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Background Following acute coronary syndrome (ACS), the risk for future cardiovascular events is high and is related
to levels of low-density lipoprotein cholesterol (LDL-C) even within the setting of intensive statin treatment. Proprotein convertase
subtilisin/kexin type 9 (PCSK9) regulates LDL receptor expression and circulating levels of LDL-C. Antibodies to PCSK9 can
produce substantial and sustained reductions of LDL-C. The ODYSSEY Outcomes trial tests the hypothesis that treatment with
alirocumab, a fully human monoclonal antibody to PCSK9, improves cardiovascular outcomes after ACS.

Design This Phase 3 studywill randomize approximately 18,000patients to receive biweekly injections of alirocumab (75-150mg)
or matching placebo beginning 1 to 12 months after an index hospitalization for acute myocardial infarction or unstable angina.
Qualifying patients are treated with atorvastatin 40 or 80 mg daily, rosuvastatin 20 or 40 mg daily, or the maximum tolerated and
approved dose of one of these agents and fulfill one of the following criteria: LDL-C ≥ 70 mg/dL, non–high-density lipoprotein
cholesterol≥100mg/dL, or apolipoprotein B≥80mg/dL. The primary efficacymeasure is time to first occurrence of coronary heart
disease death, acute myocardial infarction, hospitalization for unstable angina, or ischemic stroke. The trial is expected to continue
until 1613 primary end point events have occurred with minimum follow-up of at least 2 years, providing 90% power to detect a
15% hazard reduction. Adverse events of special interest include allergic events and injection site reactions. Interim analyses are
planned when approximately 50% and 75% of the targeted number of primary end points have occurred.

Summary ODYSSEY Outcomes will determine whether the addition of the PCSK9 antibody alirocumab to intensive statin
therapy reduces cardiovascular morbidity and mortality after ACS. (Am Heart J 2014;168:682-689.e1.)
Despite modern therapy including prompt coronary
revascularization, dual antiplatelet therapy, and intensive
statin treatment, cardiovascular events occur with high
From the aUniversity of ColoradoSchool ofMedicine, Denver, CO, bSanofi-Aventis Recherche e
Développement S.A., Paris, France, cSanofi-Aventis Recherche et Développement S.A.
Bridgewater, NJ, dDuke Clinical Research Institute, Durham, NC, eBrigham and Women’
Hospital and Harvard Medical School, Boston, MA, fUniversity of Alabama at Birmingham
Birmingham, AL, gEstudios Cardiológicos Latinoamérica, Rosario, Argentina, hCanadian
VIGOUR Centre, University of Alberta, Toronto, Canada, iStanford University, Stanford, CA
jLeiden University Medical Center, Leiden, the Netherlands, kRegeneron Therapeutics
Tarrytown, NY, lCovance, Inc.,Maidenhead, and Oxford University Hospitals NHS Trust
Oxford, United Kingdom, mState University of New York Downstate Medical Center, Brooklyn
NY, nAuckland City Hospital and University of Auckland, Auckland, New Zealand, oJohann
Wolfgang Goethe University, Frankfurt, Germany, and pAssistance Publique-Hôpitaux de Paris

INSERM U-1148, Université Paris Diderot, Paris, France.
qDrs. Schwartz and Steg contributed equally to this work.
RCT# NCT01663402
Submitted May 26, 2014; accepted July 31, 2014.
Reprint requests: Gregory G. Schwartz, MD, PhD, Cardiology Section, VA Medical Center
(111B), 1055 Clermont St, Denver, CO 80220.
E-mail: Gregory.Schwartz@va.gov
0002-8703

© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
http://dx.doi.org/10.1016/j.ahj.2014.07.028
t
,
s
,

,
,
,
,

,

frequency following an acute coronary syndrome
(ACS).1–4 Registry data indicate cardiovascular mortality
as high as 13% at 5 years, with more than 4 out of 5 deaths
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Table I. Inclusion and principal exclusion criteria

