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ARTICLE INFO ABSTRACT

Keywords: Elevated low-density lipoprotein cholesterol (LDL-C) is a principally modifiable cause of atherosclerotic car-

Card‘io‘vascullar risk diovascular disease; accordingly, recent European and US multisociety dyslipidaemia guidelines emphasise the

gyﬁgﬂ{daemla importance of lowering LDL-C to reduce cardiovascular risk. This review provides perspectives on established
uidelines

and emerging agents that reduce LDL-C to help providers synthesize the abundance of new evidence related to
prevention of cardiovascular disease. We provide hypothetical cases of patients with different cardiovascular risk
factors and medical histories to illustrate application of current lipid-lowering guidelines in various clinical
settings. As a core focus of preventive therapy, both European and US lipid management guidelines emphasise
the importance of identifying patients at very high cardiovascular risk and treating to achieve LDL-C levels as low
as possible, with European guidelines setting a goal of <1.4 mmol/L (<55 mg/dL) in patients with very high-risk
cardiovascular disease. The proprotein convertase subtilisin/kexin type 9 inhibitors are now included in the
guidelines and may fulfil an important unmet need for very high-risk patients who are not able to achieve LDL-C
goals with conventional agents. The recently approved bempedoic acid and other promising agents under
development will add to the armamentarium of lipid-lowering drugs available for clinicians to help patients meet
their treatment goals.

Low-density lipoprotein cholesterol
Lipid-lowering therapy
Secondary prevention

1. Introduction targets in the treatment of dyslipidaemia. There has been a general trend

towards more intensive LDL-C lowering and treating below lower

Substantial new evidence has accumulated in the area of dyslipi-
daemia treatment, leading to the revision of guidelines in both Europe
and the US. There is extensive evidence showing that low-density lipo-
protein cholesterol (LDL-C) and apoprotein B—containing lipoproteins
are causal in cardiovascular disease (CVD) and should be primary

thresholds, especially for secondary prevention, as the risk to the patient
increases with increasing LDL-C, and the risk reduction achieved de-
pends on the absolute LDL-C reduction [1-3]. In late 2018, the American
College of Cardiology (ACC) and American Heart Association (AHA)
published a multisociety guideline for the management of blood
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cholesterol [2]. The US guideline introduced definitions of high-risk and
very high-risk (VHR) atherosclerotic CVD (ASCVD) and recommended
lipid-lowering therapy accordingly. For patients with VHR ASCVD, the
recommended LDL-C goal is < 1.8 mmol/L (<70 mg/dL) (Table 1) [2].
More recently, in September 2019, the European Society of Cardiology
(ESC) and European Atherosclerosis Society (EAS) published a new
guideline and introduced updated recommendations, including recom-
mending that LDL-C be lowered as much as possible, specifically a goal
of <1.4 mmol/L (<55 mg/dL) in patients with VHR, including those
with established CVD or familial hypercholesterolaemia (FH) with
ASCVD or another risk factor (Table 1) [1]. Supplementary Table S1
provides a more detailed comparison of European and US lipid-lowering
guidelines.

Several recent reviews provide comprehensive overviews of the
pathophysiology of atherosclerosis and coronary artery disease (CAD)
and pharmacologic lipid modification therapies [4-6]. To help cardiol-
ogists and other providers synthesize the abundance of new evidence
related to the prevention of CVD and apply the guidelines in clinical
practice, we focused on established and emerging agents that reduce
LDL-C for patients with different cardiovascular risk factors and medical
histories in various disease states. In addition, we briefly review other
agents in the cardiovascular risk-reduction landscape, including those
commonly prescribed to patients with type 2 diabetes mellitus (T2DM)
and hypertriglyceridaemia [7]. Agents very early in clinical develop-
ment and agents without outcomes data (e.g. fibrates) were considered
beyond the scope of this review, as was cost-effectiveness in light of the
differing pricing, access and reimbursement policies worldwide.

2. Approved LDL-C-lowering therapies

Statins  (3-hydroxy-3-methylglutaryl-coenzyme [HMG-CoA] in-
hibitors) are the cornerstone of therapy among LDL-C-lowering drugs;
other LDL-lowering drugs include ezetimibe, bile acid sequestrants and
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors [2].
The sites and targets of traditional and newer lipid-lowering therapies
are outlined schematically in Fig. 1.

There is extensive evidence showing that LDL-C is one of the most
important causal factors for CVD. For this reason, LDL-C is the primary
target in dyslipidaemia guidelines, yet a recent meta-analysis revealed a
potential important role of other plasma lipids, including triglycerides
[8]. Most lipid-lowering therapies in use today increase LDL receptor
expression and therefore increase LDL clearance. There are also agents
such as lomitapide that decrease LDL-C synthesis, but these agents are
only indicated for homozygous FH, have numerous side effects, and are
used mainly by lipid specialists.

Statins block HMG-CoA reductase activity, which decreases intra-
hepatic cholesterol concentration and upregulates the LDL receptor,
leading to an increase in the clearance of hepatic LDL particles, ulti-
mately lowering LDL-C levels [9]. Statin monotherapy reduces LDL-C
levels by approximately 30-50% [2,10]. Statin therapy intensity is
divided into three categories according to the AHA/ACC guidelines:
high intensity, moderate intensity and low intensity based on typical
LDL-C lowering (approximately 50%, 40% and 30%, respectively) [2].

The most commonly used non-statin drug is ezetimibe [2], which
inhibits cholesterol absorption in the small intestine through the
Niemann-Pick C1-like protein 1 receptor, causing an indirect increase in
LDL receptor synthesis, and typically lowers LDL-C by approximately
20% [6,11]. Despite guideline-directed use as a second-line agent to
lower LDL-C levels, ezetimibe may not be potent enough to achieve
target LDL-C goals in all patients, particularly those with markedly
elevated LDL-C levels [12,13].

Bile acid sequestrants such as cholestyramine, colestipol and cole-
sevelam decrease the enterohepatic pool of cholesterol and indirectly
increase LDL receptor synthesis, reducing LDL-C levels by 15-30%
depending on the dose [2,6,11]. These agents are not absorbed and do
not cause systemic adverse effects, but they can bind to other drugs and

52

Atherosclerosis 319 (2021) 51-61

cause gastrointestinal adverse effects, including constipation, and can
exacerbate hypertriglyceridaemia (fasting triglyceride levels need to be
< 3.4 mmol/L [<300 mg/dL] in patients initiating bile acid sequestrant
treatment) [2,11].

A new pathway to decrease LDL-C levels involves inhibiting PCSK9.
There are different ways to inhibit PCSK9, but most experience to date is
with the monoclonal antibodies alirocumab and evolocumab. These
agents bind to and prevent circulating PCSK9 from binding to the LDL
receptor, increasing the number of LDL receptors available to clear
circulating LDL-C [6,11]. PCSK9 inhibitors, the most innovative
lipid-lowering therapies since statins, are potent drugs that have been
observed to lower LDL-C levels by 43-64% [2,6,11]. Although target
LDL-C goals are achieved with statin monotherapy in some patients (e.g.
38% of patients with acute coronary syndrome [ACS]) [14], high-risk
patients or patients with very high LDL-C levels need additional (com-
bination) treatment. Patients who are not able to tolerate higher statin
doses may also require non-statin alternatives and/or combination
therapy to achieve target LDL-C goals. PCSK9 inhibitors are useful in
selected high-risk patients, such as those with FH, or statin-intolerant
patients who are not able to achieve target LDL-C goals with conven-
tional treatments [2,6].

