, muscular, renal, cardiovascular, and neurocogni-
tive/neurologic events; and new-onset diabetes mellitus or hyperglycemia. AESIs were coded according to Medical Dictio-

nary of Regulatory Activities (MedDRA), version 21.0.
¢ Indicates worsening or uncontrolled diabetes.

36.7% [95% CI, 17.7-56.01; p < 0.001) as shown in Fig. 1D. Similar
to reductions in LDL-C levels, BA + EZE FDC significantly reduced TC,
Apo B, and non-HDL-C levels compared with ezetimibe alone or placebo
(p < 0.001 for all; Fig. 1E).

3.3. Safety and tolerability

The patient incidence of TEAEs was generally comparable across
the treatment groups (Table 1). The most common TEAEs (occurring in
>3 patients in any treatment group) were blood glucose increased, uri-
nary tract infection, and bronchitis. No patients reported elevated uric
acid levels, gout, or tendon rupture. Patients treated with BA + EZE FDC
did not experience any serious TEAEs, discontinuations due to TEAEs,
or increased frequency of muscle related or hepatic TEAEs. Two seri-
ous TEAEs were reported during the study, one in the ezetimibe group
(duodenal ulcer) and one in the placebo group (angioedema), both of
which were not considered to be related to the study drug. Only one
patient (in the ezetimibe group) had a TEAE leading to discontinuation
of study drug due to gastrointestinal pain. No deaths were reported in
any treatment group.

Rates of treatment-emergent AESIs were also low in all treatment
groups, although higher in the BA + EZE FDC group (15.0% [n = 9])
compared with the ezetimibe (8.3% [n = 5]) or placebo (8.5% [n = 5])
groups. The only AESI preferred term occurring in >3 patients in any
treatment group was blood glucose increased in three patients taking
BA + EZE FDC. None of these reported increases were severe, and only
one case was considered by the investigator to possibly be treatment
related. There were no treatment-emergent reports of blood glucose in-
creased in the ezetimibe and placebo groups.

4. Discussion
In a diverse population of patients with T2DM not receiving back-

ground LLTs, treatment with BA + EZE FDC significantly lowered LDL-C
levels compared with ezetimibe alone or placebo, and significantly more

patients achieved LDL-C lowering goals while taking BA + EZE FDC than
did those taking ezetimibe or placebo. BA + EZE FDC also lowered to-
tal cholesterol, non-HDL-C, Apo B, and hsCRP levels significantly more
than ezetimibe or placebo. All three study treatments were generally
well tolerated.

Although statin use is well known to increase glycemia and new-
onset diabetes [4-7], these events were not associated with bempe-
doic acid in phase 3 studies [9-12,16,17]. In a pooled analysis of four
phase 3 studies, the incidence of new-onset diabetes was lower in pa-
tients who received bempedoic acid compared with patients who re-
ceived placebo (4.7 vs 6.4 events per 100 person-years, respectively)
[16]. Both statins and bempedoic acid lower LDL-C levels by blocking
intrahepatic cholesterol synthesis and increasing LDL-receptor expres-
sion, but bempedoic acid inhibits ATP-citrate lyase, an enzyme distinct
from 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase inhibited
by statins. Genetic studies suggest lower activity of HMG-CoA reductase
may be associated with increased risk of diabetes [18,19]; in contrast,
data from a Mendelian randomization study suggest no such connec-
tion with genetically lower ATP-citrate lyase activity [19]. Thus, the
apparent lack of adverse glycemic effects with bempedoic acid vs their
presence with statins may be mechanistically based [19]. Further in-
vestigation of the glycemic effects of bempedoic acid are needed to
confirm these findings [19], and should be forthcoming from the on-
going CLEAR Outcomes study (NCT02993406) [20]. This cardiovas-
cular outcomes trial will provide roughly 3.5 years of follow-up in
over 14,000 patients, approximately 43% of whom had diabetes at
baseline [20].

Limitations of this study include a relatively small patient population
treated for a relatively short duration in a clinical trial setting. Addition-
ally, given that all background LLTs were washed out prior to this trial,
these results may differ from a real-world setting where most patients
with T2DM would likely receive BA + EZE FDC added to background
statin therapy. However, these findings provide useful insights into the
efficacy, safety, and tolerability of BA + EZE FDC for clinical use in pa-
tients with T2DM.
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5. Summary and conclusions

In the absence of background statins or other LLTs, patients with
T2DM experienced substantially greater lowering of LDL-C and related
atherogenic lipids with BA + EZE FDC compared with ezetimibe alone or
placebo. Similarly, the proportion of patients who achieved LDL-C low-
ering goals was significantly higher in the BA + EZE FDC group vs the
ezetimibe or placebo groups. Additionally, BA + EZE FDC significantly
reduced levels of the inflammatory biomarker hsCRP. Differences in ad-
verse events were generally not clinically meaningful.
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