Inclusion criteria:
• Hospitalization for ACS, defined by symptoms of myocardial
ischemia with an unstable pattern, occurring at rest or with
minimal exertion, within 72 h of an unscheduled hospital
admission due to presumed or proven obstructive coronary
disease and at least one of the following:

○ Elevated cardiac biomarkers
○ Resting ECG changes consistent with ischemia or infarction,

plus additional evidence of obstructive coronary disease from
regional wall motion or perfusion abnormality, ≥70% epicardial
coronary stenosis by angiography, or need for coronary
revascularization procedure.
• Lipid levels inadequately controlled by atorvastatin 40-80 mg
or rosuvastatin 20-40 mg daily or maximum tolerated dose
of one of these agents, defined by at least one of the following:

○ LDL-C ≥ 70 mg/dL
○ Non–HDL-C ≥ 100 mg/dL
○ Apolipoprotein B ≥ 80 mg/dL

Principal exclusion criteria:
• Age b 40 y
• Qualifying index ACS event b4 or N52 wk before randomization
• Not on stable lipid-modifying therapy for ≥2 wk
before randomization
• Uncontrolled hypertension (N180 mm Hg systolic
and/or N110 mm Hg diastolic at randomization visit)
• New York Heart Association class III or IV congestive
heart failure persisting despite treatment or LVEF b 25% if measured
• History of hemorrhagic stroke
• Fasting triglycerides N 400 mg/dL (4.52 mmol/L)
at qualifying laboratory visit
• Recurrent ACS event within 2 wk prior to randomization visit
• Coronary revascularization procedure performed
within 2 wk prior to randomization visit or planned
after randomization
• Liver transaminases N 3 times upper limit of normal;
laboratory evidence of current hepatitis B or C infection;
creatine kinase N 3 times upper limit of normal; estimated
glomerular filtration rate b 30 mL/(min 1.73 m2);
positive urine or serum pregnancy test
• Use of fibrates other than fenofibrate or fenofibric acid
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occurring after initial discharge from hospital.5 Although
intensive statin therapy can reduce levels of low-density
lipoprotein cholesterol (LDL-C) by N50%, the relationship
between serum cholesterol and cardiovascular risk does not
have a clearly identified threshold.6 In fact, among statin-
treated patients, the risk of recurrent cardiovascular events
after ACS or in chronic coronary heart disease remains
related to LDL-C levels.1,7,8 In addition, substantial numbers
of patients either do not tolerate statins or have LDL-C levels
that remain elevated despite statin treatment.9,10 These
observations raise the question of whether an interven-
tion added to intensive statin therapy to further reduce
LDL-C and other atherogenic lipoproteins would further
reduce cardiovascular risk among these at-risk patients.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is
a regulator of LDL receptor expression on hepatocytes and
as such plays an important role in determining circulating
concentrations of LDL-C.11 Observations drawn from
subjects with genetic polymorphisms of PCSK9 support
its role in modulating susceptibility to atherosclerosis:
Personswith loss-of-functionmutations in this protein have
both lower lifetime levels of LDL-C and lower incidence of
coronary heart disease, whereas gain-of-functionmutations
are a cause of familial hypercholesterolemia and premature
incidence of coronary heart disease.12,13 Statins upregulate
expression of PCSK9,14 an effect that may limit the efficacy
of statins to lower LDL-C.
Alirocumab is a fully human monoclonal antibody

to PCSK9. As monotherapy, alirocumab can reduce LDL-C
as much as intensive statin treatment15; and in conjunc-
tion with statin, alirocumab greatly enhances LDL-C
lowering.16,17 For example, among patients with
baseline LDL-C ≥ 100 mg/dL on atorvastatin 10 mg
daily, an increase in atorvastatin to 80 mg daily resulted in
a further 17% decrease in LDL-C, whereas an increase in
atorvastatin to 80 mg daily along with alirocumab 150 mg
every 2 weeks resulted in a further 73% decrease.18

To date, treatment with alirocumab has been generally
well tolerated, with occasional, mild local injection
site reactions.
The ODYSSEY Outcomes trial tests the hypothesis that

alirocumab, compared with placebo, reduces cardiovas-
cular morbidity and mortality in patients with recent ACS
and levels of atherogenic lipoproteins that remain above
specified concentrations despite intensive atorvastatin or
rosuvastatin therapy or the maximally tolerated dose of
either of these statins.

