Received: 15 September 2021

Revised: 22 December 2021

Accepted: 1 January 2022

DOI: 10.1111/dom.14645

ORIGINAL ARTICLE

WILEY

Bempedoic acid in patients with type 2 diabetes mellitus,
prediabetes, and normoglycaemia: A post hoc analysis of
efficacy and glycaemic control using pooled data from phase

3 clinical trials

Lawrence A. Leiter MD? |

Maciej Banach MD, PhD? | Alberico L. Catapano MD, PhD?® |

P. Barton Duell MD* | Antonio M. Gotto Jr MD, DPhil> | Ulrich Laufs MD, PhD® |

G. B. John Mancini MD’
Zhan Ye PhD’ |

1Li Ka Shing Knowledge Institute, St. Michael’s

Hospital, University of Toronto, Toronto,
Ontario, Canada

2Medical University of £6dz, £6dz, Poland

SUniversity of Milan and IRCCS Multimedica,
Milan, Italy

“Oregon Health & Science University,
Portland, Oregon, USA

5Weill Cornell Medical College, New York,
New York, USA

6Leipzig University, Leipzig, Germany
“University of British Columbia, Vancouver,
British Columbia, Canada

8|mperial College London, London, UK
?Esperion Therapeutics Inc., Ann Arbor,
Michigan, USA

10 ouisville Metabolic and Atherosclerosis
Research Center, Louisville, Kentucky, USA

Correspondence

Lawrence A. Leiter, MD, St. Michael’s
Hospital, 61 Queen Street East #6121,
Toronto, ON M5C 2T2, Canada.
Email: lawrence.leiter@unityhealth.to

Funding information
Esperion Therapeutics Inc.

Kausik K. Ray MD, DPhil®
Harold E. Bays MD*°

| Jeffrey C. Hanselman MS° |

Abstract

Aim: To evaluate the effect of bempedoic acid on glycaemic and lipid variables in
patients with hypercholesterolaemia.

Methods: A patient-level pooled analysis of four phase 3, randomized, double-blind,
placebo-controlled trials evaluated changes in glycaemia, change from baseline in LDL-C,
and adverse events. Patients (N = 3621) on maximally tolerated statins were randomized
2:1 to oral bempedoic acid 180 mg or placebo once daily for 12 to 52 weeks with the
results analysed by baseline glycaemic status (diabetes, prediabetes, or normoglycaemia).
Results: The annual rate of new-onset diabetes for bempedoic acid versus placebo in
patients with normoglycaemia at baseline (n = 618) was 0.3% versus 0.8%, and for
patients with prediabetes at baseline (n = 1868) it was 4.7% versus 5.9%. In patients
with diabetes or prediabetes, bempedoic acid significantly (P < .0001) reduced HbA1c by
—0.12% and —0.06%, respectively, and did not worsen fasting glucose versus placebo.
Bempedoic acid significantly and consistently lowered LDL-C levels versus placebo,
regardless of baseline glycaemic status (placebo-corrected difference range, —17.2% to
—29.6%; P < .001 for each stratum). The safety of bempedoic acid was comparable with
placebo and similar across glycaemic strata.

Conclusions: Bempedoic acid significantly lowered LDL-C across glycaemic strata
and did not worsen glycaemic variables or increase the incidence of new-onset diabe-

tes versus placebo over a median follow-up of 1 year.
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1 | INTRODUCTION
Cardiovascular disease (CVD) risk increases in individuals who pro-
gress from normoglycaemia to prediabetes and type 2 diabetes. Indi-
viduals with type 2 diabetes have a 2-fold increased risk for coronary
heart disease (CHD), including a 2.3-fold increased risk for CHD death
and a 1.7-fold increased risk for other vascular deaths.! Reducing
LDL-C levels, primarily with the use of statins, is recommended for
individuals with hypercholesterolaemia irrespective of glycaemic sta-
tus.2® Many individuals with insufficient LDL-C lowering or higher
residual atherogenic risk may require further reduction in LDL-C,
and/or non-HDL-C and other apolipoprotein B (Apo B)-containing
lipoproteins.*®

Some lipid-lowering therapies (LLTs) are known to affect glucose

levels: bile acid sequestrants”® and possibly fibrates?:1°

may improve
glycaemia, whereas niacin and statins have the potential to worsen
glycaemic control.?*%*2 |n systematic reviews and meta-analyses of
clinical trials, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
inhibition was associated with a 9% to 12% relative increase in risk
for type 2 diabetes depending on statin intensity.” 131> Results from
population-based genetic studies show that genetic variants associ-
ated with lower HMG-CoA reductase activity are also associated
with higher blood glucose, higher HbAlc, and a greater risk of
new-onset type 2 diabetes.?®*® Despite the associated increased
risk for diabetes and worsening of glycaemic control, the reduction
in the risk of CVD and cardiovascular death supports the rec-
ommended first-line use of statins in patients with or without type
2 diabetes.2*1?

