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BACKGROUND: Apolipoprotein B (apoB) provides an integrated measure of atherogenic risk. Whether apoB levels and apoB
lowering hold incremental predictive information on residual risk after acute coronary syndrome beyond that provided by low-
density lipoprotein cholesterol is uncertain.

METHODS: The ODYSSEY OUTCOMES trial (Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome
During Treatment With Alirocumab) compared the proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab
with placebo in 18924 patients with recent acute coronary syndrome and elevated atherogenic lipoproteins despite
optimized statin therapy. Primary outcome was major adverse cardiovascular events (MACE; coronary heart disease
death, nonfatal myocardial infarction, fatal/nonfatal ischemic stroke, hospitalization for unstable angina). Associations
between baseline apoB or apoB at 4 months and MACE were assessed in adjusted Cox proportional hazards and
propensity score—matched models.

RESULTS: Median follow-up was 2.8 years. In proportional hazards analysis in the placebo group, MACE incidence increased
across increasing baseline apoB strata (3.2 [95% Cl, 2.9-3.6], 4.0 [95% Cl, 3.6-4.5], and 5.5 [95% Cl, 5.0-6.1] events
per 100 patient-years in strata <75, 76—<90, 290 mg/dL, respectively; P, <0.0001) and after adjustment for low-density
lipoprotein cholesterol (P, =0.035). Higher baseline apoB stratum was associated with greater relative (P,  <0.0001) and
absolute reduction in MACE with alirocumab versus placebo. In the alirocumab group, the incidence of MACE after month 4
decreased monotonically across decreasing achieved apoB strata (4.26 [95% Cl, 3.78-4.79], 3.09 [95% Cl, 2.69-3.54], and
2.41 [95% Cl, 2.11-2.76] events per 100 patient-years in strata >50, >35-<50, and <35 mg/dL, respectively). Compared
with propensity score—matched patients from the placebo group, treatment hazard ratios for alirocumab also decreased
monotonically across achieved apoB strata. Achieved apoB was predictive of MACE after adjustment for achieved low-
density lipoprotein cholesterol or non—high-density lipoprotein cholesterol but not vice versa.

CONCLUSIONS: In patients with recent acute coronary syndrome and elevated atherogenic lipoproteins, MACE increased
across baseline apoB strata. Alirocumab reduced MACE across all strata of baseline apoB, with larger absolute reductions
in patients with higher baseline levels. Lower achieved apoB was associated with lower risk of MACE, even after accounting
for achieved low-density lipoprotein cholesterol or non—high-density lipoprotein cholesterol, indicating that apoB provides
incremental information. Achievement of apoB levels as low as <35 mg/dL may reduce lipoprotein-attributable residual
risk after acute coronary syndrome.
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Editorial, see p 673

Clinical Perspective
What Is New?

¢ In patients with recent acute coronary syndrome and
elevated atherogenic lipoproteins despite high-inten-
sity or maximum-tolerated statin treatment, the risk of
major adverse cardiovascular events increased with
the baseline level of apolipoprotein B.

* Under treatment with the proprotein convertase
subtilisin/kexin type 9 inhibitor alirocumab, larger
relative and absolute reductions in major adverse
cardiovascular events were observed with higher
baseline and lower achieved levels of apolipopro-
tein B.

* Achieved levels of apolipoprotein B with alirocumab
treatment predicted major adverse cardiovascular
events after accounting for achieved low-density
lipoprotein cholesterol or non—high-density lipopro-
tein cholesterol, but not vice versa.

What Are the Clinical Implications?

* In patients with recent acute coronary syndrome
receiving optimized statin therapy, a decision to
treat with a proprotein convertase subtilisin/kexin
type 9 inhibitor may be informed by the level of apo-
lipoprotein B.

* On treatment with the proprotein convertase subitili-
sin/kexin type 9 inhibitor alirocumab, achieved lev-
els of apolipoprotein B convey information on the
risk of major adverse cardiovascular events beyond
that provided by achieved levels of low-density lipo-
protein cholesterol or non—high-density lipoprotein
cholesterol.

* Treatment based on apolipoprotein B goals may
further reduce lipoprotein-attributable residual risk
after acute coronary syndrome.

polipoprotein B (apoB) is a key structural ele-
Ament of atherogenic lipoprotein particles, includ-

ing low-density lipoprotein (LDL), lipoprotein(a),
and triglyceride-rich lipoproteins. Although LDL choles-
terol (LDL-C) is the most commonly used clinical lipid
marker to stratify lipid-associated risk, all apoB-con-
taining lipoproteins may affect the risk of major adverse
cardiovascular events (MACE)."~® Each apoB-containing
lipoprotein particle contains 1 apoB molecule, so apoB
concentration provides a measure of total concentra-
tion of circulating atherogenic lipoprotein particles. In
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Nonstandard Abbreviations and Acronyms

ACS acute coronary
syndrome

apoB apolipoprotein B

ARR absolute risk reduction

HDL-C high-density lipoprotein
cholesterol

HR hazard ratio

IQR interquartile range

LDL low-density lipoprotein

LDL-C low-density lipoprotein
cholesterol

MACE major adverse cardio-
vascular events

ODYSSEY OUTCOMES Evaluation of Cardiovas-
cular Outcomes After an
Acute Coronary Syn-
drome During Treatment
With Alirocumab

PCSK9 proprotein convertase
subtilisin/kexin type 9

TWMA time-weighted moving
average

patients with cardiovascular risk factors or stable car-
diovascular disease, apoB levels provide incremental
prognostic information on risk of incident atheroscle-
rotic cardiovascular disease, MACE, and death, beyond
that provided by LDL-C alone®® Furthermore, in
patients with a proatherogenic shift in lipoprotein com-
position not reflected by levels of LDL-C such as in type
2 diabetes mellitus or obesity, apoB concentration may
reflect excess atherosclerotic risk more accurately than
LDL-C”

In patients with acute coronary syndrome (ACS), the
risk of cardiovascular events is mitigated by lipid-lower-
ing therapy with statins, ezetimibe, and inhibitors of pro-
protein convertase subtilisin/kexin type 9 (PCSK9).5"2
Statins and ezetimibe lower the circulating concentration
of LDL-C; statins additionally lower the concentration
of triglyceride-rich lipoproteins; and PCSK9 inhibitors
lower the concentration of all 3 types of apoB-contain-
ing lipoproteins, including lipoprotein(a), an effect inte-
grated by apoB levels. Although apoB levels contribute
beyond LDL-C levels to predict MACE in patients with
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established coronary heart disease,'®'* a similar asso-
ciation is less well established in patients with ACS.">1
The relationship between apoB levels and MACE in ACS
is important because lipoprotein(a) and triglyceride-rich
lipoproteins also influence risk after ACS."2° Moreover,
lipid-lowering drugs reduce apoB to a lesser extent than
LDL-C."* Therefore, a related question is whether on-
treatment apoB or on-treatment LDL-C is a more infor-
mative indicator of lipoprotein-attributable residual risk.

