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BACKGROUND
Patients who have had an acute coronary syndrome are at high risk for recurrent ische
mic cardiovascular events. We sought to determine whether alirocumab, a human 
monoclonal antibody to proprotein convertase subtilisin–kexin type 9 (PCSK9), would 
improve cardiovascular outcomes after an acute coronary syndrome in patients receiving 
highintensity statin therapy.
METHODS
We conducted a multicenter, randomized, doubleblind, placebocontrolled trial involv
ing 18,924 patients who had an acute coronary syndrome 1 to 12 months earlier, had a 
lowdensity lipoprotein (LDL) cholesterol level of at least 70 mg per deciliter (1.8 mmol 
per liter), a non−highdensity lipoprotein cholesterol level of at least 100 mg per deciliter 
(2.6 mmol per liter), or an apolipoprotein B level of at least 80 mg per deciliter, and were 
receiving statin therapy at a highintensity dose or at the maximum tolerated dose. Pa
tients were randomly assigned to receive alirocumab subcutaneously at a dose of 75 mg 
(9462 patients) or matching placebo (9462 patients) every 2 weeks. The dose of alirocu
mab was adjusted under blinded conditions to target an LDL cholesterol level of 25 to 
50 mg per deciliter (0.6 to 1.3 mmol per liter). The primary end point was a composite 
of death from coronary heart disease, nonfatal myocardial infarction, fatal or nonfatal 
ischemic stroke, or unstable angina requiring hospitalization.
RESULTS
The median duration of followup was 2.8 years. A composite primary endpoint event 
occurred in 903 patients (9.5%) in the alirocumab group and in 1052 patients (11.1%) in 
the placebo group (hazard ratio, 0.85; 95% confidence interval [CI], 0.78 to 0.93; 
P<0.001). A total of 334 patients (3.5%) in the alirocumab group and 392 patients (4.1%) 
in the placebo group died (hazard ratio, 0.85; 95% CI, 0.73 to 0.98). The absolute ben
efit of alirocumab with respect to the composite primary end point was greater among 
patients who had a baseline LDL cholesterol level of 100 mg or more per deciliter than 
among patients who had a lower baseline level. The incidence of adverse events was 
similar in the two groups, with the exception of local injectionsite reactions (3.8% in 
the alirocumab group vs. 2.1% in the placebo group).
CONCLUSIONS
Among patients who had a previous acute coronary syndrome and who were receiving 
highintensity statin therapy, the risk of recurrent ischemic cardiovascular events was 
lower among those who received alirocumab than among those who received placebo. 
(Funded by Sanofi and Regeneron Pharmaceuticals; ODYSSEY OUTCOMES ClinicalTrials 
.gov number, NCT01663402.)
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Despite the availability of current 
evidencebased treatments, patients who 
have had an acute coronary syndrome 

remain at high risk for recurrent ischemic car
diovascular events.1,2 This residual risk is attrib
utable in part to elevated levels of lowdensity 
lipoprotein (LDL) cholesterol and other athero
genic lipoproteins. Previous clinical trials have 
shown that the risk is lower among patients who 
receive statin therapy to lower the LDL choles
terol level than among those who receive place
bo,3 among patients who receive highintensity 
statins than among those who receive moderate
intensity statins,4 and among patients who receive 
ezetimibe added to statin therapy than among 
those who receive a statin alone.5

Proprotein convertase subtilisin–kexin type 9 
(PCSK9) promotes degradation of LDL receptors, 
thereby diminishing the clearance of LDL from 
the circulation.6 Studies have shown that muta
tions conveying gain or loss of function of PCSK9 
result in a higher or lower level of LDL choles
terol, respectively, which in turn is associated 
with a corresponding higher7 or lower6 risk of 
incident coronary heart disease. These findings 
have led to the development of monoclonal anti
bodies to PCSK9 that produce substantial reduc
tions in LDL cholesterol when administered alone 
or with a statin.812 Two of these agents were 
reported to reduce the risk of ischemic cardio
vascular events in patients who had stable athero
sclerotic disease or high cardiovascular risk and 
an elevated level of atherogenic lipoproteins de
spite statin treatment,11,13 with one agent show
ing benefit only among patients who had a base
line LDL cholesterol level of at least 100 mg per 
deciliter (2.6 mmol per liter).12

To date, the potential for a PCSK9 antibody 
to reduce cardiovascular risk after an acute coro
nary syndrome remains undetermined. In the 
ODYSSEY OUTCOMES trial, we tested the hypoth
esis that treatment with alirocumab, a fully hu
man monoclonal antibody to PCSK9,1315 would 
result in a lower risk of recurrent ischemic car
diovascular events than placebo among patients 
who had an acute coronary syndrome within the 
preceding 1 to 12 months and who have levels 
of atherogenic lipoproteins that exceed specified 
thresholds despite statin therapy at a highinten
sity dose or at the maximum tolerated dose.

