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Clinical Efficacy and Safety of Alirocumab After
Acute Coronary Syndrome According to Achieved
Level of Low-Density Lipoprotein Cholesterol

A Propensity Score-Matched Analysis of the ODYSSEY OUTCOMES Trial

BACKGROUND: Recent international guidelines have lowered recommended
target levels of low-density lipoprotein cholesterol (LDL-C) for patients at
very high risk for major adverse cardiovascular events (MACE). However,
uncertainty persists whether additional benefit results from achieved LDL-C
levels below the conventional targets. Inferences from previous analyses are
limited because patients who achieve lower versus higher LDL-C on lipid-
lowering therapy differ in other characteristics prognostic for MACE and
because few achieved very low LDL-C levels. To overcome these limitations,
we performed a propensity score-matching analysis of the ODYSSEY
OUTCOMES trial (Evaluation of Cardiovascular Outcomes After an Acute
Coronary Syndrome During Treatment With Alirocumab) which compared
alirocumab with placebo in 18924 patients with recent acute coronary
syndrome receiving intensive or maximum-tolerated statin treatment.

METHODS: Patients on alirocumab were classified in prespecified strata of
LDL-C achieved at 4 months of treatment: <25 (n=3357), 25 to 50 (n=3692), or
>50 mg/dL (n=2197). For each stratum, MACE (coronary heart disease death,
nonfatal myocardial infarction, ischemic stroke, or hospitalization for unstable
angina) after month 4 was compared in patients receiving placebo with similar
baseline characteristics and adherence by using 1:1 propensity score matching.

RESULTS: Across achieved LDL-C strata of the alirocumab group, patients
differed by baseline LDL-C, lipoprotein(a), use of intensive statin therapy, study
medication adherence, and other demographic, medical history, biometric, and
laboratory criteria. After propensity score matching, characteristics were similar
in corresponding patients of the alirocumab and placebo groups. Treatment

hazard ratio, 95% Cl, and absolute risk reduction (number per 100 patient-years)

for MACE were similar in those with achieved LDL-C <25 mg/dL (hazard ratio,
0.74 [95% Cl, 0.62-0.89]; absolute risk reduction, 0.92) or 25 to 50 mg/dL
(hazard ratio, 0.74 [95% Cl, 0.64-0.87]; absolute risk reduction, 1.05). Patients
with achieved LDL-C >50 mg/dL had poorer adherence and derived less benefit
(hazard ratio, 0.87 [95% Cl, 0.73-1.04]; absolute risk reduction, 0.62). No safety
concerns were associated with a limited period of LDL-C levels <15 mg/dL.

CONCLUSIONS: After accounting for differences in baseline characteristics
and adherence, patients treated with alirocumab who achieved LDL-C levels
<25 mg/dL had a reduction in the risk of MACE that was similar to that of
patients who achieved LDL-C levels of 25 to 50 mg/dL.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier:
NCT01663402.
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Clinical Perspective
What Is New?

* In patients with recent acute coronary syndrome
receiving optimized statin treatment, risk of major
adverse cardiovascular events was evaluated in 3
strata of low-density lipoprotein cholesterol (LDL-
C) achieved with the PCSK9 (proprotein convertase
subtilisin/kexin type 9) inhibitor alirocumab. In each
stratum, propensity score matching was used to
compare the risk of major adverse cardiovascular
events with that of patients on placebo with simi-
lar baseline characteristics and study medication
adherence.

e Absolute and relative treatment benefit of ali-
rocumab was similar in patients with achieved
LDL-C <25 or 25 to 50 mg/dL. Patients with
achieved LDL-C >50 mg/dL had poorer adherence
and derived less benefit.

What Are the Clinical Implications?

e Recent international guidelines have lowered
LDL-C goals for patients at very high risk for major
adverse cardiovascular events to levels <55 mg/dL
and, in some cases, <40 mg/dL. However, the ben-
efits of achieving LDL-C levels significantly below
these goals remain uncertain.

e This study indicates that patients who achieved
an LDL-C level <25 mg/dL with alirocumab had a
reduction in major adverse cardiovascular events
similar to those who achieved levels of 25 to 50
mg/dL.

suggested that a physiological concentration of low-

density lipoprotein cholesterol (LDL-C) for humans
may be in the range of 25 to 60 mg/dL.! In fact, levels
in that range are present at birth or in adulthood in
hunter-gatherer populations with a very low prevalence
of atherosclerotic cardiovascular disease.?* In contrast,
the mean LDL-C concentration among US adults who
are untreated with cholesterol-lowering medication is
~120 mg/dL,> accompanied by a high population risk
of major adverse cardiovascular events (MACE). Lipid
lowering with statins, ezetimibe, or PCSK9 (proprotein
convertase subtilisin/kexin type 9) inhibitors reduces
LDL-C concentration and MACE across a broad range
of populations at risk.5'

An important unresolved question is what concen-
tration of LDL-C achieved with lipid-lowering therapy is
optimal to reduce MACE with acceptable safety. Analy-
sis of statin trials suggests that lower achieved LDL-C
is associated with a lower risk of MACE, down to LDL-
C levels of 30 to 50 mg/dL.""'? PCSK9 inhibitors often
reduce LDL-C to even lower levels.®? In the FOURIER

I n their 1985 Nobel Prize lecture, Brown and Goldstein
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trial (Further Cardiovascular Outcomes Research With
PCSK9 Inhibition in Patients With Elevated Risk), which
compared evolocumab with placebo in 27564 statin-
treated patients,® progressively lower levels of LDL-C
on assigned treatment were associated with lower risk
of MACE, down to a category of patients with levels
<20 mg/dL.” In part on the basis of these analyses,
the European Society of Cardiology and European Ath-
erosclerosis Society issued guidelines recommending
lipid-lowering therapy that achieves an LDL-C level <55
mg/dL in patients at very high risk for MACE and <40
mg/dL in those who have had recurrent MACE within
the previous 2 years.

The interpretation of previous analyses relating
achieved LDL-C to MACE is subject to limitations. First,
baseline LDL-C and other characteristics prognostic
for MACE may differ between patients who achieve
higher versus lower levels of LDL-C on lipid-lowering
therapy' and could confound relationships between
achieved LDL-C and MACE. Second, calculated or di-
rectly measured LDL-C includes cholesterol contained
in lipoprotein(a). Consequently, higher achieved LDL-
C levels may reflect higher lipoprotein(a) concentra-
tions that are not lowered by statins or ezetimibe.'
Third, lower achieved LDL-C levels may reflect better
adherence with lipid-lowering therapy; such patients
may also be more adherent with other treatments or
lifestyle modifications that reduce MACE. Last, clinical
treatment decisions are based on achieving a target
range of LDL-C. Regression models relating achieved
LDL-C to MACE derived across a broad, continuous
range of achieved LDL-C may not accurately reflect
risk in a specific target range. Moreover, in regression
analyses that include patients from both active treat-
ment and placebo groups,' an apparent relationship
between achieved LDL-C and MACE may be a sur-
rogate for randomized treatment effects that extend
beyond LDL-C.

