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ABSTRACT: Despite many improvements in its prevention and management, acute coronary syndrome (ACS) remains a major
cause of morbidity and mortality in the developed world. Lipid management is an important part of secondary prevention
after ACS, but many patients currently remain undertreated and do not attain guideline-recommended levels of low-density
lipoprotein cholesterol reduction. This review details the current state of evidence on lipid management in patients present-
ing with ACS, provides directions for identification of patients who may benefit from early escalation of lipid-lowering therapy,
and discusses novel lipid-lowering medication that is currently under investigation in clinical trials. Moreover, a treatment al-
gorithm aimed at attaining guideline-recommended low-density lipoprotein cholesterol levels is proposed. Despite important
advances in the initial treatment and secondary prevention of ACS, =20% of ACS survivors experience a subsequent ischemic
cardiovascular event within 24 months, and 5-year mortality ranges from 19% to 22%. Knowledge of the current state of
evidence-based lipid management after ACS is of paramount importance to improve outcomes after ACS.
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management, coronary artery disease (CAD) re-

mains a major cause of death in the developed
world.! Acute coronary syndrome (ACS) constitutes the
most severe clinical manifestation of CAD and includes
unstable angina, non-ST-segment-elevation myo-
cardial infarction (Ml), and ST-segment—elevation MI.
Recent data from the National Heart, Lung, and Blood
Institute suggest that the annual incidence of Ml in the
United States is 805 000.? The treatment of ACS has
progressed tremendously since the 1950s and 1960s
when it was associated with in-hospital mortality as
high as 30%.® By determining the underlying patho-
physiological features and conducting large-scale
randomized controlled trials, the management of ACS
evolved and in-hospital mortality was reduced to =3%
to 8%.% Nonetheless, in the current era, ~20% of ACS
survivors experience a subsequent ischemic cardio-
vascular event within 24 months, and 5-year mortality

Despite many improvements in its prevention and

ranges from 19% to 22%.58 Even when nonemergent
and uncomplicated, repeated revascularization follow-
ing percutaneous coronary intervention has been as-
sociated with long-term mortality.”® A recurrent ACS is
associated with increased mortality to an even greater
extent.'” There are limits to the amount of antithrom-
botic medication that can be prescribed for second-
ary prevention, as increased intensity of antithrombotic
therapy decreases recurrent ischemic events at the
cost of increased bleeding events, which are also as-
sociated with subsequent mortality.'°

As lipids play a critical role in the development of
coronary atherosclerosis lesions, obtaining a signifi-
cant reduction of the lipid-related risk has long been
a crucial aspect of secondary prevention following
ACS. Several additions to the available arsenal of
lipid-lowering therapies have recently been made
or will soon be made, leaving clinicians with various
therapeutic strategies to be used according to the
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Nonstandard Abbreviations and Acronyms

AEGIS-1 apo-l event reducing in ischemic
syndromes |

EPA eicosapentaenoic acid

PCSK9 proprotein convertase subtilisin-kexin
type 9

clinical setting. This review details the current state
of evidence on lipid management in patients present-
ing with ACS, provides directions for identification of
patients who may benefit from early escalation of lip-
id-lowering therapy, and discusses novel lipid-lower-
ing medication that is currently under investigation in
clinical trials.

Current Insights and Recommendations
on Lipid-Lowering Therapy After ACS

Large-scale trials are ongoing to investigate the clinical
relevance of lipid particles, such as triglycerides, high-
density lipoprotein cholesterol (HDL-C), apolipoprotein
A1, and lipoprotein(a), in reducing the persistent risk
of developing CAD and its complications. However,
increased levels of low-density lipoprotein cholesterol
(LDL-C) have irrefutably been shown to be a key causal
factor in the development of CAD, and robust clinical
evidence shows that reducing LDL-C blood levels
leads to the prevention of atherothrombotic events.!
Figure 1 provides an overview of the distinct mech-
anisms of action for the 3 classes of cholesterol-
lowering drugs that are being advocated in current
guidelines (ie, statins, ezetimibe, and PCSK9 [propro-
tein convertase subtilisin-kexin type 9] inhibitors).

The more intensive the lowering of LDL-C, the
greater the benefit in terms of reducing atherothrom-
botic events. A large-scale meta-analysis of almost
170 000 patients, most of whom presented with a
documented coronary heart disease, from 26 tri-
als comparing statins versus placebo or high-inten-
sity versus low-intensity statins reported that each
1.0-mmol/L reduction (=39 mg/dL) of LDL-C results in
a 20% relative reduction of the annual rate of adverse
events, including coronary death, nonfatal Ml, coro-
nary revascularization, and ischemic stroke.'” This me-
ta-analysis included trials in the setting of primary and
secondary prevention, with most patients (59%) being
treated for secondary prevention. Interestingly, there
was no evidence of a threshold below which further
reduction of LDL-C no longer resulted in additional
benefit. Evidence from studies investigating PCSK9
inhibitors showed sustained reduction of adverse ath-
erothrombotic events at low levels of LDL-C (<40 mg/
dL or <1 mmol/L), with a favorable safety profile.!314
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A meta-regression analysis of 312 175 patients from
49 randomized trials investigating statin and nonsta-
tin therapies for primary or secondary prevention re-
ported similar risk reduction per change in LDL-C for
both therapies, with a relative risk of 0.77 (95% ClI,
0.71-0.81) and 0.75 (95% Cl, 0.66-0.86) per 1-mmol/L
reduction in LDL-C levels, respectively.'® This is an
important finding, as statins are thought to provide
additional beneficial effects on top of LDL-C lowering
because of their anti-inflammatory pleiotropic proper-
ties.'® Data on potential pleiotropic effects of PCSK9
inhibitors remain scarce but are emerging. Although
PCSK9 inhibitors do not reduce CRP (C-reactive
protein) levels, experimental research reports an as-
sociation between higher PCSK9 plasma levels, high
on-treatment platelet reactivity, and elevated factor
VIl levels." Reduced PCSK9 function has been as-
sociated with decreased sepsis-related inflammatory
response and improved outcomes in murine models
and humans.'® Ongoing studies are investigating the
potential impact of PCSK9 inhibitors on platelet reac-
tivity (NCT03096288) and sepsis-related inflammation
and outcomes (NCT03634293). Finally, PCSK9 inhib-
itors may also provide additional pleiotropic beneficial
effects related to lowering of lipoprotein(a).'®

