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ABSTRACT



RESUM
E

Background: After acute coronary syndrome (ACS), patients with a
previous myocardial infarction (MI) may be at particularly high risk for
major adverse cardiovascular events (MACE) and death. We studied
the effects of the PCSK9 inhibitor alirocumab in patients with recent
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Among patients hospitalized with acute coronary syndrome (ACS), the event is not the ﬁrst for 18% to
22%.1-3 Patients with previous myocardial infarction (MI)
have higher subsequent events than those with stable
coronary disease or patients with multiple risk factors.4
The risk of recurrent events in patients who have experienced previous MI continues for several years without

evidence of decreasing risk.5 The heightened risk of
recurrent events is largely attributable to frequent coexistence of nonobstructive lesion with high-risk characteristics.6 Therefore, management of patients with recurrent
ACS after previous MI presents a particular challenge for
clinicians: What additional medical therapies may help to
prevent these recurrent events?
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ACS according to previous history of MI.
Methods: The ODYSSEY OUTCOMES trial compared alirocumab with
placebo, beginning 1 to 12 months after ACS with median 2.8-year
follow-up. The primary MACE outcome comprised death from coronary heart disease, nonfatal MI, fatal or nonfatal ischemic stroke, and
hospitalization for unstable angina. Of 18,924 patients, 3633 (19.2%)
had previous MI.
Results: Patients with previous MI were older, more likely male, with
more cardiovascular risk factors and previous events. With placebo, 4year risks of MACE and death were higher among those with vs without
previous MI (20.5% vs 8.9%, P < 0.001; 7.4% vs 3.4%, P < 0.001,
respectively). Alirocumab reduced the risk of events regardless of the
presence or absence of a history of MI (MACE, adjusted hazard ratio
[aHR] 0.90, 95% conﬁdence interval [CI], 0.78-1.05 vs 0.82, 0.730.92; Pinteraction ¼ 0.34; death, aHR 0.84; 95% CI, 0.64-1.08 vs 0.87,
0.72-1.05; Pinteraction ¼ 0.81). Estimated absolute risk reductions with
alirocumab were numerically greater with vs without previous MI
(MACE, 1.91% vs 1.42%; death, 1.35% vs 0.41%).
Conclusions: A previous history of MI places patients with recent ACS
at high risk for recurrent MACE and death. Alirocumab reduced the
relative risks of these events consistently in patients with or without
previous MI but with numerically greater absolute beneﬁt in the former
subgroup. (ODYSSEY OUTCOMES: NCT01663402)
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Lipid lowering with high-intensity statin therapy is a
cornerstone of management in ACS.1,2 Proprotein convertase
subtilisin-kexin type 9 (PCSK9) inhibitors, added to statins,
have the potential to lower atherogenic lipoproteins below
levels achievable with statins and have been shown to improve
clinical outcomes after ACS in patients with low-density lipoprotein cholesterol (LDL-C) above goal on optimized statin
therapy.7 In this prespeciﬁed analysis of the ODYSSEY
OUTCOMES trial, we investigated the relative and absolute
beneﬁts of treatment with the PCSK9 inhibitor alirocumab in
patients with ACS who had or did not have previous MI.

apolipoprotein B value  80 mg/dL, measured after a minimum of 2 weeks on stable treatment with intensive LDL-Ce
lowering drugs (atorvastatin 40 to 80 mg daily, rosuvastatin
20 to 40 mg daily, or the maximum-tolerated dose of either
statin, including no statin in the case of documented unacceptable side effects). Full inclusion and exclusion criteria have
been published.8
Patients were randomly assigned (in a 1:1 ratio), stratiﬁed
by country, to receive treatment with alirocumab 75 mg
subcutaneously every 2 weeks or matching placebo. In the
event of a persistent LDL-C value  50 mg/dL, the alirocumab dose was uptitrated to 150 mg. In patients who had 2
consecutive measurements of LDL-C < 25 mg/dL, the alirocumab dose was reduced to 75 mg (for measurements made
on the 150-mg dose), and safety was monitored by an independent physician blinded to treatment allocation. In the case
of 2 consecutive measurements of LDL-C < 15 mg/dL on
alirocumab 75 mg, alirocumab was discontinued, with blinded substitution of placebo for the remainder of the trial.
Occurrence of MI before the index ACS was a prespeciﬁed
subgroup of interest, with the data collected at enrollment.8

Material and Methods
Study population
ODYSSEY Outcomes (ClinicalTrials.gov: NCT01663402)
was a randomized double-blind placebo-controlled trial that
enrolled 18,924 patients  40 years of age who had been
hospitalized with ACS (acute MI or unstable angina) 1 to 12
months before randomization.7,8 The study conformed to the
principles of the Declaration of Helsinki and was approved by
the institutional review board at each site. All patients gave
written informed consent to participate.
To be eligible, patients had to have LDL-C values
 70 mg/dL (1.81 mmol/L) or nonehigh-density lipoprotein
cholesterol (HDL-C) value  100 mg/dL (2.59 mmol/L), or