Me thods

Trial Organization and Oversight

Details of the trial design have been reported 
previously.14 ODYSSEY OUTCOMES was a multi
center, randomized, doubleblind, placebocon
trolled trial that was sponsored by Sanofi and 
Regeneron Pharmaceuticals. The protocol and 
statistical analysis plan (available with the full 
text of this article at NEJM.org) were conceived 
by the first three authors, developed in conjunc
tion with the other members of the executive 
steering committee and sponsors, and approved 
by the responsible regulatory authorities and eth
ics committees. The sponsors participated in the 
selection of the trial sites, the monitoring of the 
trial, and the supervision of data collection. Duke 
Clinical Research Institute led the blinded adju
dication of the end points. An independent data 
and safety monitoring committee monitored the 
safety and efficacy data. Analyses were performed 
independently by the academic statistician (the 
third author) in parallel with the sponsors. The 
manuscript was prepared by the first author 
with input from all the authors. The members 
of the executive steering committee made the 
decision to submit the manuscript for publica
tion and vouch for the completeness and accu
racy of the data and for the fidelity of the trial 
to the protocol.

Trial Population

Patients were eligible for enrollment in the trial 
if they were 40 years of age or older, had been 
hospitalized with an acute coronary syndrome 
(myocardial infarction or unstable angina) 1 to 
12 months before randomization, and had an 
LDL cholesterol level of at least 70 mg per deci
liter (1.8 mmol per liter), a non−highdensity lipo
protein (HDL) cholesterol level of at least 100 mg 
per deciliter, or an apolipoprotein B level of at 
least 80 mg per deciliter. All qualifying lipid levels 
were measured after a minimum of 2 weeks of 
stable treatment with atorvastatin at a dose of 40 
to 80 mg once daily, rosuvastatin at a dose of 
20 to 40 mg once daily, or the maximum toler
ated dose of one of these statins (including no 
statin in the case of documented unacceptable side 
effects). Full trial enrollment criteria are pro
vided in the Supplementary Appendix, available 
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at NEJM.org. All the patients provided written 
informed consent.

Trial Procedures

During a prerandomization runin phase (de
scribed in the Supplementary Appendix), patients 
received instruction in injecting themselves (with 
placebo), and lipid levels were verified for patient 
eligibility. Patients who met trial entry criteria 
were randomly assigned, in a 1:1 ratio, to receive 
alirocumab at a dose of 75 mg or matching pla
cebo; randomization was stratified according 
to country (Table S1 in the Supplementary Ap
pendix). All doses of alirocumab or placebo were 
administered by subcutaneous injection every 
2 weeks.

The trialgroup assignments and lipid levels 
during the trial were concealed from the pa
tients and investigators. LDL cholesterol levels 
were calculated with the use of the Friedewald 
formula unless the triglyceride level exceeded 
400 mg per deciliter (4.52 mmol per liter) or the 
calculated LDL cholesterol level was found to be 
less than 15 mg per deciliter (0.39 mmol per liter), 
in which case values were determined by beta 
quantification. Among patients assigned to the 
alirocumab group, protocolspecified doseadjust
ment algorithms14 were used to target an LDL 
cholesterol level of 25 to 50 mg per deciliter 
(0.6 to 1.3 mmol per liter) and to avoid sustained 
levels below 15 mg per deciliter (details can be 
found in the Additional Information on the 
Methods and Results section and in Figs. S1 and 
S2 in the Supplementary Appendix). Dose adjust
ments were performed under blinded conditions, 
without either the patient or the investigator be
ing aware of the adjustment, including substitu
tion of placebo for alirocumab in the case of 
sustained levels of LDL cholesterol below 15 mg 
per deciliter.

Trial End Points

The primary end point was a composite of death 
from coronary heart disease, nonfatal myocar
dial infarction, fatal or nonfatal ischemic stroke, 
or unstable angina requiring hospitalization. Pre
specified main secondary end points were any 
coronary heart disease event (death from coro
nary heart disease, nonfatal myocardial infarc
tion, unstable angina requiring hospitalization, 

or an ischemiadriven coronary revascularization 
procedure); major coronary heart disease event 
(death from coronary heart disease or nonfatal 
myocardial infarction); any cardiovascular event 
(death from cardiovascular causes, nonfatal ische
mic stroke, nonfatal myocardial infarction, un
stable angina requiring hospitalization, or an 
ischemiadriven coronary revascularization pro
cedure); a composite of death from any cause, 
nonfatal myocardial infarction, or nonfatal ische
mic stroke; death from coronary heart disease; 
death from cardiovascular causes; and death from 
any cause. Individual components of the primary 
end point, an ischemiadriven coronary revascu
larization procedure, and hospitalization for con
gestive heart failure were additional secondary 
end points. All primary and secondary end points 
were adjudicated by physicians who were un
aware of the trialgroup assignments.

Statistical Analysis

Efficacy was determined by the time to the first 
occurrence of any component of the composite 
primary end point; analyses were performed ac
cording to the intentiontotreat principle and 
included data from all patients and for all events 
that occurred from the time of randomization to 
the common trial end date. Design assumptions 
included an incidence of the composite primary 
end point of 11.4% at 4 years in the placebo 
group and a median baseline LDL cholesterol 
level of 90 mg per deciliter (2.3 mmol per liter), 
with an anticipated 50% lower LDL cholesterol 
level in the alirocumab group than in the pla
cebo group, which would result in an expected 
15% lower risk of the primary end point with 
alirocumab than with placebo. It was estimated 
that 1613 composite primary endpoint events 
occurring in 18,000 patients over a median fol
lowup of approximately 3 years would provide 
the trial with 90% power to detect the expected 
difference in risk at a significance level of 0.05. 
In China, 614 patients underwent randomization 
after random assignment of the main trial co
hort had been completed (as described in the 
Supplementary Appendix). The protocol specified 
that the trial was to continue until at least 1613 
primary endpoint events had occurred and all 
patients who could be evaluated were followed 
for at least 2 years (except the patients from 
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China), which would ensure a sufficient obser
vation time in which to assess safety and ef
ficacy. Patients from China were not followed 
for 2 years because a lengthy regulatory ap
proval process delayed their random assignment 
to a trial group until after completion of the 
randomization process for the rest of the trial 
cohort.