Data from the ODYSSEY OUTCOMES (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During Treatment With
Alirocumab) trial indicate that PCSK9 inhibitors are also useful for in-
dividuals with advanced disease or high plaque burden, such as patients
with diabetes mellitus, polyvascular disease and post-coronary artery
bypass graft following recent ACS [15-17]. A recent meta-analysis of
clinical trials of alirocumab or evolocumab reported that use of PCSK9
inhibitors was associated with significantly lower risk of myocardial
infarction (MI; by 20%; p < 0.0001), ischaemic stroke (by 22%; p =
0.0005) and coronary revascularisation (by 17%; p < 0.0001) compared
with controls (placebo and/or other lipid-lowering drugs) [18]. There
were no significant differences in all-cause or cardiovascular death be-
tween PCSK9 inhibitors and controls.

Table 2 summarises the hypothetical LDL-C values that patients
might achieve on different lipid-lowering therapies and combinations.
For example, in a patient with an LDL-C level of 3.9 mmol/L (150 mg/
dL), high-intensity statin therapy would be expected to reduce LDL-C by
50% to 1.9 mmol/L (75 mg/dL); addition of ezetimibe would result in
incremental LDL-C reduction to 1.6 mmol/L (60 mg/dL), or a 60%
overall reduction in LDL-C from the starting point (3.9 mmol/L [150
mg/dL]). For the same starting LDL-C, treatment with a moderate-
intensity statin plus ezetimibe plus a PCSK9 inhibitor would be ex-
pected to reduce LDL-C by 80% from 3.9 mmol/L (150 mg/dL) to 0.8
mmol/L (30 mg/dL).

Meta-analyses of major lipid-lowering studies by the Cholesterol
Treatment Trialists’ (CTT) Collaboration have shown that the reduction
in risk for major cardiovascular events is proportional to absolute LDL-C
reduction. In an analysis of statins versus controls, for example, each 1
mmol/L (39 mg/dL) reduction in LDL-C was associated with a 21% risk
reduction in major vascular events [3] (Supplementary Table S2).
Further reduction in major cardiovascular events is observed with more
intensive statin regimens compared with less intensive statin regimens
[3]. This reduction in major cardiovascular events is observed in pa-
tients with diabetes [19], in patients with chronic kidney disease [20]
and across all cardiovascular risk groups, even among those with a low
5-year risk (<5% or >5% to <10%) [21]. These results emphasise the
criticality of LDL-C lowering to reduce cardiovascular risk, as well as the
consistent benefit across different risk populations.

3. Guidelines in clinical practice

To illustrate the application of the European and US lipid-lowering
guidelines in a variety of clinical settings, we have included three hy-
pothetical secondary prevention cases of patients with different car-
diovascular risk factors and medical histories. Adjusting the
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Table 1
LDL-C goals and thresholds from European and US lipid-lowering guidelines.
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CV risk ESC/EAS 2019 [1] AHA/ACC 2018 [2]
category
Definition
VHR Documented ASCVD, includes previous ACS (MI or unstable angina), stable History of multiple major ASCVD events (recent ACS within the past 12 months,
angina, coronary revascularisation, stroke and TIA, and PAD. history of MI or ischaemic stroke, symptomatic PAD) or one major ASCVD event
DM with target organ damage, or at least three major risk factors, or early and multiple high-risk conditions®.
onset of TIDM of long duration (>20 years).
Severe CKD (eGFR <30 mL/min/1.73 m?)
SCORE >10% for 10-year risk of fatal CVD
FH with ASCVD or with another major risk factor.
High risk Markedly elevated single risk factors, in particular, total cholesterol >8 mmol/  AHA/ACC cardiovascular risk calculator estimate >20% for 10-year risk for
L (>310 mg/dL), LDL-C >4.9 mmol/L (>190 mg/dL) or BP > 180/110 mmHg. ASCVD.
Patients with FH without other major risk factors. Patients with severe hypercholesterolaemia (>4.9 mmol/L [>190 mg/dL]).
Patients with DM without target organ damage with DM duration >10 yearsor ~ Patients with DM and LDL-C >1.8 mmol/L (>70 mg/dL).
another additional risk factor.
Moderate CKD (eGFR 30-59 mL/min/1.73 mz).
SCORE >5% and <10% for 10-year risk of fatal CVD.
Moderate Young patients (T1IDM < 35 years; T2DM < 50 years) with DM duration <10 ~ AHA/ACC cardiovascular risk calculator estimate 5% to <7.5% (borderline); 7.5%
risk years, without other risk factors. to <20% (intermediate) for 10-year risk for ASCVD.
SCORE >1% and <5% for 10-year risk of fatal CVD. Patients without DM and LDL-C levels >1.8 mmol/L (>70 mg/dL).
Low risk SCORE <1% for 10-year risk of fatal CVD. AHA/ACC cardiovascular risk calculator estimate <5% for 10-year risk for ASCVD.

Treatment threshold for LDL-C reduction

VHR Reduce LDL-C levels >50% and LDL-C goal of <1.4 mmol/L (<55 mg/dL).
Goal LDL-C of <1.0 mmol/L (<40 mg/dL) for patients with ASCVD who
experience a second vascular event within 2 years while taking maximally
tolerated statin therapy.

High risk Reduce LDL-C levels >50% and LDL-C goal >1.8 mmol/L (>70 mg/dL).

Moderate LDL-C <2.6 mmol/L (<100 mg/dL).

risk
Low risk LDL-C <3.0 mmol/L (<116 mg/dL).

LDL-C <1.8 mmol/L (<70 mg/dL).

LDL-C <2.6 mmol/L (<100 mg/dL).

Reduce levels >50% in patients with DM and LDL-C >1.8 mmol/L (>70 mg/dL).
Clinician-patient risk discussion before starting statin.

Reduce LDL-C levels by > 30% in patients without DM and LDL-C levels >1.8
mmol/L (>70 mg/dL).

Clinician-patient risk discussion.

Recommended pharmacologic treatment

VHR Maximally tolerated statin to achieve target LDL-C goal; if goal is not reached,
add ezetimibe.
In patients with ACS and LDL-C levels not at goal despite maximally tolerated
statin plus ezetimibe, early initiation of PCSK9 inhibitor should be considered.
PCSK9 inhibitor may be considered in patients at VHR not achieving target
LDL-C goal on maximally tolerated statin and ezetimibe.

High risk Maximally tolerated statin to achieve target LDL-C goal; if goal is not reached,
add ezetimibe.

Moderate Maximally tolerated statin to achieve target LDL-C goal; if goal is not reached,

risk add ezetimibe.
Low risk Maximally tolerated statin to achieve target LDL-C goal; if goal is not reached,

add ezetimibe.

