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Full research paper

Intensity of statin treatment after acute
coronary syndrome, residual risk, and its
modification by alirocumab: insights from
the ODYSSEY OUTCOMES trial

Rafael Diaz1, Qian H Li2, Deepak L Bhatt3, Vera A Bittner4,
Marie T Baccara-Dinet5, Shaun G Goodman6,7,
J Wouter Jukema8, Takeshi Kimura9,
Alexander Parkhomenko10, Robert Pordy2, �Zeljko Reiner11,
Matthew T Roe12, Michael Szarek13, Hung-Fat Tse14,
Harvey D White15, Doron Zahger16, Andreas M Zeiher17,
Gregory G Schwartz18 and Ph Gabriel Steg19,20;
for the ODYSSEYOUTCOMES Committees and Investigators*

Abstract

Aims: Statins are pivotal to the secondary prevention of major adverse cardiovascular events, but some patients are

statin-intolerant. We examined the effects of the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor

alirocumab on the risk of major adverse cardiovascular events according to the intensity of background statin treatment.

Methods and results: The ODYSSEY OUTCOMES trial compared alirocumab with placebo in 18,924 patients with

acute coronary syndrome and dyslipidaemia despite intensive or maximum-tolerated statin treatment (including no

statin if intolerance was documented). The primary outcome (major adverse cardiovascular events) comprised coronary

heart disease death, non-fatal myocardial infarction, ischaemic stroke, or unstable angina. Median follow-up was 2.8

years. Baseline statin treatment was high-intensity (88.8%), low/moderate-intensity (8.7%) or none (2.4%). Median

baseline low-density lipoprotein cholesterol was 86, 89 and 139mg/dL (P< 0.001) in these statin treatment categories,

respectively. Alirocumab produced similar relative reductions in low-density lipoprotein cholesterol from baseline across

statin treatment subgroups, but the mean absolute reductions differed (52.9, 56.7 and 86.1mg/dL, respectively;

P< 0.001). With placebo, the incidence of major adverse cardiovascular events was highest in the no statin subgroup

(10.8%, 10.7% and 26.0% respectively). Alirocumab reduced major adverse cardiovascular events in each statin subgroup

(hazard ratio 0.88, 95% confidence interval (CI) 0.80–0.96; 0.68, 0.49–0.94; and 0.65, 0.44–0.97, respectively;
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Pinteraction¼ 0.14) with a gradient of absolute risk reduction: 1.25%, 95% CI 0.34–2.16; 3.16%, 0.38–5.94; 7.97%, 0.42–

15.51; Pinteraction¼ 0.106).

Conclusions: PCSK9 inhibition with alirocumab reduces the relative risk of major adverse cardiovascular events after

acute coronary syndrome irrespective of background statin treatment. However, patients on no statin are at high

absolute risk for recurrent major adverse cardiovascular events; alirocumab substantially reduces that risk. PCSK9

inhibition may be an important therapeutic strategy for statin-intolerant patients with acute coronary syndrome.

Keywords

Statins, statin intolerance, acute coronary syndrome, low-density lipoprotein cholesterol, major adverse cardiovascular

events
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Background

Statins are a cornerstone of primary and secondary
prevention of atherosclerotic cardiovascular events.1,2

Statins are generally well tolerated, with only 2–3% of
patients discontinuing treatment due to adverse events
in either arm of randomised, placebo-controlled trials.3

However, this low rate of discontinuation may reflect
the selection of patients for clinical trials. In routine
clinical practice, inability or unwillingness to continue
statin treatment occurs in up to 20% of patients.3

Similarly, observational studies have shown that a sub-
stantial proportion of patients cannot or do not take
statins as prescribed due to intolerance, non-adherence,
or barriers to accessing medication, with adherence
rates ranging from 25% to 60% in different clinical
settings.4 Although many definitions of statin intoler-
ance have been proposed,5,6 a pragmatic operational
definition may be the inability to tolerate statin treat-
ment, usually due to the occurrence of symptoms and/
or laboratory abnormalities.