LDL cholesterol was evaluated in an inten
tiontotreat analysis that included levels mea
sured after premature discontinuation of the 
trial regimen, levels measured after dose ad
justments were made under blinded conditions, 
and levels measured after blinded substitution 
of placebo for alirocumab. LDL cholesterol was 
also evaluated in the alirocumab group in an 
ontreatment analysis that excluded levels mea
sured after premature discontinuation of ali
rocumab and levels measured after blinded 
substitution of placebo for alirocumab but in
cluded levels measured after dose adjustments 
of alirocumab between the 75mg dose and the 
150mg dose were made under blinded condi
tions.

Hazard ratios and 95% confidence intervals 
were estimated with the use of a Cox propor
tionalhazards model, stratified according to 
geographic region; P values were determined 
with the use of stratified logrank tests. To ad
just for multiplicity, the results of the main sec
ondary end points were to be tested in hierar
chical fashion in the sequence listed above if 
the risk of the composite primary end point was 
found to be significantly lower in the alirocumab 
group than in the placebo group. Two prespeci
fied interim analyses were performed when 
approximately 50% and 75% of the planned 
primary endpoint events for the final analysis 
had occurred; neither led to early termination 
of the trial. To account for the two interim 
analyses, a twosided P value of less than 
0.0498 was required to declare statistical sig
nificance for the primary end point at the final 
analysis. Absolute treatment effects in prespeci
fied subgroups were compared with the use of 
the Gail−Simon test.15 The statistical analysis 
plan and the Supplementary Appendix provide 
details of the descriptive safety analyses and 
analytical methods.

R esult s

Patients, Trial Regimen, and Follow-up

A total of 18,924 patients underwent randomiza
tion at 1315 sites in 57 countries; 9462 were 
assigned to the alirocumab group and 9462 to 
the placebo group (Fig. S3 in the Supplementary 
Appendix). Except in China, patients underwent 
randomization from November 2012 through 
November 2015. In China, 613 patients under
went randomization from May 2016 through 
February 2017. At the time of randomization, the 
characteristics of the two trial groups were well 
balanced (Table 1, and Table S2 in the Supple
mentary Appendix). The qualifying acute coro
nary syndrome was myocardial infarction in 
83.0% of the patients and unstable angina in 
16.8%. Most of the patients (92.1%) qualified 
with an LDL cholesterol level of 70 mg or more 
per deciliter; a majority of the remaining pa
tients (7.2%) met only the non−HDL cholesterol 
criterion. The median time from the qualifying 
acute coronary syndrome to randomization was 
2.6 months (interquartile range, 1.7 to 4.3).

Most of the patients received guidelinerecom
mended medications and had undergone coro
nary revascularization for the index event. At the 
time of randomization, 88.8% of the patients 
were receiving atorvastatin at a dose of 40 mg to 
80 mg daily or were receiving rosuvastatin at a 
dose of 20 mg to 40 mg daily. After 1 year of 
followup, 84.7% of the patients in the alirocumab 
group and 86.2% in the placebo group were re
ceiving such treatment; after 3 years of follow
up, the percentages were 82.8% in the alirocumab 
group and 86.6% in the placebo group. Infor
mation on the adjustment of alirocumab doses 
under blinded conditions can be found in the 
Supplementary Appendix.

Patients were followed for a median of 2.8 
years (interquartile range, 2.3 to 3.4); the com
mon trial end date was November 11, 2017. Pre
mature discontinuation of the assigned alirocu
mab or placebo for reasons other than death 
occurred in 1343 patients (14.2%) in the alirocu
mab group and in 1496 patients (15.8%) in the 
placebo group (Fig. S3 in the Supplementary 
Appendix). Exposure to the intended trial regi
men as a percentage of the total followup time 
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Characteristic
Alirocumab 
(N = 9462)

Placebo 
(N = 9462)

Age — yr 58.5±9.3 58.6±9.4

Female sex — no. (%) 2390 (25.3) 2372 (25.1)

Race — no. (%)†

White 7500 (79.3) 7524 (79.5)

Asian 1251 (13.2) 1247 (13.2)

Black 235 (2.5) 238 (2.5)

Other 475 (5.0) 451 (4.8)

Region of enrollment — no. (%)

Central and Eastern Europe 2719 (28.7) 2718 (28.7)

Western Europe 2084 (22.0) 2091 (22.1)

Canada or United States 1435 (15.2) 1436 (15.2)

Latin America 1293 (13.7) 1295 (13.7)

Asia 1150 (12.2) 1143 (12.1)

Rest of world 781 (8.3) 779 (8.2)

Medical history before index acute coronary syndrome 
 — no. (%)

Hypertension 6205 (65.6) 6044 (63.9)

Diabetes mellitus 2693 (28.5) 2751 (29.1)

Current tobacco smoker 2282 (24.1) 2278 (24.1)

Family history of premature coronary heart disease 3408 (36.0) 3365 (35.6)

