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Abstract: Although statins have served as the cornerstone for pharmacological lowering of lipid
levels in atherosclerotic cardiovascular disease (ASCVD) risk reduction, many patients are unable to
achieve target doses of statin medication due to side effects or target levels of cholesterol reduction
on statin monotherapy. The landscape of lipid-lowering strategies has expanded in recent years,
with the emergence of therapies that make use of small interfering RNA (siRNA) and antisense
oligonucleotides, in addition to traditional small-molecule agents. Non-statin therapies that have
shown promising results in randomized controlled trials include adenosine triphosphate-citrate
lyase inhibitors, proprotein convertase subtilisin/kexin 9 (PCSK9)-inhibiting antibodies and siRNA,
omega-3 polyunsaturated fatty acids, and lipoprotein(a) gene-inhibiting siRNA and ASOs, in addition
to older therapies such as ezetimibe. In contrast, cholesteryl ester transfer protein (CETP) inhibitors
have shown less promising results in randomized trials. The purpose of this narrative review is to
summarize the evidence for these medications, with a focus on phase III randomized trials.

Keywords: cholesterol; atherosclerotic cardiovascular disease; statin; lipid lowering; randomized
trials

1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains the leading cause of mor-
bidity and mortality worldwide [1], affecting over 500 million individuals globally and
accounting for 19 million deaths annually [2]. The pathogenesis of ASCVD, also known
as atherogenesis, depends on the presence of various lipoproteins to initiate a cascade
that culminates in the deposition of plaques made of cholesterol, fibrin, and calcium in
vessels [3]. Uncontrolled elevations in atherogenic lipoproteins, including low-density
lipoprotein cholesterol (LDL-C), triglyceride-rich lipoproteins, and lipoprotein A (Lp(a)),
along with inflammatory molecules, have been shown to be important predictors of ASCVD
outcomes [4]. While statins have been the bedrock of lipid-lowering therapies (LLTs), the
landscape of LLTs has expanded in recent years, with the emergence of numerous non-statin
therapies targeting these atherogenic lipoproteins via novel molecular methods [5].

Given the challenge of deciding which non-statin therapy is most appropriate for a
given patient, the present review seeks to provide a comprehensive evaluation of contem-
porary non-statin-based LLTs by appraising the pivotal phase III cardiovascular outcomes
trials for each LLT, their current indications in the American Heart Association (AHA)
and American College of Cardiology (ACC) guidelines, and their Food and Drug Ad-
ministration (FDA) status. In contrast to previous articles that focused on specific classes
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of atherogenic lipoproteins, our review addresses contemporary and evolving therapies
targeting LDL, triglyceride-rich lipoproteins, and Lp(a). We include clinical trial results that
were not available in previous review articles, as well as future lipid-focused treatments
targeting multiple classes of atherogenic lipoproteins. Additionally, our review considers
the cost-effectiveness of each class of LLT, which may be of utility to clinicians and health
systems when determining broad population-based approaches versus targeted high-risk
approaches (including primary vs. secondary prevention populations) to the selection
of LLTs.

2. Methods

Our team searched through the recent literature on both FDA-approved and emerging
non-statin lipid-lowering medications. Using the PubMed, Google Scholar, and clinicaltrials.
gov databases, we identified major phase III and IV randomized controlled trials (RCTs)
that were either completed or ongoing. We identified studies in our review through
keyword-search utilization and a review of meta-analyses between 2018 and 2023 [6,7].
Given that most studies regarding therapies targeting Lp(a) began in the past few years, we
expanded our Lp(a) search to include phase II trials. After collecting information on study
population, inclusion/exclusion criteria, primary/secondary outcomes, and data across
LDL-C, triglyceride, Lp(a), and cardiovascular outcome reduction, RCTs were categorized
by drug of interest, population of interest (primary prevention vs. secondary prevention vs.
combined), and outcome (lipid reduction vs. cardiovascular event outcomes vs. plaque
reduction). For each LLT, we summarized (i) the mechanism of action, (ii) the results of
randomized trials as described above, (iii) the FDA-approved indications and dosing on
package labels, (iv) the indications recommended in the current AHA/ACC guidelines,
(v) the common side effects, and (vi) cost considerations.

3. The Statin-Based Approach to ASCVD

Building on evidence showing that lower LDL-C levels are more cardioprotective, espe-
cially in high-risk populations, national subspecialty societies have increasingly tightened
the recommended target LDL-C levels for ASCVD risk reduction [8,9]. The core framework
of ASCVD risk reduction prioritizes lifestyle interventions as the first-line approach in both
primary and secondary prevention of ASCVD (2019 ACC/AHA guidelines [5]). Lifestyle
interventions involve strategies to attenuate cardiovascular risk, such as weight loss, blood
pressure control, blood sugar control, smoking cessation, dietary changes, and regular
exercise. Both statin and non-statin based therapies can be used in conjunction with lifestyle
modifications to provide additional LDL-C reduction via pharmacological mechanisms
(2019 ACC/AHA guidelines [5]).

Statins serve as the cornerstone of all lipid-lowering strategies, with current guidelines
indicating that all individuals with ASCVD scores ≥ 7.5% should be on some form of
statin-based therapy for primary prevention of cardiovascular events, and for secondary
prevention in patients with a known history of ASCVD (2022 ACC guidelines [9]). By
competitively inhibiting the enzyme HMG-CoA reductase, these drugs decrease hepatic
cholesterol synthesis [10]. This results in the upregulation of hepatic LDL receptors, thereby
increasing LDL-C uptake and, ultimately, lowering serum LDL-C levels [6,10]. Statins
have been shown to reduce LDL-C by 25 to 60% [11] and produce dose-dependent reduc-
tions in adverse cardiovascular events and total mortality in both primary and secondary
prevention [12].

Limitations to Statin-Based Therapies

Despite the numerous established benefits of statins in cardiovascular risk reduction,
in isolation, they may be insufficient for achieving target LDL-C levels in patients with
dyslipidemia. In addition, intolerance and non-adherence to statins remain a major chal-
lenge. Previous large-scale studies have shown discontinuation rates of nearly 50% [13],
with patients often reporting concerns over side effects and/or statin intolerance as their
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reason for discontinuation [14]. Overall, about 10–15% of patients report experiencing
statin intolerance, which includes a wide range of symptoms: myalgias (most common),
chronic headaches, nausea, sleep disorders, and erectile dysfunction [15]; interestingly,
the recent literature shows that myalgia reports are similar between statin-controlled and
placebo-controlled patients [16], thereby suggesting that myalgia reporting may be influ-
enced by a nocebo effect in which patients anticipate and may be more hypervigilant for
unrelated symptoms that are then attributed to the statin. Rare side effects of statin use
include myopathy, rhabdomyolysis, and acute tubular necrosis [17].

Non-statin-based therapies can provide additional lowering of atherogenic lipopro-
teins such as LDL-C, triglycerides, or Lp(a), reduce rates of adverse cardiac events, and
improve overall mortality. Additionally, non-statin therapies tend to result in fewer myal-
gias, and although there are overlapping as well as distinct side-effect profiles, they may be
more tolerable to certain patients; additionally, alternative modes of delivery (e.g., subcuta-
neous injection) that allow for longer intervals between doses may improve adherence. In
this review, we will provide an overview of non-statin-based therapies: their mechanisms
of action, major randomized trials examining their effects, and which patient populations
stand to benefit from them.

4. LDL-Lowering Therapies

Table 1 provides an overview of the current FDA-approved non-statin-based medi-
cations for lipid management: their mechanisms of action, indications, and side effects.
Tables 2–9 provide an overview of major randomized controlled trials involving non-statin-
based therapies that target LDL-C reduction. Table S1 provides a detailed overview of
the major inclusion and exclusion criteria for phase III randomized controlled trials for
LDL-lowering therapies and phase II trials for Lp(a)-lowering therapies. The majority of
FDA-approved non-statin therapies target additional LDL-C reduction as an adjunct to
maximally tolerated statin therapy; however, some medications, like bempedoic acid, have
also demonstrated utility as standalone therapies in statin-intolerant patients. Figure 1
describes the various mechanisms of action for each of the non-statin-based therapies de-
scribed here. The following drugs targeting additional reductions in LDL-C are mentioned
below. Figure 2 provides a summary of phase III randomized clinical trials that focused on
cardiovascular outcomes, along with their study populations.

Table 1. Overview of FDA-approved medications for lipid lowering.

Drug, Mechanism Indication on FDA Label Dosage, Route, Side Effects (SE)

Ezetimibe
Inhibits serol NPC1L1

As an adjunct to statin and diet to ↓
LDL-C in adults with 1◦ HLD
including HeFH

Dose: 10 mg daily. Route: Oral.
SE: Diarrhea, arthralgia, upper respiratory
infection, flu-like symptoms

Bempedoic acid
Inhibits ATP citrate lyase

As an adjunct to diet and maximally
tolerated statins for LDL-C reduction in
(a) patients with ASCVD and (b) adults
with HeFH

Dose: 180 mg daily. Route: Oral.
SE: Hyperuricemia, myopathy, leukopenia,
thrombocytopenia, ↑ liver enzymes

Ezetimibe + bempedoic acid

As an adjunct to diet and maximally
tolerated statins for LDL-C reduction in
(a) patients with ASCVD and (b) adults
with HeFH

Dose: 180 mg bempedoic acid, 10 mg ezetimibe
daily. Route: Oral.
SE: Upper respiratory infection, muscle spasms,
hyperuricemia, back/abdominal pain, bronchitis,
anemia, ↑ liver enzymes, diarrhea

Fibrates
Agonizes PPAR-α

As an adjunct to diet (a) in patients with
1◦ HLD or mixed HLD to ↓ LDL-C, TC,
TG, apoB, and ↑ HDL-C, and (b) in
patients with severe hypertriglyceridemia
for TG ↓

Dose: 200 mg TID (bezafibrate), 100–200 mg PO
daily (ciprofibrate), 34–201 mg QD (fenofibrate),
60 mg PO BID (gemfibrozil). Route: Oral.
SE: Abdominal pain, constipation, myopathy, ↑
liver enzymes, ↑ Cr
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Table 1. Cont.

Drug, Mechanism Indication on FDA Label Dosage, Route, Side Effects (SE)

Alirocumab, evolocumab
Antibody that inhibits PCSK9’s
interaction with LDL-C receptors

(a) To ↓ risk of MI, UA, and stroke
requiring hospitalization in adults with
ASCVD; (b) as adjunct to diet, alone or
with LDL-C-lowering therapies in adults
with 1◦ HLD and HeFH; (c) as adjunct to
LDL-C-lowering therapies in adults
with HoFH

Dose for alirocumab: 75 mg/mL biweekly,
150 mg/mL biweekly, 300 mg monthly.
Dose for evolocumab: (a) In adults with ASCVD
or 1◦ HLD: 140 mg biweekly, 420 mg monthly;
(b) in patients with HoFH: 420 mg monthly.
Route: Subcutaneous.
SE: Nasopharyngitis, injection site reactions,
flu-like symptoms, myalgia, non-cardiac
chest pain

Nicotinic acid
Inhibits hormone-sensitive lipase

To ↓ TC, LDL-C, TG, and Apo B levels,
and increase HDL-C, in patients with 1◦

HLD and mixed HLD

Dose: 500 mg–2000 mg daily. Route: Oral.
SE: Flushing, diarrhea, nausea, vomiting,
increased cough, pruritus

Inclisiran
Binds to PCSK9 mRNA

Use in conjunction with statins and diet
for LDL-C ↓ in patients with (a) 1◦ HLD
or mixed HLD, or (b) HeFH

Dose: 284 mg/mL every 6 months (second dose
is provided at 3 months, every 6 months
afterwards). Route: Subcutaneous.
SE: Injection site reactions, arthralgia, bronchitis

Mipomersen
Inhibits ApoB synthesis

As an adjunct to diet for additional ↓ of
LDL-C, apoB, TC, and non-HDL-C in
patients with HoFH

Dose: 200 mg weekly. Route: Subcutaneous.
SE: Injection site reactions, flu-like symptoms, ↑
liver enzymes

Lomitapide
Blocks VLDL assembly

As an adjunct to diet for additional ↓ of
LDL-C, apoB, TC, and non-HDL-C in
patients with HoFH

Dose: 5–60 mg daily. Route: Oral.
SE: Diarrhea, nausea, dyspepsia, abdominal pain

Icosapent ethyl
Reduces hepatic VLDL-TG
synthesis/secretion

(1) As an adjunct to maximally tolerated
statins to ↓ incidence of CV events in
adults with elevated TG > 150 mg/dL
and (a) ASCVD or (b) diabetes mellitus
and two or more additional risk factors
for CVD. (2) As an adjunct to diet to
decrease TG levels in adults with
TG > 500 mg/dL

Dose: 0.5 mg daily, 1 mg BID. Route: Oral.
SE: Atrial fibrillation/flutter, bleeding (especially
with anticoagulant and antiplatelet use), allergic
reactions in patients with fish allergy,
GI dysfunction

Table 2. Major phase III randomized clinical trials involving ezetimibe.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Cannon (2015)
IMPROVE-IT [18]
n = 18,144

2◦ prevention—Patients
≥ 50 years old stabilized
within 10 days of an ACS
with LDL-C between 50
and 100 mg/dL if on
statins, and between 50
and 125 mg/dL if not
receiving statins

Intervention:
Simvastatin 40 mg
daily in combination
with ezetimibe 10 mg
daily.
Comparator:
Simvastatin 40 mg
daily in combination
with placebo.

A composite of CV
death, MI,
documented unstable
angina requiring
hospital admission,
PCI/CABG ≥
30 days after
randomization, and
non-fatal stroke.
F/U: 6 years

Kaplan–Meier event rate
for 1◦ outcome was 32.7%
in the
simvastatin–ezetimibe
group, and 34.7% in the
simvastatin monotherapy
group (absolute risk
difference, 2.0 percentage
points; HR, 0.936; 95% CI,
0.89 to 0.99; p = 0.016)

Ouchi (2019)
EWTOPIA 75 [19]
n = 3796

1◦ and 2◦

prevention—Patients ≥
75 y/o with elevated
LDL-C ≥ 140 mg/dL and
no history of CAD

Intervention: Oral
ezetimibe 10 mg daily.
Control: Usual care (no
placebo).

A composite of
sudden cardiac death,
myocardial infarction,
coronary
revascularization, or
stroke.
F/U: 4.1 years

Ezetimibe significantly ↓
the incidence of the 1◦

outcome (HR, 0.66; 95% CI,
0.50–0.86; p = 0.002)
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Table 2. Cont.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Tsujita (2015):
PRECISE-IVUS [20]
n = 202

2◦ prevention—Patients
30–85 years of age with
CAD, with LDL-C ≥
100 mg/dL, who
underwent successful
coronary angiography or
percutaneous coronary
intervention (PCI) to
treat ACS or stable
angina pectoris

Intervention:
Atorvastatin +
ezetimibe 10 mg/day.
Comparator:
Atorvastatin alone

Absolute change in
percent atheroma
volume (PAV).
F/U: 9–12 months

A −1.538% difference in
PAV between intervention
and control (95% CI:
−3.079% to 0.003%).
Absolute change in PAV
showed superiority for the
dual lipid-lowering
strategy (−1.4%; 95% CI:
−3.4% to −0.1% vs. −0.3%;
95% CI: −1.9% to 0.9%
with atorvastatin alone;
p = 0.001).

Table 3. Major phase III randomized controlled trials involving bempedoic acid.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Ballantyne (2018)
CLEAR Tranquility [21]
n = 269

1◦ and 2◦

prevention—Patients ≥
18 y/o with statin
intolerance or on no
statin with LDL-C ≥
100 mg/dL

Intervention: Oral
bempedoic acid 180 mg
daily + ezetimibe
10 mg daily.
Comparator: Oral
placebo daily +
ezetimibe 10 mg daily.

Percent change in
LDL-C level at week 12.
F/U: 12 weeks

Bempedoic acid
resulted in a
placebo-corrected
difference in mean
change in LDL-C of
−28.5% (95% CI:
−34.4%, −22.5%;
p < 0.001)

Ray (2019)
CLEAR Harmony [22]
n = 2230

HeFH and 2◦

prevention—Patients ≥
18 years old with
ASCVD, HeFH, or both,
with LDL-C ≥
70 mg/dL, on a
maximally tolerated
statin

Intervention: Oral
bempedoic acid 180 mg
daily.
Comparator: Oral
placebo daily.

Overall safety
(incidence of AEs and
changes in laboratory
safety values).
F/U: 52 weeks

Bempedoic acid
resulted in a ↓ in the
mean LDL-C level by
19.2 mg/dL, a change
of −16.5% from
baseline, and a
placebo-corrected
difference of −18.1%
(95% CI, −20.0 to
−16.1; p < 0.001)

Goldberg (2019)
CLEAR Wisdom [23]
n = 779

HeFH and 2◦

prevention—Patients ≥
18 years old with
ASCVD, HeFH, or both,
with LDL-C ≥
70 mg/dL, on
maximally tolerated
LLT

Intervention: oral
bempedoic acid 180 mg
daily.
Comparator: oral
placebo daily.

Percent change in
LDL-C level at week 12.
F/U: 52 weeks

Bempedoic acid
resulted in a −15.1%
change from baseline in
LDL-C levels
(placebo-corrected
difference of −17.4%
[95% CI, −21.0% to
−13.9%]; p < 0.001)

Laufs (2019)
CLEAR Serenity [24]
n = 345

1◦ and 2◦

prevention—Patients ≥
18 years old with statin
intolerance with LDL-C
≥ 130 mg/dL (1◦

prevention) and ≥
100 mg/dL (2◦

prevention)

Intervention: Oral
bempedoic acid 180 mg
daily.
Comparator: Oral
placebo daily.

Percent change in
LDL-C level at week 12.
F/U: 24 weeks

Bempedoic acid
resulted in a
placebo-corrected
difference of −21.4% in
LDL-C levels [95% CI,
−25.1% to −17.7%];
p < 0.001
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Table 3. Cont.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Nissen (2023)
CLEAR Outcomes [25]
n = 13,970

1◦ and 2◦

prevention—Patients
18–85 years old with or
at high risk of ASCVD,
statin intolerance, and
LDL-C ≥ 100 mg/dL

Intervention: Oral
bempedoic acid 180 mg
daily.
Comparator: Oral
placebo daily.

A composite of CV
death, non-fatal MI,
non-fatal stroke, or
coronary
revascularization.
F/U: 40.6 months

The incidence of a 1◦

endpoint event was
significantly lower with
bempedoic acid than
with the placebo (11.7%
vs. 13.3%; HR, 0.87;
95% CI 0.79 to 0.96;
p = 0.004)

Table 4. Major phase III randomized controlled trials involving evolocumab.

Trial Study Population Intervention and Comparator 1◦ Outcome,
Follow-Up Period 1◦ Outcome Data

Koren (2014)
MENDEL-2 [26]
n = 614

1◦ prevention—Patients
aged 18 to 80 years with
LDL-C ≥ 100 mg/dL and
<190 mg/dL,
TG ≤ 400 mg/dL, and
10-year Framingham
coronary heart disease
risk scores ≤ 10%

Interventions: Oral placebo
and evolocumab 140 mg
biweekly, or oral placebo and
evolocumab 420 mg monthly.
Comparators: Oral placebo
and subcutaneous placebo
biweekly; oral placebo and
subcutaneous placebo
monthly; ezetimibe and
subcutaneous placebo every
two weeks; ezetimibe and
subcutaneous placebo
monthly.