Trial outcomes
The primary composite outcome was a composite of major
adverse cardiovascular events (MACE: death from coronary
heart disease, nonfatal MI, fatal or nonfatal ischemic stroke, or
unstable angina requiring hospitalization). Secondary
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Table 1. Baseline characteristics stratiﬁed by MI status at baseline
Characteristics
Age, y
Female sex
Medical history before index ACS
Hypertension
Diabetes
Current tobacco smoker
Family history of premature
coronary artery disease
PCI
CABG
Stroke
Peripheral artery disease
Heart failure
Body mass index, kg/m2
Renal function
EGFR, mL/min per 1.73 m2
EGFR < 60 mL/min per 1.73 m2
Index ACS
ST-segment elevation MI
NonST-segment elevation MI
Unstable angina
PCI or CABG for index ACS
Median time from index ACS to
randomization, months
LDL-C, mg/dL
LDL-C  100 mg/dL
HDL-C, mg/dL
NonHDL-C, mg/dL
Triglycerides, mg/dL
Lipoprotein(a), mg/dL
Apolipoprotein B, mg/dL)
Apolipoprotein A, mg/dL
C-reactive protein, mg/dL
Hemoglobin A1c, %

Previous MI (n ¼ 3633)

No previous MI (n ¼ 15,291)

P value

59.8 (9.3)
756 (20.8)

58.3 (9.3)
4006 (26.2)

< 0.001
< 0.001

2884
1167
849
1543

(79.4)
(32.1)
(23.4)
(42.5)

9365
3478
3711
5230

(61.3)
(22.8)
(24.3)
(34.2)

< 0.001
< 0.001
0.25
< 0.001

2,399
727
180
265
970
29.2

(66.0)
(20.0)
(5.0)
(7.3)
(26.7)
(4.9)

842
320
431
494
1844
28.3

(5.5)
(2.1)
(2.8)
(3.2)
(12.1)
(4.9)

<
<
<
<
<
<

77.4 (19.7)
635 (17.5)

80.2 (19.1)
1905 (12.5)

0.001
0.001
0.001
0.001
0.001
0.001

< 0.001
< 0.001

866
2064
695
2308
2.6

(23.8)
(56.8)
(19.1)
(63.5)
(1.7-4.2)

5670
7111
2484
11,368
2.6

(37.1)
(46.5)
(16.2)
(74.3)
(1.7-4.4)

<
<
<
<

90.0
1305
42.0
121.2
137.0
41.8
83.0
131.0
0.2
5.9

(75.7-110.4)
(35.9)
(35.949.8)
(103.9145.0)
(98.0193.0)
(45.4)
(72.098.0)
(118.0-147.0)
(0.1-0.4)
(5.6-6.6)

85.7
4324
42.9
113.5
127.4
38.3
78.0
132.00
0.2
5.8

(72.6-102.7)
(28.3)
(36.750.2)
(98.5135.0)
(92.9179.6)
(42.8)
(68.092.0)
(118.0-147.0)
(0.1-0.4)
(5.5-6.3)

< 0.001
< 0.001
0.004
< 0.001
< 0.001
< 0.001
< 0.001
0.64
0.12
< 0.001

0.001
0.001
0.001
0.001
0.27

Values are number (percentage), mean (standard deviation [SD]) or median (quartile 1 to quartile 3).
ACS, acute coronary syndrome; CABG, coronary artery bypass graft; EGFR, estimated glomerular ﬁltration rate; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein-cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation.

outcomes included all-cause death.7 All primary and secondary outcomes were adjudicated by physicians who were unaware of the trial-group assignments.
Statistical analyses
Categorical variables were compared with c2 tests and
continuous variables by Student’s t-test. A Cox proportional
hazards model was used to determine hazard ratios (HRs) and
95% conﬁdence intervals (CIs) for MACE and death in patients with and without previous MI in the placebo group,
adjusted for the following baseline variables: age ( 65 years
vs < 65 years), sex, race, geographic region, diabetes mellitus,
smoking; history of heart failure, ischemic stroke, and peripheral artery disease; intensive statin treatment; LDL-C and
lipoprotein(a) concentrations; and systolic blood pressure. A
Cox proportional hazards model was used to compare the
treatment effect in the subgroups of patients with and without
previous MI. Heterogeneity between patients with and
without a previous MI was analyzed with a test for treatmentby-subgroup interaction. The Gail-Simon test was used to
analyze the quantitative interaction for absolute risk reduction.9 The cumulative incidence rates of MACE and death
were estimated by the Kaplan-Meier method. P values were
estimated by a log rank test over the previous MI status
subgroups. The analysis was performed in SAS version 9.4
(IBM, Armonk, NY).

