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atients with acute coronary syndromes (ACS)

are at high risk of further cardiovascular

events, despite current evidence-based thera-
pies, thus indicating a need for additional treat-
ments. Lipoprotein(a), a persistent cardiovascular
risk factor," appears to modify the cardiovascular
benefit of proprotein convertase subtilisin/kexin
type 9 (PCSK9)-directed monoclonal antibodies
(MAbs), with greater relative and absolute reductions
in major adverse cardiovascular events (MACE) and
major adverse limb events (MALE) over 2 to 5 years’
treatment when lipoprotein(a) is elevated.”* From
both patient and physician perspectives, a relevant
question is how soon after initiating a PCSK9 MAb
may such an augmented benefit appear?

To address this question, we assessed the time to
benefit of alirocumab on MACE and MALE after ACS
according to baseline lipoprotein(a) level in a post
hoc analysis of the ODYSSEY OUTCOMES (Evaluation
of Cardiovascular Outcomes After an Acute Coronary

Syndrome During Treatment With Alirocumab;
NCT01663402) trial,” which received Institutional
Review Board approval in each participating country
and included 18,924 patients with elevated lipids
despite statin therapy, randomized 1 to 12 months
after ACS to alirocumab or placebo subcutaneously
every 2 weeks. In this analysis, patients were
dichotomized by baseline lipoprotein(a) =30 mg/dL
(n = 8,051) vs <30 mg/dL (n = 10,873) or =50 mg/dL
(n = 5,709) vs <50 mg/dL (n = 13,215). A level of
30 mg/dL is an inflection point for cardiovascular
risk' and is considered the upper limit of normal,
whereas 50 mg/dL is considered a threshold for risk
enhancement in current guidelines.® Treatment HRs
with 95% CIs for MACE (cardiovascular death,
myocardial infarction, fatal or nonfatal ischemic
stroke, unstable angina, or ischemia-driven coronary
revascularization) and MALE (critical limb ischemia,
revascularization, or amputation for ischemia) were
estimated from proportional hazards models with
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FIGURE 1 Time to Benefit of Alirocumab Treatment in Patients With a Recent Acute Coronary Syndrome
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Time-varying treatment HRs for alirocumab vs placebo are shown for (A) major adverse cardiovascular events (MACE, cardiovascular death,
myocardial infarction, fatal or nonfatal ischemic stroke, unstable angina, or ischemia-driven coronary revascularization) and (B) major
adverse limb events (MALE, critical limb ischemia, revascularization, or amputation for ischemia) for patients with lipoprotein(a) (Lp[al)
levels dichotomized at 30 mg/dL and at 50 mg/dL. Time to benefit was defined as the time after randomization at which the estimated
HR + 95% ClI remained <1 for all subsequent time. The data suggest earlier time to benefit with alirocumab for MACE and MALE

among patients with higher versus lower Lp(a). In addition, overall treatment HRs were more robust with higher Lp(a) levels.

For MACE, HRs were 0.82 (95% Cl: 0.74-0.92) and 0.92 (95% Cl: 0.83-1.02) for Lp(a) =30 mg/dL vs <30 mg/dL, respectively,

and 0.82 (95% Cl: 0.72-0.93) and 0.91 (95% Cl: 0.83-0.99) for Lp(a) =50 mg/dL vs <50 mg/dL, respectively. Similarly, MALE
treatment HRs were 0.57 (95% Cl: 0.40-0.83) and 0.83 (95% Cl: 0.58-1.17) for Lp(a) =30 mg/dL vs <30 mg/dL, respectively, and
0.50 (95% Cl: 0.32-0.77) and 0.83 (95% Cl: 0.60-1.13) for Lp(a) =50 mg/dL vs <50 mg/dL, respectively.

truncated follow-up’ for successive days after
randomization (eg, the day 14 model included events
through day 14, with follow-up beyond day 14
censored) and plotted in each lipoprotein(a) cate-
gory. Time to benefit was determined as the day after
randomization where the treatment HR and 95% CI
remained <1 for all subsequent days, without
correction for multiple comparisons. Analogous
methods have been applied to other trials.”