High-intensity statin therapy is recommended for
most patients with established coronary heart disease7

or who are required to reach guideline-directed low-
density lipoprotein (LDL) cholesterol targets.8

Because statin intolerance and non-adherence is asso-
ciated with increased cardiovascular morbidity and
mortality,9–11 the potential efficacy of alternative
lipid-lowering therapies to improve outcomes in

statin-intolerant patients with acute coronary syn-
dromes (ACS) has high clinical relevance.

Proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors reduce levels of LDL-cholesterol
by 40�60% in statin-intolerant as well as statin-

tolerant patients, but we lack corresponding cardiovas-
cular outcome data in the former group.12–14 Large
cardiovascular outcomes trials have shown that
PCSK9 inhibitors significantly reduce major adverse

cardiovascular events (MACE) in patients with chronic
atherosclerotic cardiovascular disease12 or after a
recent ACS when added to background statin treat-
ment.15 An unanswered question is, therefore, whether
the cardiovascular outcomes benefits of PCSK9
inhibitors vary with the intensity of background
statin treatment, including no statin treatment in
cases of contraindications or statin intolerance. The
ODYSSEY OUTCOMES trial compared alirocumab
with placebo in patients with a recent ACS and elevat-
ed atherogenic lipoproteins despite intensive or
maximum-tolerated atorvastatin or rosuvastatin treat-
ment, in some cases no statin.15,16 A determination of
statin intolerance (defined per study protocol) was
intolerance to at least two statins at any dose.
Patients with previous statin intolerance were eligible
for enrolment provided intolerance was documented.
In this report, we examine the outcomes of treatment
with alirocumab or placebo according to the intensity
of background statin therapy, including statin
intolerance.

Methods

Study design

The design16 and principal results15,17 of the
ODYSSEY OUTCOMES trial (clinicaltrials.gov:
NCT01663402) have been reported. In this rando-
mised, multinational, double-blind, placebo-controlled
trial, 18,924 patients aged 40 years and over who had
been hospitalised with an ACS one to 12 months pre-
viously were randomly assigned (1:1) to receive aliro-
cumab or placebo.16 To be included, patients had to
have LDL-cholesterol of 70mg/dL (1.81mmol/L) or
greater, non-high-density lipoprotein (HDL) cholester-
ol of 100mg/dL (2.59mmol/L) or greater, or apolipo-
protein B of 80mg/dL or greater after 2 or more weeks
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of stable treatment with atorvastatin 40–80mg daily,

rosuvastatin 20–40mg daily, or the maximum-

tolerated dose of one of these statins (including no

statin in the case of documented intolerance). Ethics

committees approved the protocol and amendments

and all patients provided written informed consent.

Background statin use

If treatment with high-dose atorvastatin or rosuvasta-

tin was not tolerated due to adverse events or labora-

tory abnormalities (e.g. elevated creatine kinase and/or

transaminases), lower doses of atorvastatin (10–20mg

daily) or rosuvastatin (5–10mg daily) were used, or the

patient was switched from atorvastatin to rosuvastatin

or vice versa. In the absence of tolerability issues, low/

moderate doses of atorvastatin or rosuvastatin could

be used for valid medical reasons documented on the

case report forms, including advanced age, low body

mass, or the interaction of a statin with another

required medication.
Statin intolerance was defined per study protocol as

intolerance to at least two statins at any dose. A deter-

mination of statin intolerance required investigator

review of the patient’s medical history, discussion

with the patient, their family, and/or the treating phy-

sician and documentation on case report forms.

Patients with documented statin intolerance could

qualify for the trial without any background statin

therapy. Treatment with non-statin lipid-lowering

drugs was acceptable, with or without concurrent

statin therapy, but fibrates other than fenofibrate or

fenofibric acid were not acceptable.

