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Aims Lowering low-density lipoprotein cholesterol (LDL-C) reduces cardiovascular risk irrespective of age, but the evi-
dence is less strong for older patients.

...................................................................................................................................................................................................
Methods
and results

This prespecified analysis from ODYSSEY OUTCOMES compared the effect of alirocumab vs. placebo in 18 924
patients with recent acute coronary syndrome (ACS) according to age. We examined the effect of assigned treat-
ment on occurrence of the primary study outcome, a composite of coronary heart disease death, myocardial in-
farction, ischaemic stroke, or unstable angina requiring hospitalization [major adverse cardiovascular event
(MACE)] and all-cause death. Relative risk reductions were consistent for patients >_65 vs. <65 years for MACE
[hazard ratio (HR) 0.78, 95% confidence interval (CI) 0.68–0.91 vs. 0.89, 0.80–1.00; Pinteraction = 0.19] and all-cause
death [HR 0.77, 0.62–0.95 vs. 0.94, 0.77–1.15; Pinteraction = 0.46], and consistent for MACE when dichotomizing at
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age 75 years (HR 0.85, 0.64–1.13 in >_75 vs. 0.85, 0.78–0.93 in <75, Pinteraction = 0.19). When considering age as a
continuous variable in regression models, advancing age increased risk of MACE, as well as the absolute reduction
in MACE with alirocumab, with numbers-needed-to-treat for MACE at 3 years of 43 (25–186) at age 45 years, 26
(15–97) at age 75 years, and 12 (6–81) for those at age 85 years. Although adverse events were more frequent in
older patients, there were no differences between alirocumab and placebo.

...................................................................................................................................................................................................
Conclusion In patients with recent ACS, alirocumab improves outcomes irrespective of age. Increasing absolute benefit but not

harm with advancing age suggests that LDL-C lowering is an important preventive intervention for older patients
after ACS.
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Introduction

Cardiovascular disease is a major cause of death in older patients, and
low-density lipoprotein cholesterol (LDL-C) remains a strong risk
factor for cardiovascular events even at an advanced age.1 Statins re-
duce the risk of vascular mortality and major coronary events irre-
spective of age, although the evidence is less strong in patients above
75 years. A recent meta-analysis explored the effectiveness of statin
therapy across many age categories.2 Overall, statin therapy com-
pared with placebo or more intensive statin therapy compared with
less intensive statin therapy reduced the risk of major coronary
events, but there appeared to be a trend towards smaller propor-
tional risk reductions with increasing age. Absolute risk reduction,
however, increased with advancing age.

As older individuals were often underrepresented in the clinical
trials included in that analysis, uncertainty remains regarding the bal-
ance between benefit and risk with intensive LDL-C lowering in the
elderly, particularly after an acute coronary syndrome (ACS). This
was identified as a specific knowledge gap in an American College of
Cardiology/American Heart Association scientific statement.3 Older
patients, who are often challenging to treat, are less likely to be pre-
scribed lipid-lowering therapies, and when statins are used the dose
is often lower.4 Reasons include fear of side-effects, perceived lack of
benefit, concerns about polypharmacy, and potential drug–drug
interactions. Older patients in secondary prevention also have lower
adherence to statins, which has been associated with an increased
risk of death.5 As a consequence, few elderly patients in secondary
prevention appear to achieve the LDL-C levels recommended in
guidelines.6 In view of these limitations, additional LDL-C lowering by
non-statin therapies might, therefore, be particularly appealing for
older patients with established coronary artery disease.7