Results
Patient characteristics
Among 18,924 patients in the trial, 3633 (19.2%) had
histories of MI before the qualifying ACS. The baseline
characteristics of the patients are shown in Table 1. Compared
with patients without previous MI, those with a previous MI
were older; more likely to be male, white; and to have more
underlying cardiovascular conditions, previous cardiovascular
events and procedures including stroke, peripheral artery
disease, heart failure, impaired renal function, percutaneous
coronary intervention, and coronary artery bypass graft surgery. In patients with previous MI, the qualifying ACS was
more often non-ST elevation MI, and they had higher baseline levels of LDL-C, noneHDL-C, triglycerides, apolipoprotein B, lipoprotein(a), and hemoglobin A1c, but lower
HDL-C. Other baseline characteristics are shown in
Supplemental Table S1. Findings were similar when patients
with and without previous MI were compared in each
randomization arm (alirocumab or placebo) (Supplemental
Table S2).
Risks of mace and death in the placebo group stratiﬁed
by previous MI status at baseline
In the placebo group, the incidence of MACE (20.5% vs
8.9%; adjusted HR [aHR], 1.85; 95% CI, 1.62-2.11; P <

4

Canadian Journal of Cardiology
Volume - 2022

0.001), all-cause death (7.4% vs 3.4%; aHR, 1.56, 95% CI,
1.25-1.95; P < 0.001), and other outcomes were higher
among those with previous MI (Table 2). Exceptions were
ischemic stroke and hospitalization for unstable angina, which
were directionally congruent.
Effect of alirocumab on MACE and death stratiﬁed by
previous MI status at baseline
Figure 1 shows adjusted risk of outcomes for alirocumab vs
placebo stratiﬁed according to previous MI status at baseline.
In the overall study population, alirocumab reduced MACE
by 15.0% (HR, 0.85; 95% CI, 0.78-0.93; P < 0.001).7
Among patients with previous MI, MACE occurred in
20.5% of patients in the placebo group vs 18.6% in the
alirocumab group (aHR, 0.90; 95% CI, 0.78-1.05). Among
patients without previous MI, MACE occurred in 8.8% of
patients in the placebo group vs 7.4% in the alirocumab
group (aHR, 0.82, 95% CI, 0.73-0.92; Pinteraction ¼ 0.34).
The estimated 4-year absolute risk reduction in MACE was
numerically greater in patients with previous MI (1.91%;
95% CI, 0.67 to 4.49 vs 1.42%; 95% CI, 0.55-2.28;
quantitative Pheterogeneity ¼ 0.72). Among patients with previous MI, 7.4% of patients in the placebo group died vs 6.0%
in the alirocumab group (aHR 0.84; 95% CI, 0.64-1.08).
Among patients without previous MI, 3.4% of patients in the
placebo group died vs 2.9% in the alirocumab group (aHR
0.87; 95% CI, 0.72-1.05; Pinteraction ¼ 0.81). Likewise, estimated absolute risk reduction for death was numerically
greater in patients with vs without previous MI (1.35%; 95%
CI, 0.28 to 2.97% vs 0.41%,; 95% CI, 0.14 to 0.97;
quantitative Pheterogeneity ¼ 0.29). The unadjusted risks of
outcomes are shown in Supplemental Fig. S1. Cumulative
incidence curves are shown in Figure 2.

Effect of alirocumab on outcomes stratiﬁed by timing of
previous MI
In patients with previous MI, the median time from the
last MI to the index ACS was 4.5 years. The effect of alirocumab vs placebo on MACE in patients with MI that
occurred  2 years before the qualifying ACS (20.5% vs
19.9%; HR, 1.02; 95% CI, 0.78-1.34) did not differ from
that in patients with MI that occurred > 2 years before the
qualifying ACS (17.8% vs 20.9%; HR, 0.85; 95% CI, 0.711.03; Pinteraction ¼ 0.16) (Fig. 3).
Safety outcomes
Adverse events and laboratory abnormalities were, in general, similar for alirocumab vs placebo when stratiﬁed by
previous MI status at baseline (Supplemental Table S3).
Discussion
Among patients with recent ACS who did not receive
alirocumab, those with vs without previous MI had higher
risks of MACE and all-cause death. Alirocumab was associated
with consistent relative risk reductions in both patients with
and without previous MI, with numerically greater absolute
beneﬁt in patients with previous MI.
On the basis of multiple major atherosclerotic cardiovascular disease events, the subgroup with previous MI would be
classiﬁed as very high risk according to the US guidelines.10
Approximately 18% to 22% of patients with ACS have histories of previous MI.1-3,7 Indeed, the adjusted risks for
MACE and all-cause death were higher for patients with vs
without previous MI. The management of patients with
recurrent ACS presents a particular challenge for clinicians.
Alirocumab reduced risk of MACE and all-cause death in

Table 2. Event rates and HR of outcomes stratiﬁed by MI status at baseline: placebo arm
Previous MI n (%) No previous MI n (%) Unadjusted HR (95% CI)
Primary composite outcome*
Any coronary heart disease eventy
Major coronary heart disease eventz
Any cardiovascular eventx
Composite of death from any cause,
nonfatal MI, or nonfatal ischemic
stroke
Death from coronary heart disease
Death from cardiovascular causes
Death from any cause
Nonfatal MI
Fatal or nonfatal ischemic stroke
Unstable angina requiring
hospitalization
Ischemia-driven coronary
revascularization procedure
Hospitalization for congestive heart
failure