Methods
Study objective
ODYSSEY Outcomes (www.clinicaltrials.gov NCT01663402)

is an international, multicenter, randomized, double-blind,
placebo-controlled study in approximately 18,000 patients
with a recent ACS, conducted at N1,000 sites worldwide,
and approved in each participating center by the respon-
sible Institutional Review Board or Ethics Committee.
The protocol was developed by an independent academic
Executive Committee (online Appendix) in conjunction
with the sponsors. The authors are solely responsible for the
design and conduct of the study, all study analyses, the
drafting and editing of this paper, and its final contents.
Funding for the study is provided by Sanofi-Aventis SA and
by Regeneron Pharmaceuticals. The primary objective is to
evaluate whether alirocumab (75 or 150 mg by subcutane-
ous injection every 2 weeks), initiated 1 to 12 months after
an indexACS event, reduces the incidence of the composite
outcome of coronary heart disease death, major nonfatal
coronary events (myocardial infarction or hospitalization
for unstable angina), or ischemic stroke.

Study population
Principal inclusion and exclusion criteria are shown in

Table I. The trial will enroll male and female patients ≥40
years of age who are hospitalized for an ACS. Criteria for a

http://www.clinicaltrials.gov


Figure 1

• Patient population: 
– Recent ACS
– Inadequate control of atherogenic lipoproteins* 

despite optimal statin treatment†

Run-In Period 
(up to 16w)

Double-Blind Treatment Period 
(~ 2 to 5 years)

† Optimal statin treatment: Atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg, or maximal tolerated dose of 
one of these statins, with or without non-statin lipid treatments. NCEP-ATPIII therapeutic lifestyle changes or 
equivalent throughout study.

* Inadequate control of atherogenic lipoproteins. At least one of the following: LDL-C ≥70 mg/dL (1.81 
mmol/L), non-HDL-C ≥100 mg/dL (2.59 mmol/L), or apo B ≥80 mg/dL 

Until Month 2:
75 mg every      

2 wks

At Month 2 and beyond:
75 mg or 150 mg every 2 weeks

adjusted in blinded fashion to achieve 15 LDL-C<50 mg/dL

Placebo (n=9000)

Alirocumab (n=9000) 

• Primary endpoint: Composite of 
– Coronary heart disease death
– Non-fatal myocardial infarction
– Ischemic stroke
– Unstable angina requiring hospitalization

M2

Randomization

Post-
treatment
follow-up

2 weeks 
after end of 
treatment

Optimize statin; 
practice self-injection 

with placebo; 
complete planned 
revascularization

4-52 weeks

Index ACS domizat

R

Schematic of study design.
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qualifying ACS event include symptoms of myocardial
ischemia occurring at rest or minimal exertion within
72 hours of an unscheduled hospital admission due to
presumed or proven obstructive coronary disease. In
addition, at least one of the following criteria must be
fulfilled: elevated cardiac biomarkers consistent with acute
myocardial infarction, or new or presumed new resting
electrocardiographic (ECG) changes consistent with ische-
mia or infarction plus evidence of obstructive coronary
disease from imaging studies and/or need for coronary
revascularization related to the event.
Qualifying patients must demonstrate inadequate

control of atherogenic lipoproteins despite treatment
with atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg
daily, or the maximum tolerated or advisable dose of
one of these statins. Inadequate control of atherogenic
lipoproteins is defined by at least one of the following:
LDL-C ≥ 70 mg/dL (1.81 mmol/L), non–high-density
lipoprotein cholesterol (non–HDL-C) ≥ 100 mg/dL
(2.59 mmol/L), or apolipoprotein B ≥ 80 mg/dL
(0.8 mmol/L).