In this analysis, we used data from the ODYSSEY OUT-
COMES trial (Evaluation of Cardiovascular Outcomes After
an Acute Coronary Syndrome During Treatment With Ali-
rocumab), which compared the PCSK9 inhibitor alirocumab
with placebo in patients with recent ACS, to determine the
relationships between baseline or achieved levels of apoB
and risk of MACE and to assess whether apoB holds incre-
mental information on risk beyond LDL-C.

METHODS

The data that support the findings of this study are avail-
able from the corresponding author on reasonable request.
Qualified researchers may also request access to study docu-
ments, including the clinical study report, study protocol with
amendments, case report forms, statistical analysis plan, and
data set specifications.

Study Population

The ODYSSEY OUTCOMES trial design and primary results
have been published.”??" In brief, the trial included 18924
patients >40 years of age with a recent (1-12 months before
randomization) ACS and elevated atherogenic lipoprotein lev-
els (LDL-C =70 mg/dL [1.81 mmol/L], non—high-density lipo-
protein cholesterol [HDL-C] >100 mg/dL [2.59 mmol/L], or
apoB >80 mg/dL) despite high-intensity statin therapy (ator-
vastatin 40-80 mg daily, rosuvastatin 20-40 mg daily) or the
maximum-tolerated dose of 1 of these statins. The patients
were randomly assigned to receive either 75 mg alirocumab or
matching placebo subcutaneously every 2 weeks. In patients
treated with alirocumab, the dose was blindly increased to 150
mg if the achieved LDL-C level was =50 mg/dL (1.29 mmol/L).
In patients who had 2 consecutive LDL-C measurements <15
mg/dL (0.39 mmol/L), placebo was blindly substituted for
alirocumab. The trial was approved by the institutional review
board at each site. All patients provided informed consent.

Outcomes

The primary end point of MACE, comprising death resulting
from coronary heart disease, nonfatal myocardial infarction,
fatal or nonfatal ischemic stroke, and unstable angina requiring
hospitalization, was adjudicated by an independent committee
blinded to treatment assignment and lipid levels.

Measurement of Lipoproteins

ApoB concentration was measured in serum after an over-
night fast, at randomization, at 4 months and at specified times
thereafter. The samples were shipped at ambient temperature
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and measured at COVANCE Central Laboratories on the day
of receipt with an immunonephelometry assay on the Siemens
BNII Nephelometer (Siemens, Erlangen, Germany). Accuracy
was validated by comparison with the American Pathologists
Chemistry Survey. The interassay coefficient of variation was
2.4%, with a lower limit of detection of 35 mg/dL. LDL-C was
estimated with the Friedewald formula except when triglycer-
ides were >400 mg/dL (4.52 mmol/L) or when the Friedewald-
calculated LDL-C was <15 mg/dL (0.39 mmol/L). In these
cases, LDL-C was measured by 8 quantification. Furthermore,
in select analyses, we used the Martin-Hopkins formula instead
of the Friedewald formula to estimate LDL-C concentrations.?
Non—HDL-C was calculated by total cholesterol minus HDL-C.
Baseline apoB was considered as a continuous variable and
also as a categorical variable in 3 pre-specified strata, <75,
76-<90, and 290 mg/dL. Achieved apoB at month 4 of ali-
rocumab treatment was considered a categorical variable in 3
post hoc strata: <35 mg, >35—<50, and 2560 mg/dL. These
strata were defined by the lower limit of detection of apoB (35
mg/dL) and a boundary level of 50 mg/dL that was approxi-
mately the median of samples with apoB concentration above
the lower limit of detection. Strata of achieved LDL-C with ali-
rocumab were prespecified (<25, 256-50, and >50 mg/dL).*

Statistical Analysis

Continuous variables are described by median (interquartile
range [IQR]). Categorical variables are presented as counts
and percentages. Distributions of apoB are described by
treatment group at baseline, along with the absolute change
from baseline to month 4 (122+28 days) after randomization.
The last value was analyzed if a patient had multiple values
within the time window. For the purposes of calculating these
distributions, apoB values below the lower limit of detection
were set to 35 mg/dL. At baseline, there were no missing
values for apoB, and 3 patients were missing LDL-C. At 4
months, apoB was missing in 4.7% in the alirocumab group
and 5.2% in the placebo group. At 12 months, apoB was
missing in 8.8% of patients without a first MACE event
before 12 months in the alirocumab group.

Missing postrandomization lipoprotein values were imputed
by a prespecified pattern-mixture model following intention-to-
treat principles.'? In brief, a missing value for a given patient
within 21 days after a dose of study treatment was assumed to
be influenced by the last dose of study treatment and therefore
imputed from their other nonmissing values measured within
21 days after a dose, whereas missing values >21 days after
a dose were imputed from their baseline value. For compara-
tive purposes, similar assessments were made for the baseline
and achieved LDL-C and non—HDL-C levels. Relative effects
on first MACE are summarized by hazard ratios (HRs) with cor-
responding 95% Cls and P values from proportional hazards
models. Event rates are expressed as the number of events
per 100 patient-years of follow-up. The underlying proportional
hazards assumptions of the proportional hazard models were
verified by visual inspection of Kaplan-Meier graphs and plots
of cumulative sums of Martingale residuals (Kolmogorov-type
supremum test £>0.05 in all cases; data not shown).

Relationships between baseline apoB and first MACE in the
placebo group were determined by 3 models using prespeci-
fied baseline apoB strata as the predictor variable: model A,
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unadjusted; model B, adjusted for demographic and nonlipid
clinical variables (age, sex, race, geographic region, body
mass index, smoking history, diabetes mellitus, time from
index ACS to randomization); and model C, model B with
the addition of baseline LDL-C. An additional analysis used
LDL-C estimated by the Martin-Hopkins formula in model C.
Thus, a comparison of models B and C determines whether
baseline apoB provides incremental predictive information
after baseline LDL-C has been taken into account. A Pvalue
was computed for linear trend in the estimated log HR across
the ordered baseline apoB strata. A spline analysis of degree
2 (piecewise quadratic curve) of the relationship between
continuous baseline apoB and MACE in the placebo group
was performed, setting the HR to 1.00 at the overall base-
line median concentration of apoB and 3 knots, located at
the overall 25th percentile, median, and 75th percentile. For
comparison, a spline analysis was also performed assessing
the relationship between baseline non—HDL-C and MACE,
with the HR set to 1.00 at the overall baseline median con-
centration of non—HDL-C and 3 knots located at the overall
25th percentile, median, and 75th percentile. The Pvalue for
the spline effect was based on the score test.

Heterogeneity in the relative and absolute effects of ali-
rocumab treatment on first MACE was assessed according to
baseline apoB strata. To assess heterogeneity in relative treat-
ment effects, we constructed a proportional hazards model
with baseline apoB stratum, treatment, and their interaction
as predictors and computed a P value for linear trend across
the estimated log HR (ie, the 3 interaction terms). To assess
heterogeneity in absolute treatment effects, we constructed
absolute risk reductions (ARRs) with alirocumab treatment,
quantified as differences in the event rates per 100 patient-
years of follow-up, along with associated 95% Cls. The cumu-
lative incidence of first MACE by apoB strata and treatment
group was estimated with Kaplan-Meier curves.