Current Guideline Recommendations

Both the American Heart Association/American
College of Cardiology guideline on the management
of blood cholesterol and the European Society of
Cardiology guidelines for the management of dys-
lipidemias recommend obtaining a lipid profile after
4 weeks of admission for ACS.?%?" As LDL-C levels
vary minimally after normal food intake, a nonfast-
ing sample can be used.??> An overview of current
American Heart Association/American College of
Cardiology guideline recommendations for lipid-low-
ering therapy applied to patients with ACS is shown
in Figure 2. In brief, 3 agents with well-documented
safety and efficacy can be prescribed (statins,
PCSK9 inhibitors, and ezetimibe); the appropriate
timing of initiation and/or escalation of these agents
depends on (1) whether patients are already on maxi-
mally tolerated doses of statin and/or ezetimibe and
(2) the LDL-C level at the time of ACS. The founda-
tion of LDL-C—lowering therapy is the prompt initia-
tion of high-intensity statin, followed by the addition
of either ezetimibe or PCSK9 inhibitors to hopefully
blunt the short-term recurrent ischemic complication
rate. Guidelines advocate adding ezetimibe first as
this is a more cost-effective strategy, but also allow
for initiation of PSCKQ inhibitors without ezetimibe,
as outlined in Figure 2. The rationale for consider-
ing initiation of a PSCKQ inhibitor without first starting
ezetimibe is that only 3% and 5% of patients were on
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ezetimibe in the large phase 3 randomized FOURIER
(Further Cardiovascular Outcomes Research With
PCSKQ Inhibition in Subjects With Elevated Risk) and
ODYSSEY OUTCOMES (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During
Treatment With Alirocumab) trials, respectively,
which demonstrated the clinical benefit of PCSK9 in-
hibitors for secondary prevention of atherosclerotic
cardiovascular disease (ASCVD).2%24 Moreover, the
expected additional reduction in LDL-C with PCSK9
inhibitors when added to statins is ~60%,%® whereas
ezetimibe is only 24%.%5 The number needed to treat
to prevent an ischemic end point in the ODYSSEY
OUTCOMES trial with alirocumab was =63 in just
under 3 years of medical follow-up and was 50 over
7 years with ezetimibe.?*

Adverse Effects of Lipid-Lowering
Medication and Potential Concerns With
Low Blood LDL-C Concentrations

The most important adverse effects of statins include
myalgias and elevated liver enzymes (occurring in
0.5%-3.0% of patients), whereas clinically significant
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hepatic injury is rare and likely has an incidence
no different from that in the general population.?®
Moreover, statins may confer a small increased risk
of increasing plasma glucose levels and developing
diabetes mellitus, particularly in a prediabetic pa-
tient; however, the totality of the available clinical evi-
dence suggests that their beneficial effects outweigh
this potential detrimental impact.?” In fact, a pooled
analysis of data from 5 trials, including mainly pa-
tients presenting with prior Ml, reported that the use
of high-intensity, compared with moderate-intensity,
statins was associated with new onset of diabetes
mellitus in 1 case per year for 498 patients treated,
whereas the same regimen prevented 1 cardiovas-
cular event per year for 155 patients treated.?® Of
note, the risk for developing new onset of diabetes
mellitus in patients treated with high-intensity statins
increases with the presence of each component of
the metabolic syndrome (ie, body mass index, hy-
pertension, fasting triglycerides level, and blood glu-
cose).?? Other potential associations between statins
and adverse events, such as intracranial hemorrhage
and an increased risk of cancer, were not substan-
tiated in large-scale meta-analyses of randomized
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Figure 1.

1Major mechanisms of action of statins, ezetimibe, and PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitors.