Proprotein convertase subtilisin–kexin Type 9 (PCSK9) inhibition
represents one option to substantially lower LDL-C levels in patients
who do not achieve guideline-recommended goals. In the Evaluation
of Cardiovascular Outcomes After an Acute Coronary Syndrome
During Treatment With Alirocumab (ODYSSEY OUTCOMES) trial,
the PCSK9 inhibitor alirocumab, added to high-intensity or
maximum-tolerated statin treatment, reduced the primary compos-
ite endpoint of death from coronary heart disease, non-fatal myocar-
dial infarction, ischaemic stroke, or unstable angina requiring
hospitalization compared with placebo in 18 924 patients with a re-
cent ACS.8 In this trial, as well as in a large outcomes trial with

evolocumab in patients with stable established atherothrombotic dis-
ease, there appeared to be no interaction between age and impact of
treatment on the primary endpoint [65-year cut-off: 27% of the
population in ODYSSEY OUTCOMES and 44% of those in Further
Cardiovascular Outcomes Research with PCSK9 Inhibition in
Subjects with Elevated Risk (FOURIER)].8,9 Recommendations for
PCSK9 inhibitor therapy in guidelines are in general cautious and not
age-specific, reflecting the limited evidence available in older
patients.10,11

In this prespecified analysis of the ODYSSEY OUTCOMES trial,
we assessed the impact of age on recurrent ischaemic cardiovascular
events and the impact of age on the effect of treatment with alirocu-
mab on LDL-C levels and recurrent ischaemic cardiovascular events
in post-ACS patients with elevated atherogenic lipoproteins despite
maximally tolerated intensive statin therapy.

Methods

The study design, including inclusion and exclusion criteria, and primary
results have been published.8,12 Patients were eligible for enrolment if
they were >_40 years of age, provided written consent, had been hospital-
ized with an ACS (myocardial infarction or unstable angina) 1–12 months
before randomization, and had an LDL-C level >_1.8 mmol/L (70 mg/dL),
a non-high-density lipoprotein cholesterol level of >_2.59 mmol/L
(100 mg/dL), or an apolipoprotein B level of >_80 mg/dL, measured after
>_2 weeks of stable treatment with atorvastatin 40–80 mg daily, rosuvas-
tatin 20–40 mg daily, or the maximum-tolerated dose of one of these sta-
tins (including no statin in the case of documented unacceptable side-
effects). Patients who met trial entry criteria were randomized to receive
alirocumab at a dose of 75 mg or matching placebo; randomization was
stratified by country. All doses of alirocumab or placebo were adminis-
tered by subcutaneous injection every 2 weeks.

Treatment assignments and lipid levels during the trial were concealed
from the patients and investigators. Low-density lipoprotein cholesterol
levels were calculated with the use of the Friedewald formula unless the
triglyceride level exceeded 4.52 mmol/L (400 mg/dL) or the calculated
LDL-C level was <0.39 mmol/L (15 mg/dL), in which case values were
determined by beta-quantification. Among patients assigned to the aliro-
cumab group, protocol-specified dose-adjustment algorithms were used
to target an LDL-C level of 0.65–1.30 mmol/L (25–50 mg/dL) and to avoid
sustained levels <0.39 mmol/L (15 mg/dL). Dose adjustments were
performed under blinded conditions, without either the patient or the
investigator being aware of the adjustment, including substitution of
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placebo for alirocumab in the case of sustained levels of LDL-C
<0.39 mmol/L.

Study endpoints
The primary endpoint was a composite of death from coronary heart dis-
ease, non-fatal myocardial infarction, fatal or non-fatal ischaemic stroke,
or unstable angina requiring hospitalization. Key secondary endpoints in-
clude all-cause death, and the combined secondary endpoint of all-cause
death, myocardial infarction, or ischaemic stroke.8 All endpoints were
adjudicated by physicians who were unaware of the trial-group
assignments.