To overcome these limitations, we performed a
prespecified analysis of the ODYSSEY OUTCOMES
trial (Evaluation of Cardiovascular Outcomes After
an Acute Coronary Syndrome During Treatment With
Alirocumab) that compared the PCSK9 inhibitor ali-
rocumab with placebo in patients with recent acute
coronary syndrome (ACS).° We used propensity score
matching to compare patients in 3 strata of achieved
LDL-C with alirocumab to patients in the placebo
group with similar baseline characteristics and study
medication adherence. With this approach, we as-
sessed MACE and the safety of alirocumab according
to strata of achieved LDL-C.

METHODS

Data that support the findings of this study are available from
the corresponding author on reasonable request.

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447
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Study Design

The ODYSSEY OUTCOMES trial was a multinational, double-
blind, placebo-controlled comparison of alirocumab with pla-
cebo in 18924 patients hospitalized 1 to 12 months before
randomization with an ACS.>'® At each participating site, the
study was approved by the responsible institutional review
committee and subjects gave informed consent. On treat-
ment with atorvastatin 40 to 80 mg daily, rosuvastatin 20 to
40 mg daily, or the maximum-tolerated dose of 1 of these
statins, qualifying patients fulfilled at least 1 of the follow-
ing criteria: LDL-C =70 mg/dL, non-high-density lipoprotein
cholesterol >100 mg/dL, or apolipoprotein B >80 mg/dL.
Key exclusion criteria included advanced heart failure, previ-
ous hemorrhagic stroke, and estimated glomerular filtration
rate <30 mL'-min~"-1.73 m=2. Qualifying patients were ran-
domly assigned to receive alirocumab 75 mg or matching
placebo given by subcutaneous injection every 2 weeks. To
assess adherence, patients provided a diary with the dates of
injection of study medication. Plasma lipids were measured
at randomization and specified times thereafter. LDL-C was
calculated with the Friedewald formula unless the calculated
value was <15 mg/dL or the concurrent triglyceride level was
>400 mg/dL. In those cases, LDL-C was measured directly by
preparative ultracentrifugation and -quantitation.

The dose of alirocumab was adjusted under blinded condi-
tions to target an LDL-C level between 25 and 50 mg/dL. If
LDL-C was >50 mg/dL at month 1 on the 75-mg dose, the
dose of alirocumab was blindly increased to 150 mg at month
2. On the 150-mg dose, if 2 consecutive measurements of
LDL-C were <25 mg/dL, the dose was blindly decreased back
to 75 mg. On the 75-mg dose, if 2 consecutive measurements
of LDL-C were <15 mg/dL, placebo was blindly substituted for
alirocumab for the remainder of the study.

The primary outcome of MACE was the composite of
coronary heart disease death, nonfatal myocardial infarction,
hospitalization for unstable angina, or fatal or nonfatal isch-
emic stroke. Major coronary events (coronary heart disease
death or nonfatal myocardial infarction) and all-cause death
were secondary outcomes.

MACE and Death by Strata of Achieved
LDL-C on Alirocumab and in Propensity
Score—-Matched Patients on Placebo

Patients randomly assigned to alirocumab (n=9246) or pla-
cebo (n=9244) who did not have a primary outcome before
their month 4 LDL-C measurement were eligible for inclusion
in the analysis, corresponding to 97.7% of the full intention-
to-treat population. Alirocumab-treated patients were classi-
fied in 3 prespecified strata of LDL-C measured at month 4
(122+28 days after randomization): >50 mg/dL (n=2197), 25
to 50 mg/dL (n=3692), or <25 mg/dL (n=3357). The month
4 time point was chosen because it was the nadir for LDL-C
levels on alirocumab.

We considered the possibility that baseline characteristics
or adherence with study medication, which were expected
to be prognostic for MACE, differed according to stratum of
achieved LDL-C in the alirocumab group. To account for poten-
tial confounding attributable to such differences, a propensity
score was used to match each patient in the alirocumab group

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447
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with a patient in the placebo group with similar baseline
characteristics and adherence. To improve the quality of the
match, the analysis used matching with replacement,'” so that
a given placebo patient was eligible to be matched to patients
treated with alirocumab in different achieved LDL-C catego-
ries, but not to multiple patients treated with alirocumab
within an achieved LDL-C category. A threshold of P<0.1 with
forward selection in a logistic regression model was used to
determine which characteristics differed between patients in
each month 4 LDL-C stratum of the alirocumab group and
eligible patients receiving placebo. Baseline characteristics
considered for matching were age, sex, geographic region;
history of diabetes, current smoking, previous coronary artery
bypass grafting, previous percutaneous coronary intervention,
peripheral artery disease, cerebrovascular disease, heart fail-
ure, chronic obstructive pulmonary disease, and malignancy;
type of index ACS (non-ST-segment—elevation myocardial
infarction, ST-segment-elevation myocardial infarction, or
unstable angina), revascularization for the index ACS, inten-
sity of statin therapy at randomization (high intensity versus
other); body mass index, systolic blood pressure, estimated
glomerular filtration rate dichotomized at 60 mL-min'-1.73
m~2; and baseline concentrations LDL-C and lipoprotein(a).
Adherence was assessed by the number of doses of study
medication injected during the 61 days preceding the month
4 LDL-C measurement, as reported in patient diaries. There
was no imputation of missing adherence data. Greedy match-
ing on propensity scores was performed with caliper of 0.25.

Baseline characteristics, incidence rates for MACE (events
per 100 patient-years of observation) with 95% Cl, treatment
hazard ratio (HR) with 95% Cl, and absolute risk reduction
(ARR) after month 4 were summarized for all analysis-eligible
patients for each stratum of month 4 LDL-C in the alirocumab
group and for corresponding propensity score—-matched
patients from the placebo group. Similar procedures were
used to assess major coronary events and all-cause death.
Waterfall plots were created to show the percentage change
in LDL-C from baseline to month 4.

Additional Analyses

We considered the possibility that the treatment HR for MACE
according to month 4 LDL-C was influenced by patients who
had protocol-specified, blinded changes in alirocumab dose.
To evaluate this possibility, we performed a sensitivity analysis
with propensity score matching that excluded patients in the
alirocumab group with any protocol-specified dose adjust-
ment after month 4.