Myocardial infarction 1790 (18.9) 1843 (19.5)

Percutaneous coronary intervention 1626 (17.2) 1615 (17.1)

Coronary-artery bypass grafting 521 (5.5) 526 (5.6)

Stroke 306 (3.2) 305 (3.2)

Peripheral artery disease 373 (3.9) 386 (4.1)

Congestive heart failure 1365 (14.4) 1449 (15.3)

Index acute coronary syndrome — no. (%)

ST-segment elevation myocardial infarction 3301 (34.9) 3235 (34.2)

Non−ST-segment elevation myocardial infarction 4574 (48.3) 4601 (48.6)

Unstable angina 1568 (16.6) 1614 (17.1)

Missing data 19 (<0.1) 12 (<0.1)

Percutaneous coronary intervention or coronary-artery bypass  
grafting for index acute coronary syndrome — no. (%)

6798 (71.8) 6878 (72.7)

Median time from index acute coronary syndrome to  
randomization (IQR) — mo

2.6 (1.7–4.4) 2.6 (1.7–4.3)

Body-mass index‡ 28.5±4.9 28.5±4.8

*  Plus–minus values are means ±SD. There were no significant differences between the two groups in demographic or 
baseline characteristics. Additional baseline characteristics are listed in Table S2 in the Supplementary Appendix. 
Percentages may not sum to 100 because of rounding. IQR denotes interquartile range.

†  Race was reported by the patient.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.

Table 1. Demographic and Baseline Characteristics of the Patients.*
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was 90.7% in the alirocumab group (including 
time after blinded substitution of placebo for 
alirocumab) and 90.0% in the placebo group. 
Ascertainment of the composite primary end 
point was complete for 99.1% of potential 
 patientyears of followup, and ascertainment 
of death was complete for 99.8% of potential 
patientyears of followup.

Effect of Trial Regimen on Lipid Levels

At baseline, the mean (±SD) LDL cholesterol level 
was 92±31 mg per deciliter (2.38±0.80 mmol per 
liter). In the alirocumab group, the mean LDL 
cholesterol level (intentiontotreat analysis) at 
4 months, 12 months, and 48 months after ran
domization was 40 mg per deciliter (1.0 mmol 
per liter), 48 mg per deciliter (1.2 mmol per liter), 
and 66 mg per deciliter (1.7 mmol per liter), re
spectively; in the placebo group, the mean LDL 
cholesterol level at 4 months, 12 months, and 
48 months after randomization was 93 mg per 
deciliter (2.4 mmol per liter), 96 mg per deciliter 
(2.5 mmol per liter), and 103 mg per deciliter 
(2.7 mmol per liter), respectively (Fig. 1). In the 
ontreatment analysis in the alirocumab group 
(which excluded values measured after discon

tinuation of alirocumab and after blinded sub
stitution of placebo for alirocumab), the mean 
LDL cholesterol level at 4 months, 12 months, and 
48 months was 38 mg per deciliter (0.98 mmol 
per liter), 42 mg per deciliter (1.1 mmol per liter), 
and 53 mg per deciliter (1.4 mmol per liter), re
spectively; these levels were an average of 62.7%, 
61.0%, and 54.7% lower than the respective 
levels in the placebo group. Other lipid measure
ments are provided in Figure S4 in the Supple
mentary Appendix.

End Points

A composite primary endpoint event occurred 
in 903 patients (9.5%) in the alirocumab group 
and in 1052 patients (11.1%) in the placebo group 
(Table 2); The Kaplan–Meier probability estimate 
at 4 years was 12.5% in the alirocumab group 
and 14.5% in the placebo group (hazard ratio, 
0.85; 95% confidence interval [CI], 0.78 to 0.93; 
P<0.001) (Fig. 2). To prevent the occurrence of 
one primary endpoint event, 49 patients (95% CI, 
28 to 164) would need to be treated for 4 years. 
The effect of alirocumab on the relative risk of 
the composite primary end point did not differ 
significantly according to any of the prespecified 
subgroup variables (Fig. S5 in the Supplementary 
Appendix).

As would be expected, the incidence of the 
composite primary end point in the placebo group 
differed across three categories of baseline LDL 
cholesterol levels (<80, 80 to <100, and ≥100 mg 
per deciliter), with the greatest incidence among 
patients in the highest category. Correspond
ingly, in a nonprespecified analysis, the greatest 
absolute reduction in risk of the composite pri
mary end point with alirocumab was also shown 
among the patients who had a baseline LDL 
cholesterol level of 100 mg or more per deciliter 
(P<0.001 for the interaction between treatment 
and baseline LDL cholesterol level) (Table S3 and 
Fig. S6 in the Supplementary Appendix). To pre
vent the occurrence of one primary endpoint 
event among patients with a baseline LDL cho
lesterol level of 100 mg or more per deciliter, 
16 patients (95% CI, 11 to 34) would need to be 
treated for 4 years. Additional analyses related 
to categories of baseline LDL cholesterol are 
provided in Table S3 in the Supplementary Ap
pendix.