Bempedoic acid is a first-in-class inhibitor of ATP-citrate lyase
(ACL), an enzyme in the cholesterol biosynthesis pathway that is
upstream of HMG-CoA reductase, the target for statin therapy.2%2!
Bempedoic acid is a prodrug metabolized in the liver by very long-
chain acyl-CoA synthetase 1 (ACSVL1) to form the pharmacologically
active bempedoic acid-CoA metabolite, which inhibits hepatic choles-
terol synthesis and leads to upregulation of hepatic LDL receptors,
increased uptake and clearance of LDL, and lowering of plasma LDL-C
levels.?! Although ACL (the target of bempedoic acid) and HMG-CoA
reductase (the target of statins) are both involved in hepatic choles-

1,222 and Mendelian

terol synthesis, results from preclinical, clinica
randomization studies'® suggest that ACL inhibition may not
adversely affect glycaemic control and may be associated with a
reduced risk of developing diabetes. The results of a recent meta-
analysis based on published mean incidence rates of adverse events
(AEs) from 10 phase 2 or 3 studies also suggested that bempedoic
acid might actually have a protective effect against new-onset diabe-
tes.?” Because changes in glycaemic status require a larger number of
participants than are available in any individual study, we performed a
patient-level analysis of pooled data from four phase 3 clinical studies
in patients grouped by baseline glycaemic status (diabetes, prediabe-
tes, normoglycaemia) with the goal of determining if bempedoic acid
has an effect on glycaemic variables (HbA1c, fasting glucose, and inci-

dence of new-onset diabetes), and assessing the efficacy and safety

of bempedoic acid in patients who had diabetes, prediabetes, or

normoglycaemia.

2 | METHODS

21 | Studies

This was a post hoc patient-level pooled analysis of four phase 3,

2326 |n each

randomized, double-blind, placebo-controlled trials.
study, patients were randomized 2:1 to treatment with oral
bempedoic acid 180 mg or placebo once daily for 12 weeks (CLEAR
Tranquility [N = 269]; NCT03001076),%% 24 weeks (CLEAR Serenity
[N = 345]; NCT02988115),%* or 52 weeks (CLEAR Wisdom [N = 779;
NCT02991118]% and CLEAR Harmony [N = 2230; NCT02666664]).2¢
For each study, the protocol was approved by institutional review
boards or an independent ethics committee at each participating insti-

tution prior to initiation of the study.

2.2 | Patients

Patients were included in the four studies if they had hyper-
cholesterolaemia and required additional LDL-C lowering despite
receiving stable LLT. Details of the other inclusion/exclusion criteria
are available in the published articles reporting on each trial.2>2¢ All

patients provided written informed consent.

2.3 | Background lipid-lowering therapy

CLEAR Harmony and CLEAR Wisdom enrolled patients who had prior
atherosclerotic CVD (ASCVD) and/or heterozygous familial hyper-
cholesterolaemia (HeFH) who were receiving maximally tolerated statin
background therapy with or without other LLT.2>?® CLEAR Serenity
and CLEAR Tranquility enrolled patients with hypercholesterolaemia
with multiple cardiovascular risk factors, and who had a history of statin
intolerance and were receiving background therapy with at most a low-
dose statin or no statin therapy.2>2* In CLEAR Serenity, statin intoler-
ance was defined as a patient’s inability to tolerate two or more statins
(one at the lowest approved starting dose) because of an AE that
started or increased during statin therapy and resolved or improved
when the statin was discontinued. In CLEAR Tranquility, statin intoler-
ance was defined as a patient’s inability to tolerate more than low or
very low-dose (below the lowest approved starting dose) statin therapy.
All patients enrolled in CLEAR Tranquility also received background
ezetimibe 10 mg once daily?>; background ezetimibe use was allowed
but not required in the other three studies.?*2¢ Background LLT had to
be stable at least 4 weeks before screening and throughout the study,
although provisions to adjust LLT beginning at week 24 were available
if a patient’s LDL-C value exceeded 4.4 mmol/L (170 mg/dl) and
increased 25% or more from baseline.
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24 | Assessments

Patients were stratified by baseline glycaemic status into three
groups: diabetes (patients with one or more of the following: a history
of type 1 or 2 diabetes, receiving antihyperglycaemic medication
before baseline, and/or HbAlc = 6.5% [48 mmol/mol] at baseline, or
at least one fasting plasma glucose value of 2100 mg/dl, but not more
than one value of 2126 mg/dl between screening and randomization),
prediabetes (patients with all of the following: no medical history of
diabetes; not receiving antihyperglycaemic medication before base-
line; and HbA1c of 5.7% [39 mmol/mol] to 6.4% [46 mmol/mol; inclu-
sive] at baseline; or at least one fasting glucose value of 2100 mg/dl,
but not more than one value of 2126 mg/dl between screening and
baseline), and normoglycaemia (patients not fulfilling the above
criteria for diabetes or prediabetes). Criteria for the glycaemic control
subgroups are consistent with standard of care guidelines and are sim-
ilar to definitions used for studies investigating the effect of other
LLTs on glycaemic control.282?