At baseline, the mean age was 58 years, and 89% of
patients received high-intensity statin treatment.

Continued on the next page

Low-density lipoprotein cholesterol (LDL-C) and
lipoprotein(a) were well balanced between treatment
groups. In the <30 mg/dL lipoprotein(a) stratum,
median (Q1-Q3) baseline LDL-C and lipoprotein(a)
levels were 85 mg/dL (Q1-Q3: 71-102 mg/dL) and
8 mg/dL (Q1-Q3: 2-15 mg/dL), respectively. At
4 months, LDL-C and lipoprotein(a) reductions
were -54 mg/dL (Q1-Q3: -70 to -37 mg/dL)
and —2.5 mg/dL (Q1-Q3: —6.3 to 0 mg/dL) with alir-
ocumab and 0 mg/dL (Q1-Q3: —13 to 14 mg/dL) and
0 mg/dL (Q1-Q3: —2.1 to 1.5 mg/dL) with placebo.



JACC VOL. 86, NO. 21, 2025
NOVEMBER 25, 2025:2071-2076

Ray et al

Lipoprotein(a) Identifies Alirocumab Benefit in ACS

FIGURE 1 Continued

B MALE:
Baseline Lp(a) <30 mg/dL
5.00 ~
S 200 -
§ Placebo Better
(=)
= 1.00 il
T
w
<
= 0501 Alirocumab Better
0.20 T T T 1
0 1 2 3 4
MALE:
Baseline Lp(a) <50 mg/dL
5.00
S 2.00
g Placebo Better
(=)
o« 1.00
T
Y
< -
= 030 Alirocumab Better
0.20 T T T 1
0 1 2 3 4

Years Since Randomization

MALE:
Baseline Lp(a) 230 mg/dL
500 -
HR Point Estimate Always <1;
HR +95% ClI: <1 from Year 0.18 Onwards
2.00 +

Placebo Better

MALE HR (95% ClI)

Alirocumab Better

0 1 2 3 4
MALE:
Baseline Lp(a) 250 mg/dL
500 -
HR Point Estimate Always <1;
HR +95% Cl: <1 from Year 0.24 Onwards
S 200 -
2
5 Placebo Better
o 1.00
T
4
g 030 1 PHJ;H_\rA_xn_u—:\m’F\JJ‘H1‘rh_F______
Alirocumab Better
0.20 T T T 1
0 1 2 3 4

Years Since Randomization

In the =30 mg/dL lipoprotein(a) stratum, baseline
LDL-C and lipoprotein(a) were 89 mg/dL (Q1-Q3:
76-107 mg/dL) and 67 mg/dL (Q1-Q3: 47-99 mg/dL). At
4 months, LDL-C and lipoprotein(a) reductions
were -53 mg/dL (Q1-Q3: -71 to -36 mg/dL)
and -14.9 mg/dL (Q1-Q3: —26.5 to —4.6 mg/dL) with
alirocumab and 1 mg/dL (Q1-Q3: —11 to 14 mg/dL)
and -2.8 mg/dL (Q1-Q3: -12.6 to 7 mg/dL) with
placebo.

In the <50 mg/dL lipoprotein(a) stratum, baseline
LDL-C and lipoprotein(a) were 85 mg/dL (Q1-Q3: 71-
102 mg/dL) and 11 mg/dL (Qi1-Q3: 4-24 mg/dL),
respectively. At 4 months, LDL-C and lipoprotein(a)
reductions were —54 mg/dL (Q1-Q3: —70 to —36 mg/dL)
and -3.1 mg/dL (Q1-Q3: -7.9 to 0 mg/dL) with
alirocumab and 0 mg/dL (Q1-Q3: —13 to 14 mg/dL) and
0 mg/dL (Q1-Q3: —2.6 to 2.1 mg/dL) with placebo. In
the =50 mg/dL lipoprotein(a) stratum, baseline LDL-C
and lipoprotein(a) were 90 mg/dL (Q1-Q3: 77-
109 mg/dL) and 84 mg/dL (Q1-Q3: 64-113 mg/dL). At
4 months, LDL-C and lipoprotein(a) reductions

were -54 mg/dL (Q1-Q3: -71 to -37 mg/dL)

and -18.2 mg/dL (Q1-Q3: —31.5 to —6.7 mg/dL) with
alirocumab and 1 mg/dL (Q1-Q3: —11 to 14 mg/dL)
and —4.1 mg/dL (Q1-Q3: —15.4 to 7.4 mg/dL) with
placebo.