P value

Adjusted HR (95% CI)

P value

378
440
336
477
398

(20.5)
(23.9)
(18.2)
(25.9)
(21.6)

674
909
563
997
728

(8.9)
(11.9)
(7.4)
(13.1)
(9.6)

2.41
2.08
2.56
2.07
2.35

(2.12-2.73)
(1.86-2.34)
(2.23-2.93)
(1.85-2.30)
(2.08-2.66)

<
<
<
<
<

0.001
0.001
0.001
0.001
0.001

1.85
1.67
1.97
1.63
1.81

(1.62-2.11)
(1.48-1.88)
(1.71-2.28)
(1.45-1.83)
(1.59-2.06)

<
<
<
<
<

0.001
0.001
0.001
0.001
0.001

87
102
136
273
50
20

(4.7)
(5.5)
(7.4)
(14.8)
(2.7)
(1.1)

135
169
256
449
102
40

(1.8)
(2.2)
(3.4)
(5.9)
(1.3)
(0.5)

2.62
2.45
2.15
2.61
2.01
2.05

(2.00-3.43)
(1.92-3.13)
(1.75-2.65)
(2.24-3.03)
(1.44-2.83)
(1.20-3.51)

<
<
<
<
<

0.001
0.001
0.001
0.001
0.001
0.009

1.87
1.70
1.56
2.03
1.33
1.73

(1.40-2.50)
(1.31-2.21)
(1.25-1.95)
(1.73-2.38)
(0.92-1.92)
(0.99-3.04)

<
<
<
<

0.001
0.001
0.001
0.001
0.13
0.06

260 (14.1)

568 (7.5)

1.93 (1.67-2.24)

< 0.001

1.62 (1.38-1.90)

< 0.001

73 (4.9)

106 (1.4)

2.85 (2.11-3.83)

< 0.001

1.66 (1.21-2.28)

0.002

CI, conﬁdence interval; HR, hazard ratio; MI, myocardial infarction.
* Death from coronary heart disease, nonfatal MI, fatal or nonfatal ischemic stroke, or unstable angina requiring revascularization.
y
Death from coronary heart disease, nonfatal MI, unstable angina requiring hospitalization, or ischemia-driven coronary revascularization.
z
Death from coronary heart disease or nonfatal MI.
x
Death from cardiovascular cause, nonfatal MI, unstable angina requiring hospitalization, ischemia-driven coronary revascularization procedure, or nonfatal
ischemic stroke.
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Primary composite endpoint
Previous MI
No previous MI
Any coronary heart disease event
Previous MI
No previous MI
Major coronary heart disease event
Previous MI
No previous MI
Any cardiovascular event
Previous MI
No previous MI
Composite of death from any cause
Previous MI
No previous MI
Death from coronary heart disease
Previous MI
No previous MI
Death from cardiovascular causes
Previous MI
No previous MI
Death from any cause
Previous MI
No previous MI
Non-fatal myocardial infarction
Previous MI
No previous MI
Fatal or non-fatal ischemic stroke
Previous MI
No previous MI
Unstable angina requiring hospitalization
Previous MI
No previous MI
Ischemia-driven coronary revscularization
Previous MI
No previous MI
Hospitalization for heart failure
Previous MI
No previous MI

5

P value P value of
interaction

ARR (95% CI)
with alirocumab

P value for
heterogeneity*

0.90 (0.78, 1.05)
0.82 (0.73, 0.92)

0.19
<0.001

0.34

1.91 (–0.67, 4.49)
1.42 (0.55, 2.28)

0.72

440 (23.9)
909 (11.9)

0.91 (0.79, 1.04)
0.87 (0.79, 0.96)

0.16
0.006

0.64

1.97 (–0.76, 4.71)
1.41 (0.41, 2.41)

0.71

304 (17.0)
489 (6.4)

336 (18.2)
563 (7.4)

0.93 (0.80, 1.10)
0.85 (0.75, 0.96)

0.40
0.011

0.38

1.25 (–1.23, 3.72)
1.02 (0.21, 1.82)

0.86

422 (23.6)
879 (11.5)

477 (25.9)
997 (13.1)

0.90 (0.79, 1.03)
0.86 (0.79, 0.95)

0.13
0.002

0.58

2.31 (–0.50, 5.11)
1.63 (0.59, 2.67)

0.66

350 (19.6)
623 (8.1)

398 (21.6)
728 (9.6)

0.91 (0.79, 1.06)
0.84 (0.75, 0.93)

0.23
0.001

0.37

2.04 (–0.59, 4.67)
1.43 (0.54, 2.33)

0.67

74 (4.1)
131 (1.7)

87 (4.7)
135 (1.8)

0.86 (0.63, 1.19)
0.96 (0.75, 1.23)