We also considered the possibility that the treatment HR
for MACE according to achieved LDL-C was influenced by the
duration of follow-up. To evaluate this, we performed a sensi-
tivity analysis limited to patients who were randomly assigned
at least 3 years before the common study end date and there-
fore potentially eligible for >3 years of follow-up.

To account for all LDL-C assessments in the study and for
cumulative effects of LDL-C reduction over time, the relation-
ship between continuous time-weighted moving average
(TWMA) LDL-C and MACE was analyzed within the ali-
rocumab group. TWMA LDL-C was calculated using baseline
and postrandomization LDL-C values before a MACE event
or right censoring for MACE at last follow-up and specified
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as a time-varying covariate in a Cox regression model. The
results were used to create a spline plot with 50 mg/dL used
as the reference point. This analysis consequently considers
the effects of all protocol-specified blinded alirocumab dose
adjustments, discontinuations of study medication, and any
changes to background statin treatment.

Safety of Alirocumab With Very Low
Achieved LDL-C

We also used propensity score matching to evaluate whether
achieving very low LDL-C on alirocumab, defined as 2 con-
secutive measurements <15 mg/dL, was associated with the
risk of selected adverse events (neurocognitive events, hemor-
rhagic stroke, and new-onset diabetes). These patients were
compared with patients from the placebo group with simi-
lar baseline characteristics, identified by 1:3 propensity score
matching. Neurocognitive events were investigator reported.
Hemorrhagic stroke was adjudicated by a blinded clinical
events committee.'® New-onset diabetes was assessed among
patients without diabetes at baseline. It was defined by a
postrandomization diabetes-related adverse event, new use
of diabetes medication, hemoglobin A, >6.5%, or 2 mea-
surements of fasting plasma glucose >126 mg/dL (7 mmol/L).
Possible cases of new-onset diabetes were reviewed and adju-
dicated by a panel of blinded expert physicians.' Alirocumab
had no overall effect on the risk of any of these adverse
events compared with placebo®; therefore, the current analy-
sis focused on whether risk was increased in patients with
very low levels of LDL-C on alirocumab.

RESULTS

A total of 18924 patients were randomly assigned at
1315 sites in 57 countries (Figure | in the Data Supple-
ment). The risk of MACE and death was reduced with
alirocumab versus placebo (MACE, HR, 0.85 [95%
Cl, 0.78-0.93]; P<0.001; death, HR, 0.85 [95% ClI,
0.73-0.98]; P=0.03) over a median follow-up of 2.8
years.>'? Follow-up after month 4 assessment was 2.4
years (Q1-Q3, 1.9-3.0).

Patient Characteristics

Table 1 shows baseline characteristics, medication
adherence, median LDL-C concentration achieved at
month 4, and median follow-up after month 4 for the
full trial cohort, analysis-eligible cohort, patients in each
of the 3 strata of LDL-C achieved at month 4 in the ali-
rocumab group, and corresponding patients from the
placebo group identified by propensity score matching.
Baseline characteristics were similar in the full trial and
analysis cohorts. In the alirocumab group of the analy-
sis cohort, there were significant differences in baseline
characteristics among the 3 strata of achieved LDL-C at
month 4. As expected, there was a gradient of baseline
LDL-C, with median levels of 99, 88, and 79 mg/dL in
the >50, 25 to 50, and <25 mg/dL strata, respectively.

1112 March 16, 2021
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Baseline lipoprotein(a) was higher in patients in the >50
and 25 to 50 mg/dL achieved LDL-C strata than in the
<25 mg/dL stratum. Nonlipid baseline characteristics
also differed across achieved LDL-C strata. Each stratum
differed in the representation of geographic regions.
The >50 mg/dL stratum was characterized by younger
age, female sex, and greater use of revascularization
procedures for the index ACS. The 25 to 50 mg/dL stra-
tum was characterized by less intensive statin therapy
and lower prevalence of diabetes and heart failure. The
<25 mg/dL stratum was characterized by more intensive
statin therapy, male sex, higher systolic blood pressure,
and lower prevalence of heart failure. Adherence with
study medication was significantly poorer in the >50
mg/dL stratum (77.2% with >4 doses) than in the 25 to
50 mg/dL (95.3%) or <25 mg/dL (97.3%) strata (latter
2 strata each P<0.001 versus >50 mg/dL stratum).

Of 9244 patients eligible for analysis in the placebo
group, 4449 and 2292 were matched to a patient from
the alirocumab group in a single achieved LDL-C cat-
egory and in >1 achieved LDL-C category, respectively.
After propensity score matching, each subgroup of the
alirocumab group based on month 4 achieved LDL-C
was well-matched to an equal number of patients from
the placebo group with all standardized differences
<0.06 (Table I in the Data Supplement). Median LDL-C
levels at month 4 in the entire analysis-eligible placebo
and alirocumab groups were 87 and 31 mg/dL, respec-
tively. Among patients in the alirocumab group, median
LDL-C levels at month 4 were 72, 34, and 18 mg/dL in
the >50, 25 to 50, and <25 mg/dL strata, correspond-
ing to median absolute decreases from baseline of 27,
54, and 61 mg/dL and median percentage decreases
of 23%, 62%, and 78%, respectively. Median time-
weighted LDL-C values after month 4 in the 3 strata
were 71, 39, and 30 mg/dL, indicating an upward drift
after month 4 in the 2 lower strata.

Figure 1 shows waterfall plots of the percentage
change in LDL-C from baseline to month 4 according
to stratum of month 4 LDL-C in the alirocumab group
(Left), and in the corresponding propensity score—
matched patients in the placebo group (Right). Among
patients in the alirocumab group with achieved LDL-
C 25 to 50 or <25 mg/dL, nearly all demonstrated
a reduction in LDL-C from baseline, and 81.3% and
99.3% of those 2 subgroups demonstrated reduc-
tions of at least 50%. In contrast, among patients in
the alirocumab group with achieved LDL-C >50 mg/
dL, 26.4% showed an increase of LDL-C from base-
line, 5.6% showed an increase from baseline of at
least 50%, and only 18.2% showed a decrease from
baseline of at least 50%. These differences were ac-
companied by differences in patient-reported adher-
ence with study medication. At least 4 doses of study
medication were expected during the 61-day period
before the month 4 LDL-C measurement. In the 25 to

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447
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Table 1. Characteristics of Patients in the Alirocumab Group According to Levels of LDL-C Achieved at Month 4 and in Propensity Score—Matched
Patients From the Placebo Group