Statistical analysis
Baseline characteristics, including patient demographics, medical history
before the index ACS, type of index ACS and treatment, renal function,
and type of lipid-lowering therapies are presented by age group, using the
prespecified cut-off threshold of 65 years and the non-prespecified
threshold of 75 years. Categorical variables are presented as counts (%),
and differences among age groups were assessed using the chi-square
tests. Continuous variables are presented as means and standard devia-
tions (SDs), and differences among age groups were assessed using t-
tests. The linearity of the relationship between age and the log-hazard of
endpoints was tested using restricted cubic splines. Kaplan–Meier curves
are presented by randomized treatment and age group (>_65/<65 years
and >_75/<75 years). A Cox regression model with age group, random-
ized treatment and their interaction was used to estimate age group-spe-
cific hazard ratios (HRs) comparing alirocumab vs. placebo. A separate
Cox regression model with age as a continuous variable, randomized
treatment and their interaction was used to estimate the event rate at
3 years and HRs comparing alirocumab vs. placebo at specific ages and to
test the interaction between age as and randomized treatment.
Additionally, using the same model, absolute risk reductions were esti-
mated as a function of age. In cases where the absolute risk reduction was
statistically significant, the number-needed-to-treat (NNT) with confi-
dence interval (CI) is reported.

Sensitivity analyses were performed in the subgroup of patients medic-
ally managed and adjusting the randomized treatment comparison by sta-
tin dose at baseline. All analyses were performed separately from the
sponsor by an independent academic statistician (D.M.W.) using SAS
System version 9.4 (TS1M5).

Results

Patient characteristics according
to age
The mean age of patients in ODYSSEY OUTCOMES was 59 (SD
9 years), with 5084 (26.9%) aged 65 years or older, 1007 (5.3%) aged
75 years or older, and 42 (0.2%) 85 years or older. Because of the
small number of patients in the latter two categories, comparisons
were made according to prespecified categories dichotomized at the
prespecified age of 65 years.

Patients aged 65 years or older were more often female, and more
likely to have a history of hypertension, diabetes mellitus, myocardial
infarction, percutaneous coronary intervention (PCI) or coronary ar-
tery bypass grafting (CABG), stroke, peripheral artery disease, and
congestive heart failure (Table 1). Older patients were also more like-
ly to have presented with non-ST-segment elevation myocardial in-
farction (54.2% vs. 46.4% in patients <65 years) (Table 1), while

younger patients more often had ST-segment elevation myocardial
infarction. Older patients were also less likely to have undergone
revascularization (PCI or CABG) for their index ACS event (68.4%
vs. 73.7% for patients <65 years). Comparable baseline differences
were observed when dichotomizing patients at age 75 years
(Supplementary material online, Table S1).

Lipid-lowering therapies and low-density
lipoprotein cholesterol levels according
to age
At randomization, statin therapy was less intensive in older patients.
Fewer patients >_65 years were on atorvastatin 80 mg or rosuvastatin
40 mg, while the percentage of patients on atorvastatin 40 mg or
rosuvastatin 20 mg was similar in both age categories (Table 1). More
patients above the age of 65 years were on low- or moderate-
intensity doses of these statins (11.4% vs. 7.4% for <65 years) or
were not receiving any statin at baseline (4.7% vs. 1.6% for those
<65 years). Ezetimibe was rarely used across both age categories.
The mean baseline LDL-C levels were 2.38 mmol/L in patients
<65 years of age in both treatment arms, and 2.43 (alirocumab) or
2.41 (placebo) mmol/L in patients aged 65 years and older.

Over the course of the study, the intensity of statin therapies
changed, and this occurred largely to the same extent in both age cat-
egories and irrespective of treatment allocation (Supplementary ma-
terial online, Table S2). At 2 years from randomization, statin intensity
had decreased in 13.0% of patients (14.0% in >_65 years, 12.6% in
<65 years), and had increased in only 1.2% of patients (1.4% in
>_65 years, 1.1% in <65 years). At 3 years, LDL-C levels in the alirocu-
mab arm were 62.5 mg/dL for <65 years and 56.9 mg/dL for
>_65 years, vs. 102.1 mg/dL and 97.0 mg/dL, respectively, in the pla-
cebo arm. Overall, the age-related trends in statin regimen changes
over time were similar in patients on alirocumab or placebo.
Similarly, persistence of assigned study treatment diminished over
time in both age categories. Among patients >_65 years, discontinu-
ation of assigned study alirocumab or placebo occurred in 8.9% and
8.1%, respectively, at 1 year and in 13.9% and 13.6% at 2 years. In
patients <65 years, discontinuation of alirocumab or placebo
occurred in 7.0% and 7.1%, respectively, at 1 year and 11.5% and
11.9% at 2 years. The 75 mg alirocumab dose comprised 79.7% of the
prescribed treatment for patients >_65 years compared with 80.0%
for patients <65 years. Blinded substitution of placebo for alirocumab
for sustained very low LDL-C occurred in 7.9% of patients >_65 years
compared with 7.7% of patients <65 years.