0.37
0.73

0.69

0.59 (–0.75, 1.92)
0.06 (–0.35, 0.48)

0.47

84 (4.7)
156 (2.0)

102 (5.5)
169 (2.2)

0.85 (0.63, 1.14)
0.90 (0.72, 1.12)

0.28
0.35

0.82

0.84 (–0.59, 2.27)
0.18 (–0.27, 0.64)

0.39

108 (6.0)
226 (2.9)

136 (7.4)
256 (3.4)

0.84 (0.64, 1.08)
0.87 (0.72, 1.05)
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Figure 1. Outcomes for alirocumab vs placebo stratiﬁed by previous myocardial infarction (MI) status. *Adjusted for the following independent
variables: age ( 65 vs < 65 years), sex, race, diabetes mellitus, geographic region, history of heart failure, baseline low-density lipoproteincholesterol (LDL-C), lipoprotein(a), intensive statin use, systolic blood pressure at baseline, smoking status, history of ischemic stroke, and history
of peripheral artery disease. CI, conﬁdence interval; HR, hazard ratio.

patients receiving maximum tolerated (including w90%
high-intensity) statins with a numerally greater absolute effect
in patients with previous MIs, supporting recent guideline
recommendations.10-12 The lack of statistical signiﬁcance of
alirocumab on MACE and all-cause death in the subgroup of
patients with previous MI is most likely due to a relative small
number of patients with previous MI.
A previous analysis of the Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects With
Elevated Risk (FOURIER) trial in patients with stable
atherosclerotic cardiovascular disease and previous MI found
that treatment with the PCSK9 inhibitor evolocumab was
effective in reducing MACE in those with recent MI (< 2
years) but not in those with only remote MI ( 2 years).13 In
the current analysis, the efﬁcacy of alirocumab in patients with
ACS was consistent with or without previous MI and in those
with previous MI irrespective of whether it had occurred  2
or > 2 years before the qualifying ACS. Therefore, it may be
reasonable to consider PCSK9 inhibitor treatment in all patients with ACS and dyslipidemia uncontrolled by statins.
This analysis from the ODYSSEY OUTCOMES trial indicates that previous MI is a marker of higher risk of MACE
and death following ACS and, accordingly, that such patients
might derive a larger absolute beneﬁt from alirocumab treatment. Previously, effects of alirocumab in patients at very
high-risk vs not, according to the US guidelines,10 have been
reported in the ODYSSEY OUTCOMES trial, showing
similar ﬁndings that patients at very high risk derived a larger
absolute beneﬁt from treatment with alirocumab.14 Similarly,

analyses from this trial have identiﬁed several subgroups of
post-ACS patients at high risk for recurrent cardiovascular
events who derive a greater absolute beneﬁt from alirocumab
treatment, including those with type 2 diabetes,15 polyvascular disease,16 previous coronary artery bypass graft surgery,17 higher lipoprotein(a) concentration,18 and high
genome-wide polygenic risk scores.19 Although the primary
analysis of the current study did not reach statistical signiﬁcance, the numerically greater beneﬁts in patients with previous MI might suggest a true effect if the sample size could be
enlarged.
The effects of alirocumab on MACE in patients with
previous MI seemed to occur earlier, with the MACE curves
separated at approximately 1 year after randomization
compared with approximately 2 years for patients without
previous MI. Similar ﬁndings have also been observed in the
FOURIER trial in which the MACE curves separated at
approximately 180 days in patients with recent MI ( 12
months), compared with approximately 540 days in patients
with remote MI (> 12 months).20 Although we did not
collect systematic angiographic information at baseline, it is
likely that patients who have had > 1 ACS event have a
greater burden of coronary atherosclerosis. More pronounced
atherosclerotic lesions are susceptible to be modiﬁed by
LDL-C lowering. Therefore, intensive LDL-C lowering with
alirocumab has a favourable effect on plaque stabilization.21
More recently, the addition of subcutaneous biweekly alirocumab, compared with placebo, to high-intensity statin
therapy in patients with acute MI resulted in signiﬁcantly
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Figure 2. Cumulative incidence for alirocumab vs placebo stratiﬁed by previous myocardial infarction (MI). (A) Major adverse cardiovascular event
(MACE) (composite of death from coronary heart disease, nonfatal MI, fatal or nonfatal ischemic stroke, or unstable angina requiring hospitalization). (B) All-cause death. CI, conﬁdence interval; HR, hazard ratio; LDL-C, low-density lipoprotein-cholesterol.

greater coronary plaque regression in noninfarct-related arteries after 52 weeks.22 Whether earlier initiation of treatment
(ie, before hospital discharge after ACS) would magnify an
early treatment beneﬁt is a hypothesis worthy of testing
prospectively.
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table editing) and was funded by Sanoﬁ.

Limitations

Funding Sources
The trial was funded by Sanoﬁ and Regeneron Pharmaceuticals, Inc. The sponsors participated in the selection of the
trial sites, the monitoring of the trial, and the supervision of
data collection.