Changes from baseline in HbA1lc levels and fasting glucose levels
were assessed. In the four individual studies, the prespecified primary
efficacy endpoint was the change from baseline in LDL-C levels at
week 12. Secondary efficacy endpoints included the change from
baseline to week 12 in total cholesterol (TC), non-HDL-C, apo B, and
high-sensitivity C-reactive protein (hsCRP) levels.

Data on treatment-emergent AEs (TEAEs), laboratory tests
(including HbAl1c and fasting plasma glucose), vital sign measure-
ments, and body weights were collected in each study. Because of
the variance in follow-up among studies (12 to 52 weeks), exposure-
adjusted incidence rates expressed as per 100 person-years (PY) are
reported for TEAEs. Prespecified categories of AEs of special interest
included new-onset type 2 diabetes/hyperglycaemia, hypoglycaemia,
elevations in hepatic enzyme levels, metabolic acidosis, muscular dis-
orders, neurocognitive disorders, renal disorders, uric acid elevations/
gout, and decreases in haemoglobin levels. New-onset diabetes was
diagnosed by fulfilling the HbAlc or fasting glucose levels used to
define diabetes at baseline or an investigator-reported diabetes-
related AE (including the MedDRA preferred terms of blood glucose
abnormal, blood glucose increased, diabetes mellitus, diabetes
mellitus inadequate control, diabetic ketoacidosis, glucose tolerance
impaired, glucose urine present, glycosuria, glycosylated haemoglobin
increased, hyperglycaemia, impaired fasting glucose, ketoacidosis,
ketosuria, ketosis, type 2 diabetes mellitus, urine ketone body pre-
sent), or initiation of an antihyperglycaemic medication at any point

after baseline.

2.5 | Statistical analysis

In the pooled analysis, the intent-to-treat (ITT) population, which
included all randomized patients, served as the efficacy analysis popu-
lation. The safety population included all patients who received at

least one dose of bempedoic acid or placebo.

The pooled data were analysed to determine changes in the
glycaemic status of all three strata. The percentages of patients
transitioning from prediabetes to diabetes or to normoglycaemia, from
normoglycaemia to prediabetes or diabetes, or experiencing shifts in
HbA1c in patients with diabetes, were assessed. Because of the varied
study lengths and patient populations, lipid-lowering efficacy was
evaluated in two study pools, patients with ASCVD and/or HeFH on
statins (52-week studies that included patients on maximally tolerated
statins) and a pool of statin-intolerant patients (12- and 24-week stud-
ies in patients on statin doses less than or equal to the lowest indi-
cated dose), both stratified by glycaemic status. Analysis of covariance
(ANCOVA) models were used for lipid variables (LDL-C, TC, non-
HDL-C, triglycerides, and apo B) change from baseline to week 12 and
for HbA1c, fasting glucose, and weight. An ANCOVA subgroup analy-
sis was used to determine any interaction between the change from
baseline to week 12 in HbAl1c and fasting glucose and baseline LLT
use or baseline statin use. Wilcoxon rank sum test was used for
hsCRP change from baseline to week 12. A survival analysis was per-
formed for time to postbaseline new-onset diabetes during the treat-
ment period in patients with prediabetes at baseline and for time to
first HbA1c of less than 6.5% (48 mmol/mol) in patients with diabetes
who had HbA1c of 6.5% or higher (48 mmol/mol) at baseline during
the treatment period.

3 | RESULTS

3.1 | Patients

Of 3621 patients in the safety analysis population, 1135 patients
(31.3%) had diabetes, 1868 patients (51.6%) had prediabetes, and
618 patients (17.1%) had normoglycaemia at baseline. Most patient
demographic variables were comparable across the groups (Table 1).
Patients with diabetes at baseline had numerically higher fasting glu-
cose, HbA1c, triglycerides, and hsCRP levels, although these differences
were not assessed for statistical differences; HDL-C levels were lower
in patients with diabetes. A higher proportion of patients with diabetes
had a history of hypertension or ASCVD than did patients with predia-
betes or normoglycaemia. A majority of patients in each group (>80%)
were treated with statins with or without other LLTs, and more than
60% of patients in each group were using moderate- or high-intensity
statins (as defined in the 2018 American Heart Association [AHA]/
American College of Cardiology [ACC] guidelines*). The median dura-
tion of treatment was 361 to 364 days for both treatment arms in each
of the three glycaemic control subgroups. The mean (SD) duration of
treatment for patients with normoglycaemia at baseline was 270.3
(131.2) days for patients treated with bempedoic acid and 269.2
(126.3) days for patients receiving placebo; prediabetes at baseline was
276.7 (126.3) days for patients treated with bempedoic acid and 294.0
(114.6) days for patients receiving placebo; and diabetes at baseline
was 278.7 (124.6) days for patients treated with bempedoic acid and
292.9 (116.2) days for patients receiving placebo.
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35.1(73)
20.7 (43)

