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Dyslipidaemias and in particular elevated plasma low-density lipoprotein cholesterol
(LDL-C) levels are major risk factors for atherosclerotic cardiovascular disease
(ASCVD). Indeed, the more LDL-C is reduced the larger will be the ASCVD risk reduc-
tion. Although statins represent the first-line intervention to reduce the atheroscle-
rotic burden driven by raised levels of LDL-C, adherence is not optimal and most
patients do not follow guidelines and recommended doses. Thus, to achieve optimal
LDL-C goals, especially in very high-risk patients, there is a need for new and safe
agents, more tolerable than statins with low risk of myalgia. Thus, the present re-
view will address the most recent clinical trials with bempedoic acid and inclisiran.
Bempedoic acid is an oral drug acting at a biochemical step preceding
hydroxymethylglutaryl-CoA reductase and not associated with muscular side effects.
Inclisiran, the first-in-class small interfering RNA-based approach, has the ability to
effectively reduce LDL-C by inhibiting the hepatic synthesis of proprotein convertase
subtilisin/kexin type 9, with the advantage of requiring subcutaneous of a single
dose on Day 1, Day 90, and every 6months thereafter.

Introduction

Atherosclerotic cardiovascular disease (ASCVD) encompass-
ing pathologies caused by atherosclerosis in the coronary,
cerebral, and peripheral arteries and the aorta is a leading
cause of death and disability worldwide. Among risk factors
accounting for this condition, low-density lipoprotein cho-
lesterol (LDL-C) plays an unquestionably causal role in both
the developed and the developing world.1 Indeed, the
more LDL-C is lowered, the larger will be the ASCVD risk re-
duction: for each 38.7mg/dL reduction in LDL-C, the risk of
major cardiovascular events (MACEs) will decrease by 22%.

This link is valid across different statin and non-statin trials
with the relative risk reduction in major ASCVD events be-
ing similar for different lipid-lowering drug classes (statins,
bile acid sequestrants, ezetimibe, fibrates, and PCSK9
inhibitors).2 However, considering that many patients do
not achieve optimal LDL-C levels with statins alone and
others are unable to tolerate statin therapy, to adhere to
the guidelines’ recommendation, i.e. to achieve an over
50% reduction (or a target level of 55mg/dL) in LDL-C in
very high-risk patients, there is also a need for new and
safe agents, more tolerable than statins with low risk of
myalgia and new-onset diabetes. Studies on the use of sta-
tins in large patient series have generally indicated that
most patients are not following guidelines and recom-
mended doses.3*Corresponding author. Email:alberto.corsini@unimi.it
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Thus, the present review will focus on the current status
of two novel pharmacological lipid-lowering drugs (bempe-
doic acid and inclisiran), recently approved for the treat-
ment of adults with established ASCVD who require
additional lowering of LDL-C.

Bempedoic acid

Bempedoic acid is an oral, once daily, small molecule with
an LDL lowering efficacy similar to that of ezetimibe and
associated with a far lower percentage of muscular side
effects. Approved by the FDA and EMA, bempedoic acid is
indicated in patients with statin intolerance and who do
not reach desired LDL-C levels with statins. It is prescrib-
able as monotherapy (180mg) or as a fixed-dose combina-
tion with ezetimibe (10mg). Bempedoic acid is a prodrug
converted exclusively in the liver to a coenzyme A deriva-
tive (bempedoyl-CoA) by an endogenous liver acyl-CoA-
synthetase. The bempedoyl-CoA is the active metabolite
responsible for the inhibition of ATP citrate lyase, the pre-
cursor of cytosolic acetyl-coenzyme A, the earlier step in
the mevalonate pathway of cholesterol biosynthesis.

The safety and efficacy of the long-term use of bempe-
doic acid have been addressed in the CLEAR (Cholesterol
Lowering via BEmpedoic Acid, an ACL-inhibiting Regimen)
program comprising the following four phase 3 trials:

(1) Tranquility (on statin-intolerant patients).
(2) Harmony (patients with LDL-C of at least 70 mg/dL

despite maximum tolerated statin therapy).
(3) Wisdom [patients with ASCVD, heterozygous famil-

ial hypercholesterolaemia (HeFH), or both, on opti-
mal statin treatment].

(4) Serenity (statin-intolerant patients with ASCVD and
inadequately controlled LDL-C).

