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Statins lower low-density lipoprotein cholesterol (LDL-C) and improve clinical outcomes in

patients with atherosclerotic cardiovascular disease (CVD). Patients with acute coronary syn-

dromes (ACS) often do not achieve LDL-C targets despite potent statin treatment, and have a

particularly high risk of early recurrent events. Evolocumab, a proprotein convertase subtilisin/

kexin type (PCSK9)-inhibitor resulting in rapid, marked LDL-C reduction, has been studied in

hypercholesterolemic subjects without CVD and stabilized patients with CVD; the feasibility,

safety, and efficacy of this treatment initiated in the acute phase of ACS remain unknown. We

report the design of evolocumab for early reduction of LDL-cholesterol levels in patients with

ACS (EVOPACS), a phase-3, multicenter, randomized, double-blind, placebo-controlled trial to

assess the feasibility, safety, and LDL-C-lowering efficacy of evolocumab on top of atorvastatin

40 mg in patients with ACS. The primary endpoint is percent change in LDL-C from baseline to

8 weeks. Secondary endpoints are adverse events and serious adverse events. Against a back-

ground of beneficial cardiovascular effects of statins beyond LDL-C lowering and in view of pre-

clinical evidence of similar effects of PCSK9 inhibition, the study will also address a variety of

exploratory endpoints including the change in C-reactive protein and other inflammatory bio-

markers; platelet reactivity; and occurrence of contrast-induced acute kidney injury and myocar-

dial injury in patients undergoing cardiac catheterization. An intracoronary imaging sub-study

will investigate the change from baseline in the lipid core burden index in non-culprit lesions, as

assessed by serial near-infrared spectroscopy. Recruitment began in January 2018 and enroll-

ment of 308 patients is planned.
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1 | INTRODUCTION

Patients with acute coronary syndromes (ACS) have an increased risk

of recurrent ischemic events.1 Lowering of low-density lipoprotein

cholesterol (LDL-C) reduces cardiovascular morbidity and mortality in

patients with atherosclerotic cardiovascular disease (CVD).2 In the

context of ACS, statins—the accepted standard of care for LDL-C

lowering—result in early, sustained clinical benefit3–5 and their early

initiation in patients presenting with ACS is recommended in current

guidelines.1,6 In patients who cannot achieve sufficient LDL-C lower-

ing with statins, nonstatin medications are a valuable add-on option.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors rep-

resent a promising approach for rapid, profound reduction in LDL-C

and incremental reduction of cardiovascular morbidity.7–9 As statins
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have a delayed onset of action before target levels are attained and

the risk of event recurrence is highest during the first weeks after

ACS, PCSK9 inhibitors may be of potential therapeutic interest in this

particular setting. Two clinically approved anti-PCSK9 antibodies, evo-

locumab and alirocumab, have been evaluated in hypercholesterol-

emic patients without CVD, stable ischemic heart disease, or

stabilized patients with a history of ACS.7,8 Treatment with PCSK9

inhibitors has not been studied in the very high-risk, acute (within

days) setting of ACS.

In addition to lowering LDL-C, statins exert vasculoprotective

effects including reduction of plasma levels of inflammatory

biomarkers,10 stabilization of coronary plaque morphology,11,12 atten-

uation of platelet reactivity,13 prevention of myocardial injury,14 and

contrast-induced kidney injury15 in patients undergoing coronary

interventions. These favorable effects are of particular relevance in

the acute context of ACS, as the residual ischemic risk and high event

recurrence are likely related to the enhanced pro-inflammatory and

pro-thrombotic milieu. The PCSK9 enzyme is expressed in atheroscle-

rotic plaques,16 implicated in vascular inflammation,17 and may affect

platelet function and thrombogenicity according to preclinical

evidence.18 Whether these mechanistic effects might translate to

favorable clinical effects of PCSK9 inhibition beyond the potent

LDL-lowering efficacy remains largely unknown.