Percent change in
LDL-C level
averaged at weeks
10 and 12, and at
week 12

At 12 weeks:
−57.1% (−61.1, −53.1)
biweekly evolocumab
vs. placebo;
−39.3% (−43.3, −35.3)
biweekly evolocumab
vs. ezetimibe;
−54.8% (−58.5, −51.1)
monthly evolocumab
vs. placebo;
−37.6% (−41.2, −33.9)
monthly evolocumab
vs. ezetimibe

Robinson (2014)
LAPLACE-2 [27]
n = 1896

1◦ prevention—Patients
aged 18 to 80 years with
LDL-C ≥ 150 mg/dL if
not on statins at
screening, ≥100 mg/dL
if on non-intensive statin,
or ≥80 mg/dL if on
intensive statins, and
TG < 400 mg/dL

Intervention: Evolocumab
(140 mg biweekly or 420 mg
monthly).
Comparator: Matching
placebo or ezetimibe (10 mg or
placebo daily; atorvastatin
patients only)

Percent change
from baseline in
LDL-C level at the
mean of weeks 10
and 12, and at
week 12

Stroes (2014)
GAUSS-2 [28]
n = 307

1◦ prevention—Patients
aged 18 to 80 years on no
or low-dose statins, with
LDL-C ≥ 70 mg/dL, and
who had previous
intolerance to ≥2 statins

Interventions: Oral placebo
and subcutaneous evolocumab
140 mg biweekly, or oral
placebo and evolocumab
420 mg monthly.
Comparators: daily ezetimibe
10 mg and subcutaneous
placebo every two weeks; daily
ezetimibe 10 mg and
subcutaneous placebo
monthly.

Percent change in
LDL-C at the mean
of weeks 10 and 12,
and at week 12

Difference between
evolocumab and
ezetimibe at 12 weeks
at the following doses:
Evolocumab 140 mg
biweekly + placebo
daily: −36.9% (−42.3,
−31.6).
Evolocumab 420 mg
monthly + placebo
daily: −38.7% (−43.1,
−34.3)
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Table 4. Cont.

Trial Study Population Intervention and Comparator 1◦ Outcome,
Follow-Up Period 1◦ Outcome Data

Blom (2014)
DESCARTES [29]
n = 901

1◦ and 2◦

prevention—Patients
aged 18 to 75 years with
LDL-C ≥ 75 mg/dL, and
a TG < 400 mg/dL

Intervention: Evolocumab
(420 mg) monthly.
Comparator: placebo every
4 weeks.
Background LLT included diet
alone or diet plus atorvastatin

Percent change in
LDL-C at week 52

Treatment differences,
baseline vs. placebo:
Diet only: −63.8% (4.2);
Diet + atorvastatin
10 mg: −64.4% (2.8);
Diet + atorvastatin
80 mg: −57.9% (5.9);
Diet + atorvastatin
80 mg + ezetimibe
10 mg: −49.1% (5.6);
Overall: −59.3% (2.3)

Raal (2015)
RUTHERFORD-2
[30]
n = 331

1◦ prevention—Patients
aged 18 to 80 years with
HeFH and on a stable
dose of a statin

Intervention: Evolocumab
140 mg biweekly or 420 mg
monthly.
Comparator: Matching
placebo biweekly or monthly

Percent change in
LDL-C at week 12,
and at the mean of
weeks 10 and 12

Treatment differences
(95% CI) from baseline:
Evolocumab 140 mg
every 2 weeks vs.
placebo: −59.2% (−65.1
to −53.4);
Evolocumab 420 mg
monthly vs. placebo:
−61·3% (−69.0 to
−53.6)

Sabatine (2015)
OSLER-2 [31]
n = 3141

Patients recruited from
parent trials ranged from
LDL-C ≥ 85 mg/dL to
≥100 mg/dL, including
patients on statins and
those with statin
intolerance

Intervention: Evolocumab
(140 mg biweekly or 420 mg
monthly) plus standard
therapy.
Comparator: standard
therapy alone

Incidence of
adverse events.
F/U: a median of
11.1 months

Adverse events
occurred in 2060 of
2976 patients (69.2%) in
the evolocumab group,
and in 965 of
1489 patients (64.8%) in
the standard therapy
group

Nissen (2016)
GAUSS-3 [32]
n = 199

1◦ and 2◦

prevention—Patients
aged 18 to 80 years with
LDL-C ≥ 100 mg/dL if
CAD, ≥130 mg/dL if ≥2
risk factors, ≥160 mg/dL
with ≥1 risk factor, or
≥190 mg/dL with no
risk factors, and statin
intolerance

Intervention: Evolocumab
injections (420 mg) monthly.
Comparator: Oral ezetimibe
(10 mg) daily, or matched
placebo

Percent change in
LDL-C at week 24
for evolocumab vs.
ezetimibe, and
percent change in
LDL-C at weeks 22
and 24 for
evolocumab vs.
ezetimibe

At week 24 for
evolocumab vs.
ezetimibe: −52.8% vs.
−16.7%, p < 0.001;
At weeks 22 and 24 for
evolocumab vs.
ezetimibe: −54.5% vs.
−16.7%, p < 0.001

Sabatine (2017)
FOURIER [33]
n = 27,564

2◦ prevention—Patients
aged 40 to 85 years with
ASCVD, one major risk
factor (T1DM,
T2DM, age ≥ 65, or
current smoking), or two
minor risk factors with
LDL-C ≥ 70 mg/dL or a
non-HDL-C ≥
100 mg/dL on stable LLT

Intervention: Subcutaneous
injections of evolocumab
(either 140 mg every 2 weeks
or 420 mg monthly, according
to patient preference).
Comparator: Subcutaneous
injections of matching placebo.

A composite of CV
death, MI, stroke,
hospitalization for
unstable angina, or
coronary
revascularization.
F/U: A median of
2.2 years

The 1◦ endpoint
occurred in
1344 patients (9.8%) in
the evolocumab group
vs. 1563 patients
(11.3%) in the placebo
group. HR (95% CI)
0.85 (0.79 to 0.92)
p < 0.001
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Table 4. Cont.

Trial Study Population Intervention and Comparator 1◦ Outcome,
Follow-Up Period 1◦ Outcome Data

Rosenson (2019)
BANTING [34]
n = 421

1◦ and 2◦

prevention—Patients
aged 18 years and older
with T2DM on stable
pharmacological therapy
for T2DM and the
maximum tolerated
statin dose

Intervention: Evolocumab 420
mg once per month.
Comparator: Placebo once
per month

Percent change in
LDL-C from
baseline to week 12,
and at the mean of
weeks 10 and 12

Week 12 results:
−54.3% (1.4).
Mean treatment
difference: −53.1%
(2.3).

O’Donoghue
(2022)
FOURIER-OLE
[35]
n = 6635

2◦ prevention—Patients
with a history of
established ASCVD and
LDL-C ≥ 70 mg/dL or
non–HDL-C ≥
100 mg/dL on statin
therapy

Original parent trial:
Intervention was evolocumab,
comparator was placebo. This
open-label trial administered
evolocumab at either 140 mg
every 2 weeks or 420 mg every
month, per patient preference

Subject incidence of
treatment-
emergent adverse
events. F/U: a
median of 5.0 years

Overall annualized
incidence rates for
safety events of interest
for patients
randomized to
evolocumab did not
exceed the annualized
incidence rate for
patients treated with
the placebo

Nicholls (2021)
HUYGENS [36]
n = 164

2◦ prevention—Patients
≥ 18 years with at least
one non-culprit
epicardial coronary
stenosis ≥ 20% on
angiography during
NSTEMI, with
intervention of the culprit
lesion and a target vessel
suitable for imaging with
≤50% visual obstruction,
on maximally tolerated
statin and LDL-C at the
time of NSTEMI ≥
130 mg/dL if not taking a
statin, ≥80 mg/dL if on a
low- or
moderate-intensity statin,
or ≥60 mg/dL if on a
high-intensity statin

Intervention: Evolocumab
420 mg once per month.
Comparator: Placebo once per
month

Nominal change in
minimum fibrous
cap thickness at any
point throughout
the matched arterial
segment, defined by
proximal and distal
side branches, from
baseline to week 50

Greater increase in
minimum fibrous cap
thickness (+42.7 vs.
+21.5 µm; p = 0.015) and
decrease in maximum
lipid arc (−57.5 vs.
−31.4; p = 0.04) and
macrophage index
(−3.17 vs. −1.45 mm;
p = 0.04) throughout
the arterial segment,
with similar findings in
lipid-rich plaque
regions, and greater
regression of %
atheroma volume
(−2.29% ± 0.47% vs.
−0.61% ± 0.46%;
p = 0.009) in the
evolocumab groups

TIMI (ongoing)
VESALIUS-CV
[37]
n = 12,301

1◦ prevention—Patients
aged ≥ 50 (men) or ≥55
(women) and <80 years
of age with LDL-C ≥
90 mg/dL or non-HDL-C
≥ 120 mg/dL, or apoB ≥
80 mg/dL without prior
MI or stroke, and with
evidence of CAD,
atherosclerotic
cerebrovascular disease,
PAD, DM, and at least
one high-risk factor

Intervention: Evolocumab
140 mg biweekly.
Comparator: Placebo biweekly

A composite of
coronary death, MI,
and ischemic stroke.
F/U: a median of
4.5 years

Not yet published
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(Ongoing)
EVOLVE-MI
(NCT05284747)
n = 4000

2◦ prevention—Patients
aged 18 years and older
hospitalized for NSTEMI
or STEMI due to
presumed atherosclerotic
disease

Intervention: Open-label
evolocumab biweekly plus
routine lipid management.
Comparator: Routine lipid
management

Total (first and
subsequent)
composite of MI,
ischemic stroke, any
arterial
revascularization
procedure, and
all-cause death.
F/U: a median of
3.5 years

Not yet published

(Not yet
published)
YELLOW III
(NCT04710368)
n = 137

1◦ prevention—Patients
undergoing elective PCI
with a non-obstructive
lesion (30–50% stenosis
identified by
angiography in a
non-culprit vessel with
lipid-rich plaques) and
an optimal background
statin

Intervention: Subcutaneous
evolocumab 140 mg biweekly.
No comparator

Changes in the
minimal fibrous cap
thickness, by OCT,
and max 4 mm lipid
core burden index,
by near-infrared
spectroscopy at
week 26

Not yet published

Table 5. Major phase III randomized clinical trials involving alirocumab.

Trial Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Data

Schwartz (2018)
and Szarek (2019)
ODYSSEY
Outcomes [38]
n = 18,924

2◦ Prevention—Patients ≥
40 years old hospitalized for
an ACS and with inadequate
lipid control (LDL-C ≥
70 mg/dL, non-HDL-C ≥
100 mg/dL, or apoB ≥
80 mg/dL) on a maximally
tolerated dose

Intervention:
Subcutaneous
injections of alirocumab
75 mg every 2 weeks.
Comparator:
Subcutaneous
injections of
matched-dose placebo
every 2 weeks.

A composite of
coronary death,
non-fatal MI, fatal
or non-fatal
ischemic stroke,
and hospitalization
for unstable angina.
F/U: median of
2.8 years

The composite 1◦

endpoint event occurred
in 903 patients (9.5%) in
the alirocumab group
and in 1052 patients
(11.1%) in the placebo
group. HR (95% CI) 0.85
(0.78–0.93), p < 0.001)

Robinson (2015)
ODYSSEY LONG
TERM [39]
n = 2341

1◦ and 2◦

prevention—Patients aged 18
and older with LDL-C ≥
70 mg/dL and with HeFH,
ASCVD, or high-risk 1◦

prevention, including CKD
or DM with additional risk
factors, on maximally
tolerated statins

Intervention:
Subcutaneous
injections of
alirocumab 150 mg
every two weeks.
Control: Subcutaneous
injections of matched
placebo every two
weeks.

Percent change in
LDL-C level at
week 24

At week 24, the
difference between the
alirocumab and placebo
groups was −62%
(p < 0.001)

Moriarty (2015)
ODYSSEY
ALTERNATIVE [40]
n = 314

1◦ prevention—Patients aged
18 years and older with
statin intolerance, and at a
moderate, high, or very high
CV risk

Intervention:
Subcutaneous
injections of alirocumab
75 mg every 2 weeks.
Comparators:
Ezetimibe 10 mg daily
or atorvastatin 20 mg
daily

Percent change in
LDL-C at week 24

Percent change from
baseline: −45.0% (2.2).
Comparator-corrected
difference: −30.4% (3.1),
CI −36.6 to −24.2,
p < 0.0001
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Kastelein (2015)
ODYSSEY FH I [41]
n = 486

1◦ and 2◦

prevention—Patients with
HeFH without a history of
CV events, or patients with a
history of MI or ischemic
stroke, and with LDL-C
levels not on target according
to current guidelines

Intervention:
Alirocumab 75 mg
every 2 weeks.
Comparator: Placebo
every 2 weeks.

Percent change in
LDL-C at week 24

Percent change from
baseline: −48.8% (1.6).
Placebo-corrected
difference: −57.9% (2.7),
CI −63.3% to −52.6%,
p < 0.0001

Kastelein (2015)
ODYSSEY FH II
[41]
n = 249

1◦ and 2◦

prevention—Patients with
HeFH without a history of
CV events, or patients with a
history of MI or ischemic
stroke, and with LDL-C
levels not on target according
to current guidelines

Intervention:
Alirocumab 75 mg
every 2 weeks.
Comparator: Placebo
every 2 weeks

Percent change in
LDL-C at week 24

Percent change from
baseline: −48.7% (1.9).
Placebo-corrected
difference: −51.4% (3.4),
CI −58.1% to −44.8%,
p < 0.0001

Ginsberg (2016)
ODYSSEY HIGH
FH [42]
n = 107

1◦ and 2◦

prevention—Patients with
HeFH and LDL-C ≥
160 mg/dL on a maximally
tolerated statins

Intervention:
Subcutaneous
alirocumab 150 mg
every 2 weeks.
Comparator: Placebo
every 2 weeks

Percent change in
LDL-C at week 24

Percent change from
baseline: −45.7% (3.5).
Placebo-corrected
difference: −39.1% (6.0),
CI −51.1% to−27.1%,
p < 0.0001

Bays (2015)
ODYSSEY
OPTIONS I [43]
n = 355

1◦ and 2◦

prevention—Patients aged
18 years and older at very
high risk of CVD (a history
of CVD including CHD, or
T2DM with target organ
damage) and with LDL-C ≥
70 mg/dL, or at high risk (no
history of CVD or CHD but
with other risk factors:
10-year risk of fatal CVD of
5% or greater, moderate
CKD, or T2DM with no
target organ damage) and
with LDL-C ≥ 100 mg/dL

Intervention:
Subcutaneous
injections of
alirocumab 75 mg.
Comparators: Add-on
therapy with ezetimibe
10 mg daily, doubling
of atorvastatin dose to
80 mg daily, or a switch
to rosuvastatin 40 mg
daily

Percent change in
LDL-C at week 24

Atorvastatin 20 mg
group: Alirocumab
−44.1% vs. ezetimibe
−20.5% (p < 0.001) and
doubling of atorvastatin
dose −5.0% (p < 0.001).
Atorvastatin 40 mg
group: Alirocumab
−54.0% (p < 0.001),
ezetimibe −22.6%
(p < 0.001), doubling of
atorvastatin dose 4.8%
(p < 0.001), and switching
atorvastatin 40 mg to
rosuvastatin 40 mg
−21.4% (p < 0.001)

Farnier (2016)
ODYSSEY
OPTIONS II [44]
n = 305

1◦ and 2◦

prevention—Patients with
hypercholesterolemia at very
high or high risk of CV,
receiving rosuvastatin 10 or
20 mg/day

Intervention: Add-on
subcutaneous injection
via a prefilled pen of
alirocumab 75 mg
every 2 weeks.
Comparators: Add-on
ezetimibe 10 mg daily,
or double-dose
rosuvastatin

Percent change in
LDL-C at week 24

Rosuvastatin 10 mg
group: Alirocumab
−50.6% vs. ezetimibe
−14.4% (p < 0.0001) and
double-dose rosuvastatin
−16.3% (p < 0.0001).
Rosuvastatin 20 mg
group: Alirocumab
−36.3% vs. ezetimibe
−11.0% (p = 0.0136) and
double-dose rosuvastatin
−15.9% (p < 0.0453)
[pre-specified threshold
for significance
(p < 0.0125)]
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Kereiakes (2015)
ODYSSEY COMBO
I [45]
n = 316

1◦ and 2◦

prevention—Patients aged
18 years and older with
LDL-C ≥ 70 mg/dL and
established CVD, or LDL-C
≥ 100 mg/dL with CHD risk
equivalents (DM with other
risk factors or CKD)

Intervention:
Alirocumab (75 mg)
every 2 weeks.
Comparator: Placebo
every 2 weeks

Percent change in
LDL-C at week 24

Percent change from
baseline: −48.2% (95% CI
−52.0 to −44.4).
Placebo-corrected
difference: −45.9 (95% CI
−52.5 to −39.3),
p < 0.0001

Cannon (2015)
ODYSSEY COMBO
II [46]
n = 720

1◦ and 2◦

prevention—Patients with
HLD and established CHD
or CHD risk equivalents
(ischemic stroke, PAD,
moderate CKD, or DM plus
≥2 additional risk factors),
on maximally tolerated
statins

Intervention:
Subcutaneous
injections of alirocumab
75 mg every 2 weeks
plus oral placebo.
Comparator: Oral
ezetimibe 10 mg daily
plus subcutaneous
placebo

Percent change in
LDL-C at week 24

Percent change from
baseline: −50.6% (1.4).
Placebo-corrected
difference: −29.8% (2.3;
95% CI −34.4 to −25.3),
p < 0.0001

Roth (2016)
ODYSSEY CHOICE
I [47]
n = 803

1◦ and 2◦

prevention—Patients with
T2DM and inadequately
controlled
hypercholesterolemia and
who were at moderate CVD
risk with no statin,
moderate-to-very-high CVD
risk with statin-associated
muscle symptoms, or
moderate-to-very-high CVD
risk with maximally
tolerated statins

Intervention:
Alirocumab 300 mg
monthly.
Comparator: Matching
placebo monthly

Percent change in
LDL-C at week 24
and time-averaged
LDL-C over weeks
21 to 24

Percent change from
baseline: −57.4% (3.3).
Placebo-corrected
difference: −61.6% (5.6),
p < 0.0001

Stroes (2016)
ODYSSEY CHOICE
II [48]
n = 233

1◦ prevention—Patients aged
18 years and older with
hypercholesterolemia
receiving fenofibrate,
ezetimibe, or diet alone

Intervention:
Alirocumab 150 mg
monthly or 75 mg
biweekly, with dose
adjustment to 150 mg
biweekly at week 12 if
predefined LDL-C
target levels were not
met.
Comparator: Matching
placebo

Percent change in
LDL-C at week 24

Alirocumab 75 mg
biweekly: % change from
baseline −53.5% (1.6).
Placebo-corrected
difference: −58.2% (2.8),
p < 0.0001.
Alirocumab 150 mg
monthly: % change from
baseline −51.7% (2.3).
Placebo-corrected
difference: −56.4% (3.3),
p < 0.0001

Teramoto (2016)
ODYSSEY JAPAN
[49]
n = 216

1◦ and 2◦

prevention—Patients aged 18
and older with HeFH, with
or without a history of
documented CAD, or
patients with non-FH at high
CVD risk with a history of
documented CAD, or
classified as JAS category III
(1◦ prevention), with
inadequately controlled
cholesterol levels

Intervention:
Alirocumab 75 mg
every 2 weeks, with
increase to 150 mg if
predefined LDL-C
target levels were not
met.
Comparator: Matching
placebo

Percent change in
LDL-C at week 24

Percent change from
baseline: −62.5% (1.3).
Placebo-corrected
difference: −64.1% (2.2;
95% CI −68.5% to
−59.8%), p < 0.0001
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Koh (2018)
ODYSSEY KT [50]
n = 199

1◦ prevention—Patients aged
18 years or older with high
CV risk who had
inadequately controlled
hypercholesterolemia on
maximally tolerated statins

Intervention:
Alirocumab 75 mg every
2 weeks, with dose
increase to 150 mg every
2 weeks at week 12 if
predefined LDL-C target
levels were not met.
Comparator: Matching
placebo

Percent change in
LDL-C at week 24

Percent change from
baseline: −57.1% (3.0).
Placebo-corrected
difference: −63.4% (4.2;
95% CI −71.6 to −55.2),
p < 0.0001

Teramoto (2019)
ODYSSEY
NIPPON [51]
n = 163

1◦ prevention—Patients with
LDL-C ≥ 100 mg/dL (HeFH
or non-FH with CHD) or
LDL-C ≥ 120 mg/dL
(non-FH, Japan
Atherosclerosis Society
category III) on atorvastatin
5 mg/day or non-statin LLT

Intervention:
Subcutaneous
alirocumab 150 mg
monthly or alirocumab
150 mg biweekly.
Comparator: Matching
placebo

Percent change in
LDL-C at week 12

Alirocumab monthly: %
change from baseline
−43.8% (2.2).
Placebo-corrected
difference: −39.5% (3.1),
p < 0.0001
Alirocumab biweekly: %
change from baseline
−70.1% (2.3).
Placebo-corrected
difference: −65.8% (3.1),
p < 0.0001

Han (2020)
ODYSSEY EAST
[52]
n = 615

1◦ and 2◦

prevention—Patients with
hypercholesterolemia and
established CHD or CHD
risk equivalents who were
inadequately controlled with
stable maximally tolerated
statins

Intervention:
Alirocumab 75 mg every
2 weeks, with dose
increase to 150 mg
biweekly at week 12 if
predefined LDL-C target
levels were not met.
Comparator: Ezetimibe
10 mg daily

Percent change in
LDL-C at week 24

Percent change from
baseline: −56.0% (1.5).
Placebo-corrected
difference: −35.6 (2.5;
95% CI −40.6 to −30.7),
p < 0.0001

Perez de Isla
(2023)
ARCHITECT [53]
n = 104

1◦ prevention—Patients with
FH, without clinical ASCVD,
with LDL-C ≥ 100 mg/dL on
maximal statins, a global
coronary PB > 30% at
baseline, and prescribed
alirocumab by the treating
physician

Intervention:
Subcutaneous
alirocumab (150 mg)
every 14 days.
Comparator: No
comparator

Changes in
coronary plaque
burden.
F/U: 78 weeks

Coronary plaque burden
changed from 34.6% (32.5
to 36.8) to 30.4% (27.4 to
33.4) at follow-up,
p < 0.001. There was an
increase in the proportion
of calcified (+0.3%;
p < 0.001) and mainly
fibrous (+6.2%; p < 0.001)
plaque, and a decrease in
the % fibro-fatty (−3.9%;
p < 0.001) and necrotic
plaque (−0.6%;
p < 0.001).