Demographics

Age, y* 58 (52-65) | 58 (52-65)| 58 (52-65) | 58 (52-65)| 58 (52-65) | 58 (52-65)| 58 (52-65)| 58 (52-65)| 58 (51-65)| 58 (51-65)
Female sex*t 25.1 25.0 25.1 249 20.4 21.0 24.8 257 32.6 335
Geographic region, %*t#
Western Europe 22.0 22.1 221 22.2 20.3 20.1 26.2 26.0 17.9 18.0
Eastern Europe 28.7 28.7 28.7 28.7 25.8 26.2 27.2 26.8 35.9 37.4
North America 15.2 15.2 15.0 15.1 13.4 14.0 15.7 15.5 16.4 16.9
South America 13.7 13.7 13.7 13.7 16.7 16.1 133 13.2 10.1 10.5
Asia 12.2 121 121 12.2 16.8 16.5 9.4 10.0 9.6 7.9
Rest of world 8.3 8.2 8.2 8.2 7.0 7.1 8.3 8.5 10.0 9.4
Medical history, %
Non-ST-segment—elevation myo- 48.3 48.6 48.2 48.4 46.0 46.7 48.6 48.5 50.6 50.7
cardial infarction index event
Diabetes 28.5 29.1 28.1 28.8 293 29.7 26.7 28.5 28.7 28.2
Current smoking 24.1 24.1 241 24.1 24.6 23.0 22.8 24.2 25.6 25.9
Coronary artery bypass graft 5.5 5.6 53 5.4 4.4 4.9 5.6 6.0 6.0 6.1
Percutaneous coronary intervention | 17.2 171 16.8 16.8 14.7 15.0 17.8 17.2 18.3 18.3
Peripheral artery disease 3.9 4.1 3.8 3.9 3.1 4.1 4.3 4.3 4.1 4.5
Cerebrovascular disease 5.0 4.9 4.8 4.8 4.4 4.6 4.7 4.6 5.6 5.4
Heart failuret# 14.4 15.3 14.2 15.2 13.0 131 13.1 1.9 17.7 18.5
Chronic obstructive pulmonary 3.8 4.1 3.8 3.9 32 3.5 3.8 4.0 4.5 4.2
disease
Malignancy 2.8 2.8 2.8 2.8 24 2.4 3.0 3.0 3.2 2.8
Intensive statint# 88.6 89.1 88.6 89.1 90.9 91.0 87.8 87.6 86.5 88.2
Revascularization for index acute 71.9 72.7 72.2 72.8 73.7 73.6 73.2 73.5 68.1 66.7

coronary syndrome*

Baseline biometric and laboratory data

Body mass index, kg/m? 28(25-31) | 28(25-31) | 28(25-31) | 28(25-31) | 28 (25-31) | 28(25-31) | 28 (25-31) | 28(25-31) | 28 (25-31) | 28(26-32)

Systolic blood pressure, mmHgt# 127 126 127 126 127 126 126 128 128 127
(118-138) | (117-138) | (118-138) | (117-138) | (117-138) | (117-138) | (118-138) | (118-138) | (119-137) | (118-139)

Estimated glomerular filtration rate | 13.5 133 13.1 131 12.2 124 13.2 133 14.2 13.2

<60 mL-min~"-1.73 m2

LDL-C, mg/dL*t 86 86 86 86 79 79 88 86 99 98
(73-104) (73-104) (73-104) (73-104) (68-92) (68-93) (75-104) (73-104) (81-127) (81-127)

Lipoprotein(a), mg/dL*t+ 21(7-59) | 22 (7-60) | 21(7-59) | 21(7-60) | 15(6-41) | 14(5-42) | 27 (7-69) | 24 (7-67) | 26 (8-68) | 27 (7-69)

High-density lipoprotein choles- 43 (37-50) | 42 (36-50) | 43 (37-50) | 42 (36-50) | 41 (36-49) | 42 (36-49) | 43 (37-51) | 43 (37-50) | 44 (37-52) | 44 (37-52)

terol, mg/dL

Triglycerides, mg/dL 129 129 128 129 138 131 120 128 129 135

(94-181) | (95-183) | (94-181) | (95-182) | (101-192) | (95-190) | (88-170) | (95-179) | (95-181) | (98-189)

Post-baseline characteristics

>4 doses of study medication, %*1$§ | — - 91.7 91.9 97.3 97.5 95.3 95.5 77.2 78.0
Month 4 LDL-C, mg/dL - - 31 87 18 81 34 87 72 97
(20-49) (72-107) | (14-21) (68-97) (29-41) (72-106) | (58-94) (78-125)
Month 4 lipoprotein(a), mg/dL - - 13 (2-46) | 20 (6-58) | 7 (2-28) 14 (5-42) | 18 (4-56) | 24 (7-66) | 20 (6-61) | 25 (7-67)
Follow-up duration from month 4,y | — - 2.4 2.4 2.3 2.3 2.5 2.4 2.4 2.3

(1.9-3.0) | (1.9-3.0) | (1.9-2.9) | (1.9-3.0) | (2.0-3.1) | (1.9-3.0) | (1.9-3.0) | (1.9-3.0)

Dichotomous variables are reported as percentage with the characteristic. Continuous variables are reported as median (quartile 1—-quartile 3). For adherence and characteris-
tics not used in propensity score matching, n=9246 for all alirocumab patients and n=9244 for all placebo patients. LDL-C indicates low-density lipoprotein cholesterol.

*Indicates variables that differed significantly (P<0.1 with forward selection in logistic regression model) among patients with month 4 LDL-C >50 mg/dL in the alirocumab
group relative to month 4 eligible patients in the placebo group and were used in propensity score matching.

tIndicates variables that differed significantly (P<0.1 with forward selection in logistic regression model) among patients with month 4 LDL-C <25 mg/dL in the alirocumab
group relative to month 4 eligible patients in the placebo group and were used in propensity score matching.

FIndicates variables that differed significantly (P<0.1 with forward selection in logistic regression model) among patients with month 4 LDL-C 25-50 mg/dL in the alirocumab
group relative to month 4 eligible patients in the placebo group and were used in propensity score matching.

§Refers to study medication doses administered during the 61 days preceding month 4 LDL-C measurement.
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Figure 1. Waterfall plots of percent change in LDL-C from baseline to month 4.

LDL-C indicates low-density lipoprotein cholesterol.