Study treatment

Qualifying patients were randomly assigned to alirocu-

mab 75mg or matching placebo given by subcutaneous

injection every 2 weeks. The dose of alirocumab was

adjusted under blinded conditions to a target LDL-

cholesterol level of 25–50mg/dL (0.65–1.29mmol/L)

by increasing the dose to 150mg for LDL-cholesterol

levels that remained 50mg/dL (1.29mmol/L) or greater

or substituting placebo for alirocumab if two consecu-

tive, direct measurements of LDL-cholesterol were less

than 15mg/dL (0.39mmol/L). After random assign-

ment, investigators were advised to maintain constant

background lipid-lowering therapy unless safety or tol-

erability issues arose. Any changes to background

lipid-lowering therapy after random assignment were

recorded on a case report form.
Participants and physicians were blinded to the

treatment allocation. To protect the blind, all treatment

kit boxes had the same look and feel and were labelled

with a double-blind label. Details on randomisation

procedures are included in the Supplementary material.

Outcome

The primary outcome of the trial was MACE, defined

as the composite of death due to coronary heart dis-

ease, non-fatal myocardial infarction, fatal or non-fatal

ischaemic stroke, or unstable angina requiring

hospitalisation.

Statistical analysis

Details on the sample size calculation are included in

the Supplementary material. Patients were categorised

according to statin dose at random assignment: high-

intensity (atorvastatin 40–80mg or rosuvastatin

20–40mg daily), low/moderate-intensity (lower doses

of atorvastatin or rosuvastatin) or no statin use (with

or without non-statin lipid-lowering therapies).

Baseline variables are summarised as mean (standard

deviation (SD)) or median (quartile 1, quartile 3)

according to statin intensity and treatment group.

Continuous variables among the statin intensity

groups were compared using analysis of variance or

quantile regression. Categorical variables were com-

pared using logistic regression. The first change in

statin use category from baseline was tabulated using

a shift table by treatment group. Blinded adjustment of

alirocumab dose was evaluated in each statin

subgroup.
In each baseline statin use subgroup, the incidence

of MACE over time by assigned treatment was

described with Kaplan�Meier curves. Relationships

between baseline statin subgroup and the risk of

MACE in the placebo group were determined by Cox

regression in an unadjusted model and in a model that

adjusted for demographic and clinical characteristics

(sex, age, geographical region, smoking status, baseline

LDL-cholesterol and history of myocardial infarction

and coronary artery bypass graft before the index

event). The relative risk of MACE between the aliro-

cumab and placebo groups and potential heterogeneity

of alirocumab treatment effects by statin subgroup

were assessed by a Cox model with a term for the inter-

action between statin subgroup and treatment group.

The absolute risk reduction with alirocumab in each

statin subgroup was estimated by absolute differences

in observed proportions, and a generalised linear model

was used to assess the interaction between statin sub-

group and treatment group. Sensitivity analysis on the

alirocumab treatment effect was also performed using a

time-varying covariate model based on the changing

statin use status during the trial. In this analysis,

Diaz et al. 3



periods with missing statin use data were imputed by
carrying forward the previous statin use status.

All analyses were conducted on an intention-to-treat
basis, including all patients and events from random
assignment to the study end date (11 November
2017). Testing was two-sided with no adjustment for
multiple comparisons. Analyses were performed using
SAS 9.4.

Results

A total of 18,924 patients underwent random assign-
ment at 1315 centres in 57 countries (see
Supplementary Table 1) of whom 9462 were assigned
to alirocumab and 9462 to placebo (see Supplementary
Figure 1). Patients were randomly assigned between
November 2012 and November 2015, except in China
where 613 patients were randomly assigned between
May 2016 and February 2017.