Sugizaki (2020)
ALTAIR [54]
n = 24

1◦ prevention—Patients aged
20 years and older who
underwent PCI for ACS or
stable angina pectoris, with
LDL-C > 70 mg/dL despite
statin treatment, and OCT
evaluation of TCFA
characteristics in non-culprit,
angiographically
intermediate lesions causing
30–70% diameter stenosis

Intervention: Alirocumab
75 mg every 2 weeks and
10 mg rosuvastatin daily.
Comparator:
Standard-of-care 10 mg
rosuvastatin daily

Absolute change in
fibrous cap
thickness.
F/U: 36 weeks

The absolute increase in
the fibrous cap thickness
was 140 µm (78 to
163 µm) (%age change
273% [155% to 293%]) in
the alirocumab group vs.
45 µm (10 to 78 µm) in
the standard-of-care
group (100% [20% to
155%]), p = 0.002
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Räber (2022)
PACMAN-AMI [55]
n = 300

2◦ prevention—Patients aged
18 years and older who
underwent PCI for STEMI or
NSTEMI, with LDL-C >
125 mg/dL, and who were
suitable for intracoronary
imaging

Intervention:
Subcutaneous
injections of
alirocumab 150 mg
biweekly.
Comparator: Placebo
biweekly

Change in
intravascular
ultrasound-
derived %
atheroma volume
from baseline to
week 52

The mean change in %
atheroma volume was
−2.13% with alirocumab vs.
−0.92% with placebo
(difference, −1.21% [95% CI,
−1.78% to −0.65%],
p < 0.001)

Ako (2019)
ODYSSEY J-IVUS
[56]
n = 206

2◦ prevention—Patients aged
20 years and older who had
been hospitalized for ACS,
had LDL-C ≥ 100 mg/dL at
ACS diagnosis, had
undergone IVUS imaging as
part of usual clinical practice
in Japan, and had an
analyzable IVUS image of
the culprit or non-culprit
vessel with ≥50%
angiographic stenosis of the
culprit vessel within 1 week
after ACS onset

Intervention:
Alirocumab 75 mg
every 2 weeks and up
to 150 mg biweekly.
Comparator:
Standard of care
(atorvastatin ≥ 10 mg
daily or rosuvastatin
≥ 5 mg daily)

Percent change in
normalized total
atheroma volume
from baseline to
week 36

At week 36, the mean %
change in normalized total
atheroma volume from
baseline was −3.1% (1.0)
with the standard of care vs.
−4.8% (1.0) with alirocumab
(between-group difference:
−1.6 [1.4]; p = 0.23). The
absolute change from
baseline in % atheroma
volume was −1.3% (0.4) with
the standard of care and
−1.4% (0.4) with alirocumab,
p = 0.79)

Gao (2021)
Impact of PCSK9
Inhibitors on
Coronary Plaque
Composition and
Vulnerability
Assessed by Optical
Coherence
Tomography [57]
n = 61

2◦ prevention—Patients aged
18 to 80 years with stable
CAD or ACS on admission,
planned to have clinically
indicated coronary
angiography and identified
as having at least one
intermediate lesion (50–70%
diameter stenosis) on de
novo coronary arteries,
identified with elevated
LDL-C ≥ 70 mg/dL for
patients with ACS or ≥
100 mg/dL for non-ACS
patients, despite maximally
tolerated statins

Intervention:
Alirocumab 75 mg
biweekly plus statin
(atorvastatin 20 mg
daily or rosuvastatin
10 mg daily) therapy.
Comparator:
Standard-of-care
statin

Optimal-
coherence-
tomography-
derived absolute
changes in
minimum fibrous
cap thickness
between baseline
and follow-up.
F/U: 36 weeks

The increase in minimum
fibrous cap thickness in the
alirocumab group was 18.0
µm (10.8–29.2) vs. 13.2 µm
(7.4–18.6) in the
standard-of-care group,
p = 0.029.
The increase in minimum
lumen area in the alirocumab
group was 0.20 mm2

(0.10–0.33) vs. 0.13 mm2
(0.12–0.24) in the
standard-of-care group,
p = 0.006.
The diminution in maximum
lipid arc in the alirocumab
group was 15.1 (7.8–24.5) vs.
8.4% (2.0–10.5) in the
standard-of-care group
p = 0.008.

Table 6. Major phase III randomized clinical trials involving bococizumab.

Trial Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Data

Ridker (2017)
SPIRE-HR
[58]
n = 711

1◦ and 2◦

prevention—Patients ≥ 18
and older with LDL-C ≥
70 mg/dL on the highest
statin dose and with a history
of CAD, other ASCVD,
T1DM, T2DM, or CKD, and
with TG ≤ 400 mg/dL

Intervention: Subcutaneous
injections of bococizumab
150 mg self-administered
every 2 weeks.
Comparator: Subcutaneous
injections of matched
placebo self-administered
every 2 weeks.

Percent change in
LDL-C at week 12 and
persistence for 12
months. F/U: 52 weeks

Meta-analysis of
LDL-C ↓ in
SPIRE-HR,
SPIRE-LDL,
SPIRE-FH, SPIRE-LL,
SPIRE-SI, and
SPIRE-AI:
−55.2% at 12 weeks;
−42.5% at 52 weeks
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Ridker (2017)
SPIRE-LDL
[58]
n = 2139

1◦ and 2◦

prevention—Patients ≥ 18
and older with LDL-C ≥
70 mg/dL on the highest
statin dose if a history of
CAD, other ASCVD, T1DM,
T2DM, or CKD was present,
or with LDL-C ≥ 100 mg/dL
on the highest statin dose if
equivalent risk factors
were present

Intervention: Bococizumab
150 mg subcutaneously
self-administered every
2 weeks.
Comparator: Placebo.

Percent change in
LDL-C at week 12 and
long-term persistence
of any effects on the
LDL-C level for
12 months. F/U:
52 weeks

Meta-analysis of
LDL-C ↓ in
SPIRE-HR,
SPIRE-LDL,
SPIRE-FH, SPIRE-LL,
SPIRE-SI, and
SPIRE-AI:
−55.2% at 12 weeks;
−42.5% at 52 weeks

Ridker (2017)
SPIRE-FH [58]
n = 370

HeFH 1◦ and 2◦

prevention—Patients ≥ 18
and older with HeFH and
LDL-C ≥ 70 mg/dL on
highest statin dose if a
history of CAD, other
ASCVD, T1DM, T2DM, or
CKD is present, or LDL-C ≥
100 mg/dL on highest statin
dose if 1◦ prevention, and
with TG ≤ 400 mg/dL

Intervention: Subcutaneous
injections of bococizumab
150 mg self-administered
every 2 weeks.
Comparator: Subcutaneous
injections of matched
placebo self-administered
every 2 weeks.

Percent change in
LDL-C at week 12 and
long-term persistence
of any effects on the
LDL-C level for
12 months. F/U:
52 weeks

Ridker (2017)
SPIRE-LL [58]
n = 746

1◦ and 2◦

prevention—Patients ≥ 18
and older with LDL-C ≥
100 mg/dL with ASCVD,
T1DM, T2DM, CDK, or
equivalent risk factors

Intervention: Subcutaneous
injections of bococizumab
150 mg self-administered
every 2 weeks.
Comparator: Subcutaneous
injections of matched
placebo self-administered
every 2 weeks.

Percent change in
LDL-C at week 12 and
long-term persistence
of any effects on the
LDL-C level for
12 months. F/U:
52 weeks

Ridker (2017)
SPIRE-SI [58]
n = 184

1◦ and 2◦

prevention—Patients ≥ 18
and older with LDL-C ≥
70 mg/dL and with statin
intolerance

Intervention: Subcutaneous
injections of bococizumab
150 mg self-administered
every 2 weeks.
Comparators: Oral
atorvastatin 40 mg or
subcutaneous injections of
matched placebo
self-administered every
2 weeks

Percent change in
LDL-C at week 12 and
long-term persistence
of any effects on the
LDL-C level. F/U:
6 months

Ridker (2017)
SPIRE-AI [58]
n = 299

1◦ and 2◦

prevention—Patients ≥ 18
and older with LDL-C ≥
70 mg/dL on stable statins

Interventions: Subcutaneous
injections of bococizumab
150 or 75 mg administered
with an autoinjector device
every 2 weeks.
Comparators: Subcutaneous
injections matching doses of
placebo administered with
an autoinjector device every
2 weeks.

Percent change in
LDL-C and long-term
persistence of any
effects on the LDL-C
level.
F/U: 12 weeks
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Ridker (2017)
SPIRE-1 [59]
n = 16,817

1◦ and 2◦

prevention—Patients ≥ 18
and older if 2◦ prevention,
≥35 years (men) and
≥45 years (women) if
elevated LDL-C, and
≥50 years (men) and
≥60 years (women) if 1◦

prevention, with LDL-C ≥
70 mg/dL or non-HDL-C ≥
100 mg/dL, and on
stable statins

Intervention: Subcutaneous
injections of bococizumab
150 mg every 2 weeks (dose
was lowered if LDL-C <
10 mg/dL).
Comparator: Subcutaneous
injections of matching
placebo every 2 weeks.

A composite of CV
death, non-fatal MI,
non-fatal stroke, and
hospitalization for
unstable angina
needing urgent
revascularization.
F/U: Median of
7 months

HR (95% CI) 0.99
(0.80–1.22)

Ridker (2017)
SPIRE-2 [59]
n = 10,621

1◦ and 2◦

prevention—Patients ≥
18 years if 2◦ prevention,
≥35 years (men) and
≥45 years (women) if
elevated LDL-C, and
≥50 years (men) and
≥60 years (women) if 1◦

prevention with LDL-C ≥
100 mg/dL or non-HDL-C ≥
130 mg/dL, and on
stable statins

Intervention: Subcutaneous
injections of bococizumab
150 mg every 2 weeks (dose
was lowered if LDL-C <
10 mg/dL).
Comparator: Subcutaneous
injections of matching
placebo every 2 weeks.

A composite of CV
death, non-fatal MI,
non-fatal stroke, and
hospitalization for
unstable angina
needing urgent
revascularization.
F/U: Median of 12
months

HR (95% CI) 0.79
(0.65–0.97)

Table 7. Major phase III randomized clinical trials involving inclisiran.

Trial, Sample
Size Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Raal (2020)
ORION-9 [60]
n = 482

HeFH 1◦ and 2◦

prevention—Patients ≥
18 years old with HeFH,
LDL-C ≥ 100 mg/dL, on
maximally tolerated
statin dose, or with statin
intolerance

Intervention: Inclisiran
sodium 300 mg on days 1,
90, 270, and 450.
Comparator:
Subcutaneous placebo
injection on days 1, 90,
270, and 450.

(1) Percent change in
LDL-C level at
day 510.
(2) Time-adjusted %
change in LDL-C
level between day 90
and day 540.
F/U: 540 days

At day 510, inclisiran
resulted in a
placebo-adjusted difference
of −47.9% age points (95%
CI, −53.5 to −42.3; p < 0.001)
in LDL-C. The time-averaged
% change in LDL-C was a
placebo-adjusted difference
of −44.3 percentage points
(95% CI, −48.5 to −40.1;
p < 0.001)

Ray (2020)
ORION-10 [61]
n = 1561

2◦ prevention—Patients
≥ 18 years old with
ASCVD and LDL-C ≥
70 mg/dL on maximally
tolerated statins or with
statin intolerance

Intervention: Inclisiran
sodium 284 mg on days 1,
90, 270, and 450.
Comparator:
Subcutaneous placebo
injection on days 1, 90,
270, and 450.

(1) Percent change in
LDL-C level at
day 510.
(2) Time-adjusted %
change in LDL-C
level from baseline
after day 90 and up to
day 540.
F/U: 540 days

At day 510, inclisiran
resulted in a
placebo-adjusted difference
of −52.3% (95% CI, −55.7 to
−48.8; p < 0.001) in LDL-C
levels. Inclisiran resulted in a
placebo-adjusted difference
of −53.8% (95% CI, −56.2 to
−51.3; p < 0.001) in
time-adjusted changes in
LDL-C between day 90 and
day 540
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Table 7. Cont.

Trial, Sample
Size Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Ray (2020)
ORION-11 [61]
n = 1617

1◦ and 2◦

prevention—Patients
with ASCVD and
high-risk 1◦ prevention

Intervention: Inclisiran
sodium 284 mg on days 1,
90, 270, and 450.
Comparator:
Subcutaneous placebo
injection on days 1, 90,
270, and 450.

(1) Percent change in
LDL-C level at
day 510.
(2) Time-adjusted %
change in LDL-C
level from baseline
after day 90 and up to
day 540.
F/U: 540 days

At day 510, inclisiran
resulted in a
placebo-adjusted difference
of −49.9% (95% CI, −53.1 to
−46.6; p < 0.001) in LDL-C
levels. Inclisiran resulted in a
placebo-adjusted difference
of −49.2% (95% CI, −51.6 to
−46.8; p < 0.001) in
time-adjusted changes in
LDL-C between day 90 and
day 540

Ray (2023)
ORION-3 [62]
n = 382

1◦ and 2◦

prevention—Patients ≥
18 years old with LDL-C
≥ 70 mg/dL with
ASCVD (2◦ prevention),
or with LDL-C ≥
100 mg/dL at high risk of
ASCVD (1◦ prevention),
on statins or with statin
intolerance

Intervention: Inclisiran
sodium 300 mg twice
yearly (after 200, 300, or
500 mg on day 1, or 100,
200, or 300 mg on days 1
and 90 in ORION-1).
Comparator:
Subcutaneous
evolocumab 140 mg
every 2 weeks for up to
1 year, followed by
subcutaneous inclisiran
sodium 300 mg with
random allocation to
staged switch (day 336,
final dose evolocumab;
day 360, first dose
inclisiran) or concurrent
switch (day 360, final
dose evolocumab, first
dose inclisiran), then
90 days later (day 450)
and 6-monthly thereafter
(after matched placebo in
ORION-1).

Percent change in
LDL-C at day 210 of
ORION-3 (570 days
from the start of
ORION-1).
F/U: 4 years

At day 210, inclisiran usage
resulted in a −47.5%
difference (95% CI −50.7 to
−44.3; p < 0.0001) in baseline
LDL-C levels

Table 8. Major phase III randomized controlled trials involving mipomersen.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Stein (2012)
RADICHOL II [63]
n = 114

HeFH 2◦

prevention—Patients ≥
18 years old with HeFH
and CAD with LDL-C
≥ 100 mg/dL on
maximally tolerated
statins

Intervention:
Subcutaneous injections
of mipomersen 200 mg
self-administered weekly.
Comparator:
Subcutaneous injections
of matched placebo
self-administered weekly.

Percent change in
LDL-C at week 28, or
2 weeks after the last
dose for
non-completers.
F/U: 28 weeks

Mipomersen
significantly ↓ LDL-C
by −28% from baseline
(95% CI: [−34.0% to
−22.1%]), compared
with a 5.2% (95% CI:
[−0.5% to 10.9%])
increase with placebo
(p < 0.001).
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Table 8. Cont.

Trial, Sample Size Study Population Intervention and
Comparator

1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

McGowan (2012)
Randomized,
Placebo-Controlled
Trial of Mipomersen in
Patients with Severe
Hypercholesterolemia
Receiving Maximally
Tolerated
Lipid-Lowering
Therapy [64]
n = 58

1◦ and 2◦

prevention—Patients ≥
18 years old with severe
hypercholesterolemia,
with and without
ASCVD, on maximally
tolerated LLT

Intervention:
Subcutaneous injections
of mipomersen 200 mg
self-administered weekly.
Comparator:
Subcutaneous injections
of matched placebo
self-administered weekly.

Percent change in
LDL-C at week 28, or
2 weeks after the last
dose for
non-completers.
F/U: 28 weeks

Mipomersen
significantly ↓ LDL-C
from baseline by −36%
(95% CI, −51.3, −15.3;
p < 0.001), compared to
a 12.5% increase in the
placebo group (95% CI,
−10.8 to 35.8)

Thomas (2013) Safety
and Efficacy of
Mipomersen (ISIS
301012) As Add-on
Therapy in High Risk
Hypercholesterolemic
Patients [65]
n = 104

1◦ and 2◦

prevention—Patients
on statins with LDL-C
≥ 100 mg/dL, with or
at high risk of
cardiovascular disease

Intervention:
Subcutaneous injections
of mipomersen 200 mg
self-administered weekly.
Comparator:
Subcutaneous injections
of matched placebo
self-administered weekly.

Percent change in
LDL-C at week 28, or
2 weeks after the last
dose for
non-completers.
F/U: 24 weeks

Mipomersen
significantly ↓ LDL-C
from baseline by
−36.9%, compared
with a −4.5% decrease
in the placebo group
(p < 0.001)

Table 9. Major clinical trials involving CETP inhibitors.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Raal (2023)
LIBerate-HeFH [66]
n = 478
Lerodalcibep

HeFH 1◦ and 2◦

prevention—Patients ≥
18 years old with HeFH
and LDL-C ≥ 100 mg/dL
(primary prevention) or
≥70 mg/dL (secondary
prevention)

Intervention:
Subcutaneous
injections of
lerodalcibep 300 mg
monthly.
Comparator:
Subcutaneous
injections of matched
placebo monthly.

Percent change in
LDL-C at week 24, and
the mean of weeks 22
and 24.
F/U: 24 weeks

Lerodalcibep reduced
LDL-C by a
placebo-adjusted −58.61
(3.25)% at week 24
(p < 0.0001). For the
mean of weeks 22 and 24,
lerodalcibep reduced
LDL-C by 2.28 (0.10)
mmol/L (95% CI −2.47
to −2.09) and −65.0
(2.87)% compared with
the placebo (p < 0.0001
for both)

Schwartz (2012)
dal-OUTCOMES [67]
n = 15,871
Dalcetrapib

2◦ prevention—Patients
≥ 45 years old
hospitalized for acute
ACS

Intervention: Oral
dalcetrapib 600 mg
daily.
Comparator: Oral
matched placebo
daily.