Placebo (n = 208)
33.2 (69)

Normoglycaemia®
33.2 (136)
38.5 (158)
17.8 (73)

BA (n = 410)

31.9 (194)
45.5 (277)

Placebo (n = 609)
14.6 (89)

Prediabetes®

BA (n = 1259)
31.1(392)
44.6 (561)
16.4 (206)

Placebo (n = 380)
37.1(141)
41.3 (157)
12.1 (46)

37.4 (282)
39.7 (300)
11.4 (86)

Diabetes?
BA (nh = 755)

(Continued)

TABLE 1
Variable
Moderate
High
Baseline ezetimibe use, % (n)

>100 mg/dl, but not more than one value of 2126 mg/dl between screening and randomization.
bpatients with all of the following: no medical history of diabetes; not receiving diabetes medication prior to baseline; and HbA1c of 5.7% to 6.4% (inclusive) at baseline, or at least one fasting glucose value of

>100 mg/dl, but not more than one value of 2126 mg/d| between screening and randomization.

“Patients not fulfilling the criteria for diabetes or prediabetes.

YIncluded insulin and non-insulin medications.

?Patients with one or more of the following: history of type 1 or type 2 diabetes; receiving diabetes medication prior to baseline; and/or HbA1lc > 6.5% at baseline, or at least one fasting plasma glucose value of
€Included insulin and analogues.

Abbreviations: Apo B, apolipoprotein B; ASCVD, atherosclerotic cardiovascular disease; BA, bempedoic acid; BMI, body mass index; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C-reactive

protein; LLT, lipid-lowering therapy; SD, standard deviation.
fincluded low-dose or very-low-dose statin regimens in studies that enrolled patients with statin intolerance.

3.2 | Glycaemic effects

HbA1lc levels were modestly but significantly lower at week
12 compared with baseline among patients treated with bempedoic
acid versus placebo in both the diabetes (P < .0001) and prediabe-
tes (P =.0004) groups; no significant changes were observed in
patients with normoglycaemia (Figure 1A). There were modest
changes from baseline to week 12 in fasting glucose across the
three groups regardless of treatment (Figure 1B). Of note, the num-
ber of patients and, as expected, baseline fasting glucose levels,
varied across the three glycaemic control groups, making compari-
sons across the three glycaemic control groups difficult. A subgroup
analysis showed that the modest HbA1c or fasting glucose changes
from baseline to week 12 were not related to stable (at least

4 weeks before screening) baseline LLT or statin use (ANCOVA

(A) Diabetes Prediabetes Normoglycaemia
® 03
oa O P <.0001
5% o] P =.3620
8% 0.07 p —
c 3 . =.0004
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8 2 004 ——I—I
go .
og 017 -0.06
<% 0] -012
f 8§ 02 mBempedoic acid  OPlacebo
£ -03-
o
“ mmol/mol: -1.32  0.77 -0.66 -0.22 055 033
(B)
S g Diabetes Prediabetes Normoglycaemia
SE 100, P=.1219
od 8.0
c 0 A
33 41 P =.0730
Eg 607 ] P = .0099 —
22 4.0 2.6
g 0.4 J 1.4 14
2£ 20 : ;
>3 | Ha=ll ==
£8 0.0 T T
e 20 01
we m Bempedoic Acid OPlacebo
Percentage: 0.33%  3.20% -0.05% 1.35% 2.88% 1.57%
(©) Diabetes Prediabetes Normoglycaemia
P =.0895 P =.0076 P =.9620
0.5 1 —_—
0.3 1 0.07 0.19

0.09 0.08
017 — &ﬁ
—0.1 ] F

Weight mean change
from baseline to week 12, kg

031 -0.16
=05 - 436 mBempedoic acid O Placebo
Percent age: —0.40%  0.08% ~0.19% 0.22% 0.10% 1.57%

FIGURE 1 Change in: A, glycated haemoglobin (HbA1c); B,
Fasting glucose; and C, Weight. Data are mean + standard error. P
value based on t test for change from baseline (bempedoic acid

vs. placebo). Patients were randomized 2:1 to receive bempedoic acid
180 mg or placebo once daily for 12 weeks (CLEAR Tranquility),

24 weeks (CLEAR Serenity) or 52 weeks (in CLEAR Harmony and
CLEAR Wisdom). Primary endpoint was the change from baseline in
low-density lipoprotein cholesterol (LDL-C) levels at week 12
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FIGURE 2 Development of diabetes

(A)