The propensity score—matched analysis included 9246
patients randomly assigned to alirocumab (including 437 [4.7%)]
with imputed month 4 apoB) and 9243 patients assigned to
placebo (including 487 [5.2%)] with imputed month 4 apoB)
without a first MACE before their month 4 apoB assessment
and made up 97.7% of the overall intention-to-treat population.

Month 4 values of apoB were selected because they
reflect levels after several doses of alirocumab treatment
and because relatively few MACE occurred before this
time point.'? In relating achieved month 4 apoB levels to
risk of MACE, we considered the potential for confound-
ing attributable to differences in baseline characteristics
or study medication adherence across apoB strata that
were expected to be prognostic for MACE. To account for
such differences, a propensity score was used to match
each patient in the alirocumab group with a patient in the
placebo group with similar baseline characteristics and
adherence. To improve the quality of the match, the analy-
sis used matching with replacement that allowed a given
patient receiving placebo to be matched to patients receiv-
ing alirocumab in different achieved apoB stratum but not
to multiple alirocumab patients within an achieved apoB
stratum.2* A threshold of P<0.1 with forward selection in
a logistic regression model was used to determine which
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characteristic differed between patients in each achieved
apoB stratum of the alirocumab group and eligible patients
receiving placebo. Baseline characteristics considered for
matching were age, sex, and geographic region; history of
diabetes mellitus, current smoking, previous coronary artery
bypass grafting, previous percutaneous coronary interven-
tion, peripheral artery disease, cerebrovascular disease,
heart failure, chronic obstructive pulmonary disease, and
malignancy; type of index ACS (non-ST-segment—eleva-
tion myocardial infarction, ST-segment—elevation myocar-
dial infarction, or unstable angina), revascularization for the
index ACS, and intensity of statin therapy at randomiza-
tion (high intensity versus other); body mass index, systolic
blood pressure, and estimated glomerular filtration rate
dichotomized at 60 mL'min~"1.73 m™;, and baseline con-
centrations of apoB, 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 apoB
measurement, as reported in patient diaries. There was no
imputation of missing adherence data. Greedy matching on
propensity scores was performed with caliper 0.25.

A series of spline analyses of degree 2 (piecewise qua-
dratic curve) were performed in the alirocumab group. The
estimated HR was set to 1.00 at the median month 4 con-
centration for the lipoprotein parameter that was related to
the risk of MACE, with knots at the 25th percentile, median,
and 75th percentile. The first set described the relationship
between continuous apoB at month 4 and subsequent risk of
MACE after adjustment for month 4 LDL-C; similar analyses
adjusted for month 4 LDL-C estimated by the Martin-Hopkins
formula and for month 4 non—HDL-C. A second set described
the relationship between continuous month 4 LDL-C or month
4 LDL-C estimated by the Martin-Hopkins formula and subse-
quent risk of MACE after adjustment for month 4 apoB. Last,
the relationship between continuous achieved non—-HDL-C at
month 4 and subsequent risk of MACE was described after
adjustment for month 4 LDL-C.

To account for all apoB and LDL-C assessments in the
study and for cumulative effects of changes in these lipid
parameters over time, the relationship between continuous
time-weighted moving average (TWMA) apoB, LDL-C, and
MACE was analyzed within the alirocumab group. TWMA
apoB and LDL-C were calculated from all available base-
line and postrandomization values before a MACE event or
right censoring for MACE at the last follow-up and speci-
fied as time-varying covariates in a Cox proportional hazards
regression model. Separate analyses were performed with
LDL-C estimated from the Friedewald and Martin-Hopkins
formulas. Imputed values were excluded. This analysis there-
fore accounts for the potential effects of discontinuation of
study medication, changes in background statin treatment,
and protocol-specified blinded adjustment of alirocumab
dose over the entire observation period.

Values of AK0.05 from 2-sided tests were considered
statistically significant. All analyses were conducted accord-
ing to intention to treat, including all patients and events from
randomization to the common study end date (November 11,
2017). All analyses were conducted (by M.S.) with SAS version
9.4 (SAS Institute, Cary, NC).

Circulation. 2022;146:657-672. DOI: 10.1161/CIRCULATIONAHA.121.057807
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RESULTS

Patient Characteristics

Median apoB at baseline was 79 mg/dL (IOR, 69-93
mg/dL). The distribution of baseline apoB in the placebo
group is shown in Figure 1. Baseline apoB strata of <75,
756—<90, and >90 mg/dL comprised 7330, 5874, and
5720 patients, respectively (Table). Patients in the highest
apoB strata were more likely to be women; to have dia-
betes mellitus, hypertension, and previous atherosclerotic
events such as myocardial infarction, percutaneous coro-
nary intervention, and coronary artery bypass grafting; and
less likely to be treated with a high-intensity statin regimen
(Table). Patients in the lowest apoB stratum at baseline
were more likely to have subsequent blinded substitution
of placebo for alirocumab. In each stratum, patient charac-
teristics were well balanced in the alirocumab and placebo
groups (Table). Patients were followed up for a median of
2.8 years (IOR, 2.3-3.4 years).

Effect of Alirocumab on ApoB Levels

At month 4 of treatment, the median apoB level was 39
mg/dL (IOR, 35-53 mg/dL) in the alirocumab group and
80 mg/dL (IOR, 68-95 mg/dL) in the placebo group. The
median absolute change from baseline in apoB was —36
mg/dL (IQR, —47 to —24 mg/dL) in the alirocumab group
versus 0 mg/dL (IOR, —9 to 10 mg/dL) in the placebo
group. Patients in the highest baseline apoB stratum had
the largest absolute change in apoB, —56 mg/dL (IOR,
—66 to —41 mg/dL) compared with —41 mg/dL (IQR,
—46 to —31 mg/dL) in the middle baseline stratum and
—27 mg/dL (IOR, —33 to —18 mg/dL) in the lowest base-
line stratum. The correlation between achieved apoB and
achieved LDL-C is shown in Figure S1.

Among patients in the alirocumab group who achieved
current US# or European?® guideline-specified goals
for LDL-C (calculated with the Martin-Hopkins formula)
or non—HDL-C, we assessed the correspondence with
achieved apoB quantile (Table S1). Among patients with
achieved LDL-C levels <70, <565, or <40 mg/dL, 54.4%,
50.7%, and 40.7% failed to achieve an apoB level <35
mg/dL. We also determined the correspondence between
achievement of Martin-Hopkins LDL-C or non—HDL-C in
the lowest quartile (<22.0 or <40.9 mg/dL, respectively)
and achieved quantiles of apoB. Of patients who achieved
LDL-C in the lowest quartile, 18.2% did not achieve apoB
<35 mg/dL. Furthermore, of those with non—HDL-C in the
lowest quartile, 3.9% did not reach apoB <35 mg/dL.