Effect of alirocumab on low-density
lipoprotein cholesterol levels according
to age
The extent of the initial LDL-C-lowering response to alirocumab was
pronounced irrespective of age (Figure 1). Low-density lipoprotein
cholesterol levels with alirocumab at 1 (both 1.11 mmol/L), 4 (1.02
vs. 1.05 mmol/L), and 8 (both 1.17 mmol/L) months after randomiza-
tion were similar in patients <65 vs. >_65 years. Subsequent LDL-C
levels among patients assigned to the alirocumab group tended to
rise irrespective of age. This effect was less pronounced in patients
>_65 years: LDL-C levels at 24 and 36 months were 1.39 and
1.47 mmol/L, respectively, in older patients vs. 1.45 and 1.62 mmol/L
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..in younger patients. The more pronounced gradual increase in LDL-
C levels over the course of the trial in younger vs. older patients
appeared to be similar in the placebo arm.

Clinical outcomes according to age
Alirocumab reduced the risk of the primary composite endpoint in
patients >_65 years (Kaplan–Meier at 3 years: 12.9% vs. 16.8%; HR

....................................................................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics per age group

Characteristics Age at enrolment P-value

<65 years (n 5 13 840) �65 years (n 5 5084)

Age (years), mean (SD) 54.2 (6.3) 70.5 (4.7) <0.0001

Women, n (%) 2948 (21.3) 1814 (35.7) <0.0001

Race, n (%) <0.0001

White 10 886 (78.7) 4138 (81.4)

Asian 384 (2.8) 89 (1.8)

Black 1894 (13.7) 604 (11.9)

Other 673 (4.9) 253 (5.0)

Region of enrolment, n (%) <0.0001

Central and Eastern Europe 3909 (28.2) 1528 (30.1)

Western Europe 3073 (22.2) 1102 (21.7)

Canada or USA 2099 (15.2) 772 (15.2)

Latin America 1813 (13.1) 775 (15.2)

Asia 1733 (12.5) 560 (11.0)

Rest of World 1213 (8.8) 347 (6.8)

Medical history before index ACS, n (%)

Hypertension 8390 (60.6) 3859 (75.9) <0.0001

Diabetes mellitus 3787 (27.4) 1657 (32.6) <0.0001

Current tobacco smoker 3973 (28.7) 587 (11.5) <0.0001

Family history of premature coronary heart disease 5248 (37.9) 1525 (30.0) <0.0001

Myocardial infarction 2499 (18.1) 1134 (22.3) <0.0001

Percutaneous coronary intervention 2212 (16.0) 1029 (20.2) <0.0001

CABG 582 (4.2) 465 (9.1) <0.0001

Stroke 337 (2.4) 274 (5.4) <0.0001

Peripheral artery disease 428 (3.1) 331 (6.5) <0.0001

Congestive heart failure 1800 (13.0) 1014 (19.9) <0.0001

Index ACS, n (%) n = 13 818 n = 5075 <0.0001

STEMI 5039 (36.4) 1497 (29.4)

Non-STEMI 6422 (46.4) 2753 (54.2)

Unstable angina 2357 (17.0) 825 (16.2)

PCI or CABG for index ACS, n (%) 10 201 (73.7) 3475 (68.4) <0.0001

Time from index ACS to randomization (months), mean (SD) 3.6 (2.8) 3.8 (2.8) 0.0003