Against this background, we designed a randomized, placebo-

controlled trial to assess the feasibility, safety, and LDL-lowering effi-

cacy of evolocumab administered within 24-72 hours of symptom

onset in patients presenting with ACS. Moreover, the EVOPACS study

will assess the impact of evolocumab on a variety of exploratory end-

points including inflammatory biomarkers, platelet reactivity, coronary

plaque composition, as well as myocardial and acute kidney injury fol-

lowing coronary interventions. Exploring these mechanistic aspects in

the very high-risk clinical setting of ACS may help identify additional

early effects of PCSK9 inhibitors.

2 | METHODS

2.1 | Study design

EVOPACS is an investigator-initiated, prospective, randomized,

double-blind, placebo-controlled, parallel-group, multi-center trial

(http://www.clinicaltrial.gov NCT03287609). The study evaluates the

feasibility, safety and efficacy of evolocumab for very early LDL-C

lowering in ACS patients with LDL-C levels that are either above

guideline-recommended targets,6 or are not projected to be reduced

below these targets under high-intensity statin therapy. Enrolment of

308 patients is planned at seven centers in Switzerland. The trial

began enrollment in January 2018. The protocol was approved by the

institutional ethics committees, and written informed consent will be

obtained from all study participants.

Patients hospitalized for ACS, according to current definitions1

(non-ST-elevation myocardial infarction [NSTEMI] or unstable angina

with onset <72 hours; or ST-elevation myocardial infarction [STEMI]

with onset <24 hours) are potentially eligible. Screening is performed

in medically stabilized patients as soon as possible upon patient

admission, and LDL-C (fasting or non-fasting) is measured to deter-

mine eligibility. Patients who fulfil all eligibility criteria and provide

informed consent are enrolled and randomly assigned to either evolo-

cumab 420 mg subcutaneously (sc) every 4 weeks or matching pla-

cebo sc. Clinical visits are scheduled at 4 and 8 weeks. The

investigational product (IP) (evolocumab or placebo) is administered at

the study site at two time points: at baseline (index ACS event) and

after 4 weeks. The study endpoints are assessed at 8 weeks

(Figure 1).

Previous studies have shown regression of coronary plaque vol-

ume and stabilization of plaque composition following intensive statin

treatment.19 In the YELLOW trial, short-term (7-week) treatment with

high-intensity statin reduced the lipid content of obstructive coronary

lesions, as assessed by means of near-infrared spectroscopy (NIRS).11

FIGURE 1 Study design for EVOPACS
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Against this background, an exploratory intracoronary imaging sub-

study will assess changes in the lipid core burden index (LCBI) of

obstructive, nonculprit coronary lesions by means of serial NIRS per-

formed at baseline and at 8 weeks. A subset of selected patients who

are enrolled in preselected study centers; undergo clinically indicated

percutaneous coronary intervention (PCI) of the culprit lesion of the

index ACS; and fulfil all additional eligibility criteria will be enrolled in

the sub-study.

2.2 | Inclusion and exclusion criteria

Inclusion criteria are summarized in Table 1. Briefly, LDL-C at screen-

ing needs to be (a) above the guideline-recommended target level of

1.8 mmol/L in patients previously treated with high-intensity statin

(atorvastatin ≥40 mg/day; rosuvastatin ≥20 mg/day; or simvastatin

80 mg/day) for at least 4 weeks prior to enrollment; (b) >2.3 mmol/L

in patients previously treated with low/moderate intensity statin; or

(c) >3.2 mmol/L in patients previously not treated with statin. The

rationale for selecting these cut-offs is that, for any status of prior

statin treatment, LDL-C is not projected to reach the guideline-

recommended target despite treatment with the study-specific back-

ground statin (atorvastatin 40 mg). These cut-offs are based on

previous evidence of the LDL-lowering efficacy of atorvastatin 40 mg

either as newly-initiated statin, or in the context of uptitration of a

lower-intensity statin regimen.6 The main exclusion criteria are listed

in Table 2.