Several pooled analyses have been published demon-
strating the superiority of bempedoic acid vs. placebo to
reduce LDL-C when added to maximally tolerated statins,
including moderate- or high-intensity statins or no back-
ground statin, in patients with hypercholesterolaemia.
Among patients with ASCVD or HeFH or both, there was an
18% reduction in the LDL-C, an efficacy that reached a
�24% in statin-intolerant patients.4

Going through the single trials, besides LDL-C lowering,
bempedoic acid consistently showed a hsCRP lowering ac-
tivity. In the CLEAR Tranquility, LDL-C and hsCRP were re-
duced by �28.5% and �34.6%, respectively (vs. placebo).5
In the CLEAR Harmony, there was a greater LDL-C lowering
vs. placebo at Weeks 12 (difference, �18.1%), 24 (differ-
ence, �16.1%), and 52 (difference, �13.6%). Relative to
hsCRP, the absolute difference was �25%, �19.1%, and
�16.2% at Weeks 12, 24, and 52, respectively.6 In the
CLEAR Wisdom, LDL-C levels were absolutely reduced by
17.4% at Week 12 and hsCRP by 8.7%.7 In the CLEAR
Serenity, in patients on very low-dose statin, other lipid-
modifying therapy or no therapy, LDL-C and hsCRP fell by
21.4% and 28%.8 Finally, the ongoing CLEAR Outcomes
Study, which has randomized 14014 patients, will test the
superiority of bempedoic acid vs. placebo to prevent
MACEs (cardiovascular death, non-fatal myocardial infarc-
tion, non-fatal stroke, or coronary revascularization) in
patients with (i) established ASCVD or at high risk of devel-
oping ASCVD, (ii) documented statin intolerance, and (iii)
an LDL-C �100mg/dL on maximally tolerated lipid-
lowering therapy (Figure 1). The trial will continue until
1620 patients will experience a primary endpoint and mini-
mum treatment duration of 36months with a projected
median treatment exposure of 42months.9

Very recently, in order to evaluate whether bempedoic
acid is effective in helping people to reach guideline-
recommended LDL-C goals, a triple combination was
tested. Bempedoic acid (180mg), ezetimibe (10mg), and
atorvastatin (20mg) significantly lowered LDL-C (�63.6%
at Week 6), allowing more than 90% to reach LDL-C
�70mg/dL. hsCRP was reduced by 41.9%.10

Relative to safety,11 treatment with bempedoic acid nei-
ther increased the risk of all adverse events nor the inci-
dence of myalgia vs. placebo. Conversely, a significant rise
in serum uric acid and creatinine levels were found, as
well as a small but significant increase in the incidence
of gout. Finally, relative to drug–drug interactions, co-
administration of simvastatin 20mg with bempedoic acid
240mg, or simvastatin 40mg with bempedoic acid 180mg,
raised approximately by 2- and 1.5-fold the area under the
curve (AUC) and Cmax of simvastatin (Table 1). The mecha-
nism could be partly ascribed to the inhibition of the
organic anion transporting polypeptide 1B1.12

Figure 1 Study design of the CLEAR outcomes study. Reproduced with permission of Elsevier.9 MACE, major cardiovascular event.
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Inclisiran

Inclisiran, designed to target the 30 UTR of the PCSK9
mRNA, is a long-acting silencer RNA whose 30 end of the
passenger strand is functionalized with triantennary
GalNAc, allowing a rapid and specific liver uptake.13

Inclisiran received its first approval in December 2020 in
the EU (Figure 2). The indication is in adults with primary
hypercholesterolaemia (HeFH and non-FH) or mixed dysli-
pidaemia, as an adjunct to diet: (i) in combination with a
statin or statin with other lipid-lowering therapies in
patients unable to reach LDL-C goals with the maximum
tolerated statin dose or (ii) alone or in combination with
other lipid-lowering therapies in patients who are statin-
intolerant, or for whom a statin is contraindicated.
Inclisiran is not a substrate of common drug transporters
and is not expected to be a cytochrome P450 substrate. It

is not an inducer or an inhibitor of cytochrome P450
enzymes or common drug transporters.14 The recom-
mended dose is 284mg administered as a single subcutane-
ous (s.c.) injection (each mL contains inclisiran sodium
equivalent to 189mg inclisiran) on Day 1, Day 90, and every
6months thereafter.
The safety and efficacy of inclisiran have been and are

being evaluated in the ORION program. Briefly, ORION-10
was carried out in the USA and ORION-11 in Europe and
South Africa; the ORION-2, -5, and -9 trials have recruited
familial hypercholesterolaemia (FH) patients, whereas
ORION-3 and -8 were single-arm, open-label studies.
ORION-7, conducted in New Zealand, is a phase 1, open-
label study evaluating the effect of renal impairment on
pharmacokinetics, pharmacodynamics. Data from ORION-1
and ORION-7 showed that there dose adjustments are not
needed in patients with mild, moderate, or severe renal