Baseline ApoB and Incidence of MACE in the
Placebo Group
In the placebo group, the incidence of MACE increased

across baseline apoB strata (Figure 1). In the unadjusted
model (model A), relative to the lowest baseline apoB

Circulation. 2022;146:657-672. DOI: 10.1161/CIRCULATIONAHA.121.057807
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stratum, patients in the middle and highest strata were at
24% (HR, 1.24 [95% CI, 1.06—1.45]) and 71% (HR, 1.71
[95% ClI, 1.48-1.97]) higher risk for MACE, respectively
(P, ,<0.0001). With adjustment for demographic and
nonlipid clinical variables (model B), these increased risks
were 19% (HR, 1.19[95% CI, 1.02-1.40]) and 64% (HR,
1.64 [95% ClI, 1.41-1.90]), respectively (P, .<0.0001).
Baseline apoB stratum predicted the risk of MACE even
after further adjustment for baseline LDL-C (model
C). In this model, the increased risks in the middle and
highest strata were 9% (HR, 1.09 [95% ClI, 0.93-1.28])
and 23% (HR, 1.23 [95% ClI, 1.02-1.48]), respectively
(P,.,~0.035). When model C was adjusted for LDL-C es-
timated with the Martin-Hopkins formula, the results were
attenuated compared with the analysis with adjustment for
LDL-C estimated with the Friedewald formula, with HRs
in the middle and highest apoB strata of 1.10 (95% CI,
0.92-1.30) and 1.17 (95% Cl, 0.96-1.42), respectively
(P,.,~=0.13). In an unadjusted model assessing the re-
lationship between continuous baseline apoB level and
MACE, there was a fairly linear association (P<0.0001 for
spline effect; Figure 1). For every 10 mg/dL increment in
baseline apoB, there was an 11% higher risk of MACE
(HR, 1.11 [95% CI, 1.09-1.14]; P<0.0001). Spline analy-
sis of the continuous relationship between baseline non—
HDL-C and MACE (Figure S2) provided results nearly
identical to those for the relationship between baseline
apoB and MACE, with a 7% higher risk of MACE (HR,
1.07 [95% CI, 1.05-1.08]; P<0.0001) per 10 mg/dL in-

crement in non—HDL-C.

Effects of Alirocumab on MACE by Baseline
ApoB Stratum

Overall, alirocumab reduced the risk of MACE compared
with placebo, with an HR of 0.85 (95% CI, 0.78-0.93;
P<0.001) and an ARR of 0.6 events per 100 patient-
years of follow-up. There was a significant linear trend in
the treatment HR for incident MACE across baseline apoB
strata (P<0.0001; Figure 2), decreasing from 0.90 for
<75 mg/dL to 0.80 for 290 mg/dL. Together with the as-
cending relationship between baseline apoB and absolute
risk of MACE in the placebo group, the absolute reduction
in risk of MACE with alirocumab increased from 0.3 events
per 100 patient-years for patients with baseline apoB <75
mg/dL to 1.1 per 100 patient-years for patients with base-
line apoB 290 mg/dL. In Figure 3, Kaplan-Meier curves
show the cumulative incidence of MACE by apoB stratum
and treatment allocation. Early and consistent curve sepa-
ration is evident in the highest baseline apoB stratum.

Effects of Alirocumab on MACE by Achieved
ApoB Stratum

Baseline characteristics, adherence, and month 4 lipo-
protein levels of patients who achieved month 4 apoB
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Figure 1. Spline analysis of continuous baseline apoB and incident MACE in the placebo group.

A, Hazard ratio set to 1.00 at the overall baseline median (79 mg/dL) concentration of apoB. Score test P<0.0001 for spline effect. This reflects
spline of degree 2 (piecewise quadratic curve) with 3 knots, located at the 25th (69 mg/dL), 50th (79 mg/dL), and 75th (93 mg/dL) percentiles
and spanning the approximate 1st (50 mg/dL) to 99th (150 mg/dL) percentiles overall. Dotted lines indicate the lower and upper bounds of the
95% Cl. B, Histogram of baseline apoB in the placebo group. ApoB indicates apolipoprotein B; and MACE, major adverse cardiovascular events.

>b0, >35-<50, or <35 mg/dL are shown in Table S2,
along with the characteristics of corresponding propen-
sity score—matched patients from the placebo group.
The incidence rates for MACE after month 4 in all eligible
patients, in each achieved apoB stratum of the alirocumab
group, and in corresponding propensity score—matched
patients from the placebo group are displayed in Figure 4;
the cumulative incidence of MACE is depicted in Figure S3.
The analysis includes 1576 events, representing 80.6% of
the events from randomization. Overall, MACE after month
4 occurred at rates of 3.16 (95% Cl, 2.94-3.41) and 391
(95% Cl, 366-4.18) per 100 patient-years of observa-
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tion in the alirocumab and placebo groups, respectively
(HR, 0.81 [95% ClI, 0.73-0.89]; ARR, 0.75 events per 100
patient-years). In the alirocumab group, the incidence of
MACE after month 4 decreased monotonically across apoB
strata of 260, >35—<50, and <35 mg/dL, with rates of 4.26
(95% Cl, 3.78-4.79), 3.09 (95% Cl, 2.69-3.54), and 2.41
(95% ClI, 2.11-2.76) per 100 patient-years, respectively.
In the corresponding propensity score—matched patients
from the placebo group, incidence rates for MACE after
month 4 also decreased monotonically from 4.30 (95%
Cl, 381-4.83) to 390 (95% Cl, 3.44-4.40) and 3.31
(95% CI, 294-3.71) per 100 patient-years, respectively.
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Figure 2. Relative and absolute treatment effects on the incidence rate for MACE, overall and by stratum of baseline apoB.
Relative and absolute treatment effects on the incidence rate of MACE, overall and by stratum of baseline apoB. Forest plots depict relative and
absolute risk reduction (ARR) with alirocumab compared with placebo. For relative risk reduction, there was a significant linear trend in the log
hazard ratio (HR) across baseline strata, with point estimates progressively further <1.00 for higher strata. ApoB indicates apolipoprotein B;

and MACE, major adverse cardiovascular events.

From these incidence rates, relative and absolute treat-
ment benefit of alirocumab increased monotonically
across decreasing strata of achieved apoB. Treatment HR
was 0.99 (95% Cl, 0.84-1.17; ARR, 0.03 events per 100
patient-years) with achieved apoB >50 mg/dL, 0.79 (95%
Cl, 0.66-0.95; ARR, 0.81 events per 100 patient-years)
with achieved apoB >35-<560 mg/dL, and 0.73 (95% ClI,
0.61-0.87; ARR, 0.90 events per 100 patient-years) with
achieved apoB <35 mg/dL.