Additional criteria apply for the imaging sub-study (Tables S1 and

S2, Supporting Information), mainly including the presence of a non-

culprit de novo coronary lesion with angiographically significant steno-

sis at baseline (defined by ≥50% angiographic diameter stenosis by

visual estimation) that is deemed suitable for treatment in a staged

PCI procedure after 8 weeks. Patients with three-vessel or left-main

coronary artery disease (CAD) or those with a history of coronary

artery bypass surgery are excluded from the sub-study.

2.3 | Study objectives and endpoints

The study's primary objective is to assess the effectiveness of evolo-

cumab compared with placebo, administered during the acute phase

of ACS, for the reduction of LDL-C levels at 8 weeks in patients

receiving atorvastatin 40 mg. Evaluation of the safety of evolocumab

administration in the clinical setting of early ACS is the secondary

objective. The primary endpoint is the percent change in LDL-C from

baseline to 8 weeks. The incidence of adverse events (AEs) and seri-

ous adverse events (SAEs) from baseline to 8 weeks is the secondary

endpoint.

Exploratory endpoints include (a) lipid parameters: change from

baseline in total cholesterol, high-density lipoprotein (HDL)-C, triglyc-

erides, non-HDL-C, apolipoprotein B (ApoB), apolipoprotein A1

(ApoA1), lipoprotein(a), and percent of patients attaining the LDL-C

goal <1.8 mmol/L; (b) inflammatory biomarkers: change in high-

sensitivity C-reactive protein (hs-CRP) and other biomarkers of inflam-

mation, percentage of patients attaining the target of hs-CRP <2 mg/

dL or the dual target of LDL-C (<1.8 mmol/L) and hs-CRP (<2 mg/dL)

at 8 weeks; (c) incidence of contrast-induced acute kidney injury (CI-

AKI) in patients who undergo diagnostic coronary angiography (with

or without PCI); (d) change in high-sensitivity troponin T from baseline

TABLE 1 Inclusion criteria

Male or female ≥18 years of age

Hospitalized for a recent ACS (unstable angina or NSTEMI within
<72 hours, STEMI within <24 hours prior to screening)

LDL-C levels at screening:
• LDL-C ≥ 70 mg/dL (≥1.8 mmol/L) or non-HDL-C ≥ 100 mg/dL

(≥2.6 mmol/) in patients who have been receiving stable treatment
with high-intensity statin within ≥4 weeks prior to enrolment (ie,
continuous treatment that has not changed with regard to statin
intensity over the past 4 weeks) or

• LDL-C ≥ 90 mg/dL (≥2.3 mmol/L) or non-HDL-C ≥ 120 mg/dL
(≥3.1 mmol/) in patients who have been receiving stable treatment
with low- or moderate-intensity statin within ≥4 weeks prior to
enrolment (ie, continuous treatment that has not changed with
regard to statin intensity over the past 4 weeks) or

• LDL-C ≥ 125 mg/dL (≥3.2 mmol/L) or non-HDL-C ≥ 155 mg/dL
(≥4.0 mmol/) in patients who are statin-naïve or have not been on a
stable (unchanged) statin regimen for at least 4 weeks prior to
enrolment.

Ability to understand the requirements of the study and to provide
informed consent

Abbreviations: ACS, acute coronary syndromes; HDL-C, high-density lipo-
protein; LDL-C, lipoprotein cholesterol; NSTEMI, non-ST-elevation myo-
cardial infarction; STEMI, ST-elevation myocardial infarction.