HMG CoA indicates hydroxy-3-methyglutaryl coenzyme A; LDL, low-density lipoprotein; LDL-C, LDL cholesterol; LDLR, LDL receptor;

and NPC1L1, Niemann-Pick C1 like.
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controlled trials.”” The PCSK9 inhibitors alirocumab
and evolocumab are well tolerated, with pooled clini-
cal trial data showing that overall rates of adverse
effects were similar to placebo.’®3° The most com-
mon adverse effects include mild local injection-site
reactions (eg, bruising, erythema, or pain). Current
evidence from large-scale randomized trials inves-
tigating secondary prevention of ASCVD suggests
that aggressively lowering LDL-C to very-low levels
(<25 mg/dL) does not result in unanticipated adverse
events.?33" Because of postmarketing safety con-
cerns of mild and reversible cognitive impairment as-
sociated with statins, there has been considerable
effort to investigate possible neurocognitive impair-
ment with PCSK9 inhibitors.3?3% The EBBINGHAUS
(Evaluating PCSK9 Binding Antibody Influence
on Cognitive Health in High Cardiovascular Risk
Subjects study investigated neurocognitive func-
tion in 1204 patients from the FOURIER trial who
were randomized to evolocumab or placebo over a
median period of 19 months and showed no differ-
ence in cognitive function.334 Nonetheless, some
caveats apply as the very-low LDL-C levels attained
with PCSK9 inhibitor therapy bring us into hitherto-
uncharted territory; longer-term data on their safety,
such as the planned extension of EBBINGHAUS
study up to 5-year follow-up (NCT02867813), are ea-
gerly anticipated.

UNMET NEED IN CONTEMPORARY
CLINICAL PRACTICE

Despite the established benefit of lowering LDL-C
in patients with recent ACS, there remain important
treatment gaps on the achievement of guideline-
recommended LDL-C targets, a phenomenon that
has been observed in the United States as well as
other industrialized countries.®*-*" Reasons for this
undertreatment are multiple and include adverse ef-
fects and perceived risks of statins; racial, sex, and
geographical disparities; variations in protocols and
practices across health systems; perceived prohibi-
tive costs; and clinical inertia in cases of preexisting
lipid-lowering medications (Figure 3). Potential strate-
gies to facilitate achieving guideline-directed LDL-C
targets are listed below.

Clinical Inertia

Physicians may be reluctant to alter long-standing and ap-
parently well-tolerated medication regimens. Continuing
medical education is important to keep physicians up to
date about new guideline-directed treatment targets and
medication strategies, and could potentially also address
barriers to prescription of novel drugs, including patient
copays and coverage issues by insurers.
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Medication Nonadherence

The exact prevalence of medication nonadherence
is difficult to estimate, but is an important modifi-
able problem.*? Real-world data suggest that sta-
tin discontinuation rates may be as high as 59.2%
at 12 months, with only approximately half of pa-
tients being rechallenged within the subsequent
12 months.*® A 10% reduction in the statin medication
possession ratio is associated with a 5% increased
risk for cardiovascular disease-related hospitaliza-
tions.** Reasons for medication nonadherence are
multifactorial, and are influenced by socioeconomic
factors (eg, copays and insurance issues), con-
comitant illnesses, and therapy-related factors (eg,
adverse effects or frequent dose changes).*® More
than half of patients eligible for statin therapy in the
PALM (Patient and Provider Assessment of Lipid
Management) Registry, but who were not on treat-
ment, reported never having been offered a statin by
their physician. Concern about adverse effects was
the leading reason for statin refusal or discontinua-
tion. Many patients were willing to reconsider statin
therapy if offered.*® Therefore, a multidisciplinary ap-
proach is needed to increase adherence aimed at
knowledge dissemination, improved patient engage-
ment strategies, alleviating health disparities, and
optimizing physician-patient communication.

Racial, Sex, and Geographical Disparities
Racial and ethnic minorities in the United States ex-
perience a higher overall prevalence of risk factors
for ASCVD that often go unrecognized and/or un-
treated.*"*® This is particularly important as it is ex-
pected that, within several decades, non-Hispanic
White individuals will no longer form the majority of
the US population. Similarly, female sex is still as-
sociated with a higher likelihood of not being pre-
scribed statins or not achieving guideline-directed
LDL-C levels.?"#8 Therefore, physicians should be
educated in “cultural competency,” which includes
weighing diverse values, beliefs, and behaviors to
meet patients’ social, cultural, and linguistic needs.*®
Geographical disparities are also well documented,
in both non-Hispanic White individuals and minori-
ties.0%" Patients living in remote areas with limited
access to healthcare facilities may benefit in the fu-
ture from telemedicine applications.

Cost Barriers

Cost barriers may include out-of-pocket costs for
patients or high drug costs for payers. Statins are
presently available to most Americans at little to no
out-of-pocket cost, which has previously been as-
sociated with increased prescription fills for statin
therapy.5? PCSKQ inhibitors are costly drugs whose
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cost-effectiveness may be improved by selecting pa-
tients at (very) high risk of ASCVD events.>®

Adverse Effects

Although evidence from placebo-controlled, rand-
omized controlled trials shows that there are relatively
low rates (56%—-10%) of statin discontinuation because
of adverse effects,?® they are one of the most common
reasons for statin discontinuation.*®%* Nonetheless,
most patients who are rechallenged are able to tolerate
long-term statins, highlighting the importance of statin
rechallenging.*® The adverse effect profile of PCSK9
inhibitors seems to be rather favorable compared with

Lipid Management After ACS

that of statins, and these drugs may therefore be an
alternative in truly statin-intolerant patients.®®

Variations in Treatment Protocols Across
Health Systems

Health system level interventions may facilitate achiev-
ing guideline-recommended LDL-C targets, and may also
accelerate the lag between publication of guidelines and
their clinical implementation. Regular audits and providing
feedback to providers may help to close the gap between
research and practice.?® Moreover, implementation of treat-
ment algorithms may be helpful to streamline decision-mak-
ing toward achieving optimal LDL-C targets (Figure 2).