— — Bempedoic acid 180 mg

'among patients with prediabetes and. Hazard ratio: 0.796
improvement to glycated haemoglobin (HbA1c) 0 6 Log-rank P value: .2819
less than 6.5% (48 mmol/mol) among patients :n“ a
with diabetes. A, Time to postbaseline diabetes %
(defined as at least one HbA1c value of 26.5%; 2 41
two or more fasting serum glucose values of E‘
2126 mg/dl; an investigator-reported diabetes- °
related adverse event; and/or initiation of g 21
diabetes medication at any point after baseline) (@)
among patients with prediabetes at baseline; B, 0 + Censored
T 1 O, 1 L T T T T T T T T T T T T T
Time to first HbAlc of 6.5% or higher among 0 30 60 90 120 150 180 210 240 270 300 330 360
patients with prediabetes at baseline; and C, ]
Time to first HbAlc less than 6.5% (48 mmol/ N at risk Time, days
mol) among patients with diabetes and HbA1c Placebo 609 603 585 571 515 498 488 433 428 420 412 408 407
of 6.5% or higher (48 mmol/mol) at baseline. Bempedoicacid ~ 1259 1254 1187 1188 1018 967 941 831 818 818 795 789 783
. . . Events
Patients were randomized 2:1 to receive Placebo 0 s 9 19 21 o1 o5 25 25 26 27 27 o7
bempedoic acid 180 mg or placebo once daily Bempedoic acid 0 12 21 33 35 35 42 43 43 43 44 46 47
for 52 weeks in CLEAR Harmony and CLEAR
Wisdom and 24 weeks in CLEAR Tranquility (B) — — Bempedoic acid 180 mg Placebo
and CLEAR Serenity .
2 Hazard ratio: 0.636
S 4 P value: .1232
o
©
AN 34
o 2 1
T |
G : e 3
B 1]
1)
S 04 + Censored
0 30 60 90 120 150 180 210 240 270 300 330 360
Time, days
N at risk
Placebo 609 609 592 583 528 513 502 446 439 435 427 428 421
Bempedoicacid 1259 1259 1208 1163 1036 988 966 854 841 837 819 814 810
Events
Placebo 0 0 0 5 6 6 10 10 10 10 10 10 11
Bempedoic acid 0 0 0 8 10 10 14 14 14 14 14 14 15
(C) — — Bempedoic acid 180 mg Placebo
N Hazard ratio: 1.468 £
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Time, days
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Bempedoicacid 455 455 442 354 316 299 288 249 243 238 232 228 224
Events
Placebo 0 8 9 19 21 21 25 25 25 26 27 27 27
Bempedoic acid 0 12 21 33 35 35 42 43 43 43 44 46 47

interaction P > .369 for all comparisons). Patients with diabetes and
prediabetes treated with bempedoic acid had mean reductions in
body weight, whereas body weight increased modestly in patients
with diabetes and prediabetes treated with placebo (P = .090 and

P =.008, respectively, between-group change from baseline)
(Figure 1C). No statistically significant differences in glycaemic vari-
ables were observed in the normoglycaemia group between
bempedoic acid and placebo.
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The annual rate of new-onset diabetes (based on a Kaplan-Meier
analysis) was numerically lower for bempedoic acid versus placebo for
patients with prediabetes at baseline (4.7% vs. 5.9%) and for patients
who were normoglycaemic at baseline (0.3% vs. 0.8%), although this
difference was not significant in either case (P > .05). A survival analy-
sis revealed that the risk of developing diabetes was numerically lower
in patients with prediabetes treated with bempedoic acid than with
placebo, although the difference between treatment groups was not
significant (hazard ratio, 0.796; P = .2819; Figure 2A). Similar findings
were observed for time to first HbAlc of 6.5% or higher among
patients with prediabetes at baseline (Figure 2B). Patients with diabe-
tes who had HbA1c levels of 6.5% or higher (48 mmol/mol) at base-
line and who were treated with bempedoic acid were more probable
to experience a decrease in HbA1c levels to less than 6.5% (48 mmol/
mol) than were patients treated with placebo (hazard ratio, 1.468;
P = .0316; Figure 2C).

TABLE 3 Treatment-emergent adverse events of special interest

The crude incidences of transitioning from one baseline glycaemic
control category to another based on maximum postbaseline patient
values are summarized in Table S1. Transition from prediabetes to dia-
betes occurred in 4.5% of patients treated with bempedoic acid and
5.9% of patients receiving placebo. Transitions in patients with nor-
moglycaemia at baseline were similar between treatment arms, with
prediabetes occurring in 22.9% of patients treated with bempedoic
acid and 21.6% of patients treated with placebo, and new-onset dia-
betes occurring in 0.5% of patients in both treatment groups. Patients
with diabetes and HbA1c of 6.5% or higher at baseline were analysed
for transitions to the last HbAlc of 5.7% to 6.4%, or 5.6% or less.
Among patients treated with bempedoic acid, 15.2% had a last pos-
tbaseline HbAlc of 5.7% to 6.4%, and 1.1% had a last HbA1c of 5.6%
or less, whereas 14.2% of patients receiving placebo achieved the last
postbaseline HbA1lc of 5.7% to 6.4%, and no patients receiving pla-
cebo had a last HbA1c of 5.6% or less.