TABLE 2 Main exclusion criteria

Unstable clinical status (hemodynamic or electrical instability)

Uncontrolled cardiac arrhythmia, defined as recurrent and symptomatic
ventricular tachycardia or atrial fibrillation or flutter with rapid
ventricular response not controlled by medications in the past
3 months prior to screening

Severe renal dysfunction, defined by estimated glomerular filtration
rate < 30 mL/min/1.73 m2

Active liver disease or hepatic dysfunction, either reported in patient
medical record or defined by asparate aminotransferase (AST) or
alanine aminotransferase (ALT) levels >3× the upper limit of normal

Known allergy to contrast medium, heparin, aspirin, ticagrelor, or
prasugrel

Reported intolerance to atorvastatin (any dose) or statin intolerance
defined by the following criteria: inability to tolerate at least two
different statins; intolerance associated with confirmed, intolerable
statin-related adverse effect(s), or significant biomarker
abnormalities; symptom or biomarker changes resolution or
significant improvement upon dose decrease or discontinuation; and
symptoms or biomarker changes not attributable to established
predispositions

Patients who previously received evolocumab or another PCSK9
inhibitor

Patient who received cholesterol ester transfer protein inhibitors within
12 months prior to screening

Treatment with systemic steroids or systemic cyclosporine in the past
3 months (eg, intravenous, intramuscular, or per os)

Known active infection or major hematologic, metabolic, or endocrine
dysfunction in the judgment of the Investigator

Current enrolment in another investigational device or drug study

Active malignancy requiring treatment

Pregnancy. For females of childbearing potential (age < 50 years and
last menstruation <12 months prior to screening) who did not
undergo tubal ligation, ovariectomy, or hysterectomy, pregnancy will
be excluded by a pregnancy test prior to inclusion in the study.

Abbreviation: PCSK9, proprotein convertase subtilisin/kexin type.
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to 72 hours; (e) change in platelet reactivity assessed by impedance

aggregometry (Multiplate Analyzer) in whole blood stimulated with

the ADP and TRAP tests between baseline and 8 weeks. Moreover,

the incidence of centrally adjudicated events [death, cardiovascular

death, myocardial infarction (reinfarction), hospitalization for recurrent

ACS, hospitalization for heart failure, coronary revascularization,

stroke, or transient ischemic attack] will be assessed by an indepen-

dent Clinical Events Committee blinded to patient treatment

allocation.

The objective of the exploratory imaging sub-study is to evaluate

the effect of evolocumab on the change in plaque lipid content as

defined by serial NIRS, in nonculprit coronary lesions in patients who

present with ACS and receive guideline-recommended high-intensity

statin therapy (atorvastatin 40 mg). The exploratory endpoints of the

sub-study are change in total LCBI, and change in maximum LCBI in

any 4-mm segment (maxLCBI4mm) from baseline to 8 weeks.

2.4 | Treatments and key procedures

Patients enrolled in the study will be treated for the ACS event in

accordance with current guidelines.1,20 Patient management may

include either medical treatment alone without invasive management;

or coronary angiography if deemed clinically applicable, possibly fol-

lowed by PCI or coronary artery bypass surgery. Dual antiplatelet

therapy (DAPT) consisting of aspirin and a P2Y12 inhibitor will be

started as early as possible in all patients. Consistent with current rec-

ommendations and in order to reduce the confounding effect of dif-

fering antiplatelet treatments on the exploratory endpoint of platelet

function, ticagrelor will be the P2Y12 inhibitor of choice, unless

contra-indicated according to clinical judgment. DAPT will be contin-

ued at maintenance doses (aspirin ≤100 mg/day, ticagrelor 90 mg

twice daily) for a duration that is determined by treating physicians,

typically lifelong for aspirin and 12 months for ticagrelor. Guideline-

recommended medical therapy, including beta-blockers and ACE

inhibitors will be administered as appropriate.

After patient enrollment, randomization (based on computer-

generated random numbers and using a central randomization system)

is done in a double-blind fashion with 1:1 allocation. Randomization is

stratified according to (a) study center and (b) presence of unchanged

statin treatment within ≥4 weeks prior to enrollment. Study patients,

investigators, and study site personnel remain blinded to treatment

allocation during the entire study duration.