Throughout a median 2.8 years of follow-up, there
were 2,775 MACE and 246 MALE, and treatment HRs
were more robust for the higher lipoprotein(a) cate-
gories (Figures 1A and 1B). For MACE, Figure 1A shows
that the treatment HR and 95% CI were <1 from 1.31
and 1.25 years onward in patients with lipoprotein(a)
=30 and =50 mg/dL, respectively. For patients with
baseline lipoprotein(a) <30 or <50 mg/dL, treatment
HR and 95% CI were never <1, or they took 3.04 years
to remain <1, respectively. Because women have
higher lipoprotein(a) levels than men, we assessed the
3-way interaction of treatment*sex*lipoprotein(a)
strata on MACE and found none.

Figure 1B shows analogous data for MALE. In
patients with lipoprotein(a) =30 or =50 mg/dL,
treatment HR and 95% CI for MALE remained <1 from
0.18 and 0.24 years onward, respectively. In contrast,

treatment HR and 95% CI for MALE were
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never <1 in patients with baseline lipoprotein(a)
<30 or <50 mg/dL.

Thus, in patients with ACS and lipoprotein(a)
levels =30 or =50 mg/dL, alirocumab treatment
appeared to be associated with earlier and greater
relative risk reductions for MACE and MALE than in
patients with lower lipoprotein(a) levels. These post
hoc observations have several potential clinical
implications.

First, the data support recent guidelines that
consider lipoprotein(a) =50 mg/dL a risk-enhancing
factor warranting consideration of intensified lipid-
lowering therapy, including addition of a PCSK9 in-
hibitor to statin therapy. Second, cardiovascular risk
following ACS is nonlinear, with higher risk in the
first 6 to 12 months and lower risk thereafter.
Consequently, early initiation of PCSK9 inhibition
after ACS may be particularly useful in patients with
elevated lipoprotein(a) to mitigate risk when it is
highest. Third, LDL-C reductions with alirocumab
were similar in each lipoprotein(a) stratum, so
shorter time to benefit among those patients with
elevated lipoprotein(a) is not explained by differen-
tial LDL-C lowering.

The current data do not reveal whether earlier
and greater risk reduction by alirocumab in the
presence of elevated lipoprotein(a) is the result of the
modest reduction in circulating lipoprotein(a) levels
or whether elevated lipoprotein(a) is a marker for
atherosclerotic plaques amenable to rapid stabiliza-
tion by PCSK9 inhibition. The latter concept is sug-
gested by recent imaging data indicating that patients
with highlipoprotein(a) levels have high-risk coronary
plaque characteristics, even when LDL-C levels are
controlled.®° Notably, only approximately one-half
of the patients with lipoprotein(a) =30 or =50 mg/dL
would have met qualification thresholds for ongoing
lipoprotein(a)-lowering ongoing outcomes trials.”
Future studies may determine whether patients
currently considered to have mildly to moderately
elevated lipoprotein(a) benefit from lipoprotein(a)
lowering.

Study limitations include post hoc analyses; hence,
findings must be considered exploratory. Because the
patient group was unselected for high lipoprotein(a),
few patients had very high lipoprotein(a). The patient
group was unselected for peripheral artery disease;
therefore, there were relatively few MALE, and early
benefit on MALE should be interpreted with caution.
Furthermore, differences in group sample sizes by
lipoprotein(a) cutoffs may affect the power within
individual groups to assess outcomes Finally, we
did not account for multiple comparisons that
could inflate the possibility of a type 1 error.
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In conclusion, PCSK9 inhibition with alirocumab
was associated with an earlier time to benefit
for MACE and MALE in patients with elevated
lipoprotein(a), observations warranting prospective
confirmation.
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