Consistent with the protocol, most patients (16,811/
18,924 (88.8%)) received high-intensity treatment with
atorvastatin or rosuvastatin at random assignment;
1653 patients (8.7%) received low/moderate-intensity
statin treatment and 460 patients (2.4%) received no
background statin treatment. In Asia, 75.1% of
patients used high-intensity statin at trial entry com-
pared with 90.7% elsewhere. The median follow-up
was 2.8 years (interquartile range 2.3–3.4 years).

Baseline characteristics

Baseline characteristics by statin treatment category are
described in Table 1. Patients in the no statin subgroup
were older, more likely to be women and reside in
North America, and had a greater burden of cardio-
vascular risk factors, including a family history of pre-
mature coronary artery disease and a higher prevalence
of hypertension, vascular disease, myocardial infarc-
tion, percutaneous coronary intervention, coronary
artery bypass graft, or peripheral artery disease.
Conversely, patients in the no statin subgroup were
less likely to be current smokers. The median (quartile
1, quartile 3) overall baseline LDL-cholesterol concen-
tration was significantly higher (P< 0.001) in the no
statin group (139, 115–169mg/dL) than in the low/
moderate-intensity statin group (89, 75–106mg/dL) or
the high-intensity statin group (86, 73–102mg/dL).
Within each statin treatment category, baseline charac-
teristics were similar between those randomly assigned
to alirocumab or placebo.

Changes in statin dose after random assignment

Among patients in the alirocumab group, 12.2% (1156/
9462) had reductions in prescribed statin therapy after
random assignment. Supplementary Table 2 shows the

first change in prescribed statin therapy after random
assignment by treatment group and baseline statin use
subgroup. The most common change in statin use in
both treatment groups was from high to low/moderate-
intensity statin (8.9% (749/8380) and 7.6% (644/8431) in
the alirocumab and placebo groups, respectively), fol-
lowed by a shift from high-intensity statin to no statin
(4.0% (335/8380) and 3.7% (315/8431), respectively).

A decrease in the intensity of prescribed statin treat-
ment from its level at random assignment was similar
in the alirocumab and placebo groups (12.2% vs.
10.8%, respectively) among those in the low/moderate
or high-intensity statin groups, while an increase in
statin intensity was less frequent in the alirocumab
than the placebo group (0.7% vs. 1.2%, respectively)
(see Supplementary Table 2).

Changes in assigned study treatment after
random assignment

Supplementary Table 3 shows the numbers of patients
in each statin treatment subgroup of the alirocumab
and placebo groups who had prematurely discontinued
assigned study treatment 4 months and 36 months after
random assignment for reasons other than death.
Numbers were similar in both treatment groups
except for the no statin subgroup at 36 months, when
65 (28.6%) patients in the placebo group versus 30
(12.9%) in the alirocumab group had discontinued
study treatment. Supplementary Table 3 also shows
the numbers of patients in the alirocumab group on
doses of 75mg or 150mg, or who had blinded substi-
tution of placebo for alirocumab at 4 and 36 months.
As expected, patients in the no statin subgroup were
more likely to receive the 150mg dose of alirocumab,
while none had blinded substitution of placebo.

LDL-cholesterol after assignment to treatment with
alirocumab or placebo

LDL-cholesterol values at baseline and month 4
according to assigned treatment and change from base-
line to month 4 are depicted in Figures 1 and 2, respec-
tively. In the placebo group at month 4 there were
minimal changes from baseline in LDL-cholesterol in
any of the three statin intensity subgroups. In the alir-
ocumab group at month 4, relative reductions from
baseline in LDL-cholesterol were similar in the high-
intensity, low/moderate-intensity and no statin sub-
groups (–57.2%, –59.4% and –58.7%, respectively;
P ¼ 0.09) but absolute reductions differed significantly
in the three subgroups (–52.9, –56.7 and –86.1mg/dL,
respectively; P< 0.001), consistent with the differences
in baseline LDL-cholesterol levels in each subgroup. In
the placebo group at month 36, increases from baseline
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in LDL-cholesterol of 14–15% were observed in the