Body mass index (kg/m2), mean (SD) 28.8 (4.9) 27.8 (4.6) <0.0001

Renal function

eGFR (mL/min), mean (SD) 83.1 (18.5) 70.2 (18.2) <0.0001

eGFR <60 mL/min, n (%) 1163 (8.4) 1377 (27.1) <0.0001

Lipid-lowering drugs at randomization, n (%) <0.0001

High-intensity atorvastatin/rosuvastatin 12 565 (90.8) 4246 (83.5)

Atorvastatin 80 mg or rosuvastatin 40 mg 4058 (29.3) 1121 (22.0)

Atorvastatin 40 mg or rosuvastatin 20 mg 8507 (61.5) 3125 (61.5)

Low- or moderate-intensity atorvastatin/rosuvastatin 1027 (7.4) 580 (11.4)

Other statin 26 (0.2) 20 (0.4)

No statin 222 (1.6) 238 (4.7)

Ezetimibe 408 (2.9) 142 (2.8) 0.57

ACS, acute coronary syndrome; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary intervention; STEMI, ST-segment
elevation myocardial infarction.
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0.78, 95% CI 0.68–0.91) and in those <65 years (Kaplan–Meier at
3 years: 8.8% vs. 9.7%; HR 0.89, 0.80–1.00, Pinteraction = 0.19)
(Supplementary material online, Table S3). Similarly, there was no sig-
nificant difference by age category in the relative benefit of alirocu-
mab over placebo for the secondary combined endpoint of all-cause
death, myocardial infarction, or ischaemic stroke (HR 0.78, 95% CI
0.68–0.90 for >_65 years vs. 0.91, 0.82–1.02; Pinteraction = 0.19), or for
all-cause death (HR 0.77, 0.62–0.95 vs. 0.94, 0.77–1.15;
Pinteraction = 0.46). The absolute risk of each of these endpoint events
in the placebo group was considerably greater among patients
>_65 years compared with those <65 years. Accordingly, the absolute
reduction in the primary endpoint with alirocumab was significantly
greater among those >_65 years of age than those <65 years of age
(P = 0.015, Figure 2A). Reduction in death with alirocumab was also
greater among those >_65 years of age than among younger patients
(P = 0.024, Figure 2B). Three-year Kaplan–Meier estimates for abso-
lute reduction in the primary endpoint with alirocumab were 3.9%
(95% CI 1.7–6.0) among those >_65 years of age and 0.9% (95% CI
-0.1 to 2.0) for those <65 years of age. Similarly, 3-year Kaplan–Meier
estimates for absolute reduction in death with alirocumab were 2.1%
(95% CI 0.5–3.7) among those >_65 years of age compared with 0.1%
(95% CI -0.5 to 0.7) for those <65 years of age. Adjusting for baseline
statin therapy did not significantly alter these results (Supplementary
material online, Table S4).

When using the non-prespecified 75-year cut-off, alirocumab
reduced the risk of the primary endpoint in patients >_75 years

(Kaplan–Meier at 3 years: 18.8% vs. 21.4%; HR 0.85, 95% CI 0.64–
1.13) and in those <75 years (Kaplan–Meier at 3 years: 9.4% vs.
11.1%; HR 0.85, 0.78–0.93, Pinteraction = 0.19) (Supplementary material
online, Table S5 and Figures S1). There was no significant difference by
age category set at 75 in the relative effect of alirocumab on all-cause
death (HR 0.80, 0.55–1.17 in >_75 years vs. 0.86, 0.74–1.01 in
<75 years; Pinteraction = 0.46).