The IP is administered in three consecutive subcutaneous injec-

tions at two time-points (Figure 1). At baseline, the IP is administered

as early as possible following randomization. Among patients who

undergo clinically indicated coronary angiography (with or without

revascularization), IP administration should occur prior to the index

coronary angiography whenever possible, but IP administration after

coronary angiography is also possible. Blood draws are performed at

baseline for measurements of the primary as well as exploratory end-

points (“T0 measurements”). A subsequent blood draw is performed

72 hours later (within an allowed time window of 48-96 hours) for

the measurement of kidney function (assessment of CI-AKI); high-

sensitivity troponin T (assessment of PCI-related myocardial injury);

and platelet function testing (“T72 measurements”). The second IP

administration is performed during the 4-week visit, and blood draws

are performed at the 4- and 8-week visits (Figure 1). Patients are

encouraged to complete the planned visits regardless of their adher-

ence to IP administration (intention-to-treat [ITT] approach).

All patients will receive background treatment with atorvastatin

40 mg/day throughout the study period. This statin regimen is consis-

tent with current guidelines recommending a high-intensity statin in

patients presenting with ACS.6 Because a proportion of patients are

expected to be statin-naïve at the time of enrollment, and because—

unlike previous studies with PCSK9 inhibitors—there is no run-in

period for optimizing statin treatment, we refrained from selecting the

highest (80 mg) dose of atorvastatin in order to mitigate the potential

of statin-related adverse effects and increase compliance. If patients

were on a different statin regimen prior to enrollment, this is discon-

tinued and replaced by atorvastatin 40 mg. For patients who had been

on a more potent statin regimen prior to enrollment (ie, atorvastatin

>40 mg or rosuvastatin >20 mg/day), the background therapy

throughout the study period will be atorvastatin 80 mg/day. Dose

reduction or cessation of atorvastatin is allowed in the event of postu-

lated side effects (eg, muscular pain) or elevation of creatine kinase

levels.

For the intracoronary imaging sub-study, baseline NIRS is per-

formed immediately following successful PCI of the culprit lesion at

the time of the index ACS event. Follow-up NIRS imaging of the same

vessel is performed at 8 weeks, prior to attempting a staged PCI in

the nonculprit lesion. NIRS recordings will be analyzed by investiga-

tors unaware of treatment allocation.

2.5 | Statistical analyses

This is a superiority trial powered for the primary endpoint. Assuming

an average percentage LDL-C reduction of 30% in the control arm

(placebo sc plus atorvastatin 40 mg) and 44% in the active treatment

arm (evolocumab sc plus atorvastatin 40 mg), and adopting a common

SD of 36%, a total sample size of 280 patients would provide statisti-

cal power of 90% at a significance level of 5% for a two-sided t test.

Anticipating a dropout rate of 10% at 8 weeks, a total of 308 patients

should be recruited (154 per arm). The imaging sub-study is not pow-

ered and will aim at enrolling 50 patients.

2.5.1 | Analysis of primary endpoints

Efficacy and safety analyses will be performed on the full analysis set,

which includes all randomized patients who have received at least one

dose of the study IP. The primary analysis will be performed when all

randomized subjects either have completed the scheduled study visits

or have withdrawn early from the study; at that time point the study

will be unblinded. Analysis of the primary endpoint will be conducted

with a linear mixed effects model adjusting for the following stratifica-

tion factors: (a) presence of unchanged statin treatment within

≥4 weeks prior to enrollment as a fixed effect; and (b) study center as

a random effect. Analysis will be based on the ITT principle and

patients will contribute to the group to which they were randomized.

Patients with missing data for the primary end-point will be excluded

from the primary analysis. A key sensitivity analysis for the primary

endpoint, using multiple imputation, will be carried out to assign the

1516 KOSKINAS ET AL.



primary endpoint if follow-up (week 8) values are missing in more than

5% of patients. The superiority of evolocumab vs placebo will be

assessed for all efficacy endpoints, without applying multiplicity

adjustments.