Maximally tolerated statin to lower LDL-C levels by > 50%.

Add ezetimibe to maximally tolerated statin when LDL-C level remains >1.8
mmol/L (>70 mg/dL).

Add PCSK9 inhibitor to maximally tolerated statin when LDL-C level remains
>1.8 mmol/L (>70 mg/dL).

High-intensity statin therapy.

Add ezetimibe to high-intensity statin if LDL-C level remains >1.8 mmol/L
(>70 mg/dL).

Clinician-patient risk discussion before starting statin.

Moderate-intensity statin in patients with DM and LDL-C >1.8 mmol/L (>70
mg/dL); reasonable to add ezetimibe or bile acid sequestrant in patients who
would benefit from more aggressive LDL-C lowering.

In patients with borderline risk, the presence of risk-enhancing factors may
justify initiation of moderate-intensity statin.

Clinician-patient risk discussion.

ACC, American College of Cardiology; ACS, acute coronary syndrome; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; BP, blood
pressure; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; DM, diabetes mellitus; EAS, European Atherosclerosis Society; eGFR, esti-
mated glomerular filtration rate; ESC, European Society of Cardiology; FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; MI, myocardial
infarction; PAD, peripheral artery disease; PCSK9, proprotein convertase subtilisin/kexin type 9; SCORE, Systematic Coronary Risk Estimation; TIDM/T2DM, type 1/2

diabetes mellitus; TIA, transient ischaemic attack; VHR, very high risk.

@ Multiple high-risk conditions include age >65 years, heterozygous FH, history of congestive heart failure, prior coronary artery bypass graft or percutaneous
coronary intervention, DM, hypertension, CKD, current smoking, persistently elevated LDL-C >2.6 mmol/L (>100 mg/dL) despite maximally tolerated statin therapy

and ezetimibe.

pharmacologic interventions based on guideline recommendations hel-
ped the patients improve their lipid profile and reduce their cardiovas-
cular risk. We also provide two primary prevention example cases, one
in a person with FH and one in an elderly person (Supplementary Fig. S1
and S2).

3.1. Case 1: VHR - hypothetical secondary prevention in a VHR patient
with ACS and prior angina/percutaneous coronary intervention

Despite advances in interventional and pharmacologic strategies,
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ACS is associated with a high rate of major adverse cardiovascular
events (MACE) [22]. Early aggressive use of statin therapy (atorvastatin)
in patients with ACS showed significant reduction in plaque volume
(—13% versus +9% for controls; p < 0.0001) at 6 months as measured by
volumetric intravascular ultrasound [23]. The degree of reduction in
plaque volume was positively correlated with LDL-C reduction (by
42%), even in patients with low baseline LDL-C (<3.2 mmol/L [<125
mg/dL]). Adding a non-statin lipid-modifying agent, such as ezetimibe,
to statin therapy has been shown to further lower the LDL-C levels and to
improve cardiovascular outcomes [24].
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Statins, alirocumab, evolocumab, ezetimibe, bempedoic acid
and bile acid sequestrants are approved and marketed.
Inclisiran, evinacumab and AKCEA-APO(a)-Lg,* are in clinical
development.
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Approved drugs/drug classes are in black font; agents under development are in grey font. *Also known as TQJ230. ANGPTL3, angiopoietin-like 3 protein; Apo(a),
apolipoprotein A; ATP, adenosine triphosphate; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a);
mAb, monoclonal antibody; NPC1L1, Niemann-Pick Cl-like protein 1; PCSK9, proprotein convertase subtilisin/kexin type 9.

PCSK9 monoclonal antibodies possess potential anti-inflammatory
and antithrombotic mechanisms associated with PCSK9 inhibition,
along with influence on plaque composition and instability that might
confer benefits during the early phase of ACS, when the risk of event
recurrence is highest [25]. Data from the large ODYSSEY OUTCOMES
trial in over 18,000 patients after an ACS showed significant reductions
in major cardiovascular events in several risk groups following treat-
ment with alirocumab, including patients with diabetes mellitus, poly-
vascular disease and post—coronary artery bypass graft [15-17].

Data from the Further Cardiovascular Outcomes Research With
PCSK9 Inhibition in Subjects With Elevated Risk (FOURIER) trial also
show that patients with a more recent MI (within 2 years), multiple MIs,
peripheral artery disease (PAD), or residual multivessel coronary disease
tended to benefit the most from evolocumab treatment [26]. Evolocu-
mab lowered LDL-C levels by approximately 60%, regardless of sub-
group, and reduced the risk of the primary endpoint (cardiovascular
death, MI, stroke, hospitalisation for unstable angina or coronary
revascularisation) by 20% in those with a more recent MI, by 18% in
those with prior multiple MIs and by 21% in those with multivessel
disease. The recently conducted EVOlocumab for Early Reduction of
LDL-cholesterol Levels in Patients With Acute Coronary Syndromes
(EVOPACS) study assessed the impact of evolocumab, administered
within 24-72 h of symptom onset, on LDL-C levels after 8 weeks in
patients already receiving high-intensity statin therapy who presented
with ACS [27]. EVOPACS also assessed the effect of evolocumab on
inflammatory biomarkers, platelet reactivity, coronary plaque compo-
sition and myocardial and acute kidney injury following coronary in-
terventions. In 308 patients hospitalised for ACS in EVOPACS,
evolocumab 420 mg every 4 weeks significantly reduced LDL-C from
baseline to week 8 relative to placebo (—77% versus —35%; p < 0.001)
on top of high-intensity statin, and a higher percentage of patients
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achieved a target LDL-C goal of <1.8 mmol/L (<70 mg/dL) in the
evolocumab group (96% versus 38%) [14]. Evolocumab was well
tolerated and had a neutral effect on C-reactive protein levels, consistent
with previous studies [14].

For patients with an ACS, the new European lipid-lowering guide-
lines recommend adding a PCSK9 inhibitor early after the event in pa-
tients whose LDL-C levels are not already at goal despite maximally
tolerated statin plus ezetimibe [1]. The US guidelines consider patients
with ACS within 12 months as VHR, in which an LDL-C level >1.8
mmol/L (>70 mg/dL) would indicate adding ezetimibe [2]; adding a
PCSK9 inhibitor in this setting is reasonable according to US guidelines.
Fig. 2 describes the risk assessment and treatment of a VHR patient with
ACS and prior angina and percutaneous coronary intervention.

3.2. Case 2: VHR - hypothetical VHR patient with dyslipidaemia, diabetes
and multiple cardiovascular events

Patients with documented ASCVD and/or a history of multiple major
ASCVD events are at VHR for additional cardiovascular events. More-
over, CVD is the most important cause of morbidity and mortality in
individuals with T2DM, and cardiovascular risk may be substantially
reduced by addressing multiple ASCVD risk factors in patients with
T2DM [28]. Thus, among VHR patients with prior cardiovascular events
and T2DM who are not achieving LDL-C treatment goals per current
guidelines, addition of a PCSK9 inhibitor to maximally tolerated statin
plus ezetimibe warrants consideration. Fig. 3 describes the risk assess-
ment and treatment of a middle-aged woman with dyslipidaemia, dia-
betes and a history of cardiovascular events which progressed to an
acute MI. With the addition of evolocumab to a statin plus ezetimibe, she
met her LDL-C treatment goals and remained stable without further
cardiovascular events 1 year later.