ACS patient*

v

Statin
naive

Not on
high-
intensity
statin
Initiate
high-
intensity
statin®

| 24
v &
On maximal statin and LDL-C <70 mg/dL

v

v

On maximal statin and LDL-C 270 mg/dL

Add Add

ezetimibe

PCSK9
inhibitor

LDL-C <70 mg/dL LDL-C 270 mg/dL

Continue ™
current therapy |l

Add

PCSK9
inhibitor

Figure 2. Current American Heart Association/American College of Cardiology
guideline recommendations for lipid-lowering therapy in patients with acute

coronary syndrome (ACS).

*Recommendations for very-high-risk patients, defined as a history of multiple
atherosclerotic cardiovascular disease events or 1 major atherosclerotic cardiovascular
disease event and multiple high-risk conditions, including aged >65 years, heterozygous
familial hypercholesterolemia, diabetes mellitus, hypertension, smoking, and history of
congestive heart failure. THigh-intensity statin includes atorvastatin, 40 to 80 mg/d, or
rosuvastatin, 20 to 40 mg/d. LDL-C indicates low-density lipoprotein cholesterol; and
PCSKO9, proprotein convertase subtilisin/kexin type 9.
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AVAILABLE TOOLS TO IMPROVE LIPID
MANAGEMENT FOLLOWING ACS

Early Systematic Evaluation of the
Response to Lipid-Lowering Therapy

A systematic evaluation of the efficacy of the lipid-
lowering therapy initiated following ACS should be per-
formed early, 4 to 6 weeks after the index event.?0?!
Such evaluation is warranted by the significant indi-
vidual variability in the lipid response to both dietary
measures and lipid-lowering treatment.’ It also pro-
vides the opportunity to monitor the therapeutic ad-
herence and any potential clinical or biological adverse
effects. These evaluations may be readily performed
during cardiac rehabilitation programs, and may be
one of the reasons why these programs have been
associated with improved outcomes following ACS.%®
When cardiac rehabilitation programs are not avail-
able, nurse-coordinated care programs may be an
interesting alternative, as they have been associated
with a significant improvement in the achievement of
LDL-C targets compared with standard-of-care follow-
up.%® An insufficient response to the initiated treat-
ment (LDL-C reduction <50% from baseline, when not

Lipid Management After ACS

explained by poor therapeutic adherence) should trig-
ger the intensification of lipid-lowering therapy.?%2!

Lipid-Lowering Intensification: Ezetimibe

Ezetimibe is a potent inhibitor of intestinal absorp-
tion of dietary and biliary free cholesterol.?° In the piv-
otal IMPROVE-IT (Improved Reduction of Outcomes:
Vytorin Efficacy International Trial), the association of
ezetimibe on top of maximal dosage of simvastatin led
to a significant, albeit limited, reduction of the risk of
cardiovascular death, major coronary event, or nonfa-
tal stroke in patients with recent ACS.?® When looking
at specific high-risk subsets of patients included in the
trial, an even larger effect was observed.®! In fact, there
were some significant statistical interactions, suggest-
ing a greater reduction of the primary composite end
point with the addition of ezetimibe among patients
with diabetes mellitus (hazard ratio, 0.85 [95% CI,
0.78-0.94] versus 0.98 [95% ClI, 0.91-1.04] in patients
without diabetes mellitus; P value for interaction 0.023)
or prior coronary artery bypass graft surgery (for the
primary end point, absolute risk reduction: 8.8% [95%
Cl, 31%-14.6%)] versus 1.3% [95% ClI, 0.0%—-2.6%);
P value for interaction at 0.02).6283 Consistently, the
addition of ezetimibe may be of particular interest in

Variations in
treatment
protocols across
health systems

Inability to lower LDL-C to
guideline-recommended targets

Clinical inertia

Poor medication
adherence

Side effects

Racial, gender, and
geographical
disparities

Figure 3. Factors influencing the inability to lower low-density lipoprotein cholesterol

(LDL-C) to guideline-recommended targets.
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patients aged >75 years or presenting with elevated
troponin, CRP, NT-proBNP (N-terminal pro-B-type
natriuretic peptide), or reduced glomerular filtration
rate.54%5 As a consequence of IMPROVE-IT, real-world
registries note an increased use of ezetimibe in clinical
practice among patients treated for ACS, resulting in
improved LDL-C target achievement.3*6°

