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Abstract

Background:

The 2018 US cholesterol management guidelines recommend additional lipid-lowering therapies
for secondary prevention in patients with low-density lipoprotein cholesterol 270 mg/dL or
non-high-density lipoprotein cholesterol 2100 mg/dL despite maximum tolerated statin therapy.
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Such patients are considered at very high risk (VHR) based on a history of >1 major
atherosclerotic cardiovascular disease (ASCVD) event or a single ASCVD event and multiple
high-risk conditions. We investigated the association of US guideline-defined risk categories with
the occurrence of ischemic events after acute coronary syndrome and reduction of those events
by alirocumab, a PCSK9 (proprotein convertase subtilisin/kexin type 9) inhibitor.

Methods:

In the ODYSSEY OUTCOMES trial (Evaluation of Cardiovascular Outcomes After an Acute
Coronary Syndrome During Treatment With Alirocumab), patients with recent acute coronary
syndrome and residual dyslipidemia despite optimal statin therapy were randomly assigned to
alirocumab or placebo. The primary trial outcome (major adverse cardiovascular events, ie,
coronary heart disease death, nonfatal myocardial infarction, ischemic stroke, or hospitalization
for unstable angina) was examined according to American College of Cardiology/American Heart
Association risk category.

Results:

Of 18 924 participants followed for a median of 2.8 years, 11 935 (63.1%) were classified as
VHR: 4450 (37.3%) had multiple prior ASCVD events and 7485 (62.7%) had 1 major ASCVD
event and multiple high-risk conditions. Major adverse cardiovascular events occurred in 14.4%
of placebo-treated patients at VHR versus 5.6% of those not at VHR. In the VHR category, major
adverse cardiovascular events occurred in 20.4% with multiple prior ASCVD events versus
10.7% with 1 ASCVD event and multiple high-risk conditions. Alirocumab was associated with
consistent relative risk reductions in both risk categories (hazard ratio=0.84 for VHR; hazard
ratio=0.86 for not VHR; Pinteraction=0.820) and by stratification within the VHR group (hazard
ratio=0.86 for multiple prior ASCVD events; hazard ratio=0.82 for 1 major ASCVD event and
multiple high-risk conditions; Pinteraction=0.672). The absolute risk reduction for major adverse
cardiovascular events with alirocumab was numerically greater (but not statistically different) in
the VHR group versus those not at VHR (2.1% versus 0.8%; Pinteraction=0.095) and among
patients at VHR with multiple prior ASCVD events versus a single prior ASCVD event (2.4%
versus 1.8%; Pinteraction=0.661).

Conclusions:

The US guideline criteria identify patients with recent acute coronary syndrome and dyslipidemia
who are at VHR for recurrent ischemic events and who may derive a larger absolute benefit from
treatment with alirocumab.

Clinical Trial Registration:
URL: https://www.clinicaltrials.gov. Unique identifier: NCT01663402.
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» We evaluated the application of the 2018 American College of Cardiology/American
Heart Association cholesterol management guideline recommendations for additional
lipid-lowering therapies in patients with established atherosclerotic cardiovascular
disease and residual dyslipidemia despite maximum tolerated statin therapy who were
enrolled in the ODYSSEY OUTCOMES trial (Evaluation of Cardiovascular Outcomes
After an Acute Coronary Syndrome During Treatment With Alirocumab).

» Patients classified as very high risk, either because of a history of multiple
atherosclerotic cardiovascular disease events or a single atherosclerotic
cardiovascular disease event (trial-qualifying acute coronary syndrome) and multiple
high-risk conditions, had more than double the risk of recurrent cardiovascular events
as patients classified as not very high risk.

 The very-high-risk category also had a larger absolute benefit of alirocumab treatment.

What Are the Clinical Implications?