Effects of Alirocumab on MACE According to
Achieved ApoB in Relation to Achieved LDL-C
or Non-HDL-C

When we modeled continuous achieved apoB in spline
analysis, with the HR set to 1.00 at the median apoB
level (39 mg/dL) and with adjustment for achieved LDL-
C, the risk of MACE increased monotonically with apoB
level above the median and decreased with apoB below
the median (Figure 5). Results were similar when the rela-
tionship between achieved apoB and MACE was adjusted
for achieved LDL-C estimated with the Martin-Hopkins
formula (Figure S4). Conversely, there was no association
between continuous achieved LDL-C (calculated with ei-
ther the Friedewald or Martin-Hopkins formula) and risk
of MACE with adjustment for achieved apoB (Figure SBA
[top] and Figure S6). Analogous findings were obtained
when achieved apoB and LDL-C were considered as cat-
egorical variables. Figure S7 shows the number of patients
in the alirocumab group classified into each of the 3 post
hoc achieved apoB strata (=560 mg/dL, n=2706; >35—
<50 mg/dL, n=2829; and <35 mg/dL, n=3711) and the
3 prespecified achieved LDL-C strata (>60, 25-50, and
<925 mg/dL). Overall, 6437 of the 9245 patients (69.6%)
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are categorized into the same ordered stratum (ie, concor-
dance for achieved apoB and LDL-C). A total of 2808 pa-
tients (30.4%) had discordant apoB and LDL-C ordered
strata. The pattern of treatment benefit across achieved
LDL-C strata differed from that observed across achieved
apoB strata. In each achieved LDL-C stratum, treatment
benefit increased in progressively lower achieved apoB
strata. In each achieved apoB stratum, treatment benefit
was similar in middle and lowest quantiles of achieved
LDL-C (25-50 and <25 mg/dL; Figure S7).

Figure S5B (top) shows spline analysis of MACE after
month 4 according to continuous achieved non—-HDL-C
at month 4 adjusted for achieved LDL-C. In contrast to
the monotonic relationship for achieved apoB adjusted
for achieved non—HDL-C (Figure S5C), the association
between non—HDL-C adjusted for achieved apoB and
MACE was not monotonic for values above the median,
with confidence boundaries for the HR crossing 1.0 over
most of the non—HDL-C range. In addition, the relation-
ship between achieved apoB and MACE was monotonic
throughout the evaluated range of apoB, whereas the
relationship between achieved non—-HDL-C and MACE
was relatively flat over most of its range.

In a model within the alirocumab group consisting of
TWMA apoB (constructed from 40947 values) and LDL
estimated with the Friedewald formula (constructed from
87 161 values), the MACE HR was 0.91 (95% CI, 0.87—
0.96; P<0.001) per 10 mg/dL decrement in apoB and
0.96 (95% Cl, 0.93-1.00; P=0.029) per 10 mg/dL dec-
rement in LDL-C. Overall, the median last TWMA value
per patient was 50.3 (IOR, 41.8-64.7) for apoB and 42.3
(I0R, 31.6-60.6) for LDL-C. Findings were similar when
LDL-C was calculated by the Martin-Hopkins formula.
The MACE HR per 10 mg/dL decrement was 0.93 (95%
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Figure 3. Unadjusted cumulative incidence of the primary composite outcome across baseline apoB strata.
ApoB indicates apolipoprotein B; HR, hazard ratio; and MACE, major adverse cardiovascular events.

Cl, 0.88-0.98; P=0.010) for apoB and 0.95 (95% CI,
0.91-0.98; P=0.004) for LDL-C. Overall, the median last
TWMA value was 50.3 mg/dL (IQOR, 41.8-64.7) for apoB
and 42.3 mg/dL (IQR, 31.6-60.6) for LDL-C, reflecting
modest increases over time after month 4 as shown by
baseline apoB stratum in the Table.

Sensitivity Analysis

Patients in the lowest achieved apoB stratum at month
4 were more likely to have blinded, protocol-specified

substitution of placebo for alirocumab after month
4 (567 of 724 patients). The association between
achieved apoB strata and outcomes was assessed in
a sensitivity analysis that excluded these 724 patients
(Figure S8). Findings were similar to those of the main
analyses. In the alirocumab group, the risk of MACE
decreased across decreasing achieved apoB strata.
The risk of MACE also decreased in corresponding
matched patients from the placebo group. Treatment
HR declined monotonically from highest to lowest
achieved apoB stratum in the alirocumab group; the

HR (95% Cl)
ARR

6_

0.81 (0.73, 0.89)
0.75

Events per 100 patient-years (95% Cl)

n= [P

9243

All patients

0.99 (0.84, 1.17)
0.03

Achieved apoB
=50 mg/dL

0.79 (0.66, 0.95)
0.81

0.73 (0.61, 0.87)
0.90

B Alirocumab M Placebo

2829

2829

Achieved apoB
>35—-<50 mg/dL

Achieved apoB
<35 mg/dL

Figure 4. Incidence rate for first major adverse cardiovascular events after month 4 according to achieved apoB stratum at
month 4 in the alirocumab group and in propensity score-matched patients from the placebo group.
ApoB indicates apolipoprotein B; ARR, absolute risk reduction; and HR, hazard ratio.

664  August 30, 2022

Circulation. 2022;146:657-672. DOI: 10.1161/CIRCULATIONAHA.121.057807



€20z ‘ST AInc uo Aq Bio'seusnofeye//:dny wouy papeojumoq

Hagstrém et al

Apolipoprotein B, Alirocumab, and Prognosis After ACS

4.00

2.00

1.00 A

MACE hazard ratio

0.50

—— Hazard ratio
---- 95% confidence interval

0.25 T
35 39 50

50
40

30

Patients (%)

20

10

T
75

Month 4 apoB (mg/dL)

T T
100 125

0T
35 39 50

T
75

Month 4 apoB (mg/dL)

T T
100 125

Figure 5. Spline analyses of continuous achieved apoB adjusted for achieved low-density lipoprotein cholesterol, and incidence

of MACE in patients treated with alirocumab.

A, Hazard ratio set to 1.00 at the median concentration of apoB (39 mg/dL) achieved within the alirocumab group at month 4. Score test
P=0.0009 for apoB spline effect. This reflects spline of degree 2 (piecewise quadratic curve) with 3 knots, located at the 25th percentile (35 mg/
dL), median (39 mg/dL), and 75th percentile (63 mg/dL) and spanning the minimum (35 mg/dL) to ~99th (125 mg/dL) percentiles within the
alirocumab group. Dotted lines indicate the lower and upper bounds of the 95% CI. B, Histogram of month 4 apoB levels within the alirocumab
group. The lower limit of detection for apoB was 35 mg/dL. ApoB indicates apolipoprotein B; and MACE, major adverse cardiovascular events.

ARR was least in the highest stratum of achieved apoB
and similar in the 2 lower strata.

DISCUSSION

In this study of >18000 patients on high-intensity or
maximum-tolerated statin therapy and assigned to treat-
ment with alirocumab or placebo, there were 4 key find-
ings concerning the relationship of baseline or achieved
levels of apoB with the risk of MACE after ACS. First, in
the placebo group, higher baseline apoB was associated

Circulation. 2022;146:657-672. DOI: 10.1161/CIRCULATIONAHA.121.057807

with greater risk of MACE. Second, in patients treated
with alirocumab, lower achieved apoB at 4 months was
associated with greater relative and absolute reductions
in MACE after 4 months, with the greatest reductions ob-
served in patients who achieved an apoB level <35 mg/
dL. Third, the relationship between achieved apoB and
MACE retained significance after adjustment for achieved
levels of LDL-C or achieved levels of non—-HDL-C; con-
versely, achieved levels of LDL-C or non—HDL-C were
not predictive of MACE after taking achieved apoB into
account. Fourth, among patients in the alirocumab group
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Table. Patient Characteristics by Baseline ApoB Strata and Treatment
ApoB strata
Characteristic <75 mg/dL (n=7330) 75-<90 mg/dL (n=5874) >90 mg/dL (n=5720)
Baseline characteristics
Age, y 59 (52 to 66) 58 (51 to 65) 58 (51—64)
Female sex 1740 (28.7) 1431 (24.4) 1591 (27.8)

Body mass index, kg/m?