D. Atar et al.

Table 2
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Hypothetical LDL-C values achievable with different intensities of lipid-lowering therapies and

combinations [10]?.

Theoretical LDL-C value achievable with treatment,

Lipid-lowering g2 ey mmol/L (mg/dL)
therapy L]I;lie-(g“itel;lallc t?:m Patient with Patient with Patient with
(monotherapy or [10] baseline LDL-C baseline LDL-C baseline LDL-C
combination) of 3.9 mmol/L of 3.4 mmol/L of 2.6 mmol/L
(150 mg/dL) (130 mg/dL) (100 mg/dL)
Statin monotherapy
Low intensity 30% 2.7 (105) 2.4091) 1.8 (70)
Moderate intensity 40% 2.3 (90) 2.0 (78) 1.6 (60)
High intensity 50% 1.9(75) 1.7 (65) 1.3 (50)
Non-statin
monotherapy
Ezetimibe 20% 3.1(120) 2.7 (104) 2.1 (80)
PCSKO inhibitor 60% 1.6 (60) 1.4 (52) 1.0 (40)
Statins + ezetimibe
Low intensity 44% 2.2 (84) 1.9 (73) 1.4 (56)
Moderate intensity 52% 1.9 (72) 1.6 (62) 12 (48)
High intensity 60% 1.6 (60) 1.4 (52) 1.0 (40)
Statins + PCSK9
inhibitor
Low intensity 2% 1.1 (42) 0.9 (36) 0.7 (28)
Moderate intensity 76% 0.9 (36) 0.8 (31) 0.6 (24)
High intensity 80% 0.8 (30) 0.7 (26) 0.5 (20)
Statins + ezetimibe +
PCSK9 inhibitor
Low intensity 78% 0.9 (33) 0.8 (29) 0.6 (22)
Moderate intensity 80% 0.8 (30) 0.7 (26) 0.5 (20)
High intensity 84% 0.6 (24) 0.5 (21) 0.4 (16)

*Note that hypothetical values differ slightly from those noted in the European guidelines (see Supplementary
Table S3); LDL-C reductions reported in the European guidelines that differ from the values in this table include
~30% for moderate-intensity statin, ~65% for high-intensity statin plus ezetimibe, ~75% for PCSK9 inhibitor
plus high-intensity statin and ~85% for PCSK9 inhibitor plus high-intensity statin plus ezetimibe [1].

Low-, moderate- and high-intensity statins defined by Stone et al. (2014) [68].

Grey shading represents reductions/goals meeting US [2] (but not European [1]) LDL-C goals for patients with
VHR ASCVD; blue shading represents reductions/goals meeting both US and European LDL-C goals for

patients with VHR ASCVD.

ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; PCSK9,
proprotein convertase subtilisin/kexin type 9; VHR, very high risk.

3.3. Case 3: VHR - MI in a hypothetical VHR patient with polyvascular
disease

Elevated LDL-C is a risk factor for both CAD and PAD. In patients
with CAD, the prevalence of concomitant PAD varies depending on risk
factors, including age, smoking and diabetes. In patients with PAD,
approximately 60% have concomitant CAD [29]. Patients who have
symptomatic CAD and PAD, called polyvascular disease, are at
approximately 50-80% increased risk of MACE compared with either
disease state alone [30], and concomitant diabetes is additive [29]. In
the IMPROVE IT trial, patients with polyvascular disease and diabetes
had an event rate for the composite of cardiovascular death, MI or stroke
of ~50% at 7 years, even in patients who achieve a mean LDL-C con-
centration of 1.8 mmol/L (69.9 mg/dL) [29]. In addition to MACE risk,
patients with PAD are at heightened risk of major adverse limb events
(MALE), including acute limb ischaemia and major amputation [31].
There are few medical therapies that reduce the risk of MALE, which is a
major cause of morbidity in PAD [31]. In the FOURIER trial [32], LDL-C
lowering with evolocumab (median LDL-C, 0.8 mmol/L [31 mg/dL] at
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48 weeks) reduced the risk of major cardiovascular events (by 21% [p =
0.0098] and 14% [p < 0.001], respectively) and MALE (by 37% [p =
0.063] and 63% [p = 0.0197], respectively) in patients both with and
without PAD. Patients with PAD had a larger absolute risk reduction
than patients without PAD due to their higher risk. In addition, there
was a 42% reduction in MALE (0.27% versus 0.45%; hazard ratio [HR],
0.58; 95% confidence interval, 0.38-0.88; p = 0.0093). A roughly linear
relationship between achieved LDL-C and MALE risk that extended
below 0.26 mmol/L (10 mg/dL) was observed, thus demonstrating that
LDL-C is an important risk factor for MALE and can be modified by
LDL-C lowering. When looking at composite MACE or MALE in patients
with PAD, including those without prior MI or stroke, the number
needed to treat with evolocumab for 2.5 years was only 16.
Identifying PAD and polyvascular disease in patients with ACS is a
simple and potent marker of risk for MACE and MALE, and for finding a
population that derives a robust benefit from intensive lipid lowering.
Fig. 4 illustrates a hypothetical case of acute MI in a VHR patient with
polyvascular disease. This older woman with dyslipidaemia, diabetes
and a history of smoking had an acute MI 2 years after stenting of the
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ACS Event

History

* 69-year-old man
« PCI with two stents on left anterior descending artery (typical angina) in 2011
« BMI 31 kg/m? (sedentary lifestyle)

Laboratory Values

Total cholesterol: 5.2 mmol/L (201 mg/dL)

TG: 2.3 mmol/L (201 mg/dL)

HDL-C: 0.88 mmol/L (34 mg/dL)

LDL-C: 3.65 mmol/L (141 mg/dL; stopped statin in 2012)
HbA1c: 60 mmol/mol (7.8%)

TSH: within normal limits

Liver enzymes: ALT 45 U/L, AST 34 U/L

o e e e s e o

Qj Risk Assessment & Treatment Target per Current Guidelines

+ 2019 ESC/EAS: VHR category (documented ASCVD, either clinical or
unequivocal on imaging)
— Goal is to lower LDL-C by at least 50% with an LDL-C goal of <1.4 mmol/L
(=55 mg/dL)
+ 2018 AHA/ACC: VHR category (multiple ASCVD events, prior PCI, diabetes
mellitus, persistently elevated LDL-C 22.59 mmol/L (=100 mg/dL)
— Goal is to lower LDL-C to a target of 1.8 mmol/L (<70 mg/dL)

—} O 1 Year Following ACS & Enrolment in PCSK9 Inhibitor Trial

Patient was receiving PCSK9 inhibitor + rosuvastatin 20 mg/d

+ No history of chest pain or any other CV symptom

+ Normal LVEF on echocardiography, and no ischaemia detected upon an ECG
effort test

+ Lipid laboratory results were greatly improved: total cholesterol, 3.1 mmol/L
(120 mg/dL); TG, 1.4 mmol/L (122 mg/dL); HDL-C, 0.99 mmol/L (38 mg/dL);
LDL-C, 0.37 mmol/L (15 mg/dL)

* BMI: 25 kg/m?