A composite of death
from CAD, non-fatal
MI, ischemic stroke,
unstable angina, or
cardiac arrest with
resuscitation.
F/U: 31 months

Compared to the placebo,
dalcetrapib did not alter
the risk of the primary
endpoint or total
mortality (cumulative
event rates: 8.0% and
8.3%, respectively; HR
with dalcetrapib, 1.04;
95% CI [0.93–1.16];
p = 0.52)
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Table 9. Cont.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

HPS3/TIMI55–
Reveal Collaborative
Group (2017)
REVEAL [68]
n = 30,449
Anacetrapib

2◦ prevention—Patients
with established ASCVD

Intervention: Oral
anacetrapib 100 mg
daily.
Comparator: Oral
matched placebo
daily.

A composite of death
from CAD, MI, or
coronary
revascularization.
F/U: 4.1 years

Compared to the placebo,
anacetrapib resulted in a
lower incidence of major
coronary events (1640 of
15,225 patients [10.8%] vs.
1803 of 15,224 patients
[11.8%]; rate ratio, 0.91;
95% CI, 0.85 to 0.97;
p = 0.004)

Barter (2007)
ILLUMINATE [69]
n = 15,067
Torcetrapib

1◦ and 2◦

prevention—Patients
aged 45–75 years with
established ASCVD
(secondary prevention),
and patients with type 2
diabetes without
previous ASCVD
(primary prevention)

Intervention:
Atorvastatin and oral
torcetrapib
Comparator:
Atorvastatin only.

A composite of death
from coronary heart
disease, non-fatal MI,
stroke, and
hospitalization for
unstable angina.
F/U: 4.5 years

Torcetrapib therapy
increased the risk of
cardiovascular events
(HR, 1.25; 95% CI, 1.09 to
1.44; p = 0.001) and death
from any cause (HR, 1.58;
95% CI, 1.14 to 2.19;
p = 0.006) relative to the
placebo.

Lincoff (2017)
ACCELERATE [70]
n = 12,092
Evacetrapib

2◦ prevention—Patients
≥ 18 years old with
ASCVD on statin therapy

Intervention: Oral
dose of 130 mg of
evacetrapib once
daily, in addition to
statin therapy.
Comparator:
Matching placebo
and statin therapy.

A composite of death
from cardiovascular
causes, MI, stroke,
coronary
revascularization, and
hospitalization from
unstable angina.
F/U: 26 months

At 26 months, the
primary endpoint
occurred in 12.9% of
patients receiving
evacetrapib and in 12.8%
of patients receiving the
placebo (HR, 1.01; 95%
CI, 0.91 to 1.11; p = 0.91)

Nicholls (2022) [71]
n = 120
Obicetrapib

1◦ prevention—Patients
18–75 years old with
LDL-C > 70 mg/dL,
without significant
ASCVD, on
high-intensity statin
therapy

Intervention: 10 mg
oral dose of
obicetrapib.
Control: matched
placebo

Percent change in
LDL-C after 8 weeks of
treatment.
F/U: 8 weeks

Obicetrapib 5 mg and
10 mg significantly
reduced LDL-C levels by
42.9% and 45.7%,
respectively, compared to
0.0% for the placebo
group (p < 0.0001)

(Ongoing)
BROOKLYN
(NCT05425745)
n = 300
Obicetrapib

HeFH, 1◦ and 2◦

prevention—Patients ≥
18 years old with HeFH
and LDL-C ≥ 70 mg/dL
on maximally tolerated
statin therapy

Intervention: 10 mg
oral dose of
obicetrapib.
Control: Matched
placebo

Percent change in
LDL-C after 12 weeks
of treatment.
F/U: 12 weeks

Results pending

(Ongoing)
BROADWAY
(NCT05142722)
n = 2532
Obicetrapib

HeFH and 2◦

prevention—Patients >
60 years old with either
HeFH or ASCVD and a
history of MI in the past
year, with LDL-C ≥
100 mg/dL, on
maximally tolerated LLT

Intervention: 10 mg
oral dose of
obicetrapib.
Control: Matched
placebo

Percent change in
LDL-C after 12 weeks
of treatment.
F/U: 12 weeks

Results pending

(Ongoing)
PREVAIL
(NCT05202509)
n = 9000
Obicetrapib

2◦ prevention—Patients
≥ 18 years old with
established ASCVD and
LDL-C ≥ 70 mg/dL on
maximally tolerated LLT

Intervention: 10 mg
oral dose of
obicetrapib.
Control: Matched
placebo

A composite of major
adverse cardiac events.
F/U: 32 months

Results pending
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Figure 1. The landscape of lipid-lowering strategies has expanded in recent years with the emergence
of therapies that target multiple pathways in cholesterol metabolism: (A) Statins competitively
inhibit the enzyme β-hydroxy β-methylglutaryl-CoA (HMG-CoA) reductase, leading to reduced
hepatic cholesterol synthesis. Reduced intracellular cholesterol availability will lead to upregulation
of low-density lipoprotein (LDL) receptor expression and consequent increased LDL cholesterol
absorption, a common downstream effect of many medications in this figure. (B) Ezetimibe acts at
the small intestinal brush border to reduce cholesterol absorption. It binds to the transmembrane
protein Niemann–Pick C1-like 1 (NPC1L1) and prevents uptake of cholesterol-rich luminal micelles
into enterocytes. (C) Bempedoic acid inhibits adenosine triphosphate-citrate lyase (ACL), an essential
enzyme in cholesterol biosynthesis upstream of the enzyme HMG-CoA reductase. (D) Proprotein
convertase subtilisin/kexin type 9 (PCSK9) is a serine protease that irreversibly binds the LDL–
LDL receptor complex in hepatocytes, leading to the lysosomal degradation of the LDL receptor.
Alirocumab, evolocumab, and bococizumab are monoclonal IgG antibodies that inhibit PCSK9,
preventing premature degradation of the LDL receptor and promoting continued LDL absorption.
(E) Inclisiran is a small interfering RNA (siRNA) that binds to PCSK9 messenger ribonucleic acid
(mRNA) with the help of an RNA-induced silencing complex (RISC), thereby inhibiting translation of
PCSK9 mRNA to protein. (F) Mipomersen is an antisense oligonucleotide (ASO) that targets the apoB
100 mRNA, thereby inhibiting translation of apoB 100 mRNA to apoB 100 protein. (G) Dalcetrapib,
evacetrapib, anacetrapib, and torcetrapib are inhibitors of cholesteryl ester transfer protein (CETP),
a protein that mediates the transfer of cholesteryl esters from high-density lipoprotein (HDL) to
LDL and very-low-density lipoprotein (VLDL), as well as the transfer of triglycerides from LDL and
VLDL to HDL, (H) Pelacarsen is an ASO that targets the LPA gene mRNA. (I) Olpasiran, SLN360,
lepodisiran, and muvalaplin are siRNAs that bind to apolipoprotein A (apo-A) mRNA, with the help
of an RISC, thereby inhibiting translation of apo-A mRNA to protein. Designed in BioRender.
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Figure 2. The landscape of major phase III randomized controlled trials of agents that lower athero-
genic lipoprotein has expanded in recent years in the realms of primary prevention (top row),
secondary prevention in patients with established atherosclerotic cardiovascular disease (ASCVD)
(middle row), and secondary prevention in patients with recent acute coronary syndrome (ACS)
(bottom row). Syringe icons denote medications administered by injection, whereas pill bottle icons
denote medications administered orally. Red icons denote trials whose primary outcome was nega-
tive, while green icons denote trials whose primary outcome was positive. Asterisks denote studies
that had a combined primary and secondary prevention population. Designed in BioRender. Please
refer to the Abbreviations section for full trial names, and to the corresponding tables for the results
of each trial [18,25,33,37,38,58,61,67–70,72–77].

4.1. Ezetimibe
4.1.1. Mechanism of Action

While most non-statin therapies manipulate cholesterol and triglyceride production
and recycling, ezetimibe displays a unique mechanism of action that results in decreased
intestinal cholesterol absorption [78]. Ezetimibe operates at the small intestinal brush
border, where it binds to the transmembrane protein NPC1L1 (Niemann–Pick C1-like 1)
and prevents the uptake of cholesterol-rich luminal micelles into enterocytes [79].

4.1.2. Results of Randomized Trials

Ezetimibe’s initial approval from the FDA in 2002 was granted on the basis of LDL-
lowering trials, without a demonstration of any corresponding reduction in cardiovascular
events, leading to calls for evidence that ezetimibe improves hard outcomes [80]. Table 2
provides an overview of major phase III randomized controlled clinical trials related
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to ezetimibe usage, and it contains test statistics for all reported values. IMPROVE-IT
(2015) was the largest trial to date examining the impact of ezetimibe on both LDL-C
reduction and cardiac mortality, and it focused specifically on individuals with acute
coronary syndrome (ACS) or myocardial infarction (MI) in the past 10 days and mildly
elevated LDL-C levels (50–125 mg/dL) [18]. Starting from a mean baseline LDL-C of
93.8 mg/dL, ezetimibe plus simvastatin reduced LDL-C levels to a mean of 53.2 mg/dL,
24% lower than the mean LDL-C of 69.9 md/dL achieved in the simvastatin-only group
(p < 0.001). The primary endpoint of cardiovascular mortality, major cardiovascular event,
or non-fatal stroke occurred in 32.7% of the ezetimibe–simvastatin group and 34.7% of the
simvastatin-only group, representing an absolute risk difference of 2% (hazard ratio [HR],
0.936; 95% confidence interval [CI], 0.89 to 0.99; p = 0.016). This corresponded to a necessary
treatment group size of 50. This landmark study was the first large trial to demonstrate
that the addition of ezetimibe to moderate-intensity statin therapy significantly reduces
cardiovascular events. Because this trial was designed prior to the current guidelines,
the participants were treated with a moderate-intensity statin instead of a high-intensity
statin, raising the possibility that the effect size may have been less pronounced had a
high-intensity statin been used.

Given that the volume of atherosclerotic plaques correlates with major adverse cardio-
vascular events (MACE) [81], PRECISE-IVUS (2015) aimed to assess the effect of adding
ezetimibe to atorvastatin on atherosclerotic plaque volume, as assessed by intravascular
ultrasound, as well as LDL-C levels in patients who had undergone coronary angiogra-
phy or percutaneous coronary intervention for ACS or stable ischemic heart disease [20].
Starting from a mean LDL-C of 109.8 mg/dL and 108.3 mg/dL, respectively, ezetimibe–
atorvastatin combination therapy reduced LDL-C levels to 63.2 mg/dL (−42.4%), compared
to 73.3 mg/dL (−33.2%) in the atorvastatin-only group (p < 0.001). More interestingly,
ezetimibe–atorvastatin combination therapy led to a change in percent atheroma volume
of −1.4%, compared to −0.3% in the atorvastatin-only group (95% CI: −3.4% to −0.1%
vs. −0.3%; 95% CI: −1.9% to 0.9% with atorvastatin alone; p = 0.001), corresponding to an
absolute change in percent atheroma volume of −1.1% (p = 0.001). This trial was the first to
suggest that ezetimibe combination therapy could reduce both LDL-C and atherosclerotic
plaque volume in patients with clinical ASCVD.

Subsequently, EWTOPIA 75 (2019) investigated the effects of ezetimibe standalone
therapy for primary prevention in older adults (≥75 years old) whose LDL-C level was
≥140 mg/dL [19]. Ezetimibe reduced the rate of the primary composite outcome of sudden
cardiac death, myocardial infarction, coronary revascularization, or stroke, compared
with usual care, with a HR of 0.66 (95% CI, 0.50–0.86; p = 0.002). Moreover, ezetimibe
reduced the rate of coronary revascularization (HR 0.38, 95% CI, 0.18–0.79; p = 0.007),
thereby supporting the use of ezetimibe in aging populations. Notably, this study focused
exclusively on patients who were beyond the standard age range for statin-based therapies
for primary prevention. EWTOPIA was the first trial to show the benefit of a non-statin
agent as monotherapy for primary prevention in patients with elevated LDL-C. However,
EWTOPIA is limited by its open-label nature, as participants in the usual care arm did not
receive a placebo pill. In summary, both IMPROVE-IT and EWTOPIA 75 reported improved
cardiovascular event rates and formed the basis of the ezetimibe recommendations in the
2019 and 2022 AHA/ACC guidelines [5,9].

4.1.3. Current Indications

Ezetimibe is currently approved for usage in combination with statin therapy or
alone as an adjunct to diet to reduce LDL-C in adults with primary hyperlipidemia, in
heterozygous familial hypercholesterolemia (HeFH) patients ≥10 years old, in patients
with mixed hyperlipidemia (as an adjunct to fibrates and diet), and to reduce sitosterol and
campesterol in patients ≥9 years old with homozygous familial sitosterolemia [82].

The 2022 AHA/ACC guidelines provide three populations in which the use of eze-
timibe is indicated [9]. Among individuals with clinical ASCVD who are at very high risk,
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ezetimibe is indicated in those who are unable to achieve a ≥50% reduction in LDL-C, or
whose LDL-C remains >55 mg/dL (or whose non-HDL remains ≥85 mg/dL) on maximally
tolerated statin therapy. In individuals with clinical ASCVD who are not at very high risk,
ezetimibe is indicated in those who are unable to achieve a ≥50% reduction in LDL-C,
or whose LDL-C remains ≥70 mg/dL (or whose non–HDL remains ≥100 mg/dL) on
maximally tolerated statin therapy. In individuals with clinical ASCVD with elevated base-
line LDL-C at ≥190 mg/dL that is not due to familial hyperlipidemia or other secondary
etiologies, ezetimibe is indicated in those who are unable to achieve a ≥50% reduction in
LDL-C or whose LDL-C remains ≥70 mg/dL (or whose non–HDL remains ≥100 mg/dL)
on maximally tolerated statin therapy. In all of the above scenarios, the guidelines allow
for the selection of ezetimibe based on its low cost (given the availability of the generic
formulation), its ease of use as an oral agent, and patient preference. Ezetimibe is prescribed
as a fixed dose of 10 mg daily.

4.1.4. Safety Profile

Ezetimibe is considered to be a safe drug without major side effects. Some adverse
effects reported include headache, sore throat, and runny nose, and less commonly, body
aches, back pain, diarrhea, joint pain, fatigue, and hepatotoxicity. There have been reports
of rhabdomyolysis in combination with statin therapy. Ezetimibe is contraindicated in
patients with active liver disease. The use of ezetimibe during pregnancy and lactation has
not been studied [83].

4.1.5. Cost-Effectiveness

Ezetimibe is one of the more cost-effective non-statin medications available to reduce
cholesterol. A meta-analysis examining the incremental net benefit of ezetimibe compared
to other lipid-lowering agents showed that ezetimibe was significantly cost-effective [84],
with a pooled incremental net benefit (INB) of USD 4274. Subgroup analyses demonstrated
that it is cost-effective in high-income countries and for primary prevention; however,
fewer data exist on the cost-effectiveness of ezetimibe in lower–middle-income countries
(LMICs) [84]. When used as an adjunct to statin therapy, ezetimibe has been found to
modestly increase life expectancy by an additional 0.05 to 0.07 quality-adjusted life years
(QALYs), with a net cost between USD 43,600 and USD 91,500 per QALY in patients with
chronic kidney disease [85]. In another study, the incremental cost-effectiveness ratio (ICER)
of ezetimibe as an adjunct to statin therapy, compared to standalone statin therapy, was
CNY 47,102.99 (USD 6971.24) per QALY [86].

4.2. Bempedoic Acid
4.2.1. Mechanism of Action

Bempedoic acid functions as a prodrug that undergoes intracellular activation in order
to inhibit cholesterol production. Specifically, it acts by inhibiting adenosine triphosphate-
citrate lyase (ACL), an essential enzyme in cholesterol biosynthesis upstream of the enzyme
HMG-CoA reductase, which is inhibited by statin therapies. It thus lowers LDL-C by the
same mechanism as statins, reducing cellular LDL-C production, thereby upregulating LDL
receptors and increasing LDL-C clearance [87]. Its unique formulation as a hepatocyte-only-
activated prodrug allows for action in hepatocytes but not in myocytes, thereby decreasing
the risk of myopathy compared to statin therapy [87].

4.2.2. Results of Randomized Trials

Table 3 provides an overview of the major phase III randomized-controlled clinical
trials related to bempedoic acid usage, and it contains test statistics for all reported values.
The efficacy of bempedoic acid was studied in patients with high-risk ASCVD on maximally
tolerated statin therapy (CLEAR Harmony [22] and Wisdom [23]), and in statin-intolerant
patients (CLEAR Serenity [24], Tranquility [21], and Outcomes [25]). CLEAR Harmony stud-
ied the use of bempedoic acid in individuals who had a history of ASCVD and/or HeFH,
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whereas CLEAR Wisdom studied individuals with high cardiovascular risk and concomi-
tant hypercholesterolemia despite the use of maximally tolerated statin therapy [22,23].
Both included secondary prevention patients with a baseline LDL-C ≥ 70 mg/dL. In
CLEAR Harmony, starting with a mean LDL-C of 103.29 mg/dL, bempedoic acid sig-
nificantly reduced LDL-C levels, with a placebo-corrected difference of −18.1% (95% CI,
−20.0 to −16.1; p < 0.001) [22]. In CLEAR Wisdom, starting from a baseline LDL-C of
120.4 mg/dL, bempedoic acid significantly reduced LDL-C levels, with a placebo-corrected
difference of −17.4% (95% CI, −21.0% to −13.9%; p < 0.001) [23].

CLEAR Tranquility (2018) [21] and CLEAR Serenity (2019) [24] both investigated the
use of bempedoic acid for patients with statin intolerance, compared to placebo. CLEAR
Tranquility studied individuals who had a history of intolerance of two or more statins due
to muscle-related side effects, whereas CLEAR Serenity more broadly included individuals
who had any history of intolerance of at least one statin. Both included primary and
secondary prevention patients with a baseline LDL-C of ≥100 mg/dL, although CLEAR
Serenity required the baseline LDL-C to be ≥130 mg/dL in its primary prevention patients.
In CLEAR Tranquility, starting from a mean LDL-C of 127.6 mg/dL, bempedoic acid
significantly reduced LDL-C, with a placebo-corrected difference of −28.5% (95% CI:
−34.4%; p < 0.001) [21]. In CLEAR Serenity, starting from a baseline LDL-C of 157.6 mg/dL,
bempedoic acid significantly reduced LDL-C, with a placebo-corrected difference of −21.4%
(95% CI, −25.1% to −17.7%; p < 0.001) [24].

The first trial to examine cardiovascular events beyond LDL-C reduction from bempe-
doic acid was CLEAR Outcomes (2023) [25]. CLEAR Outcomes studied individuals who
had a history of intolerance of two or more statins, with a baseline LDL-C of ≥100 mg/dL,
and like its predecessor trials it included both primary and secondary prevention patients.
Patients were also required to provide written documentation of statin intolerance and
inability or unwillingness to take statin therapy despite knowing that they stand to derive
cardiovascular benefits from statin therapy. The incidence of the primary endpoint, which
was four-component MACE (non-fatal MI, non-fatal stroke, coronary revascularization, or
cardiovascular death), was lower in the bempedoic acid group (11.7% vs. 13.3% in placebo),
with an associated HR of 0.87 (95% CI 0.79 to 0.96; p = 0.004).

In light of the results of the CLEAR trials, some have questioned whether bempedoic
acid would still demonstrate these effects when layered on top of statin therapy. A phase III
trial by Ballantyne et al. randomized individuals with multiple cardiovascular risk factors or
HeFH, whose baseline LDL-C was ≥100 mg/dL, to bempedoic acid, ezetimibe, bempedoic
acid plus ezetimibe, or placebo groups, on top of maximally tolerated statin therapy [88].
Combination bempedoic acid–ezetimibe therapy resulted in a placebo-corrected LDL-C
reduction of −38.0% (p < 0.001), which was more effective than ezetimibe alone (−23.2%)
or bempedoic acid alone (−17.2%). These studies provide supportive evidence for the use
of bempedoic acid as both monotherapy and combination therapy to lower LDL-C, and
as monotherapy to reduce cardiovascular events. Bempedoic acid may serve as a useful
medication for cholesterol reduction in statin-intolerant patients, as well as in patients on
maximally tolerated statin therapy.