Among the main secondary end points, the 
risks of any coronary heart disease event, major 
coronary heart disease events, any cardiovascu

Figure 1. LDL Cholesterol Levels during the Trial

The intention-to-treat analysis (results shown with solid lines) included all 
low-density lipoprotein (LDL) cholesterol values, including levels measured 
after premature discontinuation of the trial regimen, levels measured after 
dose adjustments were made under blinded conditions, and levels measured 
after blinded substitution of placebo for alirocumab. The on-treatment analysis 
(results shown with dashed lines) excluded LDL cholesterol levels measured 
after premature discontinuation of the trial regimen and levels measured 
after blinded substitution of placebo for alirocumab (but included LDL cho-
lesterol levels measured after dose adjustments of alirocumab were made 
under blinded conditions between the 75-mg dose and the 150-mg dose). 
To convert the values for LDL cholesterol to millimoles per liter, multiply  
by 0.02586.
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lar event, and a composite of death from any 
cause, nonfatal myocardial infarction, or nonfa
tal ischemic stroke were lower among patients 
treated with alirocumab than among those who 
received placebo (Table 2, and Fig. S7 in the 
Supplementary Appendix). A total of 334 pa
tients (3.5%) in the alirocumab group and 392 
patients (4.1%) in the placebo group died (haz
ard ratio, 0.85; 95% CI, 0.73 to 0.98).

Safety

The incidence of adverse events and of labora
tory abnormalities was similar in the alirocumab 
group and the placebo group (Table 3), with the 
exception of local injectionsite reaction (3.8% in 
the alirocumab group vs. 2.1% in the placebo 

group, P<0.001). Injectionsite reactions (itching, 
redness, or swelling) were usually mild and self
limited and led to discontinuation of the trial 
regimen in 26 patients in the alirocumab group, 
at a median of 8.3 months after randomization, 
and in 3 patients in the placebo group. Neuro
cognitive events were reported in 1.5% of the 
patients in the alirocumab group and in 1.8% of 
the patients in the placebo group, newonset 
diabetes (as defined in the Supplementary 
 Appendix) in 9.6% and 10.1%, respectively, and 
hemorrhagic stroke (confirmed by adjudication) 
in less than 0.1% and 0.2%. Neutralizing anti
drug antibodies were detected in 0.5% of the 
patients in the alirocumab group and in less 
than 0.1% in the placebo group.

End Point
Alirocumab 
(N = 9462)

Placebo 
(N = 9462)

Hazard Ratio 
(95% CI) P Value

number of patients (percent)

Primary end point: composite of death from coronary heart 
disease, nonfatal myocardial infarction, fatal or non-
fatal ischemic stroke, or unstable angina requiring 
hospitalization

903 (9.5) 1052 (11.1) 0.85 (0.78–0.93) <0.001

Major secondary end points, in order of hierarchical testing

Any coronary heart disease event* 1199 (12.7) 1349 (14.3) 0.88 (0.81–0.95) 0.001

Major coronary heart disease event† 793 (8.4) 899 (9.5) 0.88 (0.80–0.96) 0.006

Any cardiovascular event‡ 1301 (13.7) 1474 (15.6) 0.87 (0.81–0.94) <0.001

Composite of death from any cause, nonfatal myocardi-
al infarction, or nonfatal ischemic stroke§

973 (10.3) 1126 (11.9) 0.86 (0.79–0.93) <0.001

Death from coronary heart disease 205 (2.2) 222 (2.3) 0.92 (0.76–1.11) 0.38¶

Death from cardiovascular causes 240 (2.5) 271 (2.9) 0.88 (0.74–1.05)

Death from any cause 334 (3.5) 392 (4.1) 0.85 (0.73–0.98)

Other end points‖

Nonfatal myocardial infarction 626 (6.6) 722 (7.6) 0.86 (0.77–0.96)

Fatal or nonfatal ischemic stroke 111 (1.2) 152 (1.6) 0.73 (0.57–0.93)

Unstable angina requiring hospitalization 37 (0.4) 60 (0.6) 0.61 (0.41–0.92)

Ischemia-driven coronary revascularization procedure 731 (7.7) 828 (8.8) 0.88 (0.79–0.97)

Hospitalization for congestive heart failure 176 (1.9) 179 (1.9) 0.98 (0.79–1.20)

*  This end point includes death from coronary heart disease, nonfatal myocardial infarction, unstable angina requiring 
hospitalization, and an ischemia-driven coronary revascularization procedure (definitions can be found in the 
Supplementary Appendix).

†  This end point includes death from coronary heart disease and nonfatal myocardial infarction.
‡  This end point includes any death from cardiovascular causes, nonfatal myocardial infarction, unstable angina requir-

ing hospitalization, an ischemia-driven coronary revascularization procedure, or nonfatal ischemic stroke.
§  The widths of the confidence intervals for the secondary end points were not adjusted for multiplicity, so the intervals 

for the outcomes listed below this outcome should not be used to infer definitive treatment effects.
¶  The hierarchical analysis was stopped after the first nonsignificant P value was observed, in accordance with the hierar-

chical testing plan.
‖  The analysis for other end points was not adjusted for multiplicity; therefore, no P values are reported.

Table 2. Composite Primary End Point and Secondary End Points (Intention-to-Treat Population).
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Discussion

Among patients who had a previous acute coro
nary syndrome and in whom lipid levels exceeded 
specified thresholds despite atorvastatin or rosu
vastatin therapy at a highintensity dose or at the 
maximum tolerated dose, the risk of a compos
ite of death from coronary heart disease, non
fatal myocardial infarction, fatal or nonfatal 
ischemic stroke, or unstable angina requiring 
hospitalization was lower among those who 
were treated with alirocumab than among those 
who received placebo. These benefits were ob
served in the context of background care that 
included extensive use of evidencebased treat
ments1619 as well as the use of a doseadjustment 
strategy for alirocumab that targeted an LDL 
cholesterol level of 25 to 50 mg per deciliter and 
allowed a level of 15 to 25 mg per deciliter, but 
that avoided sustained levels below 15 mg per 
deciliter.