27.6 (24.9 to 30.6)

28.1 (25.5 to 31.3)

28.2 (25.5 to 31.5)

Systolic blood pressure, mmHg

125 (116 to 137)

127 (118 to 138)

128 (118 to 138)

Current tobacco smoker

1595 (21.8)

1467 (25.0)

1498 (26.2)

Revascularization for index ACS

5368 (73.2)

4302 (73.2)

4007 (70.1)

Time from index ACS to randomization, mo

2.5 (1.7 to 4.1)

2.7 (1.7 to 4.3)

2.8 (1.8 t0 4.8)

Race/ethnicity

White 5802 (79.2) 4652 (79.2) 4570 (79.9)
Asian 1011 (13.8) 801 (13.6) 686 (12.0)
Black 176 (2.4) 143 (2.4) 154 (2.7)
Other* 341 (4.7) 278 (4.7) 310 (5.4)
Region of enroliment

Central and Eastern Europe 2105 (38.7) 1578 (29.0) 1754 (32.3)
Western Europe 1818 (24.8) 1372 (23.4) 985 (17.2)
Canada or United States 941 (12.8) 872 (14.8) 1058 (18.5)
Latin America 933 (2.7) 827 (13.9) 838 (14.7)
Asia 939 (12.8) 732 (12.5) 622 (10.9)
Rest of world 594 (8.1) 503 (8.6) 463 (8.1)

Baseline laboratory data

ApoB, mg/dL

66.0 (61.0 to 71.0)

81.0 (78.0 to 85.0)

102.0 (95.0 to 116.0)

LDL-C, mg/dL

73.0 (64.5 to 81.5)

88.4 (78.8 to 98.0)

116.0 (99.2 to 137.8)

Non-HDL-C, mg/dL

96.0 (87.0 to 104.0)

1174 (110.0 to 125.9)

152.0 (137.0 to 175.3)

HDL-C, mg/dL

43.6 (37.1 t0 51.0)

42.0 (36.0 to 49.8)

41.7 (35.9 to 49.4)

Lipoprotein(a), mg/dL

19.5 (6.6 to 52.9)

22.1 (6.9 to 62.4)

22.6 (6.6 to 65.6)

Triglycerides, mg/dL

101.8 (77.0 to 135.4)

134.5 (101.8 to 180.5)

172.6 (127.0 to 232.0)

eGFR <60 mL'min~"-1.73 m™2 896 (12.2) 797 (13.6) 846 (14.8)
Medical history before index ACS, n (%)
Hypertension 4517 (61.6) 3772 (64.2) 3960 (69.2)
Diabetes mellitus 1815 (24.8) 1699 (28.9) 1930 (33.7)
Myocardial infarction 1109 (15.1) 1170 (19.9) 1360 (23.8)
Percutaneous coronary intervention 929 (12.7) 1039 (17.7) 1273 (22.3)
Coronary artery bypass grafting 261 (3.6) 329 (5.6) 457 (8.0)
Stroke 189 (2.6) 202 (3.4) 220 (3.8)
Peripheral artery disease 227 (3.1) 261 (4.4) 271 (4.7)
Congestive heart failure 1037 (14.1) 831 (14.1) 947 (16.6)
Chronic obstructive pulmonary disease 254 (3.5) 221 (3.8) 271 (4.7)
Malignancy 194 (2.6) 158 (2.7) 180 (3.1)
Background lipid-lowering therapy at randomization
High-dose atorvastatin/rosuvastatin 6727 (91.8) 5263 (89.6) 4821 (84.3)
Low- or moderate-dose atorvastatin/rosuvastatin 573 (7.8) 541 (9.2) 493 (8.6)
No statin or other lipid-lowering therapy 8 (0.1) 17 (0.3) 153 (2.7)
Only lipid-lowering therapy other than statin 12 (0.2) 38 (0.6) 232 (4.1)

666  August 30, 2022

(Continued)

Circulation. 2022;146:657-672. DOI: 10.1161/CIRCULATIONAHA.121.057807



€20z ‘ST Anc uo Aq Bio'sjeusnofeye//:dny wouy papeojumoq

Hagstrém et al

Table. Continued

Apolipoprotein B, Alirocumab, and Prognosis After ACS

Laboratory data, change from baseline to month 4

ApoB

Alirocumab, absolute change, mg/dL

—27.0 (—33.0 to —18.0)

—41.0 (—46.0 to —30.0)

—56.0 (—66.0 to —41.0)

Alirocumab, relative change, %

—42.2 (—47.8 to —30.5)

—52.6 (—56.1 to —37.4)

—54.0 (—62.4 to —39.1)

Placebo, absolute change, mg/dL

4.0 (-3.0to 12.0)

0 (—8.0 t0 9.0)

—6.0 (—19.0 to 6.0)

Placebo, relative change, %

5.7 (5.1 t0 19.2)

0(—9.9t0 11.7)

—6.3 (—18.2 t0 6.3)

LDL-C

Alirocumab, absolute change, mg/dL

—44.4 (—55.0 to —29.7)

—56.8 (—68.0 to —40.0)

—76.1 (—94.2 to —5683.3)

Alirocumab, relative change, %

—62.3 (—73.6 to —44.7)

—65.8 (—76.0 to —49.0)

—66.6 (—78.1 to —49.5)

Placebo, absolute change, mg/dL

3.9 (6.9 to 15.1)

0.8 (—11.2 to 14.0)

—6.9 (—25.9 to 11.0)

Placebo, relative change, %

5.6 (—9.0 to 22.4)

0.9 (—12.1 to 17.1)

—5.8 (—21.8 to 10.0)

Non-HDL-C

Alirocumab, absolute change, mg/dL

—48.0 (—60.0 to —32.0)

—63.3 (—75.7 to —44.4)

—85.0 (—105.8 to —59.5)

Alirocumab, relative change, %

—51.5 (—61.4 to —35.9)

—54.6 (—64.1 to —38.6)

—56.2 (—66.5 to —39.9)

Placebo, absolute change, mg/dL

4.6 (—6.6 to 18.1)

0.8 (—12.0 to 15.8)

—8.5 (—29.0 to 12.0)

Placebo, relative change, %

4.8 (—6.6 to 19.9)

0.6 (—10.0 to 13.6)

—5.5 (—18.5 to 7.8)

Lipoprotein(a)

Alirocumab, absolute change, mg/dL

—4.6 (—12.3t0 0)

—5.3 (—14.0to 0)