high-intensity and low/moderate-intensity statin sub-

groups but no changes were seen in the no statin sub-

group (see Supplementary Figure 2), probably

reflecting shifts in prescribed statin dose (see

Supplementary Table 3) or statin adherence. In the

alirocumab group at month 36, relative reductions in

LDL-cholesterol from baseline were �34.9%, �39.8%

and �56.8% in the high-intensity, low/moderate-inten-

sity and no statin subgroups, respectively, reflecting the

factors affecting levels in the placebo group, plus

patient-driven discontinuation of alirocumab and

protocol-specified blinded changes in the dose of alir-

ocumab (see Supplementary Table 3).
In the alirocumab group at month 4, 80.6%, 81.9%

and 57.6% of patients in the high-intensity, low/moderate-

intensity and no statin subgroups achieved the LDL-

cholesterol goal of 55 mg/dL (1.4mmol/L) recommended

in current European guidelines.8 The corresponding per-

centages in the placebo group were 7.1%, 6.4% and 0.7%.
In the alirocumab group, median (quartile 1, quar-

tile 3) changes in lipoprotein(a) from baseline to month

4 were �5.1 (�13.9, 0), �4.2 (�12.3, 0) and �3.9

(�10.1, 0)mg/dL in the high-intensity, low/moderate-

intensity and no statin subgroups, respectively.

Corresponding changes in the placebo group were,

respectively, 0 (�5.0, 2.6), �0.2 (�4.7, 2.6) and 0

(�2.8, 4.1).

Major adverse cardiovascular events

In the placebo group, the incidence of MACE was mark-

edly higher among those receiving no statin than among

those receiving high-intensity or low/moderate-intensity

statin treatment, with Kaplan�Meier estimates at 3
years of 29.0%, 11.2% and 11.1%, respectively (Figure
3). Relative to the high-intensity group, the unadjusted
hazard ratios (HRs) were 1.08 (95% confidence interval
(CI) 0.87–1.35; P ¼ 0.50) and 2.68 (95% CI 2.06–3.50;
P< 0.001) for the low/moderate-intensity and no statin
groups, respectively. After accounting for imbalances in
baseline demographics and clinical characteristics, the
risk of MACE was similar between the three groups,
with corresponding HRs of 0.97 (95% CI 0.77–1.22;
P ¼ 0.79) for the low/moderate-intensity group and
1.10 (95% CI 0.82–1.49; P ¼ 0.52) for the no statin
group relative to the high-intensity group.

Overall, ODYSSEY OUTCOMES showed a 15% rel-
ative risk reduction for MACE with alirocumab versus
placebo (HR 0.85, 95% CI 0.78–0.93; P< 0.001).
Alirocumab was effective in reducing MACE in each
statin subgroup, with numerically smaller HRs in the
no statin subgroup (HR 0.65, 95% CI 0.44–0.97) and
the low/moderate-intensity subgroup (HR 0.68, 95% CI
0.49–0.94) than in the high-intensity statin subgroup (HR
0.88, 95% CI 0.80–0.96) (Figure 4). The interaction of
treatment and statin subgroup on the relative risk of
MACE was not significant (P ¼ 0.14). Consistent with
the relative risk reduction, the absolute risk reduction
with alirocumab in comparison to placebo was larger in
the no statin group (7.97%; 95% CI 0.42–15.51) than in
the low/moderate-intensity statin group (3.16%; 95% CI
0.38–5.94) and the high-intensity statin group (1.25%;
95% CI 0.34–2.16; Pinteraction¼ 0.106) corresponding to
numbers needed to treat (for 2.8 years) of 13, 32 and
80, respectively.

In a sensitivity analysis based on time-varying statin
use, the HRs for MACE were 0.86 (95% CI 0.78–0.95)
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Figure 1. Baseline and month 4 LDL-cholesterol levels by statin intolerance and statin intensity. Lines show medians; boxes,
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for high-intensity statin use, 0.78 (95% CI 0.61–1.01)

for low/moderate-intensity statin use and 0.67 (95% CI

0.44–1.01) for no statin use (Pinteraction¼ 0.400).