Study procedures
Figure 1 illustrates the key phases of the trial. Patients

providing informed consent enter a run-in period of
duration 2 to 16 weeks. During this period, patients are
instructed in the technique of self-injection using a 1-mL
prefilled pen. The run-in period also allows metabolic
steady state after ACS and pharmacologic steady state
on lipid-modifying drug treatment to be achieved prior
to randomization. Atorvastatin 40 or 80 mg or rosuvas-
tatin 20 or 40 mg daily is initiated and/or adjusted as
necessary to determine the maximum tolerated dose. A
lower dose of one these statins (or even no statin) is
allowed in cases of documented statin intolerance or
when prescribing guidance advises a lower dose (eg,
advanced age, low body mass, or potential drug-drug
interactions). Other nonexcluded lipid-modifying therapies
may also be initiated during the run-in period at the
investigator’s discretion. After at least 2weeks of stable lipid-
modifying therapy, a fasting blood sample is obtained to
determine if at least one of the qualifying lipoprotein criteria
is met.
Patients who meet all inclusion and no exclusion

criteria at the end of the run-in period are randomly
assigned to initial treatment with alirocumab 75 mg
subcutaneously every 2 weeks or matching placebo.
Follow-up visits occur 1, 2, 4, 8, 12, 16, 20, and 24 months
after randomization and then at 6-month intervals until
the common study end date. At randomization and at



Figure 2

Up-titration of alirocumab for
LDL-C ≥ 50 mg/dL

Down-titration of alirocumab and/or safety monitoring for
LDL-C < 25 mg/dL

Blinded dose titration algorithms for alirocumab.
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multiple time points after randomization, patients are
assessed for study end points and adverse events. Blood
and urine samples are collected for measurements
including lipoproteins and apolipoproteins, hematology
studies, liver, muscle, and kidney function tests,
hemoglobin A1c, high-sensitivity C-reactive protein,
anti-alirocumab antibodies, and pregnancy testing in
women of child-bearing potential. Low-density lipopro-
tein cholesterol is calculated using the Friedewald
formula, except that calculated values b15 mg/dL
or LDL-C in hypertriglyceridemic specimens (triglycerides
N 400 mg/dL or 4.52 mmol/L) are confirmed by direct
measurement.19 Samples are also collected for measure-
ment of PCSK9 levels, lipoprotein subfractions, and
mediators of inflammation and cardiovascular risk.
Because optimal, evidence-based lipid-modifying therapy
has been initiated during the run-in period, lipoprotein
levels remain blinded to patients and investigators
during the randomized treatment period; and treating
physicians are instructed to refrain from usual clinical
lipoprotein testing.
The ODYSSEY Outcomes trial seeks to determine

whether clinical outcomes are improved by lowering
levels of LDL-C and other atherogenic lipoproteins below
those achieved on optimal statin therapy alone. The trial is
not designed to explore the safety of sustained, very low
LDL-C levels. Accordingly, blinded dose adjustment and
monitoring procedures are incorporated in the protocol, as
indicated in Figure 2. Among patients assigned to treatment
with alirocumab, if LDL-C measured 1 month after
randomization (ie, after 2 doses of alirocumab 75 mg every
2 weeks) remains ≥50 mg/dL, the dose of alirocumab is
increased in a blinded fashion to 150mg every 2weeks (also
1-mL injection volume). If LDL-C measured 1 month after
randomization is b50 mg/dL, the dose of alirocumab
is maintained at 75 mg. If LDL-C is b25 mg/dL on any 2
consecutive measurements on alirocumab 150 mg, the dose
is reduced to 75 mg. If LDL-C is b25 mg/dL but ≥15 mg/dL
on 2 consecutive measurements on alirocumab 75 mg, that
dose is continued; but the patient is monitored for
potentially related adverse events by an independent safety
physician who reports individual and aggregate findings to
the Data Safety Monitoring Board (DSMB) and recommends
blinded discontinuation of treatment if data suggest that
an adverse event is causally related to treatment. If LDL-C is
b15 mg/dL on 2 consecutive measurements during