+ BP: 105/70 mm Hg

—)

-9
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Patient experienced new typical chest pain and came to our university via ambulance (January 2015); ECG showed inferior STEMI, and patient was immediately transferred to
the catheterisation laboratory for PCI; we had been treating the patient for high BP and type 2 diabetes mellitus

) * Risk Factors

+ Stopped smoking in 2011
« High BP (145/90 mm Hg at time of inferior STEMI)
+ Type 2 diabetes mellitus

Medical & Pharmacologic Interventions

Time of event

« Coronary angiogram showed three-vessel disease (occlusion of the RCA and 60%
on CX [FFR 0.85]); stents on LAD okay

+ Immediate PCI of the RCA with one DES, with excellent results and no
complications; minimal decrease of LVEF

::_ Upon discharge (4 days post-PCl)

« Prescribed lisinopril 20 mg/d, rosuvastatin 20 mg/d, aspirin 100 mg/d, ticagrelor
2x90 mg/d (for 1 year); and empagliflozin 10 mg/d + metformin 500 mg/d

+ Included in an ambulatory CV rehabilitation programme for 6 weeks

Follow-up Through December 2018

- @ Following the 6-Week CV Rehabilitation Programme

+ Normal stress test (bicycle) and a physical examination

« BMI was reduced to 27 kg/m? (patient started cycling 50-60 km/week and improved
dietary habits)

+ HbA1c: 52 mmol/mol (6.9%)

« Laboratory lipid results improved: total cholesterol, 3.8 mmol/L (147 mg/dL); TG,
1.6 mmol/L (140 mg/dL); HDL-C, 0.95 mmol/L (37 mg/dL); LDL-C, 2.6 mmol/L
(80 mgr/dL)

+ Patient remained in the PCSK inhibitor clinical study

Last Recorded Medical Visit (48 Months Post-ACS)

« Still no history of chest pain or any other CV symptoms

« Lipid laboratory values remained low: total cholesterol, 2.6 mmol/L (100 mg/dL);
TG, 0.99 mmol/L (87 mg/dL); HDL-C, 1.04 mmol/L (40 mg/dL); LDL-C, 1.11 mmol/L
(43 mg/dL)

« Patient had stopped physical activity due to knee symptoms (arthrosis)

« BP: 130/75 mm Hg; HR: 55 beats/min; HbA1c: 51 mmol/mol (6.8%)

» The patient was still on PCSK9 inhibitor and rosuvastatin 10 mg/d (current
guidelines suggest addition of ezetimibe to statin before PCSK9 inhibitor; however,
the trial did not require step-up ezetimibe, and the patient was at target with the
current regimen)

Fig. 2. Hypothetical secondary prevention in a VHR patient with ACS and prior angina/PCI.

ACC, American College of Cardiology; ACS, acute coronary syndrome; AHA, American Heart Association; ALT, alanine aminotransferase; ASCVD, atherosclerotic
cardiovascular disease; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; CV, cardiovascular; CX, chest x-ray; DES, drug-eluding stent; EAS,
European Atherosclerosis Society; ECG, electrocardiogram; ESC, European Society of Cardiology; FFR, fractional flow reserve; HbAlc, haemoglobin Alc; HDL-C,
high-density lipoprotein cholesterol; HR, heart rate; LAD, left anterior descending coronary artery; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventric-
ular ejection fraction; PCI, percutaneous coronary intervention; PCSK9, proprotein convertase subtilisin/kexin type 9; RCA, right coronary artery; STEMI, ST-
elevation myocardial infarction; TG, triglyceride; TSH, thyroid-stimulating hormone; VHR, very high risk.

superficial femoral artery. With the addition of a PCSK9 inhibitor to a
statin and ezetimibe regimen, plus cardiovascular rehabilitation, she
was able to meet her LDL-C treatment goals and remained stable without
further cardiovascular events or MALE 1 year after her ML

4. Non-LDL-C cardiovascular landscape
4.1. Dyslipidaemia/hypertriglyceridaemia

Patients with established ASCVD remain at increased risk for major
cardiovascular events even in the setting of optimal lipid-lowering
treatment. Elevated triglyceride levels contribute to that residual risk
[33]. Very low-density lipoproteins and chylomicrons are the major
triglyceride-rich lipoproteins. The US lipid-lowering guidelines note two
categories of hypertriglyceridaemia: moderate (triglyceride levels
2.0-5.6 mmol/L [175-499 mg/dL]) and severe (triglyceride levels >5.6
mmol/L [>500 mg/dL]); both can be a risk factor for ASCVD, and severe
hypertriglyceridaemia also increases the risk of acute pancreatitis [2]. In
both instances, the guidelines indicate that it is reasonable to reduce
triglyceride levels to reduce ASCVD risk. The European guidelines
recommend initiating treatment to reduce triglyceride levels in high-risk
individuals with hypertriglyceridaemia (>2.3 mmol/L [>200 mg/dL] or
between 1.5 and 5.6 mmol/L [between 135 and 499 mg/dL] despite
statin treatment in high-risk or above patients at LDL-C goal) [1].
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Omega-3 fatty acids such as icosapent ethyl, which is composed of
eicosapentaenoic acid, 1.8 g/day plus low-intensity statin have been
shown to significantly reduce the risk of major coronary events by 19%
versus statin therapy alone in a large Japanese study in patients with
total cholesterol >6.5 mmol/L (>250 mg/d) [34]. Recently, results from
the Reduction of Cardiovascular Events with EPA-Intervention Trial
(REDUCE-IT) reported that treatment with icosapent ethyl 4 g/day
significantly reduced the risk of major cardiovascular total events by
25% (p < 0.0001) and major cardiovascular first events by 30% (p <
0.0001) in high-risk patients receiving statin therapy (established CVD
or diabetes mellitus and >1 additional risk factor; triglyceride level
1.7-5.6 mmol/L [150-499 mg/dL] and LDL-C level 1.1-2.6 mmol/L
[41-100 mg/dL], median follow-up, 4.9 years) [35]. Icosapent ethyl was
recently approved in the US as an adjunctive (secondary) therapy to
maximally tolerated statin therapy to reduce cardiovascular risk in
adults with elevated triglyceride levels (>1.7 mmol/L [>150 mg/dL])
and established CVD or diabetes mellitus and two or more additional
cardiovascular risk factors [36]. Results from these studies indicate that
icosapent ethyl confers additional residual risk reduction beyond statin
therapy. However, additional analyses suggest that the reduction in
cardiovascular risk is not solely due to triglyceride lowering and pleo-
tropic mechanisms. Reduction in vascular inflammation and antith-
rombotic effects may be responsible for the cardioprotective benefit of
icosapent ethyl. In fact, increased rates of bleeding supporting an
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Qj’ Initial Evaluation

+ No ECG or echo heart abnormalities or elevated troponins

History

« 58-year-old woman

« PCI of the distal RCA was performed 2 years ago for non-STEMI
« 4 years ago she had a TIA, which completely resolved

Laboratory Values

« LDL-C: 2.7 mmol/L (104.1 mg/dL)

« HDL-C: 1.01 mmol/L (39.1 mg/dL)

* TG: 4.4 mmol/L (389.7 mg/dL)

* Moderately impaired kidney function (eGFR, 55 mL/min/1.73 m?)