2.5.2 | Safety analyses

For analyses of safety outcomes, missing data will not be imputed,

and AEs will be summarized by treatment group using descriptive sta-

tistics. For analyses of clinical endpoints, patient incidence of events

will be summarized for each randomized treatment group.

2.5.3 | Analyses of exploratory endpoints

A similar approach as for the primary endpoint will be used for the

analysis of continuous exploratory outcomes defined as percentage

changes. For continuous exploratory outcomes defined as nominal

changes, mixed effects (with the study center as a random effect) lin-

ear models will be employed with the follow-up measurement as a

response, and with the following explanatory variables: the corre-

sponding baseline measurement; arm (binary variable); and presence

of unchanged statin treatment within ≥4 weeks prior to enrollment

(binary variable). For binary exploratory endpoints, differences will be

assessed using Fisher's exact test.

2.5.4 | Covariates and subgroups

The following baseline covariates may be used for subgroup or covari-

ate analyses: unchanged statin treatment within ≥4 weeks prior to

enrolment (yes/no); clinical presentation with STEMI vs NSTE-ACS;

age: <65 vs ≥65 years; gender; baseline LDL-C: <median vs ≥median.

Sensitivity analyses will be performed for exploratory outcomes influ-

enced by the performance of coronary angiography (with or without

PCI). More specifically, sensitivity analysis for the exploratory end-

point CI-AKI will be performed in the subgroup of patients who

undergo coronary angiography at baseline, and will be stratified in

relation to IP administration before vs after coronary angiography.

Similarly, sensitivity analysis for the exploratory endpoint change in

hs-troponin T will be performed in the subgroup of patients who

undergo PCI at baseline and will be stratified in relation to IP adminis-

tration before vs after PCI.

The study protocol is a collaborative effort of the Steering Com-

mittee (K.C.K., S.W., and F.M.). The Clinical Trials Unit Bern, an aca-

demic research organization, will monitor the progress of the trial,

have full access to the complete database, and independently gener-

ate all analyses. The Steering Committee will be responsible for sub-

mitting the results of the study for publication. The authors are solely

responsible for drafting all related manuscripts and for their final con-

tent. The study is funded by Amgen.

3 | RESULTS

On October 25, 2018, a total of 180 patients had been enrolled in the

study (mean age 61.1 � 11.8 years, 17% women). The majority of

patients (77%) had been on no statin prior to enrollment, whereas

12% had been on low- or moderate-intensity, and 11% on high-

intensity statin. The index ACS event was NSTE-ACS in 65% and

STEMI in 35% of patients.

4 | DISCUSSION

Patients with ACS remain at a high risk of recurrent events, namely

MI, stent thrombosis, and repeat revascularization, despite effective

contemporary treatments1; the residual ischemic risk may be related

to the culprit lesion responsible for the index event, disease progres-

sion originating from nonculprit lesions,21 or the increased inflamma-

tory and platelet activation in the acute setting of ACS.22 Lowering

LDL-C levels with statins improves cardiovascular outcomes in

patients with established CVD,2 and achievement of very low levels

(below guideline-recommended targets) with more intensive statin

therapy or with the addition of nonstatin medications results in an

incremental reduction in nonfatal events.2,7,8 In the very high-risk set-

ting of ACS, the clinical benefit conferred by early implementation of

intensive statin therapy is observed in the very early phase following

the index ACS event—within 4 weeks of treatment in the PROVE-IT

trial3 and within 16 weeks in the MIRACLE trial.4 However, statins

have a delayed onset of action before target levels are attained which

may be of importance, as the risk of event recurrence is highest during

the first weeks after the acute phase of ACS. Moreover, many patients

with ACS cannot achieve recommended targets of LDL-C despite

potent statin treatment.23 Thus, there is an unmet need for patients

who present with ACS and are not likely to achieve adequate LDL-C

reduction with current oral lipid-modifying medications. Pharmaco-

logic inhibition of PCSK9 has emerged as an effective treatment for

properly selected patients as it results in rapid, profound reductions in

LDL-C levels independently of background lipid-lowering therapies.