4.2.3. Current Indications

Bempedoic acid received FDA approval for usage in 2020 as an adjunct to diet and
maximally tolerated statin therapy for individuals with HeFH or established ASCVD who
require additional lowering of LDL-C [89]. Furthermore, the FDA expanded the indica-
tions for bempedoic acid and bempedoic acid plus ezetimibe for primary hyperlipidemia
and removed the prerequisite for patients to be on maximally tolerated statin therapy in
December 2023 [89].

The 2022 AHA/ACC guidelines provide four populations in which the use of bempe-
doic acid is indicated [9]: In individuals with clinical ASCVD who are at very high risk,
bempedoic acid can be considered in those who are unable to achieve a >50% reduction in
LDL-C or whose LDL-C remains ≥55 mg/dL (or whose non–HDL-C remains ≥85 mg/dL)
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despite maximally tolerated statin therapy, ezetimibe, and a proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) inhibitor. In individuals with clinical ASCVD who are not
at very high risk, bempedoic acid can be considered in those who are unable to achieve
a >50% reduction in LDL-C or whose LDL-C remains ≥0 mg/dL (or whose non–HDL-C
remains ≥100 mg/dL) despite maximally tolerated statin therapy, ezetimibe, and/or a
PCSK9 inhibitor. In both scenarios, the guidelines note that bempedoic acid should be
considered in the setting of documented statin intolerance. Third, the guidelines allow for
the use of bempedoic acid if other evidence-based agents are contraindicated or not toler-
ated, and for ease of use for patients who prefer to avoid injectable medications. Because
the 2022 AHA/ACC guidelines were issued prior to the results of CLEAR Outcomes, the
guidelines advised a preference for ezetimibe and PCSK9 inhibitors as first- and second-line
non-statin agents. It remains to be seen whether bempedoic acid is elevated to a second-line
non-statin agent in future guidelines. Fourth, in individuals with clinical ASCVD with
a baseline LDL-C elevated to ≥190 mg/dL that is not due to familial hyperlipidemia or
other secondary etiologies, bempedoic acid is indicated in those who are unable to achieve
a ≥50% reduction in LDL-C or whose LDL-C remains ≥70 mg/dL (or whose non–HDL
remains ≥100 mg/dL) after the addition of ezetimibe and/or a PCSK9 inhibitor.

Bempedoic acid is prescribed as a fixed dose of 180 mg orally once daily, or as a
combination therapy with ezetimibe 10 mg daily [89].

4.2.4. Safety Profile

Bempedoic acid has not been associated with a significant side-effect profile in clinical
trials, but real-world clinical experience is still limited. Rare adverse effects observed
with bempedoic acid compared to placebo included increased blood uric acid levels (2.1%
vs. 0.5%), gout (1.4% vs. 0.4%), decreased glomerular filtration rate (0.7% vs. <0.1%),
and increased levels of hepatic enzymes (2.8% vs. 1.3%) [90]. It is also associated with
cholelithiasis (RR: 1.87; CI: 1.43–2.44) and is relatively contraindicated in patients with
comorbid gout.

4.2.5. Cost-Effectiveness

Bempedoic acid’s long-term cost-effectiveness in the United States remains to be
further evaluated. Bempedoic acid/ezetimibe in combination with statin therapy pro-
duced a net cost of USD 186,000 per QALY gained, which does not meet commonly cited
thresholds of cost-effectiveness, which lie between USD 100,000 and USD 150,000 per
QALY [91]. In 2021, the Institute for Clinical and Economic Review published an evidence
report evaluating the clinical effectiveness and value of cholesterol-lowering medications;
it recommended a health-benefit price benchmark of USD 1600 to 2600 per year for bempe-
doic acid/ezetimibe, which would require a 30–60% discount off the treatment’s current
wholesale acquisition cost [92].

4.3. Monoclonal Antibodies Targeting Proprotein Convertase Subtilisin/Kexin Type 9
4.3.1. Mechanism of Action

Epidemiological observations have shown that loss-of-function mutations in PCSK9—
a serine protease that irreversibly binds the LDL–LDL receptor complex in hepatocytes,
leading to the lysosomal degradation of the LDL receptor—are associated with a lower risk
of cardiovascular disease [93], pointing to PCSK9 as a therapeutic target. Three monoclonal
antibodies (mAbs) targeting PCSK9 and inhibiting its interaction with the LDL receptor
have been studied in phase III clinical trials. PCSK9 mAbs include two fully human mAbs,
the immunoglobulin G1 mAb alirocumab, the immunoglobulin G2 mAb evolocumab, and
bococizumab, a humanized IgG-λ mAb with a remnant murine sequence [94].

4.3.2. Results of Randomized Trials of Evolocumab

Table 4 provides an overview of the major clinical trials related to evolocumab. Over
the last decade, clinical trials under the Program to Reduce LDL-C and Cardiovascular
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Outcomes Following Inhibition of PCSK In Different Populations (PROFICO) have evalu-
ated the efficacy of evolocumab in reducing LDL-C levels, adverse cardiovascular events,
and atherosclerotic burden in several target patient populations. Significant reductions in
LDL-C levels were shown in patients with hypercholesterolemia, no evidence of ASCVD,
and not treated with statins who were given evolocumab either biweekly (140 mg) or
monthly (420 mg) in the MENDEL-2 trial [26], in patients treated with various statins in
the LAPLACE-2 trial [27], in statin-intolerant patients in the GAUSS-2 [28], GAUSS-3 [32],
and GAUSS-4 trials [95], in patients with hypercholesterolemia on a lipid-lowering diet
or taking statins or ezetimibe in the DESCARTES trial [29], in patients with HeFH in the
RUTHERFORD-2 trial [30], and in patients with type 2 diabetes mellitus in the BANTING
trial [34], when compared to placebo, ezetimibe, or both. Similar findings were shown
in two extension studies, OSLER-1 and OSLER-2 [31]. In the YUKAWA-2 trial, Japanese
patients with hyperlipidemia or mixed dyslipidemia and a high cardiovascular risk tak-
ing atorvastatin experienced marked reductions in LDL-C levels when randomized to
evolocumab compared to placebo [96]. Self-administration of evolocumab with an autoin-
jector or an automated mini-doser was shown to successfully lower LDL-C levels in the
THOMAS-1 and the THOMAS-2 trials [97].

The FOURIER trial, the most practice-changing evolocumab trial, enrolled 27,564 pa-
tients between 40 and 85 years of age, with LDL-C levels greater than or equal to 70 mg/dL
or non-HDL-C levels greater than 100 mg/dL, with triglycerides less than or equal to
400 mg/dL, and treated with moderate- or high-intensity statin therapy, and it excluded
patients with New York Heart Association (NYHA) class III or IV heart failure or a left
ventricular ejection fraction of less than 30%, uncontrolled hypertension, a recurrent or an
uncontrolled ventricular tachycardia, hypothyroidism or hyperthyroidism, homozygous
FH, and patients undergoing apheresis of plasma or LDL [33]. Participants were random-
ized to subcutaneous evolocumab or placebo, administered biweekly or once per month,
and followed for a median of 26 months. The investigators reported an absolute reduction
of 1.5% in the evolocumab group (9.8% vs. 11.3% in the placebo group), with an HR of
0.85 (95% CI, 0.79–0.92) in the primary endpoint, a composite of time to cardiovascular
mortality, myocardial infarction, stroke, hospitalization for unstable angina, and coronary
revascularization; and a 1.5% absolute risk reduction in the evolocumab group (5.9% vs.
7.4% in the placebo group), with an HR of 0.80 (95% CI, 0.73–0.88) in the secondary end-
point, a composite of cardiovascular mortality, myocardial infarction, and stroke. Overall,
these results were similar across subgroups, stratified by demographics and background
LDL-C-lowering therapy. When analyzed separately, however, the primary endpoint in
patients with polyvascular disease, with baseline LDL-C between 92 and 109 mg/dL or
greater than 109 mg/dL, or treated with ezetimibe did not reach statistical significance,
which may have been a result of the small sample size in these groups. The reduction in
MACE was driven by a significant reduction in myocardial infarction, stroke, and coronary
revascularization. Evolocumab did not reduce cardiovascular or all-cause mortality. A
reanalysis of the mortality data of the FOURIER trial pointed to possible discrepancies
between the reported results and information in the clinical study reports [98].

In two extension studies of the FOURIER trial (FOURIER-OLE and FOURIER-OLE
in Selected European Countries, which was terminated by the sponsor), patients received
evolocumab irrespective of their randomization group in the parent study [35]. After a
median follow-up of 5 years, patients previously randomized to evolocumab (and therefore
exposed to it for a longer duration) experienced a 0.6% absolute reduction in the primary
endpoint compared to patients originally randomized to placebo. In addition, the inves-
tigators reported an absolute reduction of 0.22% in cardiovascular mortality in patients
previously randomized to evolocumab.

The GLAGOV trial explored the reduction in coronary plaque burden via serial in-
travascular ultrasonography in adult patients randomized to either evolocumab or placebo.
Patients were included if they demonstrated evidence of coronary heart disease and a
fasting LDL-C greater than or equal to 80 mg/dL if no additional risk factors were present,
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or greater than or equal to 60 mg/dL if other risk factors were present. The study’s results
demonstrated a 1% absolute reduction in coronary atheroma volume (95% CI, −1.8% to
−0.64%; p < 0.001), which may partially explain the drug’s ability to reduce major adverse
cardiovascular events [99].

4.3.3. Results of Randomized Trials of Alirocumab

Table 5 provides an overview of the major clinical trials related to alirocumab. Alirocumab
led to a greater reduction in LDL-C levels compared to ezetimibe when administered
without additional lipid-lowering therapies in the ODYSSEY-MONO trial [100], when
administered with statins in the ODYSSEY-COMBO I [45] and ODYSSEY-COMBO 2 [46]
trials compared to placebo and ezetimibe, in patients with HeFH when added to statin
therapy in the ODYSSEY-FH I, ODYSSEY-FH II [41], and ODYSSEY HIGH FH [42] trials
compared to placebo, in patients with a high risk of ASCVD events compared to ezetimibe
and statin therapy in the ODYSSEY-OPTIONS I [43] and ODYSSEY-OPTIONS II trials [44],
and in patients with moderate-to-high risk of ASCVD events either taking or not taking
statins in the ODYSSEY CHOICE I [47] and ODYSSEY CHOICE II trials [48]. The ODYSSEY
LONG TERM trial further showed a significant 62% reduction (p < 0.001) in LDL-C in high-
risk patients, including patients with HeFH, established CAD, or equivalent risk factors [39].
While not designed to investigate cardiovascular outcomes, the ODYSSEY LONG TERM
trial suggested that alirocumab may be beneficial in reducing adverse cardiovascular
events [39].

The ODYSSEY OUTCOMES trial enrolled 18,924 patients of 40 years of age and older
who were hospitalized for ACS at least 1 month and no more than 12 months before
randomization, and with an LDL-C level greater than 70 mg/dL, a non-HDL-C level
greater than 100 mg/dL, or an apoB level greater than 80 mg/dL receiving high-intensity
statin therapy, and with a triglycerides level of less than 400 mg/dL [38]. Patients with
NYHA class III or IV heart failure and those treated with fibrates were excluded. The
trial investigators randomized participants to receive alirocumab (75 mg) subcutaneously
or placebo biweekly and followed them for a median of 2.8 years. Patients randomized
to alirocumab whose LDL-C levels remained above 50 mg/dL underwent titration to a
higher alirocumab dose (150 mg). A total of 22.2% of the total alirocumab treatment time
was at the 150 mg dose. The trial investigators reported an absolute risk reduction of
1.6% in the alirocumab group (9.5% vs. 11.1% in the placebo group), with an HR of 0.85
(95% CI, 0.78–0.93) in the primary endpoint, a composite of coronary death, non-fatal MI,
ischemic stroke (fatal and non-fatal), and hospitalization for unstable angina. They also
reported a 1.6% absolute risk reduction in the alirocumab group (12.7% vs. 13.3% in the
placebo group), with an HR of 0.88 (95% CI, 0.81–0.95) in a major secondary endpoint
(a composite of coronary death, non-fatal MI, hospitalization for unstable angina, and
coronary revascularization). Alirocumab did not reduce coronary mortality. An analysis
of cardiovascular events that included the first non-fatal event and all subsequent events
showed a reduction in non-fatal events (including MI, stroke, hospitalization for unstable
angina, hospitalization for heart failure, and ischemic-driven coronary revascularization),
with an HR of 0.87 (95% CI, 0.82–0.93), and in all-cause mortality, with an HR of 0.83 (95%
CI, 0.71–0.97) in the alirocumab group compared to placebo [101].

4.3.4. Results of Randomized Trials of Bococizumab

Table 6 provides an overview of the major clinical trials related to bococizumab.
Bococizumab reduced LDL-C, TC, non-HDL-C, apoB, and Lp(a) after 3 months in a series
of phase III trials including patients with varying levels of risk for ASCVD events (SPIRE-
HR, SPIRE-LDL, and SPIRE-LL), including patients with HeFH (SPIRE-FH) and patients
who were statin-intolerant (SPIRE-SI), and including a trial in which bococizumab was
administered via an autoinjector (SPIRE-AI) [58]. Close to one-half of enrolled patients
had detectable antidrug antibodies after 1 year, the levels of which were associated with
a decline in the observed lipid profile biomarkers’ response. Following these results,
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bococizumab was discontinued by the sponsor, as two phase III trials were underway
assessing the drug’s effects on MACE. The SPIRE-1 and SPIRE-2 outcome trials were halted
after a median follow-up of 7 and 12 months, respectively, and showed a reduction in
MACE in higher- (LDL-C ≥ 100 mg/dL) but not lower-risk (LDL-C ≥ 70 mg/dL) patients
randomized to bococizumab [59].

4.3.5. Current Indications

Alirocumab and evolocumab received FDA approval in 2015 for use in LDL-C reduc-
tion as adjuncts to diet and statin therapy, as well as for standalone therapy in patients with
clinical ASCVD or HeFH [102,103]. Both alirocumab and evolocumab have received FDA
approval for secondary prevention in patients with established ASCVD. Bococizumab is
not FDA-approved, due to concerns about variability in clinical responses and immuno-
genicity [58].

The 2022 AHA/ACC guidelines provide three populations in which the use of PCSK9
inhibitors is indicated [9]: In individuals with clinical ASCVD who are at very high risk,
PCSK9 inhibitor can be considered in those who are unable to achieve a >50% reduction in
LDL-C or whose LDL-C remains ≥55 mg/dL (or whose non–HDL-C remains ≥85 mg/dL)
despite maximally tolerated statin therapy, or who are unable to tolerate even low-intensity
statin therapy or alternative statin therapy dosing regimens (every other day, twice weekly,
or weekly). PCSK9 inhibitors can be considered as first-line treatments over ezetimibe in
patients who require >25% additional lowering of LDL-C, or based on clinician–patient
decision-making. In individuals with clinical ASCVD who are not at very high risk, PCSK9
inhibitors can be considered in those who are unable to achieve a >50% reduction in LDL-C
or whose LDL-C remains ≥70 mg/dL (or whose non–HDL-C remains ≥100 mg/dL) de-
spite maximally tolerated statin–ezetimibe combination therapy or non-statin combination
therapy in the setting of documented statin intolerance, if the patient prefers PCSK9 inhibi-
tion after patient–clinician discussion. Third, in individuals with clinical ASCVD with a
baseline LDL-C elevated to ≥190 mg/dL that is not due to familial hyperlipidemia or other
secondary etiologies, PCSK9 inhibitors are indicated in those who are unable to achieve
a ≥50% reduction in LDL-C or whose LDL-C remains ≥70 mg/dL (or whose non–HDL
remains ≥100 mg/dL) despite maximally tolerated statin therapy, and who require >25%
additional lowering of LDL-C or who have very high additional risk factors.

The FDA-recommended dosing for alirocumab and evolocumab is shown in Table 1.
The majority of patients taking alirocumab self-administer 75 mg once every 2 weeks via
a subcutaneous injection, but patients who prefer a less frequent dosing regimen can be
prescribed a 300 mg injection once every 4 weeks [103]. Patients taking evolocumab with
established ASCVD, primary hyperlipidemia, and/or HeFH can self-inject either 140 mg
every 2 weeks or 420 mg monthly via subcutaneous injection. Patients with HoFH are
administered a dose of 420 mg once monthly [102].

4.3.6. Safety Profile

PCSK9 inhibitors originally faced criticism based on concerns surrounding their
unique side-effect profiles, as established by various outcomes studies. For example,
the ODYSSEY LONG TERM trial demonstrated that patients taking alirocumab experi-
enced more overall adverse events, myalgia, injection site reactions, and ophthalmologic
and neurocognitive events compared to the placebo group [33]. Additionally, the OSLER-1
and OSLER-2 studies demonstrated increased incidence of adverse neurocognitive events
in patients receiving evolocumab compared to placebo [31]. Moreover, PCSK9 genetic
variants associated with decreased LDL-C levels were found to be correlated with an
increased risk of new-onset diabetes [104]. These findings raised skepticism around PCSK9
usage; however, recent meta-analyses have demonstrated that PCSK9 inhibitors are well
tolerated, with no significant differences in serious adverse effects (RR 0.937, 95% CI:
0.896–0.980), diabetes-related adverse events (RR: 0.967, 95% CI: 0.845–0.987), neurological
adverse effects (RR 1.031, 95% CI: 0.913–1.163), liver enzyme elevation (RR 0.94, 95% CI:
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0.84–1.06), rhabdomyolysis (RR 0.90, 95% CI: 0.62–1.31), or allergic reactions (RR 1.04, 95%
CI: 0.97–1.12) compared to placebo [105,106]. The most common adverse effects associ-
ated with PCSK9 inhibitors include injection site reactions, influenza-like illnesses, and
myalgias [107].

4.3.7. Cost-Effectiveness

Several studies have examined the cost-effectiveness of PCSK-9 inhibitors based on
their trends in pricing since introduction to the market. A 2019 study of evolocumab (added
to standard background therapy vs. standard background therapy alone) in the FOURIER
trials following its 60% price reduction in 2018 revealed that evolocumab produces a 0.39
to 0.44 increase in QALYs and a range of ICERs from USD 56,655 to USD 7677 per QALY
gained, with variation largely determined by the baseline cardiovascular event rate. These
results demonstrate that evolocumab meets current cost-effectiveness thresholds [108].
A 2022 study demonstrated that alirocumab has an ICER of 54,211 pounds (US dollars
67,221.64) per QALY, which also meets current cost-effectiveness thresholds [109].

4.4. Inclisiran
4.4.1. Mechanism of Action

While PCSK9 inhibitors utilize antibodies to block PCSK9 activity post-production,
small interfering RNAs (siRNAs) are able to directly inhibit PCSK9 formation. Inclisiran is
a novel siRNA that inhibits PCSK9 production by binding to mRNA precursors, thereby
inhibiting translation [110]. Its downstream effects are similar to those of PCSK9 inhibitors,
causing increased hepatocyte recycling of LDL receptors and thereby decreasing levels
of LDL-C.

4.4.2. Results of Randomized Trials

The clinical efficacy and safety of inclisiran has been established through the ORION
trial series. ORION-9, 10, and 11 were the major phase III trials that examined LDL-lowering
from inclisiran in large populations. Table 7 provides an overview of the major clinical
trials related to inclisiran. The ORION-9 trial examined the efficacy of inclisiran usage
in patients with HeFH. Starting from a mean baseline LDL-C of 104.7, inclisiran therapy
significantly reduced LDL-C levels, with a placebo-corrected difference of −47.9% (95% CI,
−53.5 to −42.3, p < 0.001). This study also demonstrated a significant reduction in PCSK9
levels, with a placebo-corrected difference of −78.4%, and a placebo-corrected difference in
ApoB levels of −2.1% (p < 0.001 for both) [60]. The ORION-10 trial examined the efficacy
of inclisiran therapy in patients with clinical ASCVD. Starting from a mean baseline of
104.7 mg/dL, inclisiran therapy significantly reduced LDL-C, with a placebo-corrected
difference of −2.3% (95% CI, −55.7 to −48.8, p < 0.001). This study also demonstrated
a placebo-corrected difference in PCSK9 levels of −3.3% (p < 0.001) [61]. The ORION-11
trial built upon its predecessor by also examining patients with ASCVD risk equivalents.
Starting from a mean baseline LDL-C of 105.5 mg/dL, inclisiran therapy significantly
reduced LDL-C levels, with a placebo-corrected difference of −9.9% (95% CI, −53.1 to
−46.6; p < 0.001) and a −79.3% difference in PCSK9 levels (p < 0.001) [61].