Table II. Definitions of components of the primary efficacy measure

Coronary heart disease death
• Any death with a clear relationship to underlying coronary heart disease, including death secondary to acute myocardial infarction, sudden death,

heart failure, complication of a coronary revascularization procedure where the cause of death is clearly related to the procedure,
unobserved and unexpected death, and other death that cannot definitely be attributed to a nonvascular cause.

Acute nonfatal myocardial infarction
• Defined and subclassified in accordance with ACC/AHA/ESC universal definition of myocardial infarction27

• Silent myocardial infarction is not considered part of the primary end point
Ischemic stroke

• An acute episode of focal cerebral, spinal, or retinal dysfunction caused by infarction, defined by at least one of the following:
○ Pathological, imaging, or other objective evidence of acute, focal cerebral, spinal, or retinal ischemic injury in a defined vascular distribution
○ Symptoms of acute cerebral, spinal, or retinal ischemic injury persisting ≥24 h or until death, with other etiologies excluded

• Hemorrhagic infarction is considered an ischemic stroke, but stroke caused by intracerebral or subarachnoid hemorrhage is not.
• Strokes not otherwise subclassified are considered part of the primary end point.

Hospitalization for unstable angina
• Admission to hospital or emergency department with symptoms of myocardial ischemia with an accelerating tempo in the prior 48 h and/or

rest chest discomfort ≥20 min, requiring in addition both of the following:
○ New or presumed new ischemic ECG changes, defined by ST depression N0.5 mm in 2 contiguous leads; T-wave inversion N1 mm
in 2 contiguous leads with prominent R-wave or R/S N 1; ST elevation in N2 contiguous leads N0.2 mV in V2 or V3 in men, N0.15 mV
in V2 or V3 in women, or N0.1 mV in other leads; or LBBB.
○ Definite contemporary evidence of coronary obstruction by need for coronary revascularization procedure
or at least one epicardial stenosis ≥70%. Procedures or stenoses due only to restenosis at prior PCI site are excluded.

ACC/AHA/ESC, American College of Cardiology/American Heart Association/European Society of Cardiology; LBBB, left bundle-branch block; PCI, percutaneous coronary intervention.
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treatment with alirocumab 75 mg, active treatment is
discontinued at the next study visit; and placebo injections
are substituted in a blinded manner for the remainder of the
study. In composite, these blinded dose adjustments are
intended to maximize the number of patients in
the alirocumab group with LDL-C b 50 mg/dL while
minimizing the number of patients with sustained levels of
LDL-C b 15 mg/dL.

Study outcomes
The primary efficacy measure is the time to first

occurrence of coronary heart disease death, major nonfatal
coronary event (myocardial infarction or hospitalization for
unstable angina), or ischemic stroke. Criteria and defini-
tions for each type of ischemic event are provided in Table
II. Together, coronary heart disease death and fatal stroke
are expected to encompass a large majority of cardiovas-
cular deaths that are likely to be modified by lipid-lowering
therapy. Secondary end points include ischemia-driven
coronary revascularization procedures, hospitalization for
congestive heart failure, and all-cause mortality. Prespeci-
fied secondary efficacy measures are listed in Table III.
Laboratory end points include change from baseline in
calculated LDL-C, apolipoprotein B, non–HDL-C, hemoglo-
bin A1c, and high-sensitivity C-reactive protein. Health-
related qualify of life is assessed with the Euroqol 5-
dimensions questionnaire.20 In a subset of patients who
provide specific, additional informed consent, a blood
sample is obtained for pharmacogenomic analysis to
determine associations with hyperlipidemia, cardiovascu-
lar disease, and response to alirocumab. Safety of
alirocumab treatment is assessed by reporting of adverse
events and laboratory tests. Adverse events of special
interest include allergic events and injection site reactions.
In addition, other categories of adverse events that might
theoretically be related to low LDL-C, including hemolytic
anemia and neurocognitive abnormalities, will be system-
atically ascertained. Anti-alirocumab antibodies are mea-
sured at randomization; months 2, 4, and 12; and then
annually until the common end of trial date and at the time
of any premature discontinuation of study medication.