50 and <25 mg/dL strata, 95.3% and 97.3% of pa-
tients reported administering at least 4 doses. In con-
trast, in the >50 mg/dL stratum, 77.2% reported such

1114 March 16, 2021

adherence (P<0.001 for >50 mg/dL versus other stra-
ta; P<0.001 for 25-50 versus <25 mg/dL). When the
>50 mg/dL achieved LDL-C stratum of the alirocumab
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group was dichotomized at the median percentage
change from baseline, 35.5% of those with a per-
centage LDL-C reduction less than the median or with
an increase from baseline reported self-administering
fewer than 4 doses, compared with 10.2% of those
with percentage LDL-C reductions larger than the me-
dian. Thus, an achieved LDL-C >50 mg/dL was asso-
ciated with poorer adherence with alirocumab treat-
ment, particularly among those with small percentage
decreases or increases in LDL-C from baseline, and
provides an explanation for the smaller than expected
contrast in median LDL-C levels with matched pa-
tients in the placebo group (Table 1).

Waterfall plots for the placebo group showed that
similar numbers of patients exhibited increases and de-
creases from baseline in LDL-C, with median changes
from baseline of 1%, 0%, and 2% in the subgroups
matched to patients in the alirocumab group with
achieved LDL-C >50, 25 to 50, or <25 mg/dL, respec-
tively. The variability of LDL-C change from baseline to
month 4 in the placebo subgroups reflects intraindivid-
ual variation in LDL-C and possibly fluctuating adher-
ence with background statin treatment.

Cardiovascular Risk in 3 Strata of Achieved LDL-C

MACE and Death According to Achieved
LDL-C

Table 2 shows the incidence of MACE and death af-
ter month 4 in the analysis-eligible alirocumab group
according to strata of LDL-C at month 4, and in the
analysis-eligible placebo group in aggregate and after
propensity score matching. Figure 2 shows incidence
rates for MACE after month 4 in all eligible patients, in
each achieved LDL-C stratum of the alirocumab group,
and in corresponding propensity score—matched sub-
groups of the placebo group. The 1577 events after
month 4 among all eligible patients in the alirocumab
and placebo groups represent 80.7% of the intention-
to-treat population events from randomization. Over-
all, MACE (95% CI) after month 4 occurred at rates
of 3.92 (3.66-4.19) and 3.16 (2.94-3.41) per 100
patient-years of observation in the placebo and ali-
rocumab groups (HR, 0.81 [95% Cl, 0.73-0.89]; ARR,
0.75 per 100 patient-years). In the achieved LDL-C
strata of >50, 25 to 50, and <25 mg/dL at month 4
in the alirocumab group, the incidence rates (95%
Cl) for MACE after month 4 decreased progressively,

Table 2. Primary Outcome Events (MACE), Major Coronary Events, and All-Cause Death After Month 4, According
to Strata of Achieved LDL-C at Month 4 in the Alirocumab Group, and in All Eligible Patients and Propensity Score—

Matched Patients From the Placebo Group

Achieved LDL-C in eligible

patients at month 4 Alirocumab

Placebo

All eligible patients Propensity score matched

MACE: Primary analysis

>50 mg/dL 4.17 (3.64-4.76) 3.92 (3.67-4.18) 4.80 (4.22-5.43)

25-50 mg/dL 3.00 (2.65-3.37) 4.04 (3.64-4.48)

<25 mg/dL 2.69 (2.34-3.07) 3.61(3.21-4.05)
MACE: Sensitivity analysis excluding patients in the alirocumab group with any protocol-specified dose adjustment at or after
month 4

>50 mg/dL 4.09 (3.58-4.68) 3.92 (3.67-4.18) 4.43 (3.89-5.04)

25-50 mg/dL 2.97 (2.64-3.35) 3.93 (3.54-4.36)

<25 mg/dL 2.81(2.44-3.25) 3.33(2.93-3.79)

MACE: Sensitivity analysis restricted to

patients eligible for >3 y of fo!

llow-up

4.13 (3.78-4.52)

>50 mg/dL 4.38(3.65-5.20)
25-50 mg/dL 2.96 (2.51-3.47)
<25 mg/dL 2.67(2.19-3.23)

5.20 (4.40-6.10)

4.14 (3.59-4.74)

3.64(3.07-4.29)

Major coronary events

3.33(3.10-3.58)

>50 mg/dL 3.64 (3.15-4.19)
25-50 mg/dL 2.63(2.31-2.98)
<25 mg/dL 2.38(2.06-2.75)

4.10 (3.58-4.68)

3.54(3.16-3.95)

3.12(2.75-3.53)

Death, all-cause

1.51(1.36-1.68)

>50 mg/dL 1.66 (1.34-2.03)
25-50 mg/dL 1.10(0.90-1.32)
<25 mg/dL 1.16 (0.94-1.41)

1.69 (1.38-2.06)

1.33(1.11-1.58)

1.38(1.15-1.66)

Data are events per 100 patient-years (95% Cl) after the month 4 assessment of LDL-C. Major coronary events include death from

coronary heart disease and nonfatal myocardial infarction. Patients eligible for analysis of each event category were those who had
not experienced the event before the month 4 LDL-C measurement. LDL-C indicates low-density lipoprotein cholesterol; and MACE,

major adverse cardiovascular events.
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HR (95% Cl) 0.81 (0.73, 0.89)
ARR 0.75

0.87 (0.73, 1.04)

0.62 1.05

Events Per 100 Patient-Years (95% ClI)

n=9246 n=9244

0.74 (0.64, 0.87) 0.74 (0.62, 0.89)

All Patients ALl >50 mg/dL  ALI 25-50 mg/dL ALl <25 mg/dL
vs PBO PSM vs PBO PSM
B ALI B PBO

0.92

Figure 2. Incidence rates for major adverse
cardiovascular events after month 4 accord-
ing to ranges of low-density lipoprotein
cholesterol achieved at month 4 in the
alirocumab group and in propensity score—
matched patients from the placebo group.
ALl indicates alirocumab; ARR, absolute risk
reduction; PBO, placebo; and PSM, propensity
score-matched.

n=3357 n=3357

vs PBO PSM

from 4.17 (3.64-4.76) to 3.00 (2.65-3.37) and to 2.69
(2.34-3.07) per 100 patient-years. In the corresponding
propensity score—matched patients from the placebo
group, incidence rates for MACE also decreased pro-
gressively, from 4.80 (4.22-5.43) to 4.04 (3.64-4.48)
and to 3.61 (3.21-4.05) per 100 patient-years. Based
on these incidence rates, risk reduction with alirocumab
was least in the achieved LDL-C stratum >50 mg/dL
(HR, 0.87 [95% Cl, 0.73-1.04]; ARR, 0.62 per 100 pa-
tient-years). However, similar relative and absolute risk
reductions with alirocumab were observed in the strata
with achieved LDL-C 25 to 50 mg/dL (HR, 0.74 [95%
Cl, 0.64-0.87]; ARR, 1.05 per 100 patient-years) or
<25 mg/dL (HR, 0.74 [95% Cl, 0.62-0.89]; ARR, 0.92
per 100 patient-years). A similar pattern was observed
for all-cause death, with treatment HR (95% Cl) of 0.98
(0.74-1.29), 0.82 (0.64-1.06), and 0.84 (0.64-1.10) in
achieved LDL-C strata >50, 25 to 50, and <25 mg/dL,
respectively. Figure Il in the Data Supplement shows
Kaplan-Meier plots of cumulative MACE in each stra-
tum of achieved LDL-C in the alirocumab group and
corresponding propensity score—matched patients from
the placebo group.