Safety and tolerability

Overall, there were minimal differences in the incidence

of adverse events or laboratory abnormalities between

alirocumab and placebo at all levels of statin intensity,

except for local injection-site reactions, which occurred

more often in the alirocumab group (see

Supplementary Table 4).

Discussion

In the ODYSSEY OUTCOMES trial, patients with a

recent ACS who did not receive background statin

treatment had high baseline LDL-cholesterol levels, a

very high risk of recurrent MACE and large absolute

reductions in LDL-cholesterol and MACE with aliro-

cumab. These findings reflect both the absence of statin

treatment and the association of no statin treatment

with other cardiovascular risk factors. Among patients

not treated with statin, the number needed to treat with

alirocumab to prevent MACE was fewer than in statin-

treated patients. However, the precision of this estimate

of absolute benefit was limited by relatively few

patients in the no statin subgroup.
Among the 18,924 patients in the trial, 2.4% were

not receiving statin therapy at the time of random

assignment. This percentage is lower than the preva-

lence of statin-intolerant patients encountered in clini-

cal practice, most likely because patients are highly

motivated to take statin shortly after an ACS and

some are statin naive. It may also be because investi-

gators preferentially selected patients able to take statin
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to participate in the trial, who may be more adherent to

prescribed treatments than patients who were not

selected.
The relative LDL-cholesterol reductions from base-

line to month 4 with alirocumab were approximately

60% in each of the three statin subgroups. However,

because baseline LDL-cholesterol concentrations were

much higher in the no statin subgroup, the absolute

LDL-cholesterol reduction in that subgroup was great-

er than in the high or low/moderate-intensity statin

subgroups.
Similarly, because baseline LDL-cholesterol was

higher in the no statin subgroup, fewer patients in

that subgroup attained the guideline-recommended8

LDL-cholesterol target of 55mg/dL (1.4mmol/L) com-

pared with patients in the statin-treated subgroups. In

the placebo group, almost no patients (0.7%) in the no

statin subgroup reached this target; however, with alir-

ocumab, a majority of patients in the no statin sub-

group (57.6%) reached it. Thus, treatment with a

PCSK9 inhibitor can promote guideline-concordant

management of dyslipidaemia in statin-intolerant

patients.18

A discordance between alirocumab-induced changes

in LDL-cholesterol and lipoprotein(a) has been

reported.19 In the present analysis, the median changes

in lipoprotein(a) from baseline to month 4 were similar

in each statin subgroup. Therefore, the larger absolute

reduction in the risk of MACE with alirocumab in the

no statin subgroup cannot be attributed to a larger

reduction in lipoprotein(a) in that subgroup.
Patients in the no statin subgroup were more likely

to have protocol-specified uptitration of alirocumab

and less likely to have protocol-specified substitution

of placebo for alirocumab than patients in the high or

low/moderate-intensity statin subgroups, which could

have contributed to more pronounced risk reduction

with alirocumab in the no statin subgroup.
After random assignment, the most frequent change

in prescribed statin treatment was from high-intensity

to low/moderate-intensity or no statin treatment.

Adherence with prescribed statin was not assessed,

but diminishing adherence over time after acute coro-

nary syndrome20 probably also contributed to the rise

in LDL-cholesterol observed in both treatment groups

between month 4 and month 36.21

Among patients assigned to placebo, the incidence

of MACE was substantially higher in the no statin sub-

group than in the other two statin subgroups, influ-

enced by higher baseline LDL-cholesterol and a

greater burden of demographic and clinical comorbid-

ities. Although there was no significant heterogeneity in

the relative risk reduction with alirocumab across statin

intensity subgroups (Pinteraction¼ 0.14), the point esti-

mate for the HR was lower in the no statin subgroup

Figure 3. MACE by statin intolerance and statin intensity and
treatment group. MACE: major adverse cardiovascular events.
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Pinteraction=0.14