First, analyses in subgroups are limited by sample size and
power, and the conﬁdence interval of the relative risk reduction in patients with previous MI crossed the line of unity.
Second, number of MIs was not recorded, and details on
previous MI were based on medical history rather than systematic review of laboratory data and electrocardiographic
tracings. Third, we did not investigate the impact of previous
atherosclerotic cardiovascular disease events other than MI,
such as stroke or peripheral artery disease events, on the
clinical efﬁcacy of alirocumab.
Conclusions
Patients with recent ACS and previous MI were at higher
risk for MACE and death than those without previous MI.
Alirocumab reduced the relative risks of these events consistently in patients with or without previous MI but with
numerically greater absolute beneﬁt in the former subgroup.
Acknowledgements
The authors thank the patients, study coordinators and
investigators who participated in this trial. Sophie Rushton-

Disclosures
Dr Chiang has received honoraria from Sanoﬁ, Pﬁzer,
Novartis, Merck Sharp Dohme, AstraZeneca, Daiichi Sankyo,
Bayer, and Boehringer Ingelheim. Dr Schwartz has received
grants to his institution (University of Colorado) from Sanoﬁ,
AstraZeneca, Resverlogix, Roche, and The Medicines Company. Dr Elbez has received research grants from Sanoﬁ and
Bristol-Myers Squibb. Dr Szarek has received grants from
Sanoﬁ and Regeneron Pharmaceuticals; personal fees from
CiVi and Esperion; and grants from Lexicon, Resverlogix,
Baxter, and Janssen. Dr Bhatt has served on advisory boards
for Cardax, CellProthera, Cereno Scientiﬁc, Elsevier Practice
Update Cardiology, Janssen, Level Ex, Medscape Cardiology,
MyoKardia, Novo Nordisk, PhaseBio, PLx Pharma, and
Regado Biosciences and has served on the board of directors
for Boston VA Research Institute, Society of Cardiovascular
Patient Care, and TobeSoft. He has received research funding

Chiang et al.
Alirocumab and Cardiovascular Outcomes in Prior MI

7

P

Alirocumab
n (%)

Placebo
n (%)

HR (95% CI)

Full study cohort

902 (9.5%)

1052 (11.1%)

0.85 (0.77–0.93)

0.001

All patients with
previous MI

332 (18.6%)

378 (20.6%)

0.90 (0.77–1.05)

0.18

Primary composite
endpoints

Time since previous MI

Pinteraction

0.16

≤2 years

113 (20.5%)

117 (19.9%)

1.02 (0.78–1.34)

0.86

>2 years

219 (17.8%)

261 (20.9%)

0.85 (0.71–1.03)

0.09

0.5
1.0
1.5
Alirocumab better
Placebo better

Figure 3. Adjusted risk of major adverse cardiovascular event (MACE) stratiﬁed by timing of previous myocardial infarction (MI). *Adjusted for the
following independent variables: age ( 65 vs < 65 years), sex, race, diabetes mellitus, geographic region, history of heart failure, baseline LDL-C,
lipoprotein(a), intensive statin use, systolic blood pressure at baseline, smoking, history of ischemic stroke, and history of peripheral artery disease. CI, conﬁdence interval; HR, hazard ratio; LDL-C, low-density lipoprotein-cholesterol.

from Abbott, Aﬁmmune, Amarin, Amgen, AstraZeneca,
Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Cardax,
Chiesi, CSL Behring, Eisai, Ethicon, Ferring Pharmaceuticals,
Forest Laboratories, Fractyl, HLS Therapeutics, Idorsia,
Ironwood, Ischemix, Janssen, Lexicon, Lilly, Medtronic,
MyoKardia, Novo Nordisk, Owkin, Pﬁzer, PhaseBio, PLx
Pharma, Regeneron, Roche, Sanoﬁ, Synaptic, and The
Medicines Company and has received royalties from Elsevier
(Editor, Cardiovascular Intervention: A Companion to Braunwald’s Heart Disease); served as site co-investigator for Abbott,
Biotronik, Boston Scientiﬁc, CSI, St. Jude Medical (now
Abbott), and Svelte and has served as Trustee for American
College of Cardiology and has participated in unfunded
research for FlowCo, Merck, and Takeda. Dr Bittner has
received grant support from Sanoﬁ, Astra Zeneca, DalCor,
Esperion, Bayer, The Medicines Company, and Amgen, all
paid direct to her institution, and she has received personal
fees from Sanoﬁ. Dr Diaz has received research grants from
Sanoﬁ, DalCor Pharmaceuticals, Population Health Research
Institute, Duke Clinical Research Institute, the TIMI group,
Amgen, Cirius, Montreal Health Innovations Coordinating
Center, and Lepetit and personal fees as a member of the
Executive Steering Committee from Amgen and Cirius. Dr
Goodman has received research grants from Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Bristol Myers Squibb,
CSL Behring, Eli Lilly, Merck, Novartis, Pﬁzer, Regeneron,
and Sanoﬁ; honoraria from Amgen, AstraZeneca, Bayer,
Boehringer Ingelheim, Bristol Myers Squibb, CSL Behring,
Daiichi-Sankyo/American Regent, Eli Lilly, Esperion, Ferring
Pharmaceuticals, GlaxoSmithKline, HLS Therapeutics, Janssen/Johnson & Johnson, Merck, Novartis, Novo Nordisk
A/C, Pendopharm, Pﬁzer, Regeneron, Sanoﬁ, Servier, and
Valeo Pharma and has served as a consultant or on advisory
boards (or both) for Amgen, AstraZeneca, Bayer, Boehringer
Ingelheim, Bristol Myers Squibb, CSL Behring, Eli Lilly,
Ferring Pharmaceuticals, HLS Therapeutics, Janssen/Johnson
& Johnson, Merck, Novartis, Pendopharm, Pﬁzer,