A8

Qj’ Clinical Presentation

« Lipid profile was essentially similar to prior presentation 2 years ago

+ 2019 ESC/EAS: VHR category (documented ASCVD, either clinical or
unequivocal on imaging)

— Goalis to lower LDL-C by at least 50% with an LDL-C goal of <1.4 mmol/L
(<55 mg/dL)

— For patients on maximally tolerated statin who experience a second
vascular event within 2 years, an LDL-C goal of <1.0 mmol/L (<40 mg/dL)
may be considered

+ 2018 AHA/ACC: VHR category (multiple ASCVD events, prior PCl, diabetes
mellitus, persistently elevated LDL-C 22.59 mmol/L [>100 mg/dL])

— Goal is to lower LDL-C to a target of <1.8 mmol/L (<70 mg/dL)

Atherosclerosis 319 (2021) 51-61

Patient presented in the outpatient clinic with atypical chest pain and occasional muscle soreness and cramps

) @ Risk Factors

Stopped smoking at age 50 years

Blood pressure under control

Type 2 diabetes mellitus for 4 years, managed with diet and metformin
Moderately impaired kidney function (€GFR, 55 mL/min/1.73 m?)

- E Medical & Pharmacologic Interventions

« At time of evaluation: aspirin 80 mg/d, atorvastatin 40 mg/d, perindopril 4 mg/d
and metformin
« Post-evaluation: ezetimibe was added in light of laboratory values and history

STEMI 2 Years Later

+ Acute inferior wall Ml, for which a primary PCI of the proximal RCA was performed successfully
« LCA showed diffuse atherosclerosis, without a >50% stenosis in a major branch

_> Qj Risk Assessment & Treatment Target per Current Guidelines ‘ :g_ Pharmacologic Intervention — Added PCSKS Inhibitor

+ Because there was progression of disease (STEMI) and patient was not at LDL-C
target, evolocumab (140 mg every 2 weeks sc) was added to atorvastatin and
ezetimibe

* 2 months later, LDL-C was lowered to 1.12 mmol/L, HDL-C was 1.08 mmol/L and
TGs were 2.9 mmol/L

« 1 year later, she was still stable without intercurrent CV events or side effects of
medication

Fig. 3. Hypothetical VHR patient with dyslipidaemia, diabetes and multiple cardiovascular events.

ACC, American College of Cardiology; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; EAS, European
Atherosclerosis Society; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; ESC, European Society of Cardiology; HDL-C, high-density lipoprotein
cholesterol; LCA, left coronary artery; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention; PCSK9,
proprotein convertase subtilisin/kexin type 9; RCA, right coronary artery; sc, subcutaneous; STEMI, ST-elevation myocardial infarction; TIA, transient ischaemic

attack; TG, triglyceride; VHR, very high risk.

antithrombotic effect were observed. An unexpected safety finding was
an increased risk of clinically identified atrial fibrillation. The biology
and clinical implications of this observation are unclear [33]. A large
meta-analysis of 10 trials involving 77,917 participants demonstrated
no significant association between supplementation with low dose
omega-3 fatty acids and reductions in fatal or nonfatal coronary heart
disease or any major vascular events [37]. Whether the beneficial effects
of omega-3 fatty acids are caused by the higher doses (3-4 g/d) remains
to be assessed.

Orphan drug volanesorsen for the treatment of familial chylomi-
cronaemia syndrome (FCS) is beyond the general scope of this review
due to its restricted availability in certain regions/nations. Emerging
LDL-C-lowering therapy evinacumab on trial for homozygous FH is also
excluded for similar reason.

4.2. Diabetes/metabolic syndrome

Cardiovascular disease is the most important cause of morbidity and
mortality in individuals with T2DM, and substantial reduction in car-
diovascular risk is seen when multiple ASCVD risk factors are addressed
in patients with T2DM [28]. The recent American Association of Clinical
Endocrinologists/American College of Endocrinology guidelines for
lipid lowering in patients with diabetes recommend a target LDL-C goal
of <1.4 mmol/L (<55 mg/dL) in patients with extreme risk for ASCVD
(i.e. established clinical CVD, stage 3 or 4 chronic kidney disease and/or
heterozygous FH) [7]. Until recently, management of cardiovascular
risk in patients with T2DM has focused on optimisation of comorbidities,
such as hypertension and hyperlipidaemia. The treatment paradigm has
shifted with the publication of data from recent trials, such as Empa-
gliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
(EMPA-REG OUTCOME) [38] and Liraglutide Effect and Action in
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Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER)
[39], which demonstrate that agents developed to lower HbAlc are
efficacious for reducing cardiovascular risk.

4.3. Elevated lipoprotein(a)

Elevated lipoprotein(a) [Lp(a)] levels are associated with an
increased risk of CVD, aortic stenosis, and to some extent venous
thrombosis, particularly when levels are >125 nmol/L (50 mg/dL) [40,
41]. A recent Icelandic population study found that molar concentration
of Lp(a), rather than apolipoprotein(a) particle size, explained the as-
sociation between Lp(a) and cardiovascular risk [42]. In addition, peo-
ple with Lp(a) concentrations in the bottom 10% of the population had
increased risk for T2DM. Lp(a) is also associated with more extensive
atherosclerotic burden manifesting as PAD [43], as well as worse out-
comes in patients with PAD [44], including higher rates of amputation
[45]. In the FOURIER trial in over 25,000 patients, higher baseline Lp(a)
levels were associated with an increased risk of major cardiovascular
events; these patients experienced greater absolute reductions in Lp(a)
with evolocumab treatment and tended to derive greater clinical benefit
[41]. Patients with Lp(a) levels above the median experienced a 23%
reduction in major cardiovascular events compared with a 7% reduction
in events in patients with Lp(a) levels below the median. Moreover, the
study reported a significant relationship between Lp(a) reduction and
risk of major cardiovascular events of 15% (p = 0.0199) per 25 nmol/L
(10 mg/dL) reduction in Lp(a). A large pooled analysis of alirocumab
phase 3 trials reported that Lp(a) was significantly reduced, and there
was a 12% reduction in the relative risk of major cardiovascular events
per 25% reduction in Lp(a) (p = 0.0254) [40]. However, this observation
was no longer significant after adjustment for LDL-C reduction [40]. In
the ODYSSEY OUTCOMES study, the risk of major cardiovascular events
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ACS Event
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« This 68-year-old woman had been followed in the vascular surgery clinic when she developed substernal chest pressure and activated emergency medical services

had no heart failure during her admission

History

+ 68-year-old woman

+ History of lower extremity PAD with stenting to the SFA artery 2 years prior

+ Now with ABI of 0.75 on right and 0.95 on left; some claudication with walking
uphill