The absolute benefit of alirocumab with re
spect to the composite primary end point was 
more pronounced among patients who had a 
baseline LDL cholesterol level of 100 mg or more 
per deciliter than among patients with a lower 

baseline LDL cholesterol level. Similarly, a recent 
metaanalysis showed that intensive lowering of 
LDL cholesterol (primarily with the use of statins) 
resulted in a mortality benefit that was observed 
only among patients with a baseline LDL choles
terol level of 100 mg or more per deciliter.20

Over a median followup period of 2.8 years, 
with more than 8000 patients who were eligible 
to be followed for 3 to 5 years and 6444 patients 
who received the assigned alirocumab or place
bo for at least 3 years, the incidence of adverse 
events did not differ significantly between the 
two groups, with the exception of local injection
site reactions. Whether the safety and efficacy of 
alirocumab were influenced by the blinded dose
adjustment strategy, which was designed to miti
gate the occurrence of very low levels of LDL 
cholesterol, is unknown. Serious safety concerns 
were also not observed with evolocumab in the 
FOURIER (Further Cardiovascular Outcomes Re
search with PCSK9 Inhibition in Subjects with 
Elevated Risk) trial,11 which had no lower limit 
for allowable LDL cholesterol levels; however, 
that trial had a shorter median followup, and 
very few patients were followed for 3 or more 
years. Neither trial can fully predict longerterm 
safety of treatment with a PCSK9 monoclonal 
antibody.

Lowering of LDL cholesterol levels with alirocu
mab was sustained but to a lesser extent than 
that reported in previous trials that had a shorter 
duration.9 The increase in LDL cholesterol over 
time in the intentiontotreat analysis reflects 
premature discontinuation of treatment, dose 
reduction or substitution of placebo for alirocu
mab under blinded conditions, and attenuation 
of the intensity of statin treatment. The last fac
tor probably also contributed to the rise in LDL 
cholesterol observed in the placebo group, in the 
ontreatment analysis in the alirocumab group, 
and in previous trials involving patients who had 
an acute coronary syndrome.5,21 Antidrug anti
bodies were detected in few patients and have 
been shown not to influence the lipidlowering 
efficacy of alirocumab.22

There are noteworthy similarities and dif
ferences between our trial and the previous 
FOURIER and SPIRE (Studies of PCSK9 Inhibi
tion and the Reduction of Vascular Events) trials, 
which evaluated the PCSK9 antibodies evolocu
mab and bococizumab, respectively.11,13 The cur
rent trial and the FOURIER trial showed similar 
improvements in composite cardiovascular out

Figure 2. Cumulative Incidence of the Composite Primary End Point.

Shown is the cumulative incidence of the primary efficacy end point (a com-
posite of death from coronary heart disease, nonfatal myocardial infarction, 
fatal or nonfatal ischemic stroke, or unstable angina requiring hospitaliza-
tion). The Kaplan–Meier rates for the primary end point at 4 years were 
12.5% (95% CI, 11.5 to 13.5) in the alirocumab group and 14.5% (95% CI, 
13.5 to 15.6) in the placebo group. The inset shows the same data on an 
enlarged y axis. The P value was calculated with the use of log-rank tests, 
stratified according to geographic region.
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comes with PCSK9 inhibition among patients 
who had a baseline LDL cholesterol level of 70 mg 
or more per deciliter and whose average baseline 
LDL cholesterol level was approximately 90 mg 
per deciliter.10 Both our trial and the SPIRE trial 
showed a more prominent absolute reduction in 
the risk of cardiovascular outcomes with PCSK9 
inhibition among patients who had a baseline 
LDL cholesterol level of 100 mg or more per deci
liter.12 The current trial showed the efficacy of 
PCSK9 inhibition in highrisk patients who had 
a previous acute coronary syndrome, 89% of whom 
received highintensity statin therapy, and used a 
blinded doseadjustment strategy to achieve a 
target range of LDL cholesterol with PCSK9 in
hibition. The longer duration of followup in the 
current trial than in previous trials, owing to the 
mandatory minimum 2year followup, facilitated 

the assessment of efficacy and safety. A limitation 
of all three trials is the infrequent use of ezeti
mibe, for which cardiovascular efficacy was estab
lished5 after most of the patients had already 
been enrolled and the trials were well under way.

In conclusion, among patients who had a pre
vious acute coronary syndrome and whose levels 
of atherogenic lipoproteins remained elevated 
despite statin therapy at a highintensity dose or 
at the maximum tolerated dose, the risk of major 
adverse cardiovascular events was lower among 
those who were treated with alirocumab than 
among those who received placebo.

Supported by Sanofi and Regeneron Pharmaceuticals.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
We thank the patients, trial coordinators, and investigators 

who participated in this trial.