Using age as a continuous variable, the rates of the primary
composite endpoint and all-cause death increased gradually
with advancing age, with a notably steeper slope >_65 years
(Take home figure A and B). The relative benefit of alirocumab
over placebo on the primary endpoint was consistent across
the whole age range. The HR for the primary composite end-
point was 0.75 (95% CI 0.60–0.94) for a 45-year-old patient vs.
0.78 (0.65–0.94) for a 75-year-old patient, and 0.68 (0.48–0.95)
for an 85-year-old patient (Pinteraction = 0.19) (Take home figure
C). Similarly, the HR for a major coronary heart disease event
was 0.75 (0.59–0.95) in a 45-year-old patient, 0.80 (0.66–0.98)
for a 75-year-old patient, and 0.68 (0.47–0.98) for a patient at
age 85 years (Pinteraction = 0.14) HRs for all-cause death are
shown in Take home figure D).

Because of the higher absolute risk at older age, the absolute bene-
fits of alirocumab increased with advancing age (Figure 3). As a conse-
quence, the NNT for 3 years to prevent one primary composite
endpoint decreased with increasing age: 43 (25–186) at age 45; 26
(15–97) at age 75; and 12 (6–81) at age 85 years. For major coronary
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heart disease events, the NNT decreased from 49 (27–259) at age 45
to 34 (18–297) at age 75, and to 14 (7–269) at age 85. Similar results
were observed for the relative benefit of alirocumab treatment
among patients who were managed medically (i.e. without a coronary
revascularization procedure for the index ACS): the HR for the pri-
mary composite endpoint at 3 years was 0.86 (95% CI 0.59–1.28) for
a 45-year-old patient vs. 0.73 (0.56–0.96) or 0.56 (0.33–0.94) for a
75-year or 85-year-old patient (Pinteraction = 0.17). Among medically
managed patients, the NNT for the primary endpoint was 17 (9–131)
and 7 (4–58), respectively, for 75- and 85-year-old patients.

Safety according to age
Adverse events by randomized treatment and age are listed in
Table 2. Although adverse events were observed more frequently in
patients above the age of 65 years, there were no differences be-
tween alirocumab and placebo in patients aged >_65 or patients
<65 years. Similarly, serious adverse events or adverse events that
led to discontinuation of the trial regimen were more frequent in
older patients but no differences between the two treatment arms
were observed. Neurocognitive disorders were infrequent overall,
more common among older than younger participants, but
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..numerically less common in the alirocumab group compared to the
placebo group in both age groups.

Discussion

Elevated LDL-C is a risk factor for recurrent ischaemic cardiovascular
events after an ACS, including at an advanced age.1 Although statins
reduce the risk of recurrent events irrespective of age, the evidence
is less convincing in patients above the age of 65 years, in part due to
the low number of older patients randomized in clinical trials.
Nevertheless, guidelines recommend statin therapy for older patients
in secondary prevention, but weaker evidence, as well as doubts
about the safety of statins, is reflected in less stringent
recommendations.

The present analysis from the ODYSSEY OUTCOMES trial dem-
onstrates in patients with recent ACS and on maximum-tolerated
statin therapy that alirocumab safely reduced the relative risk of re-
current ischaemic events and all-cause death across age categories or
the continuous range of age. Importantly, because the absolute risk of
these events increases with advancing age, the absolute treatment
benefit of alirocumab also increased with advancing age.
Consequently, the NNT to prevent one primary endpoint is relative-
ly low in older patients and is even lower in the very old: 26 for

75-year-old patients and 12 for 85-year-old patients. Taken together,
these findings illustrate that intensive LDL-C lowering therapy with
PCSK9 inhibition added to statin may be an important secondary pre-
ventive intervention for older patients after an ACS, and in fact is a
highly efficient intervention in those patients.