Treatment with PCSK9 inhibitors initiated within a median of

3 months or 3.4 years after an ACS has been investigated in two large

outcomes studies of alirocumab and evolocumab, respectively7,8

(Figure 2). The feasibility and usefulness of this treatment in the acute

setting of ACS (within hours/days of symptom onset) has not been

previously investigated.

For patients with inadequate reduction in LDL-C levels despite

statin treatment, currently recommended approaches include combi-

nation with nonstatin medications.6 Ezetimibe, when added to statins,

results in 20% incremental LDL-C lowering and a small reduction in

cardiovascular morbidity.24 In patients requiring a greater magnitude

of LDL-C lowering to achieve recommended targets, PCSK9 inhibitors

are a reasonable therapeutic option as they can lower LDL-C by

>50%. Initiation of PCKS9 inhibitor treatment in the acute phase of

ACS has not been studied previously, and the EVOPACS trial was

designed to fill this gap in evidence by addressing the safety and LDL-

C-lowering efficacy of evolocumab in this setting. While centrally

adjudicated cardiovascular outcomes are a prespecified, exploratory

endpoint in EVOPACS, the study is not powered to assess clinical out-

comes. Larger studies will be required to evaluate whether the impact

of PCK9 inhibitors on cardiovascular morbidity, as reported in patients

with more stable manifestations of atherosclerotic CVD,7,8 holds true

in the acute phase of ACS.
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In animal studies, hepatic mRNA expression, and plasma levels of

PCSK9 increase over time following acute MI.25 Consistently, plasma

levels of PCSK9 are increased in patients with MI compared with sta-

ble CAD.26 Pharmacokinetic studies with PCSK9 inhibitors have

shown rapid reductions in PCSK9 levels, immediately followed by con-

sistent reductions in LDL-C levels.27 If administered during the acute

phase of ACS, as in the present study, the effect of PCSK9 inhibitors

would be expected to occur at the time point of peak levels of the

PCSK9 enzyme, thereby potentially enabling early-onset and sus-

tained reduction of LDL-C levels.

Previous studies with PCSK9 inhibitors included stable, primary-

or secondary-prevention patients and typically applied a run-in period

for up-titration of statins, to ensure the inclusion of patients with ele-

vated LDL-C levels despite maximally tolerated statin therapy. EVO-

PACS will assess PCSK9-inhibitor treatment initiated in the acute

phase of ACS; based on the study design, a run-in period is not possi-

ble. However, the LDL-C cut-offs defining eligibility for study partici-

pation are based on robust evidence regarding the LDL-C-lowering

potential of atorvastatin 40 mg,6 either as a newly initiated treatment

(in statin-naïve patients) or in the context of treatment escalation

(in patients treated with lower-intensity statin regimens prior to enrol-

ment). Despite inherent limitations of these assumptions, our

approach will ensure with reasonable certainty that patients with

LDL-C levels above currently recommended targets despite intensive

(pre-existing, or newly established) statin treatment are enrolled.

Regarding tolerability of high-dose atorvastatin, although subjects

with reported statin intolerance are excluded from the study, it is pos-

sible that some of the enrolled patients (especially those never

exposed to a statin prior to enrollment) may develop statin-related

side effects. However, considering the short duration of the study and

the usually more delayed pattern of onset of reported side effects

with statins,28 it is reasonable to expect that statin intolerance (possi-

bly requiring de-escalation or cessation of the background statin treat-

ment) will not occur frequently and thus will not have a substantive

confounding effect on the study outcomes.