Regeneron, Sanoﬁ, and Servier. He has received salary support/honoraria from the Heart and Stroke Foundation of
Ontario/University of Toronto (Polo) Chair, Canadian Heart
Research Centre and MD Primer, Canadian VIGOUR
Centre, Cleveland Clinic Coordinating Centre for Clinical
Research, Duke Clinical Research Institute, New York University Clinical Coordinating Center, and PERFUSE Research
Institute. Dr Hagström has received research grants from the
Swedish Heart and Lung Foundation, Sweden; Uppsala
University, Sweden; EMPIR European Union Horizon 2020;
research support from Amgen and Sanoﬁ and has served as a
consultant or on advisory for Amgen, Sanoﬁ, Bayer, NovoNordisk, and Boehringer Ingelheim. Dr Harrington has
received research grants (all DSMB related) from AstraZeneca,
Janssen, and Bristol-Myers Squibb; served on advisory boards
for Gilead (uncompensated) and WebMD; and has served on
the boards of directors (unpaid) for the American Heart Association and Stanford HealthCare. Dr Jukema has received
research grants from the Netherlands Heart Foundation, the
Interuniversity Cardiology Institute of the Netherlands, and
the European Commission Seventh Framework Programme
and research support from Amgen, Astellas, AstraZeneca,
Daiichi- Sankyo, Lilly, Merck-Schering-Plough, Pﬁzer,
Roche, and Sanoﬁ. Dr Liberopoulos has received personal fees
from Amgen and Sanoﬁ and grants, personal fees, and
nonﬁnancial support from AstraZeneca. He has received
personal fees from Novo Nordisk, MSD, Lilly, Servier,
Boehringer-Ingelheim, and Novartis and personal fees and
nonﬁnancial support from Bayer and Viatris. Ms Loy is an
employee of Sanoﬁ and may hold shares and/or stock options
in the company. Dr Pordy is an employee of Regeneron
Pharmaceuticals. Dr White has received grant support paid to
the institution and fees from Sanoﬁ-Aventis and Regeneron
Pharmaceuticals, Eli Lilly, Omthera Pharmaceuticals, Pﬁzer
USA, Eisai Inc, DalCor Pharma UK Inc, Sanoﬁ-Aventis
Australia Pty Ltd, and Esperion Therapeutics Inc. Dr White
was on the advisory boards for Genentech, Inc. (an afﬁliate of

8

Canadian Journal of Cardiology
Volume - 2022

F. Hoffmann-La Roche Ltd, “Roche,” Lytics Post-PCI
Advisory Board at European Society of Cardiology) and has
received lecture fees from AstraZeneca. Dr Zeiher has been a
scientiﬁc advisor for Sanoﬁ, Amgen, Pﬁzer, and Boehringer
and speaker for Bayer, Novartis, and Vifor. Dr Simon has
received grants from Programme de Recherche Medico
Economique and from Instituto de Salud Carlos III, Grant
number PI15/01543; personal fees from Astra Zeneca,
Novartis, Sanoﬁ, Astellas, and MSD; and grants from Astra
Zeneca, Bayer, Boehringer, Daiichi-Sankyo, Eli Lilly, GSK,
Novartis, and Sanoﬁ. Dr Steg has received grants and personal
fees from Sanoﬁ and Regeneron Pharmaceuticals (as co-chair
of the ODYSSEY OUTCOMES trial); grants and personal
fees from Amarin (executive steering committee REDUCE
IT, consulting, speaking), Bayer (speaking), Servier (Chair
CLARIFY registry, DMC); personal fees from Amgen, Bristol
Myers Squibb (Steering Committee NAXOS and PAROS
studies, speaking), Boehringer Ingelheim (executive steering
committee, REDUAL PCI trial), Idorsia (Steering Committee
SOS AMI trial), Novartis (consulting, executive steering
committee PARADISE MI trial, speaking), Novo Nordisk
(consulting, speaking), Pﬁzer (Critical Event Committee),
Sanoﬁ/Lexicon (executive steering committee, SCORED and
SOLOIST trials), and Myokardia; personal fees and nonﬁnancial support from AstraZeneca (co-chair THEMIS trial;
consulting, speaking); in addition, Dr Steg has a patent
assigned to Sanoﬁ issued. Dr Erglis has no conﬂicts of interest
to disclose. For detailed author disclosure please see the
Declaration of Interest Form (Supplemental Appendix S2).

10. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. Circulation 2019;139:e1082-143.

References

17. Goodman SG, Aylward PE, Szarek M, et al. Effects of alirocumab on
cardiovascular events after coronary bypass surgery. J Am Coll Cardiol
2019;74:1177-86.

1. 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.
2. Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added to statin
therapy after acute coronary syndromes. N Engl J Med 2015;372:
2387-97.
3. Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in patients with type 2
diabetes and acute coronary syndrome. N Engl J Med 2015;373:
2247-57.
4. Bhatt DL, Eagle KA, Ohman EM, et al. Comparative determinants of 4year cardiovascular event rates in stable outpatients at risk of or with
atherothrombosis. JAMA 2010;304:1350-7.
5. Bonaca MP, Storey RF, Theroux P, et al. Efﬁcacy and safety of ticagrelor
over time in patients with prior MI in PEGASUS-TIMI 54. J Am Coll
Cardiol 2017;70:1368-75.
6. Stone GW, Maehara A, Lansky AJ, et al. A prospective natural-history
study of coronary atherosclerosis. N Engl J Med 2011;364:226-35.
7. Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and cardiovascular
outcomes after acute coronary syndrome. N Engl J Med 2018;379:
2097-107.
8. Schwartz GG, Bessac L, Berdan LG, et al. Effect of alirocumab, a
monoclonal antibody to PCSK9, on long-term cardiovascular outcomes
following acute coronary syndromes: Rationale and design of the ODYSSEY Outcomes trial. Am Heart J 2014;168:682-689.e681.
9. Gail M, Simon R. Testing for qualitative interactions between treatment
effects and patient subsets. Biometrics 1985;41:361-72.

11. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for
the management of dyslipidaemias: lipid modiﬁcation to reduce cardiovascular risk: the task force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and European Atherosclerosis
Society (EAS). Eur Heart J 2019;41:111-88.
12. Pearson GJ, Thanassoulis G, Anderson TJ, et al. 2021 Canadian Cardiovascular Society Guidelines for the management of dyslipidemia for
the prevention of cardiovascular disease in adults. Can J Cardiol 2021;37:
1129-50.
13. Sabatine MS, De Ferrari GM, Giugliano RP, et al. Clinical beneﬁt of
evolocumab by severity and extent of coronary artery disease: analysis
from FOURIER. Circulation 2018;138:756-66.
14. Roe MT, Li QH, Bhatt DL, et al. Risk categorization using new
American College of Cardiology/American Heart Association guidelines
for cholesterol management and its relation to alirocumab treatment
following acute coronary syndromes. Circulation 2019;140:1578-89.
15. Ray KK, Colhoun HM, Szarek M, et al. Effects of alirocumab on cardiovascular and metabolic outcomes after acute coronary syndrome in
patients with or without diabetes: a prespeciﬁed analysis of the ODYSSEY OUTCOMES randomised controlled trial. Lancet Diabetes Endocrinol 2019;7:618-28.
16. Jukema JW, Szarek M, Zijlstra LE, et al. Alirocumab in patients with
polyvascular disease and recent acute coronary syndrome: ODYSSEY
OUTCOMES trial. J Am Coll Cardiol 2019;74:1167-76.

18. Bittner VA, Szarek M, Aylward PE, et al. Effect of alirocumab on lipoprotein(a) and cardiovascular risk after acute coronary syndrome. J Am
Coll Cardiol 2020;75:133-44.
19. Damask A, Steg PG, Schwartz GG, et al. Patients with high genome-wide
polygenic risk scores for coronary artery disease may receive greater
clinical beneﬁt from alirocumab treatment in the ODYSSEY OUTCOMES trial. Circulation 2020;141:624-36.
20. Gencer B, Mach F, Murphy SA, et al. Efﬁcacy of evolocumab on cardiovascular outcomes in patients with recent myocardial infarction: a
prespeciﬁed secondary analysis from the FOURIER trial. JAMA Cardiol
2020;5:1-6.
21. Sugizaki Y, Otake H, Kawamori H, et al. Adding alirocumab to rosuvastatin helps reduce the vulnerability of thin-cap ﬁbroatheroma: an
ALTAIR trial report. JACC Cardiovasc Imaging 2020;13:1452-4.
22. Räber L, Ueki Y, Otsuka T, et al. Effect of alirocumab added to highintensity statin therapy on coronary atherosclerosis in patients with
acute myocardial infarction: the PACMAN-AMI randomized clinical
trial. JAMA 2022;327:1771-81.

Supplementary Material
To access the supplementary material accompanying this
article, visit the online version of the Canadian Journal of
Cardiology at www.onlinecjc.ca and at https://doi.org/10.
1016/j.cjca.2022.05.021.