Variable
Alirocumab 
(N = 9451)

Placebo 
(N = 9443)

Adverse events — no. (%)

Any adverse event 7165 (75.8) 7282 (77.1)

Serious adverse event 2202 (23.3) 2350 (24.9)

Adverse event that led to death 181 (1.9) 222 (2.4)

Adverse event that led to discontinuation of the trial regimen 343 (3.6) 324 (3.4)

Local injection-site reaction 360 (3.8) 203 (2.1)

General allergic reaction 748 (7.9) 736 (7.8)

Diabetes worsening or diabetic complication among patients  
with diabetes at baseline — no./total no. (%)

506/2688 (18.8) 583/2747 (21.2)

New-onset diabetes among patients without diabetes at baseline  
— no./total no. (%)*

648/6763 (9.6) 676/6696 (10.1)

Neurocognitive disorder 143 (1.5) 167 (1.8)

Hepatic disorder 500 (5.3) 534 (5.7)

Cataracts 120 (1.3) 134 (1.4)

Hemorrhagic stroke, adjudicated 9 (<0.1) 16 (0.2)

Laboratory abnormalities at any time — no./total no. (%)

Alanine aminotransferase >3 times upper limit of normal range 212/9369 (2.3) 228/9341 (2.4)

Aspartate aminotransferase >3 times upper limit of normal range 160/9367 (1.7) 166/9338 (1.8)

Total bilirubin >2 times upper limit of normal range 61/9368 (0.7) 78/9341 (0.8)

Creatine kinase >10 times upper limit of normal range 46/9369 (0.5) 48/9338 (0.5)

Antidrug antibodies† 67/9091 (0.7) 32/9097 (0.4)

Neutralizing antidrug antibodies 43/9091 (0.5) 6/9097 (<0.1)

*  New-onset diabetes was defined according to the presence of one or more of the following, with confirmation of the di-
agnosis by blinded external review by experts in the field of diabetes: an adverse-event report, a new prescription for di-
abetes medication, a glycated hemoglobin level of at least 6.5% on two occasions (and a baseline level of <6.5%), or a 
fasting serum glucose level of at least 126 mg per deciliter (7.0 mmol per liter) on two occasions (and a baseline level 
of <126 mg per deciliter).

†  Antidrug antibodies were defined by the presence of positive responses detected after the start of administration of the 
trial regimen in at least two consecutive postbaseline serum samples, separated by at least a 16-week period.

Table 3. Adverse Events and Laboratory Abnormalities.

The New England Journal of Medicine 
Downloaded from nejm.org at Sanofi - S2I on November 7, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med  nejm.org 10

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Appendix
The authors’ full names and academic degrees are as follows: Gregory G. Schwartz, M.D., Ph.D., P. Gabriel Steg, M.D., Michael Szarek, 
Ph.D., Deepak L. Bhatt, M.D., M.P.H., Vera A. Bittner, M.D., M.S.P.H., Rafael Diaz, M.D., Jay M. Edelberg, M.D., Ph.D., Shaun G. 
Goodman, M.D., Corinne Hanotin, M.D., Robert A. Harrington, M.D., J. Wouter Jukema, M.D., Ph.D., Guillaume Lecorps, M.Sc., Ken
neth W. Mahaffey, M.D., Angèle Moryusef, M.D., Robert Pordy, M.D., Kirby Quintero, R.N., Matthew T. Roe, M.D., M.H.S., William J. 
Sasiela, Ph.D., JeanFrançois Tamby, M.D., Pierluigi Tricoci, M.D., M.H.S., Ph.D., Harvey D. White, D.Sc., and Andreas M. Zeiher, M.D.

The authors’ affiliations are as follows: the Division of Cardiology, University of Colorado School of Medicine, Aurora (G.G.S.); As
sistance Publique–Hôpitaux de Paris, Hôpital Bichat, Paris Diderot University, Sorbonne Paris Cité, FACT (French Alliance for Cardio
vascular Trials), and INSERM Unité 1148 (P.G.S.), and Sanofi (C.H., G.L.) — all in Paris; the National Heart and Lung Institute, Impe
rial College, Royal Brompton Hospital, London (P.G.S.); the State University of New York Downstate School of Public Health, Brooklyn 
(M.S.), and Regeneron Pharmaceuticals, Tarrytown (R.P., W.J.S.) — both in New York; Brigham and Women’s Hospital Heart and 
Vascular Center and Harvard Medical School, Boston (D.L.B.); the Division of Cardiovascular Disease, University of Alabama at Birming
ham, Birmingham (V.A.B.); Estudios Cardiológicos Latinoamérica, Instituto Cardiovascular de Rosario, Rosario, Argentina (R.D.); 
Sanofi, Bridgewater, NJ (J.M.E., A.M., J.F.T.); the Canadian VIGOUR Centre, University of Alberta, Edmonton, and St. Michael’s Hos
pital, University of Toronto, Toronto — both in Canada (S.G.G.); Stanford Center for Clinical Research, Department of Medicine, 
Stanford University, Stanford, CA (R.A.H., K.W.M.); the Department of Cardiology, Leiden University Medical Center, Leiden, the 
Netherlands (J.W.J.); Duke Clinical Research Institute, Duke University Medical Center (K.Q., M.T.R., P.T.), and the Division of Cardiol
ogy, Department of Medicine, Duke University School of Medicine (M.T.R.), Durham, NC; Green Lane Cardiovascular Services, Auck
land City Hospital, Auckland, New Zealand (H.D.W.); and the Department of Medicine III, Goethe University, Frankfurt am Main, 
Germany (A.M.Z.).