Table 1 Pharmacokinetic characteristics of bempedoic acid12

Administration Oral once daily

Adsorption Concomitant food administration had no effect on the oral bioavailability
Tmax (180mg) 3.5 h
Volume of distribution 18 L
Plasma binding proteins 99%
Prodrug Yes
Active metabolite ESP15228
Metabolism Glucuronide (UGT2B7 mediated)
Transporter-mediated drug interactions OATP1B1/3, OAT2, OAT3
Half-life 15–24 h
Drug–drug interactions (1) Simvastatin dose should be limited to 20mg daily

(2) Bempedoic acid and its glucuronide weakly inhibit OATP1B1 and OATP1B3 at clini-
cally relevant concentrations

(3) Bempedoic acid may raise the serum uric acid level due to inhibition of renal tubu-
lar OAT2

OAT2/OAT3, organic anion transporter-2/3; OATP1B1/3, organic anion transporting polypeptide 1B1/3, UGT2B7, UDP Glucuronosyltransferase
Family 2 Member B7.

Figure 2 Key milestones in the development of subcutaneous inclisiran for use in hypercholesterolaemia and mixed dyslipidaemia. CHMP, Committee
for Medicinal Products for Human Use; HoFH, homozygous familial hypercholesterolaemia. Reproduced with permission of Springer Nature.14
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impairment or end-stage renal disease.15 ORION-13 and
ORION-16 trials, not yet recruiting, will evaluate the safety
and efficacy of inclisiran in adolescents (12–17 years old)
with homozygous FH (HoFH) and HeFH, respectively, and
elevated LDL-C on stable, standard of care background
lipid-lowering therapy.

The first published trial, the phase 2 ORION-1 allowed to
established that 300mg on Day 1 and Day 90 and then every
180days was the best dose regimen to be adopted.
Interestingly, looking at waterfall plots of atherogenic lipo-
proteins, it is clear that inclisiran guarantees, at least for
LDL-C and apoB levels, effects not found in statin trials.16

A pooled analysis, involving FH patients (ORION-9) or
individuals with ASCVD (ORION-10 and -11), showed the su-
periority of inclisiran vs. placebo, i.e. LDL-C was lowered
at Day 510 by�50.7%. Although safety was similar between
groups, adverse events at the injection site were more fre-
quent with inclisiran than placebo (5.0% vs. 0.7%).17

Awaiting the results of the long cardiovascular endpoint
(CVOT) ORION-4 which will provide definitive evidence on
the efficacy of inclisiran onMACE incidence, an exploratory
analysis on MACEs has been conducted by using data of
ORION-10 and -11. The estimation of MACEs reduction asso-
ciated with LDL-C lowering indicate a linear trend in the
risk of MACE and LDL-C reduction in line with previous con-
clusions on the activity of PCSK9monoclonal antobodies.18

Conclusions

Bempedoic acid, besides efficiently lowering LDL-C, has an
excellent tolerability with a very low incidence of myalgia.
This is consequent to a non-skeletal muscle mediated con-
version of inactive to active drug. Considering that statin
discontinuation leads to a higher risk of coronary events,
bempedoic acid may be chosen as a statin replacement
(eventually in combination with ezetimibe) for patients
needing LDL-C lowering and experiencing muscular side
effects. Inclisiran has the advantage that a single s.c. injec-
tion dose leads to a long-lasting and durable LDL-C reduc-
tion, thus should guarantee a better compliance.

Conflict of interest: none declared.
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Zuazola P, González-Juanatey JR, Badimon JJ. Estimation of the ma-
jor cardiovascular events prevention with Inclisiran. Atherosclerosis
2020;313:76–80.

E62 M. Ruscica et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartjsupp/article/23/Supplem

ent_E/E59/6386310 by guest on 27 O
ctober 2021

Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text: day 
Deleted Text: day 
Deleted Text: ,
Deleted Text: day 
Deleted Text: -
Deleted Text:  
Deleted Text: Endpoint 
Deleted Text:  