Lipid-Lowering Intensification: Bempedoic
Acid

Bempedoic acid is an oral prodrug that is only con-
verted 1o its active thioester in hepatocytes, the only
cell to express the relevant acyl coenzyme A syn-
thetase (ie, no conversion in skeletal muscle), and
which then inhibits the ATP citrate lyase, a key en-
zyme of the cholesterol-biosynthesis pathway.®” The
CLEAR (Cholesterol Lowering via Bempedoic Acid,
an adenosinetriphosphate citrate lyase (ACL)-Inhibiting
Regimen) and CLEAR wisdom phase 3 trials recently
demonstrated that a regimen of 180 mg once-a-day
bempedoic acid, in addition to maximally tolerated sta-
tin therapy, led to an additional 15% to 20% reduction
of LDL-C plasma levels, with a good safety profile.58:69
The results of these trials were further confirmed by a
meta-analysis of 7 studies comprising 4236 patients.”
The Food and Drug Administration recently approved
bempedoic acid for the treatment of adults with het-
erozygous familial hypercholesterolemia or established
cardiovascular disease and LDL-C >70 mg/dL despite
maximally tolerated statins. Nonetheless, the impact
of bempedoic acid on outcomes remains to be deter-
mined and is being investigated in the ongoing CLEAR
OUTCOMES trial, which recently completed enroll-
ment of 14 014 patients with statin intolerance and
high cardiovascular risk or established cardiovascular
disease (NCT02993406). Of note, specific data on the
impact of bempedoic acid on LDL-C level reduction
and outcomes following a recent ACS are lacking as
the dedicated trials have so far excluded patients with
arecent ACS.

PCSKO Inhibitors in Patients With
Residual Cholesterol Risk Despite
Optimal Lipid-Lowering Therapy

Nearly 2 decades ago, PCSK9 emerged as a thera-
peutic target to treat hypercholesterolemia after obser-
vational registries reported nonsense mutations of the
PCSKQ gene to be associated with a substantial reduc-
tion of LDL-C levels and incidence of coronary events.”
At the current time, 2 fully human monoclonal antibody
PCSK9 inhibitors, alirocumab and evolocumab, are
approved by the US Food and Drug Administration. A
third agent, the humanized monoclonal antibody bo-
cocizumab, was being investigated until the program

J Am Heart Assoc. 2020;9:e018897. DOI: 10.1161/JAHA.120.018897
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was halted because of reduced long-term efficacy
attributable to the formation of antidrug antibodies.”
This phenomenon was not observed with alirocumab
or evolocumab. Alirocumab and evolocumab were
evaluated in numerous phase 2 and 3 randomized
clinical trials of the ODYSSEY and PROFICIO (Program
to Reduce LDL-C and Cardiovascular Outcomes
Following Inhibition of PCSK9 in Different Populations)
research programs, respectively.® The largest rand-
omized controlled trials, the FOURIER and ODYSSEY
OUTCOMES, included patients with baseline LDL-C
>70 mg/dL despite optimized lipid-lowering therapy,
and evaluated evolocumab in patients with established
cardiovascular disease and alirocumab in patients
with recent ACS, respectively.?3?* Both agents were
associated with a significant reduction of the primary
composite end points, which included death from car-
diovascular causes, MI, stroke, and unplanned hos-
pitalization for coronary artery causes.?®>?* A recent
meta-analysis centered on these 2 agents, compris-
ing 39 randomized controlled trials, 66 478 patients,
and a mean weighted follow-up time across trials of
2.3 years, reported that PCSK9 inhibition was associ-
ated with a significant reduction of Ml, ischemic stroke,
and coronary revascularization compared with pla-
cebo, albeit without a significant reduction of all-cause
and cardiovascular death.’®"3 Interestingly, the use of
PCSKQ9 inhibitors was also associated with a reduction
of coronary atheroma volume, as measured by intra-
vascular ultrasonography, as well as arterial wall in-
flammation, as assessed by 18F-fluoro-deoxyglucose
positron emission tomography/computed tomogra-
phy, as reported by the GLAGOV (Global Assessment
of Plague Regression With a PCSK9 Antibody as
Measured by Intravascular Ultrasound) and ODYSSEY
J-IVUS trials, respectively.”*"® Carotid artery regres-
sion with alirocumab was recently reported using mag-
netic resonance imaging, showing depletion of plaque
lipid stores at 6 months.”” The PACMAN-AMI (Vascular
Effects of Alirocumab in Acute MI-Patients) trial is cur-
rently ongoing (NCT03067844) and will provide a serial
and multivessel evaluation of the impact of PCSK9 in-
hibitors on plaque burden and composition using intra-
vascular ultrasonography, near-infrared spectroscopy,
and optical coherence tomography. Moreover, the
HUYGENS (High-Resolution Assessment of Coronary
Plaques in a Global Evolocumab Randomized Study)
is evaluating the effect of evolocumab on fibrous cap
thickness by optical coherence tomography in pa-
tients presenting with non-ST-segment—elevation Ml
(NCT03570697). To date, data on the use of PCSK9
inhibitors in patients with recent ACS are mainly limited
to alirocumab. Nonetheless, a prespecified analysis
from the FOURIER trial, including 5711 patients with a
recent Ml (<12 months before randomization), showed
them to be at a higher risk of adverse events and to
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experience a greater absolute risk reduction with
PCSKQ inhibition compared with patients with a prior
Ml >12 months before randomization (n=16 609).”® In
the ODYSSEY OUTCOMES trial, use of alirocumab on
top of optimized lipid-lowering therapy was associated
with a significant reduction of the risk of stroke, irre-
spective of baseline LDL-C and history of cerebrovas-
cular disease, as well as a reduction in the risk of type
2 MI.7%8° More important, in a prespecified subanalysis
of patients with at least 3 years of follow-up available,
alirocumab reduced all-cause death by 22%.88 The
survival benefit was significantly more pronounced
in patients with baseline LDL-C >100 mg/dL, with a
29% relative reduction of mortality (P value for inter-
action=0.007).8" The beneficial impact of alirocumab
was present in both younger and elderly patients.
As the absolute risk of major adverse cardiovascular
events increased with age, so did the absolute ben-
efit of alirocumab with a number needed to treat for
major adverse cardiovascular events at 3 years at 43
(range, 25—186) patients at age 45 years; 26 (range,
15-97) at age 75 years; and 12 (range, 6-81) at age
85 years.’”® Furthermore, the use of alirocumab was as-
sociated with an =25% reduction of lipoprotein(a) level
in patients after ACS, which is consistent with previous
findings on evolocumab in patients with established
cardiovascular disease.®384 Interestingly, in the setting
of post-ACS, the reduction of lipoprotein(a) by PCSK9
inhibitors is independently associated with the reduc-
tion of cardiovascular events, leading to a significant
reduction of the absolute ischemic risk, particularly in
case of high baseline lipoprotein(a).8384