Exposures-adjusted incidence, per 100 person-years (n)

Prediabetes® Normoglycaemia®

Diabetes”
TEAE? BA (n = 755) Placebo (n = 380)
New-onset diabetes/hyperglycaemia 9.2(59) 12.5 (42)
Diabetes mellitus 2.8(18) 4.5 (15)
Type 2 diabetes mellitus 2.8(18) 2.7 (9)
Hyperglycaemia 1.7 (11) 1.8 (6)
Blood glucose increased 1.3(8) 0.6 (2)
Diabetes mellitus inadequate control 0.6 (4) 1.5 (5)
Glycosuria 0.2(1) 0.6 (2)
Impaired fasting glucose 0.2 (1) 0
HbA1C increased 0 1.2 (4)
Glucose tolerance impaired 0 0.3(1)
Hepatic enzyme elevation 4.1 (26) 1.8 (6)
Hypoglycaemia 4.5(29) 5.7 (19)
Metabolic acidosis 0.2(1) 0
Muscular disorder 12.7 (81) 11.3 (38)
Neurocognitive disorder 1.1(7) 1.2 (4)
Renal disorder 3.9 (25) 2.1(7)
Blood creatinine increased 0.9 (6) 0.3(1)
Uric acid elevations/gout 6.4 (41) 2.4 (8)
Haemoglobin decreased 4.7 (30) 3.0(10)

BA (n = 1259) Placebo (n = 609) BA (n=410) Placebo (n = 208)
3.2(34) 4.4 (24) 0.9 (3) 0.6 (1)
0.2(2) 0.2 (1) 0 0
0.8 (8) 1.1 (6) 0 0
0.4 (4) 0.6 (3) 0 0.6 (1)
0.8 (8) 1.9 (10) 0.6 (2) 0

0 0 0 0
0 0 0 0]
0.5(5) 0.4 (2) 0 0

<0.1(1) 0.4 (2) 0 (0]
0.6 (6) 0.2 (1) 0.3 (1) 0
3.4 (36) 1.3(7) 1.5 (5) 1.2 (2)
0.7 (7) 0.9 (5) 1.5(5) 0.6(1)

0 0 0 0

17.5(185) 12.4 (67) 13.6 (46) 11.7 (20)
0.5 (5) 0.7 (4) 1.2 (4) 0.6 (1)
3.3(35) 0.7 (4) 2.7 (9) 2.3(4)
0.8 (8) 0.4 (2) 1.5 (5) 0.6 (1)
6.1 (65) 1.7 (9) 4.5 (15) 0.6(1)
2.8 (30) 1.7 (9) 2.7 (9) 1.8(3)

Note: 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 PY) at risk

during this period.

Abbreviations: BA, bempedoic acid; HbA1C, Glycosylated haemoglobin; PY, person-years; TEAE, treatment-emergent adverse event.
*TEAESs occurring in more than two patients per 100 PY in any group.
bPatients with one or more of the following: history of type 1 or type 2 diabetes; receiving diabetes medication prior to baseline; and/or HbA1c > 6.5%

(48 mmol/mol) at baseline, or at least one fasting plasma glucose value of 2100 mg/dl, but not more than one value of 2126 mg/dl between screening and

randomization.

“Patients with all of the following: no medical history of diabetes; not receiving diabetes medication prior to baseline; and HbA1c of 5.7% (39 mmol/mol)
to 6.4% (46 mmol/mol) (inclusive) at baseline, or at least one value of fasting glucose value of 2100 mg/dl, but not more than one value of 2126 mg/dI

between screening and randomization.

dpatients not fulfilling the criteria for diabetes or prediabetes.
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3.3 | Efficacy

In both the ASCVD and/or HeFH on statins pool and the statin-
intolerant pool, LDL-C lowering from baseline was significantly
greater in patients taking bempedoic acid versus those taking placebo
(placebo-corrected difference range, —17.2% to —29.6%; P < .001 for
each glycaemic stratum in both pools), regardless of patients'
glycaemic status at baseline (interaction P value: ASCVD and/or HeFH
on statins pool, P = .77; statin-intolerant pool, P = .03) (Table 2).
More patients reached target LDL-C levels of less than 70 mg/dl at
12 weeks when treated with bempedoic acid compared with placebo,
regardless of their glycaemic status at baseline (bempedoic acid
vs. placebo: diabetes 37.6% vs. 11.4%, prediabetes 26.9% vs. 6.3%,
and normoglycaemia 18.5% vs. 6.4%). Regardless of glycaemic status
at baseline, in both pools, patients receiving bempedoic acid versus
placebo also experienced significant reductions from baseline in TC,
non-HDL-C, apo B, and hsCRP (P < .01 for all). The interaction effect
for most variables was lower in the ASCVD and/or HeFH on statins
pool (interaction P values: total cholesterol, .64; non-HDL-C, .93;
apo B, .92; hsCRP, .02) than in the statin-intolerant pool (interaction
P values: TC, .03; non-HDL-C, .04; apo B, .02; hsCRP, .85).