At the time of writing, there are no completed trials of inclisiran that have examined
cardiovascular events as a primary outcome. This will change with ORION-4 (NCT03705234)
and VICTORIAN-2 PREVENT (NCT05030428), which are anticipated for completion in
2026 and 2027, respectively. Both ORION-4 and VICTORIAN-2 PREVENT are randomized,
placebo-controlled trials of inclisiran in patients with known ASCVD. The primary outcome
will be the time to first occurrence of MACE, defined slightly differently in each trial.

4.4.3. Current Indications

Inclisiran was approved by the FDA in 2021 for use as an adjunct to maximal statin
therapy for patients with clinical ASCVD and those with HeFH in need of additional LDL-C
reduction [111]. More recently, inclisiran has also been approved for primary prevention
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in patients with hyperlipidemia [112]. The drug is a provider-administered subcutaneous
injection on day 1 and is followed by a subsequent injection on day 90. Afterwards, the
drug is administered every 6 months.

The 2022 AHA/ACC guidelines provide two populations in which the use of inclisiran
is indicated [9]: In individuals with clinical ASCVD who are at very high risk, inclisiran
can be considered in those who are unable to achieve a >50% reduction in LDL-C or
whose LDL-C remains ≥55 mg/dL (or whose non–HDL-C remains ≥85 mg/dL) despite
maximally tolerated statin therapy, instead of a PCSK9 inhibitor, in individuals with poor
adherence to PCSK9 inhibitor injections or who have experienced adverse effects from
PCSK9 inhibition. In individuals with clinical ASCVD who are not at very high risk,
inclisiran can be considered in those who are unable to achieve a >50% reduction in LDL-
C or whose LDL-C remains ≥70 mg/dL (or whose non–HDL-C remains ≥100 mg/dL)
despite maximally tolerated statin therapy, instead of a PCSK9 inhibitor, in individuals
with poor adherence to PCSK9 inhibitor injections or who have experienced adverse effects
from PCSK9 inhibition.

4.4.4. Safety Profile

Inclisiran has been found to be well tolerated across a variety of patient populations,
with little evidence of serious side effects. Meta-analyses of the data indicate that the most
common side effects of administration include injection site reactions (OR 5.86, 95% CI:
3.44–9.98) and bronchitis (OR 1.58, 95% CI: 1.10–2.26) [113].

4.4.5. Cost-Effectiveness

Recent cost-effectiveness analyses of inclisiran in patients with atherosclerotic cardio-
vascular report an annual price below USD 9000, an ICER of USD 51,686 per QALY, and a
100% probability of being cost-effective [114].

4.5. Mipomersen
4.5.1. Mechanism of Action

Mipomersen is an antisense oligonucleotide targeted against apolipoprotein B (apoB)-
100, the primary apolipoprotein in LDL, very-low-density lipoprotein (VLDL), and Lp(a).
By binding to mRNA, it can interfere with subsequent translational products and thereby
decrease the synthesis of apoB-100, leading to decreased cholesterol production [115]. The
drug comes in a long-acting subcutaneous injection that is usually self-administered weekly.

4.5.2. Results of Randomized Trials

Table 8 provides an overview of the major clinical trials related to mipomersen. The
majority of studies have examined patients with HoFH [116], but several trials have
examined its use outside of HoFH: in patients with severe hypercholesterolemia [64],
as an adjunct to statin-based therapy [65], and in patients with HeFH (the RADICHOL
II trial) [63]. In these studies, mipomersen was shown to decrease LDL-C by 32.4–48.5%
relative to placebo (p < 0.001 for all measurements). Additionally, these studies indicate
that mipomersen therapy leads to significant reductions in Lp(a), apoB, and total non-
HDL cholesterol [64,65]. While these findings are promising, mipomersen usage has been
discouraged in non-HoFH patients due to risks of hepatotoxicity and a lack of evidence
supporting reductions in adverse cardiovascular outcomes [7].

4.5.3. Current Indications

Mipomersen is currently FDA-approved for use in patients with HoFH only. Further
research is needed in this area to determine whether mipomersen can be FDA-approved as
an adjunct to statin therapy in patients without HoFH. Mipomersen does not appear in the
recent AHA/ACC guidelines.
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4.5.4. Safety Profile

Data from meta-analyses reveal that treatment with mipomersen is associated with
injection site reactions (OR 11.41, p < 0.001), liver enzyme elevation (OR 3.61, p < 0.001),
hepatic steatosis (OR 4.96, p = 0.001), and development of flu-like symptoms (OR 2.02,
p < 0.001) [117]. These symptoms all contribute to an increased rate of treatment discontin-
uation amongst patients taking mipomersen (OR 2.02, p < 0.001) [117].

4.5.5. Cost-Effectiveness

As a newer drug, mipomersen is more expensive than other cholesterol-lowering
medications. The average wholesale price for a 30-day supply of mipomersen is around
USD 23,038.60 [118]. The cost-effectiveness of mipomersen has not been fully evaluated.

4.6. CETP Inhibitors
4.6.1. Mechanism of Action

Since the discovery that individuals in Japan with cholesteryl ester transfer protein
(CETP) gene mutations had not only depleted CETP but elevated HDL-C and decreased
LDL-C [119], there has been considerable interest in CETP as a pharmacological target for
LDL reduction. When bound to HDL, CETP allows for the exchange of both cholesteryl
ester and triglycerides between HDL and lipoproteins that contain apolipoprotein B100,
such as LDL and VLDL. Ultimately, CETP functions to transfer cholesterol esters from HDL
to LDL and VLDL in exchange for triglycerides [120]. By inhibiting CETP, these drugs
decrease the amount of cholesterol esters incorporated into LDL-C, increase HDL, and
increase hepatic LDL-C recycling [121]. CETP inhibitors include dalcetrapib, evacetrapib,
anacetrapib, torcetrapib, and obicetrapib.

4.6.2. Results of Randomized Trials

Despite their promising impact on HDL-C production and LDL-C reduction in animal
models, phase III trials involving CETP inhibitors have yielded disappointing results due
to unknown mechanisms. Table 9 provides an overview of the clinical trials related to CETP
inhibitors. ILLUMINATE (2007) was the first large CETP trial, investigating torcetrapib
plus atorvastatin versus atorvastatin alone in patients with known cardiovascular disease.
Despite a 72.1% increase in HDL (p < 0.001) and a 24.9% decrease in LDL-C compared to
baseline (p < 0.001), participants in the torcetrapib group experienced increased adverse
cardiovascular events (HR 1.25, 95% CI, 1.09 to 1.44; p = 0.001) and all-cause mortality (HR
1.58, 95% CI, 1.14 to 2.19; p = 0.006), leading to a premature termination of the study [69].

The dal-OUTCOMES trial (2009) investigated dalcetrapib versus placebo on top of
background statin therapy in patients in the post-acute phase (within 3 months) after acute
coronary syndrome (ACS) [67]. From a mean HDL-C of 42 mg/dL and LDL-C of 76 mg/dL,
dalcetrapib increased HDL-C by 31–40% in the dalcetrapib group and by 4–11% in the
placebo group (p < 0.001 for all measurements), but it had no effect on the risk of the
primary composite endpoint of death from coronary heart disease, non-fatal MI, ischemic
stroke, unstable angina, or cardiac arrest with resuscitation. The dal-OUTCOMES trial was
terminated early due to futility.

Subsequently, ACCELERATE (2017) investigated evacetrapib, which was thought to
have fewer off-target effects compared to torcetrapib, versus placebo on top of background
statin therapy in populations with known high-risk vascular disease [70]. From a mean
HDL-C of 45.3 mg/dL and LDL-C of 81.3 mg/dL, evacetrapib increased HDL-C by 133.2%
(compared to 1.6% from placebo) and decreased LDL-C by 31.1% (compared to 6.0% from
placebo) (p < 0.001 for all measurements). However, there was no difference in the composite
endpoint of death from cardiovascular causes, MI, stroke, coronary revascularization, or
hospitalization for unstable angina. ACCELERATE was terminated early due to futility. In
summary, both dal-OUTCOMES and ACCELERATE were stopped for futility, with both
showing nearly identical rates of adverse cardiac events despite significant increases in
HDL and reductions in LDL-C, while ILLUMINATE was stopped due to harm.
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REVEAL (2017) was the first large study to show positive outcomes from CETP in-
hibitor use [68]. In this study, patients with known ASCVD were randomized to anacetrapib
plus high-intensity atorvastatin versus atorvastatin alone. The results showed significantly
decreased incidence of adverse cardiac events (composite of coronary death, MI, or coro-
nary revascularization) in the anacetrapib group (rate ratio 0.91, p = 0.004). In addition,
there was a relative difference of +104% in HDL in the anacetrapib group compared to the
placebo group, as well as a relative difference of −18% in total non-HDL cholesterol, −17%
in LDL-C, and −25% in Lp(a).

Several theories have been proposed to explain the discrepant results of the above
phase III trials. First, CETP-inhibitor-related elevations in blood pressure and plasma
aldosterone may have offset any potentially beneficial effects of lipid reduction [120]. Sec-
ond, during CETP inhibitor use, LDL-C levels are underestimated both by the Friedewald
equation and by direct LDL-C assays compared with beta quantification [122]. Third,
dal-OUTCOMES studied patients who were within three months of a recent ACS event,
a phase of disease in which the risk of recurrent ASCVD events is likely too high to be
meaningfully modified by lipid modification [120]. Furthermore, REVEAL was carried on
for 4 years, gathering 40% more patients than the other three phase III trials combined, and
showed that cardiovascular benefit only emerged in years 3 and 4. Whether ACCELERATE
would have also demonstrated a similar cardiovascular benefit at years 3 and 4 remains
unknown.

In a recent phase II trial, the CETP inhibitor obicetrapib showed robust effects in reduc-
ing LDL-C by up to 51% and apolipoprotein B by 30% (p < 0.0001 for both measurements),
with an acceptable safety profile [71]. Obicetrapib is currently being evaluated in three
phase III trials: BROADWAY (NCT05142722), BROOKLYN (NCT05425745), and PREVAIL
(NCT05202509). PREVAIL is examining patients with ASCVD, BROOKLYN is examining
patients with HeFH, and BROADWAY is examining patients with either ASCVD or HeFH.
The results of BROADWAY and BROOKLYN are expected in 2024, while the results of
PREVAIL are expected in 2026 [110].

4.6.3. Current Indications

As a result of mixed studies on the safety and efficacy of CETP inhibitors, none of
the drugs in this class have received FDA approval, and none of the CETP inhibitors are
recommended in the AHA/ACC guidelines at this time.

4.6.4. Cost-Effectiveness

Given that CETP inhibitors have mixed safety and efficacy, resulting in a lack of FDA
approval, there is no literature on the cost-effectiveness of CETP inhibitors to report.

5. Triglyceride-Lowering Therapies
5.1. Overview

Triglyceride-rich lipoproteins (TRLs) represent a class of circulating lipoproteins that
includes chylomicrons, VLDL, intermediate-density lipoprotein (IDL), and remnant par-
ticles. These particles are chiefly responsible for the transport of dietary fats (in the form
of chylomicrons) that are absorbed in the intestines, as well as transporting triglycerides
and cholesterol esters (in the form of VLDL) from the liver to the periphery. Similar to
LDL, TRLs contain apolipoprotein B (apoB) and are considered to be atherogenic. Obser-
vational studies indicate a positive association between higher plasma triglyceride levels
and increased risk of atherosclerotic cardiovascular disease (ASCVD). The causality of
this association is further supported by Mendelian randomization studies, particularly
focusing on variants in lipoprotein lipase (LPL), and in randomized controlled trials of
lipid-lowering therapies.

Elevated triglyceride levels (≥150 mg/dL in the fasting state, and ≥175 mg/dL in the
non-fasting state) are often multifactorial. In addition to being due to rare monogenic or
polygenic disorders (which will not be addressed in the current review), common causes
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of hypertriglyceridemia that must be considered in the initial evaluation include poorly
controlled diabetes, thyroid disorders, hepatic or renal dysfunction, high body mass index,
and poor dietary habits, including excessive alcohol consumption. In the 2019 ACC/AHA
Primary Prevention guidelines, persistently elevated triglycerides (≥175 mg/dL) were
considered to be a risk enhancer for individuals who may have a “borderline” or “interme-
diate” 10-year ASCVD risk to consider initiation of statin therapy [5]. Similarly, persistently
elevated triglycerides, despite treatment with statin therapy, is an adverse prognostic factor
for individuals with established ASCVD.

Herein, we provide a review of contemporary triglyceride-lowering therapies that are
adjunctive to statin therapy and have been tested in large-scale cardiovascular outcome
trials. Bile acid sequestrants are not addressed in this review because they are neither novel
nor well tolerated.

5.2. Omega-3 Fatty Acids (Including Eicosapentaenoic Acids)
5.2.1. Mechanism of Action

Interest in omega-3 fatty acids for cardiovascular protection dates back to the Green-
land Eskimos, who historically had very low rates of myocardial infarction (MI), which
were, in turn, attributed to the high consumption of omega-3 fatty acids in their diet. The
underlying mechanisms for this purported benefit were wide-ranging and included effects
on platelet activation/aggregation, endothelial function, blood pressure, heart rate and vari-
ability, modulating inflammation, reducing circulating atherogenic particles (particularly
TRLs), and prevention of ischemia-induced ventricular arrhythmias [123]. Epidemiological
studies of fish intake and circulating biomarkers of omega-3 fatty acids have consistently
shown benefit across multiple cardiovascular outcomes, particularly in patients with fatal
coronary artery disease (CAD) [124,125].

5.2.2. Results of Randomized Trials

With respect to randomized trials of omega-3 treatments, the evidence remains rela-
tively mixed. Initial studies with low-dose omega-3 fatty acid mixtures showed benefit
with respect to reducing CVD outcomes. The GISSI-P (Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico-Prevenzione; 1999) study showed that in patients
with recent (within ≤3 months) MI randomized to n-3 polyunsaturated fatty acids, vitamin
E, both, or none, treatment with n-3 PUFAs, but not vitamin E, lowered the risk of the
primary endpoint (composite of death, non-fatal MI, and stroke) [126]. It should be noted
that this study was conducted in a population with relatively low utilization of statin
therapy. Subsequent trials that were conducted with more contemporary background
medical therapy in secondary prevention populations have generally shown no benefit
with omega-3 fatty acid treatment [127].

Following these studies, two large-scale trials, A Study of Cardiovascular Events in
Diabetes (ASCEND; 2018) [128] and the Vitamin D and Omega-3 Trial (VITAL; 2019) [129],
were conducted to assess the efficacy of 1 g/d of omega-3 fatty acids vs. matching olive oil
placebo in the primary prevention setting. While both trials failed to meet their primary
endpoint (composite of cardiovascular death, non-fatal MI, and non-fatal stroke), potential
efficacy of omega-3 fatty acids was seen for certain secondary outcomes and/or subgroups.
In ASCEND, a nominally significant reduction in vascular death was observed, with an HR
of 0.81 (95% CI, 0.67, 0.99) [128]. In VITAL, there was a nominally significant reduction in
total MI, with an HR of 0.72 (95% CI, 0.59, 0.90) [129]. Additionally, in subgroup analyses,
there was a signal for greater benefit on the primary outcome with respect to individuals
who consumed less than 1.5 servings of fish per week, as well as in non-Hispanic black
individuals. Nevertheless, since the benefits in ASCEND and VITAL were predominantly
seen for secondary outcomes (not adjusted for multiple testing) or in subgroups after
demonstrating no significant efficacy for the primary endpoint, these findings should be
interpreted in the context of other low-dose EPA + DHA trials and, overall, they do not
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provide strong evidence of the clinical efficacy of omega-3 fatty acids for the primary or
secondary prevention of ASCVD.

In more contemporary trials, evidence for the benefits of omega-3 fatty acids has
been most consistent for high-dose eicosapentaenoic acid (EPA). Table 10 provides an
overview of EPA-related clinical trials. This was initially shown in the JELIS trial, in which
18,645 participants (mixed primary/secondary prevention population) from Japan were
randomized to 1.8 g of EPA (in the form of ethyl esters) or control, on a background of
statin therapy [72]. EPA led to a lower incidence of the primary outcome, with an HR of
0.81 (95% CI, 0.69, 0.95). In particular, individuals with elevated triglycerides and low
HDL at baseline experienced a 53% reduction in incident CVD events, with an HR of 0.47
(95% CI, 0.23, 0.98). Subsequently, the landmark REDUCE-IT (Reduction of Cardiovascu-
lar Events with Icosapent Ethyl–Intervention Trial) trial randomized 8179 patients with
established ASCVD or diabetes with additional cardiovascular risk factors to treatment
with icosapent ethyl (IPE; highly purified EPA) at 4 g per day vs. a mineral oil placebo [73].
IPE led to a 25% reduction in the primary endpoint, with an HR of 0.75 (95% CI, 0.68,
0.83) with a number needed to treat of 21 (95% CI, 15–33). Interestingly, the findings
were generally similar irrespective of baseline or achieved triglyceride levels, suggesting
possible pleiotropic effects on modifying cardiovascular risk. Shortly after the publica-
tion of REDUCE-IT, concerns were raised about the neutrality of the mineral oil placebo,
as patients randomized to this treatment experienced increases in LDL-C, as well as in
several inflammatory biomarkers [130]. Part of the controversy over the efficacy of IPE
and the potential deleterious effects of the mineral oil placebo was further fueled by the
publication of the STRENGTH (Long-Term Outcomes Study to Assess Statin Residual Risk
with Epanova in High Cardiovascular Risk Patients with Hypertriglyceridemia) trial [131].
STRENGTH randomized 13,078 with either established ASCVD or high risk of ASCVD to 4
g/d of omega-3 carboxylic acid (free fatty acid formulation that included both EPA and
DHA) or corn oil. The trial was terminated early for clinical futility, with an HR of 0.99
(95% CI, 0.90, 1.09) comparing the omega-3 intervention to corn oil. Moreover, an increased
risk of atrial fibrillation and gastrointestinal disorders was reported for the omega-3 in-
tervention group. Debate remains as to the precise reason(s) for the discrepancy between
the two trials, including differences in drug formulation (EPA alone vs. EPA + DHA; ethyl
ester preparation vs. free fatty acid), trial population (higher proportion of secondary
prevention participants in REDUCE-IT, requiring low HDL-C as an inclusion criterion in
STRENGTH), and comparator group (mineral oil vs. corn oil, the former of which was seen
to be associated with increases in LDL-C and CRP).

Table 10. Major phase III randomized controlled trials involving eicosapentaenoic acid.

Trial, Sample
Size Study Population Intervention and

Comparator
1◦ Outcome, Follow-Up
Period 1◦ Outcome Result

Yokoyama (2007)
JELIS [72]
n = 18,645

1◦ and 2◦

prevention—Patients
40–75 years old with total
cholesterol ≥
6.5 mmol/L (LDL-C
4.4 mmol/L), with and
without coronary artery
disease

Intervention:
1800 mg EPA
daily with statin.
Comparator:
Statin only

Composite of sudden
cardiac death, fatal and
non-fatal MI, unstable
angina, angioplasty,
stenting, and coronary
artery bypass.
F/U: 4.6 years

Overall, EPA treatment
decreased major coronary
events by 19% (2.8% in EPA,
3.5% in controls; p = 0.011). In
patients with a history of CAD,
EPA treatment ↓ major
coronary events by 19% (8.7%
in EPA group, 10.7% in
controls; p = 0.048). In patients
without a history of CAD, EPA
treatment ↓ major coronary
events by 18%, but this finding
was not significant (1.4% in
EPA group, 1.7% in control;
p = 0.132)
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Table 10. Cont.