» Application of the new guideline recommendations for the risk stratification and use of
additional lipid-lowering therapies in patients with established atherosclerotic
cardiovascular disease clearly identifies patients at very high risk of recurrent
cardiovascular events after an acute coronary syndrome, and who may derive
substantial benefit from treatment with a proprotein convertase subtilisin/kexin type 9
inhibitor.

Introduction

Secondary prevention treatment options for patients with established atherosclerotic
cardiovascular disease (ASCVD) and elevated serum cholesterol values have evolved beyond
statins since the publication of the 2013 American College of Cardiology (ACC)/American Heart
Association (AHA) cholesterol guidelines. In the interim, large cardiovascular outcomes trials
have evaluated nonstatin medications in patients with established ASCVD, including ezetimibe
and inhibitors of PCSK9 (proprotein convertase subtilisin/kexin type 9).27* These trials
demonstrated further reductions in the occurrence of major adverse cardiovascular events
(MACE) when these therapies were added to statins.?~* Consequently, an update to the
ACC/AHA cholesterol guidelines was published in 2018, which specifically recommended
shared decision making by clinicians and patients with established ASCVD to decide on the use
of these nonstatin medications, informed by expected future risks of recurrent cardiovascular
events. The guidelines categorize patients with established ASCVD as very high risk (VHR) or
not VHR based on the presence of multiple prior ASCVD events or a single prior ASCVD event
and multiple high-risk concomitant clinical conditions.

We evaluated the application of the 2018 ACC/AHA cholesterol guideline recommendations for
patients with established ASCVD using data from the ODYSSEY OUTCOMES trial (Evaluation of
Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With
Alirocumab).? The trial compared alirocumab, a PCSK9 inhibitor, with placebo in patients on
optimized statin therapy after a recent acute coronary syndrome (ACS). A high percentage of
these patients had been treated with revascularization for the index ACS event, and they were
well treated with other secondary prevention medications. Specifically, we analyzed the

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.042551 ?url_ver=Z39.88-2003&fr_id=ori%3Arid%3Acrossref.org&rr_dat=c... 3/26




14.02.2020

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.042551 ?url_ver=239.88-20034&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=c...

association of the VHR categorization with the occurrence of cardiovascular events and the
influence of this categorization on the treatment effect of intensive low-density lipoprotein
cholesterol (LDL-C) lowering with alirocumab.

Methods

The data that support the findings of this study are available from the corresponding author on
reasonable request. Qualified researchers may also request access to study documents,
including the clinical study report, study protocol with amendments, blank case report form,
statistical analysis plan, and data set specifications.

Study Design and End Points

The design and primary findings from the ODYSSEY OUTCOMES trial have been published.4®
The trial was approved in each center by the responsible Institutional Review Board or Ethics
Committee, and all patients provided written informed consent. A total of 18 924 patients 240
years of age with a prior ACS hospitalization within 1 to 12 months on intensive or maximum
tolerated statin therapy with residual dyslipidemia (LDL-C 270 mg/dL, non-high-density
lipoprotein cholesterol 2100 mg/dL, or apolipoprotein B 280 mg/dL) were randomly assigned to
blinded treatment with alirocumab 75 mg every 2 weeks or placebo and followed for a median of
2.8 years. The dose of alirocumab was blindly adjusted during follow-up to target an on-
treatment LDL-C level of 25 to 50 mg/dL.

The primary composite end point was MACE, comprising death attributable to coronary heart
disease, nonfatal myocardial infarction, fatal and nonfatal ischemic stroke, or unstable angina
requiring hospitalization.® All end points were adjudicated by an independent clinical events
committee that was blinded to treatment assignment.