3.4 | Safety

The rates of exposure-adjusted TEAEs were similar between treat-
ment groups and across baseline glycaemic strata (Table S2). The most
common AEs (those that occurred in 25/100 PY in any group)
irrespective of relationship to study drug included nasopharyngitis,
urinary tract infection, myalgia, upper respiratory tract infection,
hypoglycaemia, arthralgia, dizziness, diarrhoea, muscle spasms, osteo-
arthritis, and angina pectoris. TEAEs leading to discontinuations were
comparable in patients with diabetes (bempedoic acid, 12.4/100 PY
vs. placebo, 10.4/100 PY) and those with normoglycaemia (bempedoic
acid, 12.5/100 PY vs. placebo, 12.3/100 PY), but TEAEs leading to
discontinuation were numerically higher in patients with prediabetes
treated with bempedoic acid (14.4/100 PY) versus placebo
(6.8/100 PY).

Prespecified TEAEs of special interest are presented in Table 3. In
patients with prediabetes, the incidence of new-onset diabetes/
hyperglycaemia was 1.2/100 PY lower in patients receiving bempedoic
acid compared with patients who received placebo. Among patients with
prediabetes and diabetes, the incidence of hepatic enzyme elevations was
greater in patients treated with bempedoic acid (3.4/100 and 4.1/100 PY,
respectively) versus placebo (1.3/100 and 1.8/100 PY, respectively) and
the incidence of renal disorders was greater in patients treated with
bempedoic acid (3.3/100 and 3.9/100 PY, respectively) versus placebo
(0.7/100 and 2.1/100 PY, respectively). The incidence of elevations in
blood creatinine levels was greater in patients treated with bempedoic
acid (range 0.8/100-1.5/100 PY) versus placebo (range 0.4/100-0.6/100
PY), regardless of glycaemic status at baseline. The incidence of elevations
in uric acid and/or reports of gout was greater in patients treated with
bempedoic acid (range 4.5/100-6.4/100 PY) versus placebo (range 0.6/

100-2.4/100 PY), regardless of glycaemic status at baseline. Similar inci-
dence of hypoglycaemia, metabolic acidosis, muscular disorders,
neurocognitive disorders, and decreases in haemoglobin levels were

observed between patients treated with bempedoic acid and placebo.

4 | DISCUSSION

This patient-level pooled analysis of patients enrolled in four phase
3 studies shows that bempedoic acid did not worsen fasting glucose
compared with placebo and significantly modestly lowered HbAlc
levels at week 12 compared with baseline in patients with either dia-
betes or prediabetes. Bempedoic acid lowered levels of LDL-C and
other lipid variables including TC, non-HDL-C, and apo B similarly
across glycaemic strata (from baseline to week 12) and did not
increase new-onset diabetes over a median follow-up of 1 year. The
lipid-lowering efficacy of bempedoic acid in each glycaemic stratum
was comparable with the lowering of LDL-C and other lipid variables
reported in the overall pooled analysis®® and in the individual stud-
ies.222% Further, bempedoic acid lowered LDL-C and other lipid vari-
ables regardless of glycaemic strata, both in patients who were
receiving maximally tolerated statins and in those who were statin
intolerant. The safety of bempedoic acid was comparable with pla-
cebo and similar across glycaemic strata.

HsCRP levels, a biomarker of inflammation, help to classify CVD
risk and independently predict future vascular events, including in
patients with type 2 diabetes.3%*2 Although statins lower hsCRP
levels, proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors
do not.3 Based on results from the individual CLEAR studies, hsCRP
levels are effectively lowered when bempedoic acid is given alone,
with a statin, and/or with ezetimibe.?>2¢ Findings from our study
show that bempedoic acid lowered hsCRP across all glycaemic strata.
As patients with higher HbAlc levels also tended to have higher
median hsCRP levels at baseline, patients with diabetes derived
greater absolute reduction in hsCRP than did patients with prediabe-
tes or normoglycaemia.

Bempedoic acid added to background LLT (most of the patients
were receiving background moderate- or high-intensity statin ther-
apy) was generally well tolerated, regardless of patients' baseline
glycaemic status. Bempedoic acid is associated with small mean
increases in uric acid and creatinine levels in some patients that
become stable with time and are reversible after treatment is discon-
tinued.?”** Increases in uric acid and creatinine levels were
observed in few patients in our analysis and occurred regardless of
glycaemic status at baseline.

Treatment with bempedoic acid did not adversely affect
glycaemic control in patients with diabetes, nor did it increase the risk
of new-onset diabetes among patients without diabetes at baseline.
Rather, patients with diabetes and prediabetes treated with
bempedoic acid experienced a statistically significant but modest
reduction from baseline in HbA1lc levels and weight compared with
patients with diabetes and prediabetes treated with placebo. Patients

with prediabetes at baseline treated with bempedoic acid experienced
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non-significant lower rates of new-onset diabetes compared with
patients with prediabetes who received placebo. These pooled data
are consistent with results from a previous 29-day phase 2 study, in
which 60 patients with diabetes treated with bempedoic acid versus
placebo had non-significant numerical reductions in five glycaemic
markers: fasting glucose, fasting insulin, fasting fructosamine, 15-hour
weighted mean plasma glucose, and 24-hour glucose area under the
curve following a glucose tolerance test.?? These results are also
aligned with results from a recent meta-analysis of 10 randomized
controlled trials that suggested bempedoic acid is strongly associated
with a decreased risk of new-onset or worsening diabetes (n = 2498;
odds ratio 0.59; 95% Cl 0.39-0.90; P = .01; I? = 0%).?” Our analysis
suggests bempedoic acid does not adversely affect glycaemic control.