There are limited data on the initiation of PCSK9
inhibitors before hospital discharge in such patients.
The EVOPACS (Evolocumab for Early Reduction
of LDL-Cholesterol Levels in Patients With Acute
Coronary Syndromes) trial evaluated the initiation
of evolocumab before hospital discharge among
patients with ACS with elevated LDL-C at baseline,
defined as >70 mg/dL if already on high-intensity
statins or =125 mg/dL in the absence of statins.® At
8 weeks of follow-up, 95.7% of the patients in the
evolocumab group reached LDL-C <70 mg/dL ver-
sus 37.6% in the placebo group. The VCU-AlirocRT
(Virginia  Commonwealth  University  Alirocumab
Response Trial) reported similar results with the use
of alirocumab before hospital discharge for non-ST-
segment-elevation MI.88

Limits of PCSK9 Inhibitors and
Recommendations for Targeting the
Highest-Risk Patients

Despite providing a solid reduction in ischemic
events, as shown by multiple large-scale clinical tri-
als, the main barrier to large-scale prescription of
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PCSKQ inhibitors in clinical practice has mainly been
their substantial cost. At the time of publication,
cost-effectiveness analyses of the pivotal FOURIER
and ODYSSEY OUTCOMES trials have consist-
ently shown that the cost of PCSK9 inhibitors was
above the threshold of $100 000 to $150 000 per
quality-adjusted life-year gained.®"88 To improve the
cost-effectiveness of both agents, in addition to sig-
nificant medication cost reductions (some of which
have already occurred after the publication of pre-
viously mentioned cost-effectiveness studies), it is
thus necessary to select the patients with the highest
baseline risk who would gain the most from further
intensification of lipid-lowering therapy.®

Several post hoc analyses from the ODYSSEY
OUTCOMES and FOURIER trials demonstrated an in-
creased efficacy of PCSK9 inhibitors in various high
ischemic risk subsets, such as patients with diabe-
tes mellitus, high baseline LDL-C level (~100 mg/dL),
polyvascular disease, chronic kidney disease, history
of multiple coronary events, and persistent residual in-
flammatory risk (Figure 4).747587-96

NOVEL TARGETS AND THERAPEUTIC
APPROACHES

Targeting RNA

Another way of lowering PCSK9, aside from using
specific blocking antibodies that require admin-
istration once or twice a month, is to inhibit gene
expression by neutralizing targeted mRBNA with
small interfering RNA. Inclisiran is a chemically
modified double-stranded small interfering RNA
administered subcutaneously with a prolonged
effect against PCSK9 synthesis in hepatocytes
(Figure 5).9798 In the recently published ORION-
10 (Inclisiran for Participants With Atherosclerotic
Cardiovascular Disease and Elevated Low-Density
Lipoprotein Cholesterol) and ORION-11 (Inclisiran for
Subjects With ACSVD or ACSVD-Risk Equivalents
and Elevated Low-Density Lipoprotein Cholesterol)
phase 3 trials, inclisiran was compared with pla-
cebo on top of optimized lipid-lowering therapy in
patients with established ASCVD, or ASCVD risk
equivalent, and elevated LDL-C (>70 or >100 mg/dL,
respectively).?® Compared with placebo, LDL-C lev-
els were halved with inclisiran, administered on day 1
and day 90, and every 6 months thereafter, without
significant difference in terms of safety events aside
from injection-site reactions. The ongoing ORION-4
(Inclisiran on Clinical Outcomes Among People With
Cardiovascular Disease) trial (NCT03705234) will
evaluate the impact of inclisiran on =15 000 patients
with established cardiovascular disease, including a
prior MI, although patients with an acute coronary
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event within 4 weeks of randomization will be ex-
cluded. The primary end point will be the composite
of death from coronary heart disease, MI, stroke, or
urgent coronary revascularization.'®®