Statistical considerations
The primary efficacy end point will be analyzed on an

intent-to-treat basis. The projected Kaplan-Meier inci-
dence of a primary end point event in the placebo group
is 3.8% at 12 months, 6.4% at 24 months, 9.0% at 36
months, and 11.4% at 48 months.1,21 Other assumptions
include 1% of patients lost to follow-up through 24
months, a median LDL-C at baseline of 90 mg/dL,8 and a
50% reduction of LDL-C from baseline with alirocumab
treatment,18 resulting in an expected 15% hazard
reduction. Based on the assumptions above and specify-
ing a log-rank test at an overall 1-sided 2.5% significance
level (0.01% at second interim analysis and 2.49% at
final analysis), the trial will have 90% power with 1,613
primary end point events. To achieve these 1,613 events,
18,000 patients (9,000 per group) will be randomized
over an expected 40-month period. If not halted
following an interim analysis, the trial is expected to
continue until 1,613 primary end point events have
occurred and all evaluable patients have been followed
for ≥2 years. The primary outcome will be analyzed with
the log-rank test procedure stratified by geographical
region. For the primary outcome, treatment effects will
be examined across subgroups prespecified in the
statistical analysis plan and categorized according to
gender, age, race, and geographical region. In addition,



Table III. Efficacy and safety measures

Primary efficacy measure:
• Time to first occurrence of coronary heart disease death, nonfatal acute myocardial infarction, fatal or nonfatal ischemic stroke,

or unstable angina requiring hospitalization.
Main secondary efficacy measures (in hierarchical order):

• Time from randomization to first occurrence of major coronary heart disease event (coronary heart disease death or nonfatal myocardial infarction),
unstable angina requiring hospitalization, or ischemia-driven coronary revascularization procedure (PCI or CABG, excluding procedures
performed solely for restenosis at prior PCI site). Ischemia-driven coronary revascularization must be driven by one of the following:
○ Acute ischemia (ACS)
○ New or progressive symptoms (angina or equivalent) or new or progressive functional testing abnormalities (eg, stress testing or imaging)

• Time from randomization to first occurrence of a major coronary heart disease event
• Time from randomization to first occurrence of any cardiovascular event (any cardiovascular death, any nonfatal coronary heart disease event,

or nonfatal ischemic stroke)
• Time from randomization to first occurrence of all-cause mortality, nonfatal myocardial infarction, or nonfatal ischemic stroke
• Time from randomization to death (all-cause mortality)

Other secondary efficacy measures:
• Time from randomization to coronary heart disease death
• Time from randomization to first occurrence of nonfatal myocardial infarction
• Time from randomization to first occurrence of ischemic stroke
• Time from randomization to first occurrence of unstable angina requiring hospitalization
• Time from randomization to first occurrence of ischemia-driven coronary revascularization procedure
• Time from randomization to first occurrence of congestive heart failure requiring hospitalization

Safety measures:
• All adverse events, heart rate and blood pressure, hematology, and biochemistry assessments

Other:
• Anti-alirocumab antibodies assessed throughout the study
• Percent change from baseline to month 4, month 24, and the common study end date in calculated LDL-C, apolipoprotein B, and non–HDL-C
• Percent change from baseline to the common study end date in hemoglobin A1c and high-sensitivity C-reactive protein
• Change from baseline to end of treatment in health-related quality of life (Euroqol 5-dimensions score)
• Incidence of clinically significant complications or procedures related to peripheral arterial disease (not planned at time of randomization)
• Incidence of venous thromboembolic events