Additional Analyses

Of 9462 patients in the alirocumab group, 822 (8.7%)
had protocol-specified dose adjustment after month 4,
of whom 105, 130, and 587 were in month 4 LDL-C
strata >50, 25 to 50, or <25 mg/dL, respectively. Table
Ilin the Data Supplement summarizes the types of dose
adjustments. In a sensitivity analysis that excluded these

1116 March 16, 2021

822 patients, median time-weighted LDL-C after month
4 was 71, 38, and 28 mg/dL in month 4 LDL-C strata
>50, 25 to 50, and <25 mg/dL of the alirocumab group.
Incidence rates (95% Cl) for MACE in these strata were
similar to those in the base-case analysis (Table 2 and
Figure 3) at 4.09 (3.58-4.68), 2.97 (2.64-3.35), and
2.81(2.44-3.25) per 100 patient-years. Incidence rates
in corresponding propensity score—-matched patients
from the placebo group were 4.43 (3.89-5.04), 3.93
(3.54-4.36), and 3.33 (2.93-3.79) per 100 patient-
years. Resulting treatment HRs (95% Cl) were 0.92
(0.77-1.12), 0.76 (0.65-0.89), and 0.84 (0.69-1.02)
with ARRs 0.34, 0.95, and 0.52 per 100 patient-years in
the >50, 25 to 50, and <25 mg/dL strata, respectively.

The sensitivity analysis restricted to patients eligi-
ble for at least 3 years of follow-up comprised 8011
patients. Median total follow-up was 3.4 (Q1-Q3,
3.1-3.8) years. Results were similar to the base-case
analysis (Table 2). Treatment HRs (95% Cl) in achieved
LDL-C strata of >50, 25 to 50, and <25 mg/dL of
the alirocumab group were 0.84 (0.67-1.07), 0.72
(0.58-0.88), and 0.73 (0.57-0.94), indicating nearly
identical relative treatment benefit in the latter 2 strata.

Figure 4 shows the unadjusted relationship be-
tween continuous TWMA LDL-C and risk of MACE in
the alirocumab group, with 50 mg/dL set as the refer-
ence point. The data comprise 9580, 9513, and 6473
patient-years of exposure to LDL-C levels >50, 25 to
50, and <25 mg/dL, respectively. The spline plot shows
that the log HR for MACE was relatively linear at LDL-C
levels >50 mg/dL and between 25 and 50 mg/dL, with
lower LDL-C associated with lower risk. However, at

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447
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HR (95% Cl) 0.82 (0.74, 0.91)
ARR 0.72 0.34 0.95

6

Events Per 100 Patient-Years (95% ClI)

0.92 (0.77,1.12) 0.76 (0.65,0.89) 0.84 (0.69, 1.02)
0.52

All Patients ALl >50 mg/dL  ALI 25-50 mg/dL ALl <25 mg/dL
vs PBO PSM vs PBO PSM
B ALI B PBO

Figure 3. Incidence rates for major adverse
cardiovascular events after month 4 accord-
ing to ranges of low-density lipoprotein
cholesterol achieved at month 4 in the
alirocumab group and in propensity score—
matched patients from the placebo group,
excluding patients in the alirocumab group
with any protocol-defined dose adjustment
at or after month 4.

ALl indicates alirocumab; ARR, absolute risk
reduction; PBO, placebo; and PSM, propensity
score-matched.

vs PBO PSM

LDL-C levels below =23 mg/dL, there was no evidence
of lower risk of MACE, albeit with broad confidence
boundaries <20 mg/dL. This finding is consistent with
the propensity score-matched analyses that showed
similar treatment HRs for patients achieving LDL-C lev-
els 25 to 50 mg/dL or <25 mg/dL with alirocumab.

Safety of Alirocumab With Very Low
Achieved LDL-C

Among 730 patients with consecutive LDL-C levels <15
mg/dL on alirocumab, an average of 6.8 months were
spent below this level before blinded substitution of
placebo at a median 8.3 months from randomization.

Among these patients, median LDL-C at month 4 (be-
fore substitution of placebo in all but 8) was 16 (Q1-Q3,
10-24) mg/dL.

Baseline characteristics of these 730 patients dif-
fered from those of the full trial cohort (Table 3 ver-
sus Table 1). As expected, the former group had lower
baseline LDL-C and lipoprotein(a). In addition, they had
lower body mass index, were more likely to be male,
to have diabetes, to receive intensive statin treatment,
and to be enrolled in Asia or South America, but less
likely to be enrolled in Europe. After propensity score
matching, characteristics of the 730 patients from the
alirocumab group who achieved very low LDL-C were
well-balanced with the 2152 patients from the placebo

4.00
3.00

2.00+
1.50 1

Figure 4. Spline analyses of continuous
TWMA LDL-C in the alirocumab group.
Hazard ratio (dashed lines represent upper

and lower bounds of 95% Cl) is relative to 50
mg/dL. Degree = 3, 3 knots located at LDL-C
quartiles (62.5, 42.8, 31.8). P<0.0001 for spline
effects. The risk of MACE decreased with de-
creasing TWMA LDL-C to a nadir at =23 mg/dL,
without evidence of a further decrease in risk

1.00

MACE Hazard Ratio

of MACE below that LDL-C level. Note that this
analysis is limited to the alirocumab group and
is unadjusted, and patients with lower achieved
LDL-C were at lower risk for MACE for reasons
in addition to their achieved LDL-C. Therefore,

a nadir of MACE at =23 mg/dL should be
interpreted cautiously and does not necessarily
imply the optimal achieved LDL-C level in all
patients. LDL-C indicates low-density lipoprotein