Statin therapy may increase blood glucose and HbA1c levels in
patients with diabetes and is associated with an increased risk of
new-onset diabetes.>>3® Meta-analyses of clinical trials have revealed
approximately an extra 0.1/100 PY new cases of type 2 diabetes in
patients taking statins.*®> However, our pooled analysis revealed that
new onset of diabetes/hyperglycaemia occurred in 1.2/100 PY fewer
cases in patients with prediabetes receiving bempedoic acid compared
with placebo while on a background of maximally tolerated statins.
Although both statins*®*®> and niacin’ are associated with an
increased risk of new-onset diabetes, other non-statin LLTs (e.g. bile
acid sequestrants, ezetimibe, fibrates, and PCSK9 inhibitors) are not.”
Several mechanisms for how statins may worsen glycaemic control
have been hypothesized.®”*® Simvastatin has been shown to inhibit
glucose-mediated signalling in rat pancreatic islet p-cells®®; and com-
parison of genetic studies and statin trials found concordance of
increases in weight, insulin, glucose, HbA1c, and risk for type 2 diabe-
tes with genetic instruments that simulated the therapeutic HMG-
CoA-lowering activity of pharmacological approaches.1é28 Although
statins and bempedoic acid both have an effect on the cholesterol
synthesis pathway, bempedoic acid treatment for up to 1 year appears
to result in no worsening of glycaemic control in patients with diabe-
tes, and no increased risk of new-onset diabetes in patients with pre-
diabetes compared with placebo. In contrast to statins, body weight
and measures of glycaemia were either unaffected or modestly
improved with bempedoic acid. This is consistent with Mendelian ran-
domization data estimating the effects of lifelong exposure to agents
that lower ACL.2® ACL catalyses the cleavage of citrate into oxaloace-
tate and acetyl-CoA, an intersection in lipid and carbohydrate metabo-
lism, and therefore multiple mechanisms may be responsible for
improved glycaemic variables associated with ACL inhibition. Studies
such as the ongoing CLEAR Outcomes trial (NCT02993406), with a
larger number of patients and a longer follow-up, are needed to con-
firm our observations. Additional mechanistic studies would also be
useful to elucidate the mechanism(s) for the potential improvements
in glycaemic measures and reduction in body weight seen with
bempedoic acid.

This study is limited by the post hoc nature of the analysis; how-
ever, the pooled population provided a comparatively larger amount
of individual data from patients in each treatment group and
glycaemic strata than if the effect of bempedoic acid on glycaemic
control had been assessed for each of the four individual studies.

Nonetheless, a low number of patients for some comparisons is a limi-
tation of this post hoc analysis. New-onset diabetes was evaluated
based on AE reporting, HbA1lc, fasting glucose, or initiation of antihy-
perglycaemic medication after baseline; however, other laboratory
indices of diabetes, including postprandial glucose/glucose tolerance
tests, were not included in the protocols, and background use of ant-
ihyperglycaemic medications for disorders other than diabetes cannot
be ruled out. Additions and/or changes in doses of antihyperglycaemic
medications were not captured during these trials. By definition, a
medical history of diabetes could have included patients with type
1 or type 2 diabetes; however, only 12 patients with type 1 diabetes
were included in the diabetes stratum, so these patients probably did
not overly bias the results. The median follow-up duration was 1 year
and therefore the observed lowered incidence of new-onset diabetes
would be strengthened by studying patients treated with bempedoic
acid for extended durations. By comparison, the median follow-up
was 1.9 years for the JUPITER study, which reported an increase in
median HbAlc levels and diabetes among patients receiving
rosuvastatin.®? In addition, we did not evaluate the effects of
bempedoic acid therapy on CVD outcomes. Data on major adverse
cardiovascular events in safety analyses of these trials up to 52 weeks

d,2326 and cardiovascular outcomes with

were previously reporte
bempedoic acid therapy in high-risk, statin-intolerant patients are cur-
rently being investigated in the ongoing CLEAR Outcomes trial
(NCT02993406; 14 014 patients enrolled, approximately 40% of
whom had type 2 diabetes at baseline; the expected duration is
approximately 3.5 years).%?

In conclusion, bempedoic acid treatment consistently lowers
levels of LDL-C, other atherogenic lipid levels, and hsCRP in patients
with  hypercholesterolaemia, regardless of glycaemic status.
Bempedoic acid for up to 1 year also did not worsen glycaemic vari-
ables or increase the incidence of new-onset diabetes compared with

placebo.
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