Apolipoprotein A1, HDL, and Cholesterol
Efflux

Cholesterol efflux, or reverse cholesterol transport,
refers to the process by which the excess cholesterol
from peripheral (ie, extrahepatic) tissues is returned
to the liver for excretion in the bile and feces.'" It has
been demonstrated that cholesterol efflux from arte-
rial macrophages in particular plays an essential role
in the prevention of atherosclerosis.'® In fact, unest-
erified cholesterol is toxic to macrophages, and over-
loading may lead to the creation of foam cells, and
subsequently their apoptosis or necrosis. Various
pathways of cholesterol efflux may be involved, such
as efflux to mature HDL-C via the ATP-binding cas-
sette transporter G1 or scavenger receptor class B
type |, or efflux to lipid-poor apolipoproteins, such
as apolipoprotein A-I mediated by the ATP-binding
cassette transporter A1.'%" By promoting these path-
ways, HDL prevents LDL-induced macrophage ap-
optosis and endothelial dysfunction.'93194 A growing
body of evidence has demonstrated the strong as-
sociation between HDL-C efflux capacity and the
incidence of major adverse cardiovascular events.'®®
For the particular setting of patients undergoing pri-
mary percutaneous coronary intervention for acute
M, a recent study demonstrated that reduced serum
cholesterol efflux capacity was strongly associated
with long-term mortality, independently of HDL-C
and LDL-C levels.'06

The AEGIS-1 (Apo-I Event Reducing in Ischemic
Syndromes |) trial was a phase 2b study evaluating the
tolerance of CSL112, a reconstituted injectable human
plasma-derived apolipoprotein A-l, administered to
1258 patients within 7 days of an acute MI. The trial re-
ported that CSL112 enhanced cholesterol efflux without
significant alterations in liver or kidney function.'”” The
results of the AEGIS-1 trial were further confirmed by the
CSL112_2001 trial, which included patients presenting
with moderate chronic kidney disease.'®® The ongoing
AEGIS-2 trial (NCT03473223) is investigating whether
enhancement of cholesterol efflux could result in signif-
icant reduction of hard clinical end points. This interna-
tional, multicenter, randomized clinical trial will include
17 400 patients with recent MI, multivessel CAD, and
established cardiovascular risk factors. Such an ade-
quately powered large-scale trial is of importance, as
the use of other synthesized lipid-poor HDL mimetics,
such as CER-001 or MDCO-216, was previously not
found to be effective in inducing durable regression of
coronary atherosclerosis following ACS.109110
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N-3 Fatty Acids

Observational studies have long reported an asso-
ciation between regular fish consumption and reduc-
tion of cardiovascular events.'' Omega-3 fatty acids,
such as eicosapentaenoic acid (EPA) or docosahexa-
noic acid, are long-chain polyunsaturated fatty acids
contained in fish oils, with known anti-inflammatory
properties."” Nonetheless, numerous large rand-
omized controlled trials and meta-analyses evaluat-
ing such omega-3 fatty acids, although with lower
daily dosage, failed to demonstrate a significant re-
duction in the rates of cardiovascular events.""® This
recently changed with the REDUCE-IT (Reduction
of Cardiovascular Events With Icosapent Ethyl-
Intervention Trial),'""* which evaluated a high-dosage
(ie, 4 g/d) treatment with icosapent ethyl, a stable EPA
ethyl ester, in 8179 patients with established cardio-
vascular disease, or with diabetes mellitus and other
risk factors, presenting with triglycerides levels of 135
to 499 mg/dL (1.52-5.63 mmol/L) and LDL-C levels of
40 to 100 mg/dL (1.06-2.59 mmol/L) on stable statin
treatment. With a median follow-up of 4.9 years, the
trial reported icosapent ethyl to be associated with a
significant (25%) reduction in the primary end point of
cardiovascular death, MI, stroke, coronary revascu-
larization, or unstable angina, as well as a significant
reduction of the risk of cardiovascular death (20%),
sudden cardiac death (31%), and cardiac arrest (48%).
The main adverse effects of the use of icosapent
ethyl were a slight increase of the risk of atrial fibrilla-
tion and peripheral edema. Of importance, 70.7% of
the patients included in REDUCE-IT were treated for
secondary prevention, mainly for CAD, such as with
documented prior Ml or hospitalization for non-ST-
segment-elevation MI, with no predefined minimal
delay from the index event. Therefore, a significant
proportion treated for an ACS could benefit from
icosapent ethyl treatment. In fact, a recent study on a
French registry of real-world patients hospitalized for
an Ml found that 12.5% of them presented with the
inclusion criteria of REDUCE-IT."®

The specific mechanisms of action by which daily
treatment of a high dosage of icosapent ethyl may
lead to such an impressive effect remain to be fur-
ther clarified, and may represent an effect on plaque
progression and stability that may be independent of
the triglyceride-lowering effect."® In fact, a significant
reduction of the incidence of the primary end point
was observed in patients treated with icosapent ethyl
whether or not they reached a target triglycerides
level <150 mg/dL after 1 year of treatment. The re-
cently published EVAPORATE (Effect of Vascepa on
Improving Coronary Atherosclerosis in People With
High Triglycerides Taking Statin Therapy) trial evalu-
ated the impact of 4 g/d of icosapent ethyl in 80 pa-
tients with elevated triglycerides levels, LDL-C levels
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Figure 4. High-risk subjects with improved risk reduction and cost-effectiveness
of PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitors.