Trial, Sample
Size Study Population Intervention and

Comparator
1◦ Outcome, Follow-Up
Period 1◦ Outcome Result

Bhatt (2019)
REDUCE-IT [73]
n = 8179

1◦ and 2◦

prevention—Patients ≥
45 years old with ASCVD
(2◦ prevention) or
≥50 years old with
diabetes mellitus and one
additional risk factor (1◦

prevention) on statins

Interventio n:
Icosapent ethyl
4 g/d.
Comparator: Oral
matching placebo

Composite of
cardiovascular death,
non-fatal myocardial
infarction, non-fatal
stroke, coronary
revascularization, and
unstable angina.
F/U: 4.9 years

The 1◦ endpoint occurred in
17.2% of patients on EPA
compared to 22.0% of patients
on placebo (HR, 0.75; 95% CI,
0.68 to 0.83; p < 0.001),
representing a
placebo-corrected difference of
4.8% (95% CI, 3.1% to 6.5%).
The number needed to treat to
avoid one 1◦ endpoint event
was 21 (95% CI, 15 to 33).

Nishizaki (2023)
RESPECT-EPA
[74]
n = 2460

2◦ prevention—Patients
aged 20–79 years with
CAD who took statins for
>1 month

Intervention:
1800 mg/day
highly purified
EPA + standard
statin.
Control: Standard
statin only

Composite of
cardiovascular death,
non-fatal myocardial
infarction, non-fatal
ischemic stroke, unstable
angina, and clinically
indicated coronary
revascularization.
F/U: 6 years

At the 6-year follow-up, there
was no significant difference in
adverse cardiac events
between the EPA and control
groups (HR 0.785, 95% CI:
0.616–1.001, p = 0.055).

More recently, a randomized trial conducted in Japan provided further support for the
potential cardiovascular benefits of EPA. The Randomized Trial for Evaluation in Secondary
Prevention Efficacy of Combination Therapy–Statin and Eicosapentaenoic Acid (RESPECT-
EPA) [74] was a multicenter, open-label trial that randomized 2506 Japanese patients with a
history of chronic coronary artery disease to either 1.8 g/d of EPA or control. It should be
noted that individuals for this trial were not identified by elevated triglycerides but, rather,
had to have a low EPA/AA (arachidonic acid) ratio (defined as <0.4) to be randomized.
The trial showed a non-significant reduction with EPA for the primary endpoint (composite
of cardiovascular death, non-fatal MI, non-fatal stroke, unstable angina, and coronary
revascularizations), with 10.9% in the EPA arm vs. 14.9% in the control arm (HR 0.785; 95%
CI 0.616, 1.001) [132]. On the other hand, the secondary efficacy outcome (composite of MI,
sudden cardiac death, unstable angina, and coronary revascularizations) was significantly
lower in the EPA arm (8.0%) compared to the control arm (11.3%), with an HR of 0.734 (95%
CI, 0.554, 0.973). In summary, while RESPECT-EPA narrowly missed its primary outcome,
taken together with JELIS and REDUCE-IT, it provides additional support for potential
cardiovascular benefits with respect to high-dose EPA.

5.2.3. Current Indications

IPE received FDA approval in 2012 for triglyceride reduction, and since the publi-
cation of REDUCE-IT it has received an expanded indication, i.e., it is to be used as an
adjunct to maximally tolerated statin therapy among individuals with fasting triglyceride
levels ≥ 150 mg/dL and either established ASCVD or diabetes mellitus with two or more
additional cardiovascular risk factors [133]. Both IPE and omega-3-acid ethyl ester capsules
are indicated in conjunction with diet to reduce triglyceride levels in adults with severe
hypertriglyceridemia (TG ≥ 500 mg/dL) [134].

In the 2021 ACC Expert Consensus Decision Pathway on the Management of ASCVD
Risk Reduction in Patients with Persistent Hypertriglyceridemia, several populations
were enumerated for consideration of IPE use [135]. In adults with ASCVD and fasting
triglycerides 150–499 mg/dL (or non-fasting triglycerides 175–499 mg/dL), IPE can be
considered in those with LDL-C ≥ 70 mg/dL. In those with LDL-C < 70 mg/dL, IPE can
be considered, but with caution, as it was associated with a 1% increase in hospitalization
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for atrial fibrillation or flutter in REDUCE-IT. In adults without ASCVD and with fasting
triglycerides 150–499 mg/dL (or non-fasting triglycerides 175–499 mg/dL), IPE can be
considered for those aged ≥ 50 years with diabetes mellitus and one other ASCVD risk
factor. In adults aged ≥ 20 years with triglycerides ≥ 500 mg/dL, IPE can be considered to
reduce the risk of pancreatitis.

5.2.4. Safety Profile

In terms of adverse effects, low-dose omega-3 fatty acids are generally well tolerated,
with minimal side effects. For high-dose omega-3 fatty acid treatments, an increased risk of
gastrointestinal disorders, atrial fibrillation, and minor bleeding has been reported [136].
With respect to atrial fibrillation, this appeared to be dose-dependent and was predomi-
nantly seen with high-dose omega-3 treatments, whereas low-dose treatment (~1 g/d) was
associated with minimal risk of atrial fibrillation, an observation that was confirmed when
assessing biomarkers of omega-3 fatty acid intake [137]. Individuals with true documented
allergies to fish or fish products are not recommended to take these products, though
whether these patients are also unable to take IPE, which is believed to be highly purified
and theoretically free of allergens from fish, remains less certain.

5.2.5. Cost-Effectiveness

Omega-3 fatty acids have been shown to be cost-effective in many scenarios, including
for the prevention of secondary cardiovascular events in men [138] and for primary and
secondary prevention [139]. In terms of icosapent ethyl, there are conflicting data on its
cost-effectiveness. A 2019 study determined that icosapent ethyl was not cost-effective and
revealed an ICER of 59,036 (USD 41,053 USD) per QALY [140]. However, a recent study
found an ICER range of USD 31,823–70,427 per QALY gained, with a lifetime horizon ICER
of USD 32,925 per QALY, suggesting that icosapent ethyl is a cost-effective strategy for the
secondary prevention for ischemic cardiovascular events [141].

5.3. Fibric Acid Derivatives
5.3.1. Mechanism of Action

The fibric acid derivative or fibrate class of medications activates the nuclear tran-
scription factor peroxisome proliferator-activated receptor (PPAR)-alpha (PPARα) [142].
This, in turn, regulates levels of Apo-CIII, ApoA-I, and lipoprotein lipase (LPL), leading to
lowering of triglyceride levels and increases in HDL-C.

5.3.2. Results of Randomized Trials

Table 11 provides an overview of fibrate-related clinical trials. The clinical efficacy
of the fibrate class of medications was initially demonstrated in the Veterans Affairs HDL
Intervention Trial (VA-HIT; 1999), in which 2531 patients with established coronary artery
disease and low HDL-C were randomized to gemfibrozil 1200 mg/d or placebo [143]. Gem-
fibrozil led to a 22% lower risk of the primary outcome of non-fatal myocardial infarction
or death from coronary causes, as well as a 24% risk reduction in the secondary outcome,
which additionally included stroke. These findings were corroborated by the results from
the Helsinki Heart Study [144,145]. However, due to the impact of gemfibrozil on statin
metabolism, potentiating the risk of rhabdomyolysis, the utility of gemfibrozil in contem-
porary practice is limited, as current guidelines continue to recommend statin therapy for
the primary pharmacological management of moderate-to-severe triglyceridemia.

Among statin-treated patients, two trials with fenofibrate have been conducted. The
Fenofibrate Intervention and Event Lowering in Diabetes (FIELD; 2005) [77] trial ran-
domized 9795 patients with type 2 diabetes, with and without established ASCVD, to
micronized fenofibrate 200 mg daily or placebo. It should be noted that none of the patients
were on statin therapy at the beginning of the trial, although a subset of patients initiated
statin therapy during the course of the trial (higher percentage in the placebo arm). The
primary outcome of coronary heart disease mortality and non-fatal MI was not significantly
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reduced with fenofibrate, with an HR of 0.89 (95% CI, 0.75, 1.05). Nevertheless, certain
secondary outcomes, including non-fatal MI, total cardiovascular events, and revascular-
izations, were significantly reduced. The Action to Control Cardiovascular Risk in Diabetes
(ACCORD; 2010) [76] lipid trial randomized 5518 patients with type 2 diabetes treated with
open-label simvastatin to fenofibrate or placebo. Treatment with fenofibrate did not lead to
a lower incidence of the primary outcome (defined as a composite of non-fatal MI, non-fatal
stroke, and cardiovascular death), with an HR of 0.92 (95% CI, 0.79, 1.08). All secondary
outcomes were similarly neutral with respect to randomization to fenofibrate or placebo. In
both FIELD and ACCORD, there were hints of clinical benefit for the subgroup of patients
with high triglycerides or low HDL-C who received fenofibrate compared to placebo.

Table 11. Major phase III randomized clinical trials involving fibrates.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Result

Das Pradhan (2022)
PROMINENT [75]
n = 10,497
Pemafibrate

1◦ and 2◦

prevention—Men ≥ 50 and
women ≥ 55 years old
with type 2 diabetes, TG
levels between 200 and
499 mg/dL, and HDL ≤
40 mg/dL, with and
without prior ASCVD

Intervention:
Pemafibrate 0.2 mg
tablets twice daily.
Comparator: Matching
placebo

Composite of non-fatal
myocardial infarction,
ischemic stroke,
coronary
revascularization, and
death from
cardiovascular causes.
F/U: 4 years

A 1◦ endpoint event
occurred in 572 patients
in the pemafibrate
group and in 560 of
those in the placebo
group (HR, 1.03; 95%
CI, 0.91 to 1.15), with
no apparent effect
modification in any
pre-specified subgroup

Accord Study
Group (2010)
ACCORD [76]
n = 5518
Fenofibrate

2◦ prevention—Type 2
diabetic patients
55–79 years old with
LDL-C ranging from 80 to
160 mg/dL, TG <
750 mg/dL (if not on lipid
therapy) or TG <
400 mg/dL (if on lipid
therapy) with evidence of
subclinical ASCVD, and at
least two additional
cardiovascular risk factors

Intervention: Initially
at 160 mg per day in
2001–2004 participants,
after which the dose
was managed relative
to the estimated GFR
(due to rises in
creatinine levels).
Comparator: Matched
placebo

Composite of first
occurrence of a major
cardiovascular event,
including non-fatal
myocardial infarction,
non-fatal stroke, and
death from
cardiovascular causes.
F/U: 5.6 years

The annual rate of the
1◦ outcome was 2.2% in
the fenofibrate group
and 2.4% in the placebo
group (HR in the
fenofibrate group, 0.92;
95% CI, 0.79 to 1.08;
p = 0.32)

Keech (2005)
FIELD [77]
n = 9795
Fenofibrate

1◦ prevention—Patients
aged 50–75 years old with
type 2 diabetes, total
cholesterol concentration
between 3 and 6.5 mmol/L,
and no indications for
statins

Intervention:
Micronized fenofibrate
200 mg daily.
Comparator: Matched
placebo

A composite of
coronary heart disease
deaths, MI, stroke, and
coronary and carotid
revascularization.
F/U: 5 years

5.2% of patients on
fenofibrate had a
coronary event,
compared to 5.9% on
placebo (relative
reduction of 11%; HR
0.89, 95% CI 0.75–1.05;
p = 0.16)

Partially spurred by the encouraging findings of possible benefit with respect to fibrate
therapy in FIELD and ACCORD among patients with more severe underlying dyslipidemia,
the Pemafibrate to Reduce Cardiovascular Outcomes by Reducing Triglycerides in Patients
with Diabetes (PROMINENT) trial [75] was launched to investigate the clinical efficacy
of the selective PPARα modulator pemafibrate. PROMINENT enrolled 10,497 patients
with type 2 diabetes, high triglycerides, and low HDL-C (approximately 67% secondary
prevention) to either 0.2 mg twice daily or a matching placebo. Ultimately, despite signifi-
cantly reducing triglycerides and VLDL cholesterol by approximately 25%, pemafibrate did
not reduce clinical ASCVD events, with an HR of 1.03 (95% CI, 0.91, 1.15) for the primary
composite outcome. Similarly neutral results were observed for secondary CV outcomes,
as well as in all examined subgroups. Interestingly, while triglycerides and TRLs were



Pharmacoepidemiology 2024, 3 153

decreased, LDL-C and total apoB-containing particles were slightly increased, suggesting
conversion of TRLs to other apoB-containing particles rather than elimination, which may
explain the potential lack of clinical benefit with this approach.

5.3.3. Current Indications

The FDA reports that fibrates are indicated as an adjunct to diet control to reduce
LDL-C, total cholesterol, triglycerides, and ApoB, and to increase HDL-C, in patients
with primary hypercholesterolemia or mixed dyslipidemia. Additionally, fibrates can be
used for triglyceride reduction in patients with severe hypertriglyceridemia [146]. The
AHA also recommends fibrate usage for triglyceride reduction in patients with severe
hypertriglyceridemia.

5.3.4. Safety Profile

Fibrates are generally well tolerated. Side effects include GI upset, cutaneous mani-
festations, acute kidney injury, and hepatotoxicity (typically reversible with cessation of
the drug).

5.3.5. Cost-Effectiveness

Studies have demonstrated that fibrates are cost-effective in the primary prevention of
coronary heart disease, meeting a societal cost-effectiveness threshold of USD 50,000 per
QALY [147]. One study in Germany demonstrated that fibrates were viable low-cost
medications to lower triglycerides [139]. A systematic review demonstrated that fenofibrate
was cost-effective as compared with statin monotherapy [148].

6. Lipoprotein-A-Lowering Therapies
6.1. Overview

Lipoprotein A (Lp(a)) is a newer target for lipid-lowering medications. It has long been
known to be a risk factor for the development of ASCVD, but pharmacological treatment
options have been challenging to develop due to its low affinity for clearance. It consists of
an apolipoprotein B particle covalently bonded to an apolipoprotein(a) unit. It is synthe-
sized in the liver, specifically in the hepatocyte cell membranes. Elevated Lp(a) levels are
defined as levels above 50 mg/dL and have been found to be associated with an increased
risk of cardiovascular disease [149]. Unlike other atherogenic lipoproteins, Lp(a) levels are
estimated to be around 70 to >90% genetically determined and is minimally affected by
lifestyle or existing lipid-lowering therapies [150]. Table 12 provides an overview of the
major clinical trials related to Lp(a) reduction therapies.

Table 12. Major clinical trials involving Lp(a)-targeted therapies.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Results

O’Donoghue (2022)
OCEAN(a) [151]
n = 281
Olpasiran

2◦ prevention—
Patients 18–80 years
old with established
ASCVD and Lp(a) >
150 nmol/L

Intervention: Olpasiran
at four doses (10 mg
every 12 weeks, 75 mg
every 12 weeks, 225 mg
every 12 weeks, or
225 mg every 24 weeks)
administered
subcutaneously.
Comparator: Matched
placebo administered
subcutaneously.

Percent change in
lipoprotein A
concentration
from baseline to
week 36.
F/U: 48 weeks

The placebo-adjusted mean
percent change in the Lp(a)
concentration was −70.5%
(95% CI, −75.1 to −65.9) with
the 10 mg dose every 12 weeks,
−97.4% (95%, CI, −102.0 to
−92.8) with the 75 mg dose
every 12 weeks, −101.1% (95%
CI, −105.8 to −96.5) with the
225 mg dose every 12 weeks,
and −100.5% (95% CI, −105.2
to −95.8) with the 225 mg dose
every 24 weeks (p < 0.001 for
all comparisons with baseline)
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Table 12. Cont.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Results

(Ongoing) Evaluate
SLN360 in Participants
with Elevated
Lipoprotein(a) at High
Risk of Atherosclerotic
Cardiovascular Disease
Events (NCT05537571)
n = 160
SLN360

2◦ prevention—Patients
18–80 years old with
Lp(a) > 125 nmol/L at
high risk of ASCVD
events

Intervention:
Subcutaneous
administration of
SLN360 at 30, 100, 300,
or 600 mg.
Comparator: Matched
placebo

Change in Lp(a)
from baseline at
weeks 48 and 60.
F/U: 60 weeks

Results pending

(Ongoing)
Lp(a)HORIZON
(NCT04023552)
n = 8323
Pelacarsen

2◦ prevention—Patients
18–90 years old with
LDL-C ≥ 70 mg/dL and
established CVD

Intervention:
Subcutaneous
administration of
80 mg pelacarsen
monthly.
Comparator:
Subcutaneous injection
of matching placebo
every month

Time to
occurrence of
MACE in 4 years.
F/U: 4 years

Results pending

Tsimikas (2020)
AKCEA-APO(a)-LRx
[152]
n = 286
Pelacarsen

2◦ prevention—Patients
18–80 years old with
established ASCVD and
elevated lipoprotein A >
60 mg/dL or 150 nMol/L
on standard-of-care
preventative therapy

Intervention:
s = Subcutaneous
injection of APOa -LRx
at 20, 40, or 60 mg every
4 weeks, 20 mg every
2 weeks, or 20 mg
every week vs. placebo
for 6–12 months.
Comparator: Matched
placebo subcutaneous
injections.

Percent change in
Lp(a) from
baseline to month
6 of exposure
(week 25 in
groups that
received monthly
doses and week
27 in groups that
received more
frequent doses).
F/U: 1 year

Olpasiran therapy
demonstrated mean
percent decreases in
lipoprotein A of 35% at a
dose of 20 mg every
4 weeks, 56% at 40 mg
every 4 weeks, 58% at
20 mg every 2 weeks, 72%
at 60 mg every 4 weeks,
and 80% at 20 mg every
week, as compared with 6%
with placebo (p-values for
the comparison with the
placebo ranged from 0.003
to <0.001).

(Ongoing)
OCEAN(a)–Outcomes
Trial (NCT05581303)
n = 6000
Olpasiran

2◦ prevention—Patients
18–85 years old with
Lp(a) ≥ 200 nmol/L and
a history of ASCVD

Intervention:
Subcutaneous
injections of olpasiran
every 12 weeks.
Comparator: Matched
placebo subcutaneous
injections

Time to CHD
death, MI, or
urgent coronary
revascularization.
F/U: 4 years

Results pending

(Ongoing) A
Multicenter Trial
Assessing the Impact of
Lp(a) Lowering With
Pelacarsen on the Rate
of Weekly Lipoprotein
Apheresis Sessions in
Patients With Hyper-
lipoproteinemia(a) and
Established
Cardiovascular Disease
in Germany
(NCT05305664)
n = 60
Pelacarsen

2◦ prevention—Patients
60 adults aged 18–80 with
Lp(a) > 60 mg/dL and
prior MI/stroke/PVD
undergoing lipoprotein
apheresis in Germany

Intervention:
Subcutaneous
injections of pelacarsen
80 mg monthly.
Comparator: Matched
placebo subcutaneous
injections

Rate of
lipoprotein
apheresis sessions
performed over
52 weeks,
normalized to the
weekly
lipoprotein
apheresis
schedule.
F/U: 52 weeks

Results pending



Pharmacoepidemiology 2024, 3 155

Table 12. Cont.

Trial, Sample Size,
Drug Study Population Intervention and

Comparator
1◦ Outcome,
Follow-Up Period 1◦ Outcome Results

(Ongoing) KRAKEN
(NCT05563246)
n = 233
LY3473329

1◦ and 2◦

prevention—Patients ≥
40 years old with Lp(a) ≥
175 nmol/L at high risk
of cardiovascular events

Intervention: Three
different oral doses of
LY3473329.
Comparator: Oral
placebo

Percent change
from baseline in
Lp(a).
F/U: 12 weeks

Results pending

(Ongoing) A Study of
LY3819469 in
Participants with
Elevated Lp(a)
(NCT05565742)
n = 254
LY3819469

1◦ and 2◦

prevention—Patients
≥40 years old with Lp(a)
≥175 nmol/L at high risk
of cardiovascular events

Intervention:
4 experimental groups:
(1) LY3819469 Dose
1 SC;
(2) LY3819469 Dose
2 SC;
(3) LY3819469 Dose
3 SC;
(4) LY3819469 Dose
4 SC + placebo.
Comparator: Matched
placebo

Percent change
from baseline in
time-averaged
Lp(a) F/U:
180 days

Results pending

6.1.1. Current Indications

As of now, only lipoprotein apheresis is approved by the Food and Drug Administra-
tion (FDA) for the treatment of elevated Lp(a) levels. Clinical indications consist of patients
with progressive cardiovascular disease and Lp(a) > 60 mg/dL in Germany; it is not cur-
rently included among class I or II recommendations in the AHA/ACC guidelines [153].
However, there are novel therapies targeting Lp(a) reduction that are in various phases of
clinical trials.