15 25 50
TWMA LDL-C (mg/dL)

cholesterol; MACE, major adverse cardiovascu-
lar events; and TWMA, time-weighted moving
average.
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Table 3. Characteristics of Patients in the Alirocumab Group Who
Achieved Consecutive LDL-C Levels <15 mg/dL and Propensity Score—
Matched Patients From the Placebo Group

Alirocumab,
consecutive Placebo,
LDL-C <15 mg/dL | propensity score
Group (n=730) matched (n=2152)
Demographics
Age, y* 58 (51-65) 58 (52-65)
Female sex* 16 16
Geographic region, %*
Western Europe 12 13
Eastern Europe 17 19
North America 13 13
South America 26 25
Asia 27 25
Rest of world 5 6
Medical history, %
Hypertension* 63 62
Diabetes* 35 35
Current smoking* 22 23
Coronary artery bypass graft | 4 4
Percutaneous coronary in- 15 14
tervention
Congestive heart failure 12 13
Peripheral artery disease 2 3
Stroke 2 3
Index event, %
Non-ST-segment-elevation | 45 45
myocardial infarction index
event
Revascularization for index 70 72
acute coronary syndrome
Intensive statin treatment* 92 92
Biometrics and laboratory data
Body mass index, kg/m?* 27 (24-30) 27 (24-30)
LDL-C, mg/dL* 71 (58-83) 72 (62-84)
Lipoprotein(a), mg/dL* 10 (2-25) 9(2-22)
LDL-C corrected for 66 (53-80) 67 (56-79)
cholesterol content in
lipoprotein(a), mg/dL
High-density lipoprotein 40 (34-47) 41 (35-47)
cholesterol, mg/dL
Triglycerides, mg/dL 157 (115-213) 133 (94-194)
Estimated glomerular filtra- | 78 (67-90) 79 (68-91)
tion rate, mL-min~"-1.73 m~

Dichotomous variables are reported as percentage with the characteristic.
Continuous variables are reported as median (quartile 1-quartile 3). LDL-C in-
dicates low-density lipoprotein cholesterol.

*Characteristics used in propensity score matching.

group. The incidence of neurocognitive events and
hemorrhagic stroke among the 730 patients in the ali-
rocumab group who achieved very low LDL-C levels did
not differ from the aggregate placebo group or from
2152 propensity score-matched patients from the pla-
cebo group (Table 4).

1118 March 16, 2021
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Of 6769 patients in the alirocumab group without
diabetes at baseline, 525 (7.8%) achieved consecutive
LDL-C levels <15 mg/dL. These patients had a greater
risk of new-onset diabetes than the aggregate pla-
cebo group (15.1% versus 10.1%; HR, 1.46 [95% CI,
1.16-1.85]; P=0.001). However, a difference in risk of
new-onset diabetes was attenuated and no longer sta-
tistically significant in comparison with 1675 propen-
sity score—matched patients from the placebo group
without diabetes at baseline (15.1% versus 13.0%; HR,
1.10 [95% Cl, 0.85-1.43]; P=0.46; Table 4).

DISCUSSION

Key Findings

This analysis of the ODYSSEY OUTCOMES trial in pa-
tients with recent ACS receiving optimized statin ther-
apy examined the risk of MACE in 3 predefined strata
of LDL-C achieved with the PCSK9 inhibitor alirocumab
(>50, 25-50, or <25 mg/dL) and in propensity score—
matched patients from the placebo group sharing simi-
lar baseline characteristics and adherence with study
medication. As expected, patients who achieved lower
LDL-C levels on alirocumab had lower baseline LDL-C.
In addition, other characteristics differed among the
3 achieved LDL-C strata, including baseline levels of
lipoprotein(a) and self-reported adherence with study
medication. After propensity score matching, these dif-
ferences were mitigated.

The propensity score—-matched analysis yielded
the following key observations. The incidence of
MACE declined monotonically from highest to lowest
achieved LDL-C stratum of the alirocumab group and
in corresponding propensity score—matched patients
from the placebo group. Patients in the alirocumab
group with achieved LDL-C <25 mg/dL had relative
and absolute reductions in the risk of MACE simi-
lar to patients with achieved LDL-C 25 to 50 mg/dL.
Findings were consistent in sensitivity analyses that
excluded patients with protocol-specified changes in
alirocumab dose or were limited to patients eligible
for at least 3 years of follow-up. Similar patterns were
observed for major coronary events and all-cause
death according to achieved LDL-C stratum.

A spline analysis in the alirocumab group based on
TWMA LDL-C suggested a nadir in the risk of MACE at
~23 mg/dL, without evidence of lower risk below that
LDL-C level. A qualification of this analysis is that it is
limited to the alirocumab group and does not compare
risk with similar patients from the placebo group.

Patients with achieved LDL-C >50 mg/dL with ali-
rocumab had poorer adherence with assigned treat-
ment and a smaller reduction in LDL-C than expected
from previous studies where adherence was confirmed
by plasma drug concentrations.”™ Consequently, there

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447
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Table 4. Incidence of Selected Adverse Events in Patients in the Alirocumab Group With Consecutive Achieved LDL-C <15 mg/dL, Compared With
the Aggregate Placebo Group and a Propensity Score—Matched Subgroup of the Placebo Group

Alirocumab with Placebo

consecutive LDL-C levels Hazard ratio Propensity score | Hazard ratio
Outcome <15 mg/dL All (95% CI) Pvalue | matched (95% CI) P value
Neurocognitive events | 10/730 (1.4) 167/9462 (1.8) | 0.71(0.38-1.35) | 0.30 31/2152 (1.4) 0.84(0.41-1.72) | 0.88
Hemorrhagic stroke 0/730 (0.0) 16/9462 (0.2) 0.99 6/2152 (0.3) 0.00 0.99
New-onset diabetes* 79/525 (15.1) 676/6696 (10.1) | 1.46 (1.16-1.85) | 0.001 204/1575 (13.0) 1.10(0.85-1.43) | 0.46

Data are events/number at risk (%). LDL-C indicates low-density lipoprotein cholesterol.

*Assessed in subgroup without diabetes at baseline.

was less reduction in risk of MACE with alirocumab
than in the 2 lower strata of achieved LDL-C. Failure to
achieve expected LDL-C reduction with a PCSK9 inhibi-
tor or other lipid-lowering therapy should alert treating
physicians to the possibility of poor adherence.

There was no apparent excess risk of hemorrhagic
stroke, neurocognitive disorders, or new-onset diabetes
in patients who achieved LDL-C levels <15 mg/dL (albeit
for a limited time; median 6.8 months) before being
switched blindly to placebo. In fact, there were no cases
of hemorrhagic stroke in that group.