Jukema et al, in an ODYSSEY OUTCOMES (Evaluation of Cardiovascular Outcomes
After an Acute Coronary Syndrome During Treatment With Alirocumab) substudy,
demonstrated an absolute risk reduction (ARR) of the primary end point with alirocumab
of 1.4% (95% ClI, 0.6-2.3), 1.9% (95% Cl, -2.4% to 6.2%), and 13.0% (95% Cl, —-2.0% to
28.0%) in patients with single, dual, and triple vascular disease, respectively (P value for
interaction=0.0006). Ray et al, in an ODYSSEY OUTCOMES substudy, demonstrated a
greater ARR of the primary end point in patients with diabetes mellitus compared with
patients with pre—diabetes mellitus or normoglycemia (ARR, 2.3% [95% Cl, 0.4%-4.2%)],
1.2% [95% ClI, 0.0%-2.4%], and 1.2% [95% CI, —-0.3% to 2.7%], respectively) (P value for
interaction=0.0019). Sabatine et al, from a FOURIER (Further Cardiovascular Outcomes
Research With PCSKQ Inhibition in Subjects With Elevated Risk) substudy, found a greater
ARR with evolocumab in case of multiple prior myocardial infarctions (3.7% [95% CI,
0.8%-6.6%] vs 1.3% [95% CI, —0.2% to 2.7%]; P value for interaction=0.15). Bohula et al,
in a substudy from FOURIER, found a higher ARR of the primary end point in patients with
baseline hs-CRP (high-sensitivity C-reactive protein) level >3 mg/L, compared with those
with <1 and 1 to 3 mg/L (2.6% [95% CI, 0.4%-4.9%], 1.8% [95% ClI, 0.0%-3.5%], and
1.6% [95% Cl, —0.5% to 3.7%)], respectively). Charytan et al, from a substudy of FOURIER,
reported evolocumab to be associated with greater ARR for the key secondary end point. In
the ODYSSEY OUTCOMES trial, patients with baseline low-density lipoprotein cholesterol
(LDL-C) level >100 mg/dL presented with the greatest ARR compared with patients with
LDL-C <80 or 80 to 100 mg/dL (3.4% [95% CI, 1.6%-5.2%] vs 0.3% [95% CI, -1.2% to
1.8%] and 1.3% [95% CI, —0.1% to 2.6%], respectively; P value for interaction <0.001).

between 40 and 115 mg/dL, and at least 20% steno-
sis of a coronary artery at angiogram or computed
tomography.'”

After 18 months of treatment, treatment with
icosapent ethyl was associated with a significant
reduction of the volume of low-attenuation, fibrous,
and fatty plaques, which all increased with placebo.
Interestingly enough, this effect on plaque volume
was observed while no significant difference in terms
of LDL-C or triglycerides levels was present, further
emphasizing a potential non-triglyceride-mediated
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pleiotropic effect of icosapent ethyl.''®-122 Previous
studies have reported that EPA treatment could in-
hibit vascular inflammation via the production of re-
solvins and protectins,'?° reduce high-sensitivity CRP
levels, and improve vascular function.'? In contrast,
STRENGTH (The Outcomes Study to Assess Statin
Residual Risk Reduction With Epanova in High CV
Risk Patients With Hypertriglyceridemia) trial, which
investigated treatment with Epanova, 4 g once dalily,
an omega-3 carboxylic acid, in =13 000 patients
with an elevated triglyceride level (>180 mg/dL) and
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Figure 5. Mechanism of anti-PCSK9 (proprotein convertase subtilisin/kexin type 9) small interfering RNA (siRNA).
LDL-C indicates low-density lipoprotein cholesterol; and RISC, RNA-induced silencing complex.

low LDL-C (<100 mg/dL) who had established ath-
erosclerotic disease or diabetes mellitus and other
cardiovascular risk factors (NCT02104817), was re-
cently prematurely halted because of futility. This
suggests that the positive results observed with
REDUCE-IT were not solely explained by the use of
high dosage of EPA but likely by a unique impact of
icosapent ethyl, which was also associated, at the
moderate dosage of 1.8 g daily, with a significant
19% reduction of the risk of major coronary events
in the JELIS (Japan EPA Lipid Intervention Study).'?®

CONCLUSIONS

Despite important advances in the initial treatment
and secondary prevention of ACS, =20% of ACS sur-
vivors experience a subsequent ischemic cardiovas-
cular event within 24 months; 5-year mortality ranges
from 19% to 22%. Knowledge of the current state of
evidence-based lipid management after ACS is of
paramount importance to improve outcomes after
ACS. Guidelines recommend obtaining a lipid profile

J Am Heart Assoc. 2020;9:e018897. DOI: 10.1161/JAHA.120.018897

soon after admission for ACS. A systematic evaluation
of the efficacy of the lipid-lowering therapy initiated fol-
lowing ACS should be performed early, with an LDL-C
reduction target of >50% from baseline. Three agents
with well-documented safety and efficacy can be
prescribed: statins, PCSK9 inhibitors, and ezetimibe.
PCSKQ inhibitors provide a consistent reduction in is-
chemic events, as shown by multiple large-scale clini-
cal trials with lack of major safety concerns. The main
barrier to the widespread prescription of these drugs
relates to their considerable costs when compared
with other lipid-lowering agents. However, the pro-
gressive reduction in manufacturing costs observed
with PCSK9 inhibitors may enhance their cost-effec-
tiveness in daily practice as well as potentially leading
to a paradigm shift in the management of high-risk
patients, such as those with an ACS. Eventually, con-
temporary innovations in lipid-lowering pharmaco-
therapies alongside continuous medical education will
enable patients to achieve guideline-directed LDL-C
targets, and will improve outcomes in this vulnerable
population.
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