6.1.2. Mechanism of Action

Lp(a) contributes to cardiovascular risk through oxidation of these lipoproteins to the
coronary arterial wall, resulting in inflammation, atherosclerosis, and thrombosis, although
the specific pathophysiology remains under investigation [150]. Lp(a)-lowering therapies
currently under investigation include pelacarsen, olpasiran, SLN360, LY3473329, and
LY3819469. Pelacarsen is an antisense oligonucleotide agent, while the remaining therapies
are small interfering RNA agents. All of these agents contain N-acetylgalactosamine
(GalNAc), which allows for rapid, specific uptake via the asialoglycoprotein receptors on
hepatocytes. Due to the relative nascency of trials in this area, we will focus on the results
of phase II trials of Lp(a)-lowering therapies, while phase III trials are ongoing.

6.2. Pelacarsen

Pelacarsen, also known as ISIS 681257, IONIS APO(a)-LRx, AKCEA-APO(a)-LRx, and
TQJ230, is a hepatocyte-directed antisense oligonucleotide that targets the LPA gene mRNA,
thus inhibiting Lp(a) synthesis in the liver [154].

In the phase II dose-ranging trial AKCEA-APO(a)-LRx (2020) [154], adults with es-
tablished cardiovascular disease (CVD) and Lp(a) > 150 nmol/L were randomized to
pelacarsen (20, 40, or 60 mg every 4 weeks; 20 mg every 2 weeks; or 20 mg every week) or
subcutaneous saline placebo for 6 to 12 months. Starting from a median baseline Lp(a) level
of 204.5 to 246.6 nmol/L for the six dose groups, pelacarsen injections led to significant
decreases in Lp(a), ranging from 35% (for the 20 mg every 4 weeks dose) to 80% (for the
20 mg every week dose) compared to the placebo (p-values ranged from 0.003 to <0.001).
Importantly, there were no differences in liver and kidney measures or platelet counts
between the pelacarsen and placebo arms. The most common adverse events were injection
site reactions.
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AKCEA-APO(a)-LRx demonstrated that pelacarsen could reduce Lp(a) in a dose-
dependent manner, without significant adverse effects, and paved the way for two on-
going phase III trials, Lp(a)HORIZON and TQJ230. In the secondary prevention trial
Lp(a)HORIZON, adults with elevated LDL-C levels ≥ 70 mg/dL and established CVD will
be randomized to pelacarsen (80 mg monthly) versus placebo. The primary outcome will
be the time to occurrence of a major adverse cardiac event, including cardiovascular death,
non-fatal MI, non-fatal stroke, and urgent coronary revascularization requiring hospital-
ization (NCT04023552). These results may shed light on whether a pelacarsen-mediated
reduction in Lp(a) translates into improved cardiovascular outcomes.

Meanwhile, the TQJ230 trial is enrolling adults with Lp(a) > 60 mg/dL and prior
CVD undergoing lipoprotein apheresis in Germany. TQJ230 will randomize participants to
pelacarsen versus placebo, with the primary outcome being the rate of lipoprotein apheresis
sessions performed over 52 weeks normalized to the weekly lipoprotein apheresis schedule
(NCT05900141). The investigators hope that pelacarsen will demonstrate a greater reduction
in the rate of lipoprotein apheresis sessions compared to placebo.

Safety Profile

Efficacy data from phase II trials indicate that pelacarsen has a favorable safety profile,
with no significant differences in liver and renal function, platelet counts, or flu-like symp-
toms compared to placebo. The most common adverse events associated with pelacarsen
usage are injection site reactions [152].

6.3. Olpasiran

Olpasiran is a small interfering RNA (siRNA) agent directed towards the LPA gene
that prevents assembly of the Lp(a) particle in hepatocytes by preventing translation of the
apolipoprotein(a) protein.

The phase II dose-ranging trial OCEAN(a) (2022) evaluated olpasiran in adults with
fasting lipoprotein A > 150 nmol/L and a history of ASCVD [151]. Starting from a median
Lp(a) level of 260.3 nmol/L, lipoprotein A levels decreased in a dose-dependent manner
with the administration of olpasiran: −70.5% with the 10 mg dose, −97.4% with the 75 mg
dose, −101.1% with the 225 mg dose administered every 12 weeks, and −100.5% with
the 225 mg dose administered every 24 weeks (p < 0.001 for all comparisons with the
baseline, placebo-adjusted). Significant adverse events were infrequent and similar across
the olpasiran and placebo arms.

Given the success of OCEAN(a), the phase III trial OCEAN(a) Outcomes is now
enrolling 6000 participants with a history of ASCVD and Lp(a) > 200 nmol/L to evaluate
cardiovascular outcomes—specifically, the time to CHD death, MI, or urgent coronary
revascularization (NCT05581303).

Safety Profile

Efficacy data from phase II trials indicate that olpasiran has a favorable side-effect
profile, with no differences in overall adverse events, myalgias, renal or liver function, or
neuropathy compared to placebo. Local hypersensitivity and injection site reactions are the
most commonly reported adverse events associated with olpasiran usage [151].

6.4. SLN360

SLN360 is a siRNA targeting the LPA gene. It is involved in the ongoing randomized
phase II trial SLN360, evaluating varying doses (30, 100, 300, and 600 mg) of SLN360 and its
effect on LpA levels in adults at high risk of ASCVD events and with Lp(a) > 150 nmol/L
(NCT05537571). Preliminary results have demonstrated large reductions in Lp(a), with the
300 mg dose causing a 96% reduction in Lp(a) and the 600 mg dose causing a 98% reduction
in Lp(a), as noted at follow-up on day 150 (IQR 89.98% and 97.98%, respectively) [155]. The
study is expected to finish in June 2024.
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6.5. LY3473329 (Muvalaplin)

The drug LY3473329, or muvalaplin, is a small-molecule inhibitor of Lp(a) forma-
tion and siRNA. It is currently the only orally administered Lp(a)-lowering therapy un-
der investigation. The dose-ranging phase II trial KRAKEN is evaluating adults with
LpA > 175 nmol/L at high risk of cardiovascular events, with the goal of determining
percent change from baseline in Lp(a) (NCT05563246). It has excluded adults with a history
of ASCVD, including MI, stroke, or coronary/carotid/peripheral arterial vascularization,
focusing only on adults at high risk of these events. This study is expected to be completed
in January 2024.

6.6. LY3819469 (Lepodisiran)

LY3819469, or lepodisiran, is another siRNA targeting the Lp(a) gene. It was previ-
ously evaluated in a phase I trial, in which it showed reductions in Lp(a) and was well
tolerated [156]. It is now in an ongoing dose-ranging randomized phase II trial that will
also evaluate adults with LpA > 175 nmol/L at high risk of cardiovascular events, with
the aim of determining the percent change in Lp(a) levels by the end of the intervention
(between days 60 and 180) (NCT05565742). This study is expected to be completed in
October 2024.

7. Conclusions and Future Directions

In this review, we have summarized the current landscape of non-statin therapies and
their respective major clinical trials, with the aim of assisting clinicians in understanding
recent advances in non-statin cholesterol-lowering therapies for reducing the risk of ASCVD.
Significant strides have been made in the development of non-statin LLTs for cardiovascular
risk reduction, offering a range of options for patients who have statin intolerance or who
need further lipid reduction despite maximally tolerated statin therapy. Several areas
warrant further exploration in the coming years.

With regard to triglyceride reduction, conflicting evidence on the cardiovascular
benefits in the aforementioned triglyceride-lowering therapies have cast uncertainty on
whether triglyceride-lowering, per se, is sufficient for reducing the risk of CVD. In the case
of IPE, the benefit appeared to be driven by the achieved EPA levels rather than reduced
triglyceride levels. Fibrates have generally not proven to have incremental benefits when
added to statin therapy, and this may be related to their effect of converting TRLs to LDL
particles, leading to minimal overall changes in ApoB. Ongoing clinical investigations of
agents that inhibit Apo-CIII and ANGPTL-3, approaches that were discovered through
leveraging human genetic observations, appear to show marked reductions in TRLs and,
in the case of ANGPTL-3, also reduce ApoB. Large-scale cardiovascular outcome trials will
be needed to determine the clinical efficacy of these approaches.

While the repertoire of LDL-lowering agents has significantly expanded, and the
burgeoning repertoire of Lp(a)-lowering agents has shown promising early results, several
areas need further investigation. First, clinical guidelines regarding non-statin therapies
will depend on the results of ongoing cardiovascular outcomes trials such as OCEAN(a),
Lp(a) HORIZON, and ORION-4. Second, long-term safety and outcomes data will need
to be tracked. Third, the cost-effectiveness and accessibility of these medications will
need to be addressed so that patients who could stand to benefit from these agents will
be able to receive them. Fourth, the effects of combination therapies should be explored
as the repertoire of non-statin options increasingly expands. Fifth, the interplay between
LDL and Lp(a) lowering and that of other risk factors, such as systemic inflammation,
requires further investigation. Finally, personalized medicine approaches involving genetic,
metabolic, and lifestyle factors, as well as considerations in the cardio–kidney–metabolic
space, can be used to optimize therapy selection.
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↑ Increase
↓ Decrease
1◦ Primary
2◦ Secondary
ACC American College of Cardiology

ACCELERATE Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition with Evacetrapib in
Patients at a High Risk for Vascular Outcomes

ACCORD Action to Control Cardiovascular Risk in Diabetes
ACL Adenosine triphosphate-citrate lyase
ACS Acute coronary syndrome
ApoB Apolipoprotein B
ASCVD Atherosclerotic cardiovascular disease
AHA American Heart Association

ALTAIR The Efficacy of Alirocumab for Thin-cap fIbroatheroma in Patients With Coronary Artery Disease
Estimated by Optical Coherence Tomography

ARCHITECT Alirocumab and Plaque Burden In Familial Hypercholesterolaemia
BANTING Evaluation of Evolocumab Efficacy in Diabetic Adults With Hypercholesterolemia/Mixed Dyslipidemia
BID Twice daily

BROADWAY Randomized Study to Evaluate the Effect of Obicetrapib on Top of Maximum Tolerated Lipid-Modifying
Therapies

BROOKLYN Evaluate the Effect of Obicetrapib in Patients With HeFH on Top of Maximum Tolerated Lipid-Modifying
Therapies

CAD Coronary artery disease
CABG Coronary artery bypass grafting
CETP Cholesteryl ester transfer protein
CI Confidence interval
CLEAR Cholesterol Lowering via Bempedoic Acid, an ACL-Inhibiting Regimen
CV Cardiovascular
dal-OUTCOMES Effects of Dalcetrapib in Patients with a Recent Acute Coronary Syndrome
DESCARTES Durable Effect of PCSK9 Antibody Compared with placebo Study
EPA Eicosapentaenoic acid
EVOLVE-MI Evolocumab Very Early After Myocardial Infarction
EWTOPIA 75 Ezetimibe Lipid-Lowering Trial on Prevention of Atherosclerotic Cardiovascular Disease in 75 or Older
F/U Follow-up
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FDA Food and Drug Administration
FIELD Fenofibrate Intervention and Event Lowering in Diabetes
FOURIER Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk

FOURIER-OLE Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects With Elevated Risk
Open-label Extension

GAUSS-2 Goal Achievement After Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects 2
GAUSS-3 Goal Achievement After Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects 3
HDL High-density lipoprotein
HeFH Heterozygous familial hypercholesterolemia
HLD hyperlipidemia
HMG-CoA 3-Hydroxy-3-methylglutaryl coenzyme A
HoFH Homozygous familial hypercholesterolemia
HR Hazard ratio
HUYGENS High-Resolution Assessment of Coronary Plaques in a Global Evolocumab Randomized Study
IDL Intermediate-density lipoprotein

iLLUMINATE Ibrutinib plus obinutuzumab versus chlorambucil plus obinutuzumab in first-line treatment of chronic
lymphocytic leukaemia

IMPROVE-IT IMProved Reduction of Outcomes: Vytorin Efficacy International Trial
IPE Icosapent ethyl
JELIS Japan EPA Lipid Study

KRAKEN A Study of LY3473329 in Adult Participants With Elevated Lipoprotein(a) at High Risk for
Cardiovascular Events

LAPLACE-2 LDL-C Assessment With PCSK9 Monoclonal Antibody Inhibition Combined With Statin Therapy-2
LDL Low-density lipoprotein cholesterol
LIBerate-HeFH Long-term efficacy and safety of lerodalcibep in heterozygous familial hypercholesterolaemia
LLT Lipid-lowering therapy
Lp(a) Lipoprotein A

Lp(a) HORIZON
A Randomized Double-blind, Placebo-controlled, Multicenter Trial Assessing the Impact of Lipoprotein
(a) Lowering With TQJ230 on Major Cardiovascular Events in Patients With Established Cardiovascular
Disease

MACE Major adverse cardiovascular event

MENDEL-2 Monoclonal Antibody Against PCSK9 to Reduce Elevated LDL-C in Subjects Currently Not Receiving
Drug Therapy for Easing Lipid Levels-2

mg/dL Milligrams per deciliter
MI Myocardial infarction
mRNA Messenger ribonucleic acid
NPC1L1 Niemann–Pick C1-like 1
NYHA New York Heart Association
OCT Optical coherence tomography
OCEAN (a) Olpasiran Trials of Cardiovascular Events and Lipoprotein(a) Reduction

ODDYSEY FH I
Efficacy and Safety of Alirocumab (SAR236553/REGN727) Versus Placebo on Top of Lipid-Modifying
Therapy in Patients With Heterozygous Familial Hypercholesterolemia Not Adequately Controlled With
Their Lipid-Modifying Therapy)

ODDYSEY FH II Study of Alirocumab in Patients With heFH Who Are Not Adequately Controlled With Their
Lipid-Modifying Therapy

ODYSSEY
ALTERNATIVE

Study of Alirocumab in Patients With Primary Hypercholesterolemia and Moderate, High, or Very High
Cardiovascular Risk, Who Are Intolerant to Statins

ODYSSEY CHOICE I Study to Evaluate the Efficacy and Safety of an Every Four Weeks Treatment Regimen of Alirocumab
(REGN727/SAR236553) in Patients With Primary Hypercholesterolemia

ODYSSEY CHOICE II Phase III Study To Evaluate Alirocumab in Patients With Hypercholesterolemia Not Treated With a Statin

ODYSSEY COMBO I Efficacy and Safety of Alirocumab (SAR236553/REGN727) Versus Placebo on Top of Lipid-Modifying
Therapy in Patients With High Cardiovascular Risk and Hypercholesterolemia

ODYSSEY COMBO II Efficacy and Safety of Alirocumab (SAR236553/REGN727) Versus Ezetimibe on Top of Statin in High
Cardiovascular Risk Patients With Hypercholesterolemia

ODYSSEY EAST Evaluation of Alirocumab Versus Ezetimibe on Top of Statin in Asia in High Cardiovascular Risk Patients
With Hypercholesterolemia

ODYSSEY HIGH FH Efficacy and Safety of Alirocumab Versus Placebo on Top of Lipid-Modifying Therapy in Patients With
Heterozygous Familial Hypercholesterolemia

ODYSSEY JAPAN
Efficacy and Safety Evaluation of Alirocumab in Patients With Heterozygous Familial
Hypercholesterolemia or High Cardiovascular Risk Patients With Hypercholesterolemia on Lipid
Modifying Therapy
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ODYSSEY LONG
TERM RCT of alirocumab and reduction of lipids and cardiovascular events

ODYSSEY MONO Efficacy and Safety of Alirocumab Versus Ezetimibe in Patients With Hypercholesterolemia

ODYSSEY NIPPON Efficacy and Safety of Alirocumab in Patients With Hypercholesterolemia Not Adequately Controlled
With Non-statin Lipid Modifying Therapy or the Lowest Strength of Statin

ODYSSEY OPTIONS I Study of the Efficacy and Safety of Alirocumab (REGN727/SAR236553) in Combination With Other
Lipid-modifying Treatment)

ODYSSEY OPTIONS II Study of the Efficacy and Safety of Alirocumab (REGN727/SAR236553) in Combination With Other
Lipid-modifying Treatment

ODYSSEY
OUTCOMES

Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With
Alirocumab)

OR Odds ratio

ORION-10 Inclisiran for Participants With Atherosclerotic Cardiovascular Disease and Elevated Low-density
Lipoprotein Cholesterol

ORION-11 Inclisiran for Subjects With ASCVD or ASCVD-Risk Equivalents and Elevated Low-density Lipoprotein
Cholesterol

ORION-3 Long-term efficacy and safety of inclisiran in patients with high cardiovascular risk and elevated LDL
cholesterol

ORION-9 Trial to Evaluate the Effect of Inclisiran Treatment on Low Density Lipoprotein Cholesterol (LDL-C) in
Subjects With Heterozygous Familial Hypercholesterolemia (HeFH)

OSLER-2 Open-Label Study of Long-Term Evaluation against LDL Cholesterol 2

OYDSSEY KD Evaluation of Alirocumab in Addition to Lipid-Modifying Therapy in Patients With High Cardiovascular
Risk and Hypercholesterolemia in South Korea and Taiwan

PACMAN-AMI Vascular Effects of Alirocumab in Acute MI-Patients
PAV Percent atheroma volume
PCSK9 Proprotein convertase subtilisin/kexin type 9
PCI Percutaneous coronary intervention
PPARα Peroxisome proliferator-activated receptor alpha

PRECISE-IVUS Plaque Regression With Cholesterol Absorption Inhibitor or Synthesis Inhibitor Evaluated by
Intravascular Ultrasound

PREVAIL
Placebo Controlled, Double Blind, Randomized Cardiovascular Outcome Study to Evaluate the Effect of
10 mg Obicetrapib in Participants With ASCVD Not Adequately Controlled Despite Maximally Tolerated
Lipid Modifying Therapies

PROFICO Program to Reduce LDL-C and Cardiovascular Outcomes Following Inhibition of PCSK In Different
Populations

PROMINENT Pemafibrate to Reduce Cardiovascular Outcomes by Reducing Triglycerides in Patients with Diabetes

RADIOCHOL II Efficacy and Safety Study of ISIS 301012 as Add-on in Familial Hypercholesterolemic Patients With
Coronary Artery Disease

RCT Randomized controlled trial
REDUCE-IT Reduction of Cardiovascular Events with Icosapent Ethyl–Intervention Trial

RESPECT-EPA Randomized trial for Evaluation in Secondary Prevention Efficacy of Combination Therapy-Statin and
Eicosapentaenoic Acid

REVEAL Randomized Evaluation of the Effects of Anacetrapib through Lipid-modification

RUTHERFORD-2 Reduction of LDL-C With PCSK9 Inhibition in Heterozygous Familial Hypercholesterolemia Disorder
Study-2

SPIRE-1, SPIRE-2 Studies of PCSK9 Inhibition and the Reduction of Vascular Events

SPIRE-AI Efficacy, Safety, Tolerability And Actual Use Study Of Bococizumab And An Autoinjector (Pre-Filled Pen)
In Subjects With Hyperlipidemia Or Dyslipidemia

SPIRE-FH A 52 Week Study To Assess The Use Of Bococizumab In Subjects With Heterozygous Familial
Hypercholesterolemia

SPIRE-HR, SPIRE-LDL Randomized Clinical Trial Of Bococizumab In Subjects With Hyperlipidemia Or Mixed Dyslipidemia At
Risk Of Cardiovascular Events

SPIRE-LL Randomized Clinical Trial of Bococizumab (PF-04950615; RN316) in Subjects With Primary
Hyperlipidemia or Mixed Dyslipidemia At Risk Of Cardiovascular Events

SPIRE-SI Randomized Clinical Trial of Bococizumab in Subjects Who Are Intolerant to Statins
TC Total cholesterol
TG Triglycerides
TRL Triglyceride-rich lipoprotein
UA Unstable angina

VESALIUS-CV Effect of Evolocumab in Patients at High Cardiovascular Risk Without Prior Myocardial Infarction or
Stroke
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VLDL Very-low-density lipoprotein
YELLOW III Effect of Evolocumab on Coronary Plaque Characteristics

Shaded rows represent names of trials.
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