Findings in the Context of Other
Evidence

Epidemiological and genetic data have provided con-
clusive evidence that lower levels of LDL-C within a
normal physiological range are associated with lower
risk of incident coronary heart disease.?® Analyses of
pooled data from statin trials provide strong evidence
that lowering LDL-C from elevated baseline levels re-
duces MACE in patients with or without established
cardiovascular disease.” However, defining an optimal
range of achieved LDL-C on lipid-lowering therapy to
reduce cardiovascular risk has been an elusive goal.
Before the advent of PCSK9 inhibitors, few patients
treated with lipid-lowering drugs achieved levels <25
mg/dL. Although some have offered the opinion that
lower is better without limit on achieved LDL-C,?" most
biological relationships have a physiological operating
range beyond which beneficial effects may not be ex-
pected. Also, the association of lower achieved LDL-C
with lower cardiovascular risk may be confounded by
other characteristics that are associated with both vari-
ables, including lower baseline and lifetime levels of
LDL-C and lipoprotein(a) that might result in a lower
burden of atherosclerosis. A lower achieved LDL-C level
on lipid-lowering therapies may identify patients who
are more adherent with those therapies, and, by exten-
sion, possibly more adherent with other treatments and
lifestyle modifications that reduce cardiovascular risk.
One potential way to overcome such confounding
is to use linear regression models with adjustment for

Circulation. 2021;143:1109-1122. DOI: 10.1161/CIRCULATIONAHA.120.049447

baseline characteristics. That approach was used in an
analysis of the FOURIER trial that compared the PCSK9
inhibitor evolocumab with placebo.™ It showed a mono-
tonic relationship of achieved LDL-C to risk of MACE
that extended below an LDL-C level of 0.5 mmol/L (=20
mg/dL). However, the analysis of FOURIER included pa-
tients from both treatment groups, was adjusted only
for variables that were associated with an achieved LDL-
C <0.5 mmol/L, and did not consider lipoprotein(a) or
adherence measures. In addition, regression coefficients
derived over a broad range of LDL-C may not portray
actual risk in a specific range of achieved LDL-C. The
approach used in the present analysis differs in several
respects. The propensity score—-matching procedure
considered multiple variables associated with each of 3
strata of LDL-C achieved with alirocumab and predictive
of MACE, including lipoprotein(a) and adherence, and
compared the risk of MACE with that of similar patients
from the placebo group. In that regard, propensity score
matching provides a graphical comparison of outcomes
in matched patients from both treatment groups.

The Cholesterol Treatment Trialists analyzed data
from 170000 participants in randomized, controlled
trials of statins and found that the risk of MACE de-
clined with an HR of 0.78 for each 1 mmol/L reduc-
tion in LDL-C,” suggesting a log-linear relationship be-
tween reductions in LDL-C and MACE. Based on the
observed changes in median LDL-C from baseline to
the time-weighted level after month 4, the Cholesterol
Treatment Trialists relationship predicts treatment HRs
for alirocumab of 0.84, 0.73, and 0.73 in achieved
LDL-C strata of >50, 25 to 50, and <25 mg/dL, respec-
tively. These correspond very closely to the observed
treatment HRs of 0.87, 0.74, and 0.74 in propensity
score—matched comparisons. The findings are qualita-
tively consistent with a log-linear relationship between
MACE and LDL-C reduction that may flatten at very low
achieved LDL-C levels attributable to smaller absolute
LDL-C reductions. Some investigators have proposed
that the relationship between MACE and achieved LDL-
C in statin trials is better fit with a sigmoidal than with
a log-linear model, the former predicting a diminished
slope at LDL-C levels <50 mg/dL.%
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Although the strata of achieved LDL-C prespecified
in the design of the ODYSSEY OUTCOMES trial do not
correspond precisely with those in subsequently pub-
lished guidelines of the European Society of Cardiol-
ogy and European Atherosclerosis Society,' the cur-
rent findings are consistent, in general, with guidance
to achieve an LDL-C level <55 mg/dL in very-high-risk
patients or a level <40 mg/dL in those with recurrent
cardiovascular events. In showing no clear advantage
to an achieved LDL-C <25 mg/dL versus a level 25 to
50 mg/dL, the current findings are also consistent with
guidance of the American Heart Association and Amer-
ican College of Cardiology to take a cautious approach
when achieved levels of LDL-C are <25 mg/dL.?

Limitations

Despite the use of propensity score matching, analyses
based on postrandomization data such as the achieved
level of LDL-C on assigned treatment may be subject to
residual confounding. Our data indicate that patients
who reached the lowest of 3 strata of LDL-C with ali-
rocumab derived no greater benefit than those who
reached the middle stratum. However, it is uncertain
whether further lowering of LDL-C among patients in
the middle stratum would have resulted in further re-
duction in risk of MACE. In the alirocumab group the
relationship between TWMA LDL-C and MACE had
a broad confidence interval at TWMA LDL-C values
<20 mg/dL; accordingly, there is greater uncertainty
regarding the risk of MACE in this range. Achieved
LDL-C in the ODYSSEY OUTCOMES trial was influ-
enced by protocol-specified blinded adjustment of the
alirocumab dose or substitution of placebo in some
patients. However, findings were not substantially af-
fected by excluding such patients from the analysis.
Findings over a median observation of 2.4 years (3.4
years in sensitivity analysis) may not necessarily pres-
age efficacy over a longer period. Likewise, the safety
of relatively brief exposure to very low LDL-C levels
may not inform the long-term safety of such levels.
Notwithstanding these limitations, the current find-
ings may provide a practical framework to use PCSK9
inhibitors to the best advantage.

Conclusions

Among patients with recent ACS and LDL-C >70 mg/
dL on optimized statin therapy, a significant number
achieved LDL-C levels <25 mg/dL after additional treat-
ment with the PCSK9 inhibitor alirocumab. Patients
who achieved LDL-C <25 mg/dL on alirocumab had ab-
solute and relative reductions in the risk of MACE (com-
pared with matched patients treated with statin and
placebo) similar to patients who achieved LDL-C 25 to
50 mg/dL, whereas patients who achieved LDL-C >50
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mg/dL on alirocumab had smaller reduction in MACE.
A limited duration of exposure to LDL-C <15 mg/dL was
not associated with identifiable safety concerns. These
findings support recent American and European guide-
lines for cholesterol lowering in high-risk patients'?3
that recommend treatment additional to statins when
LDL-C remains >70 mg/dL and LDL-C goals <55 mg/d,
possibly <40 mg/dL, but not necessarily <25 mg/dL.
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