The current findings are analogous to previous studies that have
indicated a consistent benefit of statin treatment in the elderly, par-
ticularly for secondary prevention of cardiovascular events. In con-
trast with older studies, a recent meta-analysis suggested that statins
reduce the risk of vascular death and major coronary events irre-
spective of age.2 Although there appeared to be diminishing benefit
with age in primary prevention, there was no trend towards smaller
proportional reductions in death with increasing age in patients with
established vascular disease.2 Likewise, in a recent French cohort
study, statin use for secondary prevention in patients aged >_75 years
was associated with a 25% lower annual rate of ACS or death (HR
0.75, 95% CI 0.63–0.90), but the effectiveness was lower with use in
high-risk primary prevention patients and even absent in older
patients without modifiable risk factors.13 In addition, intensive lipid-
lowering therapies vs. either placebo or moderate statin therapy after
an ACS yielded at least similar benefits in older patients as in younger
patients.7,14,15 Taken together, because of their high risk of recurrent
ischaemic events, older patients benefit from lipid-lowering
therapies.

......................................................

....................................................................................................................................................................................................................

Table 2 Adverse events per age group

Adverse event Randomized treatment Relative risk (95% CI)

Alirocumab Placebo Alirocumab vs. placebo

Any adverse event, n/N (%)

>_65 years 1974/2499 (79.0) 2042/2574 (79.3) 1.00 (0.97–1.02)

<65 years 5191/6952 (74.7) 5240/6869 (76.3) 0.98 (0.96–1.00)

Serious adverse event, n/N (%)

>_65 years 703/2499 (28.1) 781/2574 (30.3) 0.93 (0.85–1.01)

<65 years 1499/6952 (21.6) 1569/6869 (22.8) 0.94 (0.89–1.00)

Adverse event that led to discontinuation of the trial regimen, n/N (%)

>_65 years 121/2499 (4.8) 128/2574 (5.0) 0.97 (0.76–1.24)

<65 years 222/6952 (3.2) 196/6869 (2.9) 1.12 (0.93–1.35)

Neurocognitive disorder, n/N (%)

>_65 years 52/2499 (2.1) 65/2574 (2.5) 0.82 (0.57–1.18)

<65 years 91/6952 (1.3) 102/6869 (1.5) 0.88 (0.67–1.17)

New-onset diabetes among patients without diabetes at baseline, n/N (%)

>_65 years 156/1693 (9.2) 167/1728 (9.7) 0.95 (0.77–1.17)

<65 years 492/5070 (9.7) 509/4968 (10.2) 0.95 (0.84–1.07)

Haemorrhagic stroke—adjudicated, n/N (%)

>_65 years 1/2499 (0.0) 6/2574 (0.2) 0.17 (0.02–1.42)

<65 years 8/6952 (0.1) 10/6869 (0.1) 0.79 (0.31–2.00)

Alanine aminotransferase >3 times the upper limit of normal, n/N (%)

>_65 years 64/2475 (2.6) 70/2539 (2.8) 0.94 (0.67–1.31)

<65 years 148/6894 (2.1) 158/6802 (2.3) 0.92 (0.74–1.15)

Aspartate aminotransferase >3 times the upper limit of normal, n/N (%)

>_65 years 52/2475 (2.1) 48/2539 (1.9) 1.11 (0.75–1.64)

<65 years 108/6892 (1.6) 118/6799 (1.7) 0.90 (0.70–1.17)

CI, confidence interval.
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Similarly, the present analysis demonstrates greater absolute

risk of recurrent ischaemic events and greater absolute reduc-
tion in that risk with alirocumab with advancing age. There was a
highly significant interaction of treatment and age (dichotomized
at 65 years) on the absolute reduction of the composite primary
outcome and all-cause death. Importantly, there appears to be
no age limit as to the effectiveness of alirocumab, although infer-
ence is limited by small numbers of patients at very advanced
ages.