Risk Categorization According to Guideline Recommendations

Patients were categorized as VHR with multiple major ASCVD events if they had at least 1 prior
ASCVD event before the qualifying index ACS, including myocardial infarction, ischemic stroke,
or peripheral artery disease.® Patients who did not have multiple major ASCVD events could also
be categorized as VHR based on the combination of 1 major ASCVD event (the qualifying index
ACS for the trial) and at least 2 high-risk conditions (age 265 years, revascularization before the
index ACS, diabetes mellitus, history of hypertension, baseline estimated glomerular filtration
rate of 15-59 mL-min~1-1.73 m=2, current smoking, history of heart failure, or LDL-C 2100 mg/dL
despite maximum tolerated statin therapy).® The presence of heterozygous familial
hypercholesterolemia (another high-risk clinical condition specified in the guidelines) was not
captured on the trial case report form. Analyses were performed by the categorization of VHR
versus not VHR and then with further stratification of the patients at VHR according to the
presence of multiple major ASCVD events versus 1 major ASCVD event with at least 2 high-risk
clinical conditions.

Statistical Analysis

Summary statistics, such as mean values and proportions, were used to compare the baseline
clinical characteristics of patients among the categorized subgroups by risk status. The
background frequencies in incidence rates of MACE and its components, also cardiovascular
and all-cause death, among the categorized subgroups by risk status were compared only
among patients receiving placebo to limit confounding by randomized treatment. The association
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of baseline LDL-C values and the absolute risk increase in MACE and death among the
categorized subgroups by risk status was evaluated by using generalized linear regression
models by treatment groups separately. Kaplan-Meier curves for survival probability over time
were plotted by treatment groups and by risk status. Both relative risk reductions (RRRs) and
absolute risk reductions (ARRSs) by treatment assignment were calculated to evaluate the
alirocumab treatment effect by subgroup interaction. The estimates and tests for hazard ratios
(HRs) between treatment groups and treatment by risk status interaction used proportional
hazard models for RRRs and the Gail-Simon method for ARRs.” Marginal Cox regression
models were used to estimate treatment HRs and testing of treatment by risk status interaction
for total (ie, first and potentially subsequent) nonfatal MACE and all-cause death events.
Nonparametric mean cumulative function curves were created for total events, representing the
expected (ie, mean) cumulative number of events per 100 patients at a given point in time after
randomization. The SAS 9.4 analytic software package was used to perform the statistical
analyses.

Results

A total of 18 924 patients were randomly assigned at 1315 sites in 57 countries, with 9462
patients randomly assigned to alirocumab and 9462 patients to placebo. Median (quartile 1,
quartile 3) follow-up was 2.8 (2.3, 3.4) years. Among the overall population, 11 935 patients
(63.1%) were categorized as VHR, with 4450 of these (37.3%) having multiple major ASCVD
events and 7485 (62.7%) having 1 major ASCVD event (index ACS event) and at least 2 high-
risk clinical conditions. Among the 7485 patients classified as at VHR because of 1 major
ASCVD event and at least 2 high-risk clinical conditions, 2568 (41.2%) qualified because of the
presence of age 265 years and hypertension, 1045 (14.0%) qualified because of age 265 years
and diabetes mellitus, and 403 (5.4%) qualified because of age 265 years and current smoking
(the 3 qualification categories may not be mutually exclusive). In comparison with patients
categorized as not VHR, patients at VHR were older, more commonly female, and more likely to
have cardiovascular risk factors and prior cardiovascular events and procedures, and, in general,
they had higher baseline lipid values (Table 1). Comparing patients in the VHR group with
multiple major ASCVD events to those with a single ASCVD event and multiple risk factors, the
former were more frequently male and had fewer cardiovascular risk factors.

Table 1. Baseline Clinical Characteristics by Very-High-Risk Categorization and by St

All Patients Non-VHR VHR*
Variable
Placebo Alirocumab Placebo Alirocumab Placebo Alirocumab
(n=9462) (n=9462) (n=3525) (n=3464) (n=5937) (n=5998)
Demographics
Age, y 58.6+9.4 58.5+9.3 54.7+7.6 54.6+7.5 61.0+9.6 60.8+9.5

https://www.ahajournals.org/doi/full/10.11 61/CIRCULATIONAHA.119.042551 ?url__ver=239.88-2003&rfr_id=ori%SArid%3Acrossref.org&rfr_dat=