CABG, coronary artery bypass graft.
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the effect of the time fromACS event to randomizationwill be
assessed using a Cox proportional hazards model including
the time from ACS event as a covariate, the treatment group,
and the interaction. Time-to-event secondary outcomes will
be analyzed using the same methodology as for the primary
end point. For main secondary outcomes, the overall type 1
error will be controlled by use of a sequential inferential
approach. Safety results will be presented by treatment group
without formal inferential testing. The percent change from
baseline in lipids parameters at month 4, at month 24, and at
the common study end date will be analyzed in the intent-to-
treat population.
The independent Data Safety Monitoring Board

(DSMB), composed of 3 cardiologists, 1 lipidologist,
and 1 statistician, reviews data at regular intervals to
assess safety and efficacy. When approximately 50% of
events have occurred, the DSMB will conduct an
interim analysis for futility (nonbinding boundary
corresponding to hazard ratio N 1.008). When approx-
imately 75% of events have occurred, the DSMB will
conduct a second interim analysis for futility (nonbind-
ing boundary corresponding to hazard ratio N 0.951)
and overwhelming efficacy (hazard ratio b 0.802
corresponding to P b .0001 for the primary end point
with consistency across subgroups and regions, posi-
tive trends for secondary end points including all-cause
mortality, and no excess noncardiovascular mortality).
Study organization
The ODYSSEY Outcomes trial was conceived by the co-

principal investigators and developed in conjunction
with the independent academic Executive Committee
and the sponsors. The Executive Committee, composed
of 10 academic cardiologists, 1 academic statistician, and
nonvoting sponsor representatives, is responsible for
oversight and guidance of the study. The independent
academic statistician will perform or confirm all statistical
analyses of the final data. A National Leaders Committee,
composed of lead investigators from each participating
country, works in tandemwith the Executive Committee.
Site and data management is coordinated by the Duke
Clinical Research Institute, an academic research organi-
zation, and Covance, Inc. The Clinical Events Committee
composed of cardiologists and neurologists reviews
and adjudicates in blinded fashion each component
of the primary composite end point, ischemia-driven
coronary revascularization, and hospitalization for con-
gestive heart failure.

Discussion
Statins have been approved for clinical use since 1987.

Since that time, no lipid-modifying therapy has been shown
to improve cardiovascular outcomes on a background
of statin treatment. However, most of the treatments
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tested to date, including niacin, fenofibrate, ezetimibe,
pioglitazone, and dalcetrapib, have modest or negligible
effects on LDL-C.1,22–25

Recent guidelines of the American Heart Association
and American College of Cardiology for the reduction of
blood cholesterol levels26 recommend intensive statin
treatment (defined as atorvastatin 40-80 mg or rosuvas-
tatin 20-40 mg daily) in patients with established coronary
heart disease and do not espouse titration of statin to
specific LDL-C targets in such patients. These recommen-
dations are based on previous randomized controlled
trials that demonstrated that the maximal doses of these
statins provide the greatest clinical efficacy in high-risk
patients. The guidelines do not dispute thewell-established
relation between LDL-C and coronary risk. In ODYSSEY
Outcomes, stipulated background statin therapy is
concordant with new guideline recommendations. On
this background, the trial will determine whether further
reduction in cardiovascular risk can be achieved by
addition of the monoclonal PCSK9 antibody, alirocumab,
resulting in further reduction of LDL-C and other athero-
genic lipoproteins. Patients with recent ACS were chosen
as the study population because they face a higher risk of
recurrent events than patients with stable cardiovascular
disease and thereforemight derive a larger absolute benefit
from an effective new treatment. The study populationwas
further defined by threshold levels of LDL-C, non–HDL-C,
or apolipoprotein B to target those whose residual
cardiovascular risk is most likely to be modified by further
reduction of these lipoproteins. Recruitment of patients
began in 2012 and is projected to be complete in 2016.
With an expected median duration of treatment of
approximately 3 years, the trial will also provide substantial
information regarding the safety of PCSK9 inhibition.
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