—5.1 (~15.4t0 0)

Alirocumab, relative change, %

—22.6 (—46.7 to 0)

—24.3 (—47.3 to 0)

—23.5 (—47.5 to 0)

Placebo, absolute change, mg/dL

0 (—4.3t0 2.6)

0 (—5.2 to 2.6)

0 (—5.3 t0 3.0)

Placebo, relative change, %

0 (=170 to 12.0)

0(-18.1t011.2)

0 (=176 to 13.0)

Triglycerides

Alirocumab, absolute change, mg/dL

—9.7 (—33.6 to 14.2)

—18.6 (—49.0 to 11.5)

—30.1 (=74.3 t0 9.0)

Alirocumab, relative change, %

—10.5 (=31.1t0 16.1)

—14.8 (—34.0 t0 9.6)

—19.6 (—39.3 t0 6.0)

Placebo, absolute change, mg/dL

4.4 (—19.5 t0 30.1)

—0.9 (=32.0 to 33.0)

—8.8 (—51.0 t0 32.7)

Placebo, relative change, %

4.3 (—18.2t0 33.7)

—0.7 (—22.4 to 27.5)

—5.7 (—27.7 to 21.1)

TWMA value in patients treated with alirocumab

ApoB stratum in the alirocumab group, mg/dL (n)

<75 (3687)

75-<90 (2968)

>90 (2807)

Month 4 apoB value, mg/dL

35.0 (35.0 to 43.0)

38.0 (35.0 to 51.0)

49.0 (37.0 to 67.0)

Month 4 LDL-C value, mg/dL

27.4 (18.7 to 40.5)

29.7 (20.1 to 45.9)

39.4 (24.3 10 62.2)

Last apoB value, mg/dL

43.6 (38.5 to 54.5)

50.2 (42.7 to 63.2)

61.0 (49.9 to 80.0)

Last LDL-C value, mg/dL

36.7 (28.4 t0 51.1)

41.8 (31.4 t0 57.6)

52.3 (38.6 to 77.3)

(=)

ApoB strata =

)

Characteristic <75 mg/dL (n=7330) 75-<90 mg/dL (n=5874) >90 mg/dL (n=5720) e =

==

Other statin 10 (0.1) 15 (0.3) 21 (0.4) = ;
(=)

m

Postrandomization data, n (%) m I_cn"

>4 doses of study medication during the 61 d preceding 6682 (91.2) 5372 (91.5) 5180 (90.6) ::;

month 4 assessments 2

Blinded substitution of placebo for alirocumab 376/3687 (10.2) 222/2968 (7.5) 132/2807 (4.7)

Values are medians (interquartile range) and number (percent) or number/total (percent) for categorical variables. ACS indicates acute coronary syndrome; apoB,
apolipoprotein B; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and TWMA,
time-weighted moving average.

*Other includes American Indian or native Alaskan, native Hawaiian or Pacific Islander, self-identified mixed race, and self-identified other race.

who achieved current US or European guideline-directed
LDL-C or non—HDL-C goals for secondary prevention
in very high-risk patients (ie, LDL-C <70 or <65 mg/
dL, non—-HDL-C <100 or <85 mg/dL),25% approximately
half failed to achieve a simultaneous apoB level <35 mg/
dL (Table S1). Even among those who achieved the most

stringent goal of LDL-C <40 mg/dL,?® 40.7% did not
achieve an apoB level <35 mg/dL; furthermore, in pa-
tients reaching the lowest LDL-C quartile (<22 mg/dL),
18.2% did not achieve apoB levels <35 mg/dL. De-
spite correlation among categories of achieved LDL-C,
non—HDL-C, and apoB, of 6510 patients who achieved
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a non—-HDL-C level <70 mg/dL, 2849 (43.8%) failed
to achieve an apoB level <35 mg/dL. These findings
suggest that achievement of even the most stringent
current LDL-C or non—HDL-C goals may not ensure that
lipoprotein-attributable residual risk has been minimized.
However, among those reaching the lowest non—HDL-C
quartile (<40.9 mg/dL), only 4% did not achieve apoB
levels <35 mg/dL, indicating that treating patients ac-
cording to non—HDL-C levels may reduce the apoB-as-
sociated residual risk.

Although LDL-C is the principal lipid parameter
used to estimate lipoprotein-attributable cardiovascu-
lar risk, all apoB-containing lipoproteins, including LDL,
lipoprotein(a), and triglyceride-rich lipoproteins, may
contribute to that risk in the general population and
in patients with stable, established coronary heart dis-
ease.'®?” In contrast, data on the association between
apoB and outcomes after ACS are limited.'®'® We show
that, in analogy with non—ACS populations, a higher apoB
concentration was associated with an increased risk of
MACE in a fairly linear relationship, despite high-intensity
or maximum-tolerated statin therapy.

Non—HDL-C, similar to apoB, includes estimates of
atherogenic lipids such as LDL-C, lipoprotein(a), and tri-
glyceride-rich lipoproteins, and both are secondary tar-
gets to LDL-C in prevention guidelines.” In this study,
the relationships between baseline (on statin) apoB or
non—HDL-C and risk of MACE were similar. In con-
trast, on both statin and alirocumab treatment achieved
apoB appeared to be more predictive of future MACE
than achieved non—-HDL-C, with the former displaying
a positive monotonic relationship with MACE but the
latter not. The reasons for this incongruity are uncer-
tain. Although plasma levels of apoB and non—-HDL-C
have high correlation on a population basis, individual
discordance is common, related primarily to variance in
the cholesterol content of LDL particles.’?%3" The pre-
dictive value of apoB versus non—-HDL-C under treat-
ment with both statin and PCSKQ inhibitor has not been
examined previously. It is possible that under conditions
of marked LDL-C reduction, a larger proportion of non—
HDL-C resides in the pool of triglyceride-rich lipopro-
teins, which in turn may be less strongly associated with
cardiovascular risk than LDL particles.?

Pharmacological lowering of atherogenic lipids with
high-intensity statin therapy reduces the risk of MACE
after an ACS8911233 Despite achievement of a conven-
tional LDL-C goal with statins, there is substantial residual
risk for recurrent MACE after ACS that may be reduced
with intensified lipid lowering with ezetimibe or a PCSK9
inhibitor.'%'284 Ezetimibe produces an additional lower-
ing of LDL-C but has minimal effects on lipoprotein(a)
or triglyceride-rich lipoproteins. In contrast, the addition
of a PCSK9 inhibitor to statin produces further reduc-
tions in LDL-C, lipoprotein(a), and triglycerides, an effect
integrated by levels of apoB. In a previous analysis, we
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showed that reduction in the risk of MACE with alirocumab
was similar when achieved LDL-C levels were <25 mg/
dL compared with 25 to 50 mg/dL.?® The results of the
present analysis suggest that the residual risk of MACE
in patients receiving high-intensity statin treatment and
alirocumab after ACS may be better gauged by levels of
apoB than levels of LDL-C. Achievement of progressively
lower strata of apoB, to <35 mg/dL, is associated with
progressively lower risk of MACE even after adjustment
for achieved LDL-C or non—HDL-C levels. There was also
a robust association between continuous achieved apoB
and the subsequent risk of MACE, even with adjustment
for achieved LDL-C or non—HDL-C. Conversely, achieved
LDL-C or non—HDL-C held no prognostic information if
adjusted for achieved apoB.