+ Type 2 diabetes mellitus on metformin

Laboratory Values on Follow-up (1 Month After Discharge)

LDL-C: 2.38 mmol/L (92 mg/dL)
TG: 1.8064 mmol/L (160 mg/dL)

HbA1c: 46 mmol/mol (6.4%)

- §

e

On presentation, she was haemodynamically stable, and her ECG showed non-specific ST changes. Her troponin was elevated. She was taken for angiography, which showed a
mid-LAD 95% stenosis that was stented with a DES and non-occlusive disease in her LCX and RCA. Her EF prior to discharge was 55%. She was discharged a month ago. She

Risk Factors

* Hypertension with BP of 152/95 mm Hg at diagnosis, now controlled on ACEi
+ History of smoking 1 pack per day for 20 years; quit 10 years ago
* Type 2 diabetes mellitus

Medical & Pharmacologic Interventions

Time of event

+ PCI: single DES to mid-LAD

+ Started on aspirin, ticagrelor 90 mg twice daily, metoprolol succinate 50 mg daily,
rosuvastatin 20 mg daily and ezetimibe 10 mg daily

e

« Creatinine: 1.4 mg/dL

Liver enzymes: ALT 38 U/L, AST 26 U/L A
Upon discharge (4 days post-PCl)
+ Continued on lisinopril 20 mg daily and metformin 500 mg twice daily

Clinic Follow-up 1 Month After Discharge

Qs outpatient Visit

+ Tolerating medications with no complaints. Laboratory values checked (noted above) with persistently elevated LDL-C of 2.53 mmol/L (98 mg/dL)
+ Continued claudication but ABI unchanged, SFA stent patent by ultrasound, likely representing more diffuse disease
+ Expressed concern for recurrent heart attacks as well as risk of stroke and amputation; asked what else can be done for prevention

Qj Risk Assessment & Treatment Target per Current Guidelines ‘

+ 2019 ESC/EAS: VHR category (documented ASCVD)
— Goal is to lower LDL-C by 250% with LDL-C goal of <1.4 mmol/L
(<55 mg/dL)
* 2018 AHA/ACC: VHR category (multiple ASCVD events [MI and PAD],
diabetes mellitus)
— Goalis to lower LDL-C to a target of 1.8 mmol/L (<70 mg/dL)

Pharmacologic & Lifestyle Intervention — Added PCSKS Inhibitor,
Referred to Rehabilitation

Qj » LDL-C above threshold for statin titration for her risk profile with either European or
US guidelines; therefore, a PCSK9 inhibitor was added

E_ « Patient motivated to reduce risk due to concern for recurrent events; referred to

cardiac rehabilitation with instructions for PAD-focused supervised exercise therapy

as well as cardiac rehabilitation

Clinic Follow-up 12 Months After Discharge

Qj‘ Outpatient Visit
+ Recurrent epistaxis so P2Y12 inhibitor (ticagrelor) stopped; tolerating all other medications, and considering addition of SGLT2i and/or GLP-1

« Function improved with supervised exercise and continuing home-based exercise; practising good foot hygiene
+ LDL-C: 0.83 mmol/L (32 mg/dL), HbA1c: 48 mmol/mol (6.5%)

Fig. 4. Hypothetical VHR patient with polyvascular disease and recent MI.

ABI, ankle-brachial index; ACC, American College of Cardiology; ACEi, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AHA, American
Heart Association; ALT, alanine aminotransferase; ASCVD, atherosclerotic cardiovascular disease; AST, aspartate aminotransferase; BP, blood pressure; DES, drug-
eluting stent; EAS, European Atherosclerosis Society; ECG, electrocardiogram; EF, ejection fraction; ESC, European Society of Cardiology; GLP-1, glucagon-like
peptide-1; HbAlc, haemoglobin Alc; LAD, left anterior descending coronary artery; LCX, left circumflex artery; LDL-C, low-density lipoprotein cholesterol; MI,
myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; PCSK9, proprotein convertase subtilisin/kexin type 9; RCA, right
coronary artery; SFA, superficial femoral artery; SGLT2i, sodium-glucose cotransporter-2 inhibitor; ST, sinus tachycardia; TG, triglyceride; VHR, very high risk.

was greater with increasing Lp(a) levels, and absolute risk reduction for
these events was greater at higher baseline Lp(a) levels exceeding 2% in
the upper two quartiles [p = 0.0011 for interaction across Lp(a)
quartiles] [46]. Further analysis showed that alirocumab reduced Lp
(a) levels and major cardiovascular events independently of LDL-C
levels. These results suggest that patients with higher baseline Lp(a)
levels may derive enhanced benefit from treatment with PCSK9 in-
hibitors relative to those with lower Lp(a) levels.

The technologies of antisense oligonucleotide inhibition and of small
interfering RNA aim to degrade gene mRNA transcripts and reduce
protein production and plasma lipoprotein levels, respectively. AKCEA-
APO(a)-Lgx (also known as TQJ230), an antisense oligonucleotide
developed to lower Lp(a), significantly and dose-dependently lowered
Lp(a) levels by 35-80% from baseline in a recent phase 2 study in 286
patients with screening Lp(a) levels of at least 150 nmol/L (60 mg/dL)
[47]. The direct evidence for Lp(a) reduction as a path to lowering risk of
CVD will have to wait for completion of appropriate CV outcomes trials.

4.4. Chronic kidney disease

Chronic kidney disease is associated with an increased risk of CVD
and cardiovascular and overall mortality [2,48]. In patients with chronic

kidney disease with at least one serum creatinine measurement >150
pmol/L (>1.7 mg/dL) in men and >130 pmol/L (>1.5 mg/dL) in
women, simvastatin plus ezetimibe significantly reduced the risk of
major cardiovascular events by 17% (p = 0.021) [49]. Ischaemic stroke
was reduced by 28% (p = 0.0073) and coronary revascularisation pro-
cedures were reduced by 27% (p = 0.0027), while the risk of any cor-
onary event (non-fatal MI or coronary death) was reduced by 8% (p =
0.37). For patients with chronic kidney disease, there was an estimated
19% reduction in major atherosclerotic events per 1 mmol/L (39 mg/dL)
reduction in LDL-C. Many patients with chronic kidney disease have
poor tolerability of high dose statins. Furthermore, in patients under-
going regular hemodialysis treatment, rosuvastatin lowered the LDL-C
level but had no significant effect on CVD outcomes [50].

4.5. Antithrombotics

Platelets play an important role in the pathogenesis of athero-
thrombotic complications [4]. Antiplatelet therapy has been shown to
improve cardiovascular outcomes both in ACS and in stable secondary
prevention settings, where benefits generally exceed the bleeding haz-
ards [4]. Recently, rivaroxaban, a selective direct factor Xa inhibitor,
when used at a lower dose of 2.5 mg twice daily in combination with
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aspirin, significantly reduced the risk of major cardiovascular events by
approximately 25% in high-risk patients with stable atherosclerotic
vascular disease enriched for polyvascular disease (CAD, PAD or both)
[51-53].