The NNT with intensified lipid-lowering therapy with aliro-
cumab in this analysis (26 at age 75 and 12 at age 85 years) is
similar to that observed in the Pravastatin or Atorvastatin
Evaluation and Infection Therapy–Thrombolysis in Myocardial
Infarction 22 (PROVE IT-TIMI 22) that compared atorvastatin
80 mg with pravastatin 40 mg daily after ACS. In that trial, one
ischaemic event (death, myocardial infarction, or unstable an-
gina) was prevented in 13 patients >_70 years old vs. 44 patients
<70 years old treated to achieve LDL-C levels below
1.81 mmol/L.14 In addition, a low NNT (11) for the combined
endpoint of cardiovascular death and major cardiac adverse
events was observed for ACS patients >_75 years of age in the
Improved Reduction of Outcomes: Vytorin Efficacy
International Trial (IMPROVE-IT), when adding ezetimibe to
simvastatin over a 7-year period.7

Advancing age does not appear to affect the extent to which aliro-
cumab lowers LDL-C levels. An analysis from alirocumab studies in
patients with heterogenous familial hypercholesterolaemia previously
suggested that LDL-C reductions were similar across all age groups
studied, although only 90 patients >_65 years of age were included.16

In the current study, alirocumab further lowered LDL-C levels in
older patients to the same extent as in younger patients, despite a
somewhat less intensive statin regimen at baseline in patients
>_65 years of age. Low-density lipoprotein cholesterol lowering be-
came attenuated over the course of the trial, but to a lesser extent in
older patients. However, the difference in LDL-C levels between
older vs. younger patients observed from the end of the first year on-
ward appeared to occur to the same extent in the placebo arm. This
suggests that the less pronounced attenuation of LDL-C levels in
older patients is not due to significant age-specific differences in aliro-
cumab treatment or dose.

Treatment with alirocumab was found to be as safe in patients
above the age of 65 as in younger patients, confirming previous
findings.16,17 Although adverse events, in general, were more fre-
quent in older patients in ODYSSEY OUTCOMES, there was no
excess in any of the safety endpoints. Importantly, neurocognitive
adverse events were uncommon, and no difference was observed
between alirocumab and placebo in patients >_65 years. A compre-
hensive analysis of neurocognitive adverse events from 14 Phase 2
and 3 trials with alirocumab, and up to 104 weeks of follow-up
(but excluding ODYSSEY OUTCOMES) confirms that alirocumab
does not appear to increase the risk of neurocognitive adverse
events, including in older patients.17 In addition, although the pre-
sent analysis represents the longest follow-up (4 years, median of
2.8 years) with alirocumab across a wide range of ages to date, lon-
ger follow-up is required to assess the long-term safety of reaching
lower LDL-C levels with PCSK9 inhibition in patients above the
age of 65 years.

Limitations
A minimum age of 40 years to qualify for the trial and analysis accord-
ing to age dichotomized at age 65 years were prespecified in the
protocol and statistical analysis plan. The number of very elderly
patients was limited, leading to less precision in the estimates of effi-
cacy and insufficient data to define safety in octogenarians. In addition,
per design of the trial, patients needed to be on stable maximally tol-
erated high-intensity statin therapy after their ACS. As a conse-
quence, older patients represented in these analyses were largely
tolerant to intensive statin therapy at baseline and were unlikely to
be frail. It remains unclear whether our findings are also applicable to
less healthy older patients in the community. Since patients were fol-
lowed for a median of 2.8 years and life expectancy for most patients
is likely to be longer than that, it is difficult to extrapolate efficacy be-
yond the time horizon of the trial and calculate the number of life-
years gained. Furthermore, as the results from the IMPROVE-IT trial
did not become available until after the trial was well underway, and
LDL-C levels were kept blinded, few patients were treated with eze-
timibe over the course of the trial.

Conclusions

In the ODYSSEY OUTCOMES trial, adding alirocumab to maximally
tolerated high-intensity statins significantly improves outcomes in
patients after an ACS irrespective of age and without significant safety
issues in older patients. Importantly, the absolute treatment benefit
of alirocumab increased with advancing age, indicating that lipid-
lowering therapy beyond statins may be an important secondary pre-
ventive intervention after ACS in older patients. These findings might
be considered in future guideline recommendations for lipid-
lowering therapies in older patients.

Supplementary material

Supplementary material is available at European Heart Journal online.
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