Figure 4. Relative and absolute reductions in MACE by statin intolerance and statin intensity. ARR: absolute risk reduction;
CI: confidence interval; HR: hazard ratio; MACE: major adverse cardiovascular events.
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(0.65) than in low/moderate-intensity (0.69) or high-
intensity (0.88) statin subgroups, in turn contributing
to a gradient of absolute risk reduction across the three
statin treatment categories. Although the subgroup on
no statin treatment comprised a small proportion of
the trial cohort, such patients may be more frequently
encountered in clinical practice, are readily identifiable
and derive a large absolute benefit from alirocumab
treatment. However, even in patients receiving and tol-
erating maximum-intensity statin therapy, alirocumab
provided significant clinical benefits.

No trial has specifically focused on the cardiovascu-
lar outcomes benefit of alternative lipid-lowering ther-
apies in patients with statin intolerance. However, two
trials have shown that PCSK9 inhibitors are well tol-
erated and produce larger LDL-cholesterol reductions
than ezetimibe in such patients.14,22 The GAUSS-3
trial22 included patients with uncontrolled LDL-
cholesterol levels and a history of intolerance to two
or more statin. Mean LDL-cholesterol reductions after
24 weeks of treatment were 54.5% with evolocumab
and 16.7% with ezetimibe. In ODYSSEY
ALTERNATIVE,14 which compared alirocumab
(75mg every 2 weeks, with a dose increase to 150mg
depending on week 8 LDL-cholesterol value) with eze-
timibe in patients at moderate to high cardiovascular
risk with statin intolerance, alirocumab reduced LDL-
cholesterol by 45.0%, compared with 14.6% with eze-
timibe, after 24 weeks of treatment. The CLEAR
Tranquility trial23 compared the effects of bempedoic
acid or placebo, added to ezetimibe in statin-intolerant
patients. Bempedoic acid reduced LDL-cholesterol by
28.5% more than placebo after 12 weeks of treatment,
with similar rates of muscle-related adverse effects to
placebo. In summary, these studies indicate that
PCSK9 inhibitors, ezetimibe, and other non-statin
therapies can reduce LDL-cholesterol concentrations
in statin-intolerant patients, albeit with smaller reduc-
tions than those achieved with PCSK9 inhibitors. The
present analysis adds to these previous data by showing
that alirocumab substantially reduces the risk of
adverse cardiovascular events in statin-intolerant
patients.

Limitations

Several limitations of the current analysis should be
noted. First, the ODYSSEY OUTCOMES trial was
not specifically designed to determine the efficacy of
PCSK9 inhibition in statin-intolerant patients.
Second, statin intolerance was defined as patient-
reported intolerance to any doses of two statin; it did
not require intolerance to the lowest approved doses
and was not confirmed with a blinded crossover
phase with statin or placebo. Third, we have not

analysed data in patients with statin intolerance who

received other lipid-lowering therapies because of the

small number of such patients. Fourth, patients in the

no statin group not only had higher baseline levels of

LDL-cholesterol, but also a higher burden of other

cardiovascular risk factors. Both probably contributed

to the high risk of MACE in the placebo group and the

large absolute reduction in MACE with alirocumab.

Conclusions

Intolerance to statin precludes the use of a cornerstone

secondary prevention strategy in coronary heart dis-

ease and may be particularly relevant to the manage-

ment of patients with ACS. The present data indicate

that statin intolerance is associated with a markedly

elevated cardiovascular risk in patients with recent

ACS. MACE was reduced regardless of statin

intolerance or statin intensity. The availability of

lipid-lowering treatment with the PCSK9 inhibitor

alirocumab provides an effective therapeutic option

for this group of patients to reduce MACE.
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