5. Emerging LDL-C-lowering therapies

The sites and targets of emerging lipid-lowering therapies, including
inclisiran, bempedoic acid and evinacumab, are outlined in Fig. 1.
Bempedoic acid is a small-molecule prodrug that lowers LDL-C by
inhibiting adenosine triphosphate citrate lyase, a key enzyme in the
cholesterol biosynthesis pathway upstream from HMG-CoA reductase
[54]. In two studies involving statin-intolerant patients, bempedoic acid
significantly reduced LDL-C versus placebo at week 12 (—21% with
bempedoic acid in addition to background non-statin therapy; —29%
with bempedoic acid plus background non-statin therapy including
ezetimibe) [55,56]. A 52-week study in patients with ASCVD on maxi-
mally tolerated statin therapy, heterozygous FH, or both, showed that
bempedoic acid 180 mg daily significantly reduced LDL-C (placebo--
corrected differences) by 18% at week 12, 16% at week 24 and 14% at
week 52 [54]. Bempedoic acid 180 mg daily plus ezetimibe 10 mg daily
added to maximally tolerated statin therapy in patients at high risk for
CVD significantly reduced LDL-C by 36% at week 12 compared with
17% for bempedoic acid alone or 23% for ezetimibe alone; similar re-
sults were observed with non-HDL-C, total cholesterol and apolipo-
protein B (ApoB) [16]. A trial assessing the effect on lipid levels of
bempedoic acid added to maximally tolerated statins in patients with
ASCVD reported significant placebo-corrected reductions in LDL-C (by
17% and 10% at weeks 12 and 52, respectively), non-HDL-C (13% and
10%), total cholesterol (11% and 8%) and ApoB (13% and 10%) [57]. In
February 2020, bempedoic acid received FDA approval as an adjunct to
diet and maximally tolerated statin therapy for the treatment of adults
with heterozygous FH or established ASCVD who require additional
lowering of LDL-C [58]. In addition, a bempedoic acid and ezetimibe
fixed-dose combination therapy was also approved [59]. These therapies
were subsequently approved by the European Medicines Agency [60,
61]. A large cardiovascular outcomes study with bempedoic acid is
underway (NCT02993406). A meta-analysis of the available phase 2 and
phase 3 clinical studies showed that bempedoic acid seems to have
unfavorable effects on serum uric acid, creatinine level and the inci-
dence of gout [62].

Inclisiran is a small interfering RNA that produces sustained inter-
ference with the expression of hepatocyte-specific PCSK9; the drug
showed LDL-C reductions of approximately 50% at day 180 after
administration of two 300-mg doses on days 1 and 90, as well as re-
ductions in Lp(a) of approximately 25% [63]. The drug showed signif-
icant reductions in other atherogenic lipoproteins, including ApoB,
non-HDL-C and very-low-density lipoprotein cholesterol [64], as well as
similar LDL-C reductions in patients with and without diabetes [65].
LDL-C reduction was sustained at 1 year following one dose (200, 300 or
500 mg on day 1) or two doses (100, 200 or 300 mg on days 1 and 90) of
inclisiran [66]. Time-averaged LDL-C levels were reduced by 30-39% in
the group that received one dose of inclisiran and by 30-46% in the
group that received two doses; moreover, a 50% LDL-C reduction was
maintained for at least 6 months in the two-dose 300-mg group. A large
phase 3 trial assessing the effect of inclisiran on major cardiovascular
events is underway (ORION-4 trial; NCT03705234).

6. Summary and implications

Multiple lines of evidence have established that elevated LDL-C is a
principally modifiable cause of ASCVD and that throughout the range of
LDL-C levels, “lower is better” with no apparent lower threshold, at least
down to about 1 mmol/L (40 mg/dL). Accordingly, recent European and
US multisociety dyslipidaemia guidelines stress the importance of
lowering LDL-C and other cholesterol-rich apolipoproteins to reduce

59

Atherosclerosis 319 (2021) 51-61

cardiovascular risk. This review focused on established and emerging
agents that reduce LDL-C in various disease states, risk profiles and event
types to help cardiologists and other healthcare providers synthesize the
abundance of new evidence related to the prevention of CVD and to
apply the guidelines in clinical practice. The 2019 ESC/EAS and 2018
AHA/ACC guidelines place particular emphasis on identifying patients
at very high cardiovascular risk and modifying established risk factors.
Such VHR patients have established ASCVD and/or a combination of
other risk factors, including diabetes, hypertension, PAD, chronic kidney
disease or other dyslipidaemias such as hypertriglyceridaemia. Both
European and US guidelines underscore the importance of treating to
achieve LDL-C levels as low as possible, with European guidelines
setting a goal of <1.4 mmol/L (<55 mg/dL) in patients with VHR CVD
(<1.8 mmol/L [<70 mg/dL] in the US blood cholesterol guideline). Both
guidelines recommend at least a 50% reduction, in addition to risk-
specific LDL-C goals. Many patients, however, are unable to achieve
LDL-C goals with conventional agents; therefore, the availability of the
potent LDL-C-lowering drugs, the PCSK9 inhibitors, will help fulfil an
unmet need, further reducing cardiovascular risk when added to statin-
based therapy. Moreover, the EVOPACS study supports the use of PCSK9
inhibitor therapy, specifically evolocumab, in the in-patient setting
immediately after ACS. In light of this combined knowledge base, cur-
rent treatment protocols and resources may have to be expanded to
adopt the necessary changes in clinical practice.

Although outcomes data for the recently approved bempedoic acid/
bempedoic acid + ezetimibe combination are not yet available and these
therapies are not yet addressed in dyslipidaemia guidelines, bempedoic
acid represents a new non-statin alternative that has potential relevance
in both primary and secondary prevention settings, perhaps particularly
for statin-intolerant patients who require modest LDL-C lowering [67].
Other promising agents under development will also add to the arma-
mentarium of lipid-lowering drugs available for clinicians to help pa-
tients meet their treatment goals. Evinacumab, inclisiran and agents that
target Lp(a) represent exciting new approaches that hopefully will
further expand our therapeutic armamentarium and may enable a more
tailored and individualised approach to cardiovascular risk reduction.
The non-LDL-C therapies, including agents that reduce triglycerides,
clearly can reduce cardiovascular risk in certain patients; however, the
residual risk of elevated LDL-C remains an important consideration for a
holistic treatment approach.

Unmet needs for CVD prevention include further clarification on the
use of ApoB and Lp(a) for risk stratification, more evidence for long-term
use of PCSK9 inhibitors in specific populations, and the use of statin-
based therapy in older patients. Observational data on attainment of
recommended LDL-C goals in real-world practice will also be an
important piece of evidence to validate the proposed thresholds and
perhaps support further alignment of LDL-C treatment goals worldwide.
With the establishment of the benefits and safety of very low LDL-C
concentrations, new treatment paradigms can be considered, including
(i) starting LDL-C lowering at earlier ages to diminish the cumulated/
accrued overall exposure, (ii) treating to much lower goals using triple-
combination therapy in patients with established atherosclerotic disease
and (iii) continuing the quest for new pharmacologic mechanisms for
LDL-C lowering.
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