References
1. Fox KA, Goodman SG, Klein W, et al. 
Management of acute coronary syndromes 
— variations in practice and outcome; 
findings from the Global Registry of Acute 
Coronary Events (GRACE). Eur Heart J 
2002; 23: 117789.
2. Jernberg T, Hasvold P, Henriksson M, 
Hjelm H, Thuresson M, Janzon M. Car
diovascular risk in postmyocardial infarc
tion patients: nationwide real world data 
demonstrate the importance of a long
term perspective. Eur Heart J 2015; 36: 
116370.
3. Schwartz GG, Olsson AG, Ezekowitz 
MD, et al. Effects of atorvastatin on early 
recurrent ischemic events in acute coro
nary syndromes — the MIRACL study:  
a randomized controlled trial. JAMA 2001; 
285: 17118.
4. Cannon CP, Braunwald E, McCabe 
CH, et al. Intensive versus moderate lipid 
lowering with statins after acute coronary 
syndromes. N Engl J Med 2004; 350: 1495
504.
5. Cannon CP, Blazing MA, Giugliano 
RP, et al. Ezetimibe added to statin therapy 
after acute coronary syndromes. N Engl J 
Med 2015; 372: 238797.
6. Cohen JC, Boerwinkle E, Mosley TH Jr, 
Hobbs HH. Sequence variations in PCSK9, 
low LDL, and protection against coronary 
heart disease. N Engl J Med 2006; 354: 
126472.
7. Abifadel M, Varret M, Rabès JP, et al. 
Mutations in PCSK9 cause autosomal dom
inant hypercholesterolemia. Nat Genet 
2003; 34: 1546.
8. Stein EA, Mellis S, Yancopoulos GD, 
et al. Effect of a monoclonal antibody to 
PCSK9 on LDL cholesterol. N Engl J Med 
2012; 366: 110818.

9. Robinson JG, Farnier M, Krempf M,  
et al. Efficacy and safety of alirocumab in 
reducing lipids and cardiovascular events. 
N Engl J Med 2015; 372: 148999.
10. Blom DJ, Hala T, Bolognese M, et al.  
A 52week placebocontrolled trial of evo
locumab in hyperlipidemia. N Engl J Med 
2014; 370: 180919.
11. Sabatine MS, Giugliano RP, Keech AC, 
et al. Evolocumab and clinical outcomes 
in patients with cardiovascular disease.  
N Engl J Med 2017; 376: 171322.
12. Sabatine MS, Giugliano RP, Wiviott 
SD, et al. Efficacy and safety of evolocumab 
in reducing lipids and cardiovascular 
events. N Engl J Med 2015; 372: 15009.
13. Ridker PM, Revkin J, Amarenco P, et al. 
Cardiovascular efficacy and safety of boco
cizumab in highrisk patients. N Engl J 
Med 2017; 376: 152739.
14. Schwartz GG, Bessac L, Berdan LG,  
et al. Effect of alirocumab, a monoclonal 
antibody to PCSK9, on longterm cardio
vascular outcomes following acute coro
nary syndromes: rationale and design of 
the ODYSSEY outcomes trial. Am Heart J 
2014; 168: 6829.
15. Gail M, Simon R. Testing for qualita
tive interactions between treatment effects 
and patient subsets. Biometrics 1985; 41: 
36172.
16. Ibanez B, James S, Agewall S, et al. 
2017 ESC Guidelines for the management 
of acute myocardial infarction in patients 
presenting with STsegment elevation: the 
Task Force for the Management of Acute 
Myocardial Infarction in Patients Present
ing with STSegment Elevation of the Euro
pean Society of Cardiology (ESC). Eur 
Heart J 2018; 39: 11977.
17. Roffi M, Patrono C, Collet JP, et al. 

2015 ESC Guidelines for the management 
of acute coronary syndromes in patients 
presenting without persistent STsegment 
elevation: Task Force for the Management 
of Acute Coronary Syndromes in Patients 
Presenting without Persistent STSegment 
Elevation of the European Society of Car
diology (ESC). Eur Heart J 2016; 37: 267
315.
18. O’Gara PT, Kushner FG, Ascheim DD, 
et al. 2013 ACCF/AHA guideline for the 
management of STelevation myocardial 
infarction: a report of the American Col
lege of Cardiology Foundation/American 
Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2013; 61(4): 
e78e140.
19. Amsterdam EA, Wenger NK, Brindis 
RG, et al. 2014 AHA/ACC Guideline for 
the Management of Patients with NonST
Elevation Acute Coronary Syndromes: a re
port of the American College of Cardiol
ogy/American Heart Association Task 
Force on Practice Guidelines. J Am Coll 
Cardiol 2014; 64(24): e139e228.
20. Navarese EP, Robinson JG, Kowalewski 
M, et al. Association between baseline 
LDLC level and total and cardiovascular 
mortality after LDLC lowering: a system
atic review and metaanalysis. JAMA 
2018; 319: 156679.
21. Schwartz GG, Olsson AG, Abt M, et al. 
Effects of dalcetrapib in patients with a 
recent acute coronary syndrome. N Engl J 
Med 2012; 367: 208999.
22. Roth EM, Goldberg AC, Catapano AL, 
et al. Antidrug antibodies in patients treat
ed with alirocumab. N Engl J Med 2017; 
376: 158990.
Copyright © 2018 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at Sanofi - S2I on November 7, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 