Statins and ezetimibe reduce levels of inflammatory

biomarkers,10,29 and several studies have reported improved cardio-

vascular outcomes in the presence of hs-CRP reduction.30 In

experimental atherosclerosis, alirocumab reduces monocyte recruit-

ment and inflammatory infiltrations.31 In humans, plasma levels of

PCSK9 correlate with levels of CRP, and knockdown of PCSK9 atten-

uates the expression of proinflammatory genes in macrophages.32 In

the context of ACS, in particular, there appears to be a cross-reaction

between PCSK9 and oxidized LDL-C that leads to a mutually amplified

proinflammatory response.33 Although previous studies showed no

significant effect of PCSK9 inhibitors on CRP levels,34 these results

need to be interpreted in view of previous study populations including

patients with familial hypercholesterolemia (in whom markedly

increased LDL-C levels are not coupled with systemic inflammatory

activation35) or primary-prevention patients without CAD and without

elevated baseline levels of CRP. Along these lines, studies of statins

have reported modest CRP lowering in primary-prevention or stable

CAD patients (between 14% and 36%)36 vs substantial (8- to 10-fold)

reductions in patients with ACS.10,29 Against this background, the

EVOPACS study will test the hypothesis that evolocumab suppresses

inflammation and reduce levels of inflammatory biomarkers in patients

with ACS—an acute setting characterized by marked inflammatory

activation.

Despite potent antiplatelet therapies, residual platelet reactivity

may occur in a proportion of treated ACS patients, thus increasing the

risk of recurrent ischemic events.37 Multiple pathways are involved in

platelet activation and fibrin synthesis in this setting. High levels of

LDL-C (particularly oxidized LDL) correlate with plasma fibrinogen

levels and platelet activation.38 Statins inhibit platelet aggregation,

reduce platelet-mediated thrombus formation,39 augment the phar-

macodynamic response to antiplatelet agents, and attenuate platelet

reactivity in patients undergoing PCI.13 Notably, the PCSK9 enzyme is

associated with upregulation of tissue factor expression and increased

lipoprotein(a) levels,40 thus promoting a prothrombotic milieu, and

plasma levels of PCSK9 correlate with increased platelet count and

activation41 in ACS patients treated with ticagrelor or prasugrel. By

increasing LDL-C clearance from the circulation and reducing

lipoprotein(a), one can speculate that PCSK9 inhibitors might attenu-

ate platelet reactivity induced by native and oxidized LDL-C.19 This

putative platelet-inhibitory effect of PCSK9 inhibitors has not been

previously explored and will be tested in this study.

FIGURE 2 Timing of patient enrollment following the index acute coronary event in EVOPACS (red dotted line) vs the FOURIER and ODYSSEY

OUTCOMES trials. ACS indicates acute coronary syndrome; CAD, coronary artery disease; and MI, myocardial infarction
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Patients with ACS undergoing coronary angiography are at high

risk of developing CI-AKI, a relevant complication that adversely

affects clinical prognosis. Statins reduce the risk CI-AKI, and this pro-

tective effect appears to be in part unrelated to their lipid-lowering

potential. PCSK9 inhibitors exert antioxidant, anti-inflammatory,17

and antiapoptotic properties42 similar to statins according to preclini-

cal investigations. The EVOPACS study will explore, in a modestly

sized ACS population, whether these mechanistic effects translate

into prevention of renal damage in patients exposed to iodinated con-

trast medium.

4.1 | Conclusion

Patients with ACS are at particularly high cardiovascular risk and

require aggressive risk factor management. Because many ACS

patients cannot achieve adequate LDL-C lowering with statins, sub-

stantial residual risk remains. Moreover, in view of the delayed onset

of action of statins and the early risk of recurrent events following an

ACS, early initiation of PCSK9-inhibitors (ie, rapidly acting, highly

potent LDL-lowering agents) may be of clinical value in this setting.

The EVOPACS trial will provide new insights into the safety and effi-

cacy of evolocumab in the acute setting of ACS, and thus improve our

understanding of the potential role of PCSK9 inhibition in the man-

agement of these patients.43 In addition, the study will explore mecha-

nistic evidence regarding potential beneficial effects of PCSK9

inhibition beyond the primary impact on LDL-C in the ACS setting.
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