To account for changes in apoB and LDL-C after
month 4 due to factors such as discontinuation of study
medication, changes in background statin treatment,
and protocol-specified changes in alirocumab dose,
we performed an analysis in the alirocumab group that
related continuous, time-weighted apoB and continu-
ous, time-weighted LDL-C to the risk of MACE. The
interpretation of this analysis, similar to the categori-
cal apoB analyses, is that a lower apoB level on treat-
ment with statin and PCSK9 inhibitor predicts the risk
of MACE more faithfully than a lower LDL-C level. This
was true regardless of whether LDL-C was estimated
with the Friedewald or the Martin-Hopkins formula.?®In
sum, these findings reinforce previous data suggesting
that the number of atherogenic particles (as reflected
by apoB levels) predicts risk more accurately than
the cholesterol content of those particles.®*3 Thus,
although apoB, LDL-C, and especially non—HDL-C are
correlated, apoB may be a superior predictor of lipopro-
tein-attributable residual risk after ACS on maximum-
intensity lipid-lowering therapy.

There are several explanations for the incomplete esti-
mation of risk with LDL-C observed in this study and in
the literature, especially in statin-treated patients.3-52640
First, we have shown that lipoprotein(a) is a major pre-
dictor of risk and risk reduction with alirocumab and is
not taken into account by LDL-C alone.”® Other apoB-
containing lipids such as triglyceride-rich lipoproteins
may also contribute to risk after ACS.""® This is especially
important in patients in whom there is a discordance
between circulating cholesterol concentration and the
number of apoB-containing particles. This may be the
case in individuals who have relatively more triglyceride
and less cholesterol in apoB-containing particles such as
those with type 2 diabetes mellitus, metabolic syndrome,
or obesity™!" with a high concentration of small, dense
LDL particles, elevated apoB, but normal LDL-C.*!
ApoB-containing particles other than LDL may assume
greater importance in the determination of residual risk
when LDL-C levels are low. This may explain why the
relationship of baseline apoB to risk of MACE in the pla-
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cebo group was attenuated by adjustment for baseline
LDL-C with a mean level of 90 mg/dL, but the relation-
ship of achieved apoB to risk of MACE in the alirocumab
group was minimally affected by adjustment for achieved
LDL-C with a mean level of 40 mg/dL. Assessing apoB
rather than LDL-C in such patients may more accurately
reflect their residual atherogenic lipoprotein burden and
hence their residual cardiovascular risk."40

Strengths and Limitations

Strengths of the present analyses include the use of data
from a large multinational study with detailed description
of patient phenotype and with adjudicated outcomes.
Furthermore, almost 90% of the patients were treated
with high-intensity statin therapy. Propensity score—
matched analyses to determine the relationship between
achieved apoB and risk were included to overcome some
potential bias related to baseline differences in patient
characteristics.

However, there are some limitations. The analy-
ses of achieved apoB levels use postrandomization
data. Even adjusted Cox proportional hazards and
propensity score—matched analyses may be subject
to residual confounding. The quantile boundaries
for baseline apoB were prespecified, but the quan-
tile boundaries for both baseline and achieved apoB
were arbitrary. For this reason, the analyses of con-
tinuous apoB are useful and corroborate the quantile
analyses. Achieved apoB in the trial was influenced
by protocol-specified blinded substitution of pla-
cebo for alirocumab in patients who had consecutive
LDL-C levels <15 mg/dL. However, despite the fact
that patients in the lowest quantile of apoB at month
4 were the most likely to undergo this substitution,
they nonetheless had the lowest risk of MACE after
month 4. Moreover, the findings were not substan-
tially affected by excluding these patients from the
analysis. Results from patients with recent ACS on
optimal statin therapy might not be generalizable to
other populations. Although ODYSSEY OUTCOMES
was an international trial, 79% of the participants
were White and 75% were male. Therefore, caution
must be applied in generalizing the findings to non-
White and female patients with ACS. Relatively few
patients in this trial were treated with ezetimibe. It
is uncertain whether relationships between baseline
or achieved apoB and MACE would have been influ-
enced by greater use of this drug.

A persistent limitation to the use of apoB as a risk
predictor or as a therapeutic target has been the lack
of a formal, universal standard for its measurement.®
The present findings reinforce the imperative to seek
such standardization so that apoB measurements can
be applied to guide everyday clinical practice. Estima-
tion of LDL-C levels was performed with the Friedewald
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formula, which has known performance issues at high
triglyceride levels and low LDL-C levels. To take this into
account in a secondary analysis, apoB was adjusted by
LDL-C estimated with the Martin-Hopkins formula, which
has been shown to perform better than the Friedewald
formula®® The relationship between baseline apoB and
risk of MACE was attenuated when LDL-C was esti-
mated by the Martin-Hopkins rather than the Friedewald
formula, but the relationship of achieved apoB to risk of
MACE in the alirocumab group was minimally affected
by such adjustment. These findings indicate that the
contribution of LDL particles to residual risk diminishes
when their concentration is low. Under those conditions,
other apoB-containing particles including lipoprotein(a)
or triglyceride-rich lipoproteins whose concentrations are
less affected by PCSK9 inhibition, may assume greater
importance in determining residual risk.

Last, the lower limit of quantification for apoB was
35 mg/dL; therefore, the association between continu-
ous apoB and MACE could not be ascertained below
35 mg/dL. It is important to note that quantile analy-
ses of achieved apoB levels were not affected by this
limitation because the lowest quantile was defined as
a level <35 mg/dL. In fact, the MACE incidence among
patients receiving alirocumab with achieved apoB
<35 mg/dL was 22% lower than that in patients with
achieved apoB of >35—-<60 mg/dL.

Conclusions

In patients with recent ACS receiving high-intensity or
maximum-tolerated statin treatment, a higher base-
line level of apoB was associated with a higher risk of
MACE. Among those treated with the PCSK9 inhibitor
alirocumab, lower achieved apoB levels (to <35 mg/dL)
were associated with a lower risk of MACE. Further-
more, lower achieved levels of apoB remained predic-
tive of MACE even after adjustment for achieved LDL-C
or non—HDL-C. Conversely, achieved levels of LDL-C
or non—HDL-C held no information after adjustment for
achieved apoB, indicating that apoB holds incremen-
tal predictive information on residual risk beyond either
LDL-C or non—HDL-C when the latter 2 levels are low.
An achieved apoB concentration <35 mg/dL was as-
sociated with more favorable cardiovascular outcomes
than higher achieved apoB levels. However, despite
meeting guideline-directed secondary prevention goals
for LDL-C or non-HDL-C with statin and alirocumab,
a substantial proportion of patients remained at apoB
levels >35 mg/dL, suggesting a potential therapeutic
benefit from even more intensive lowering of athero-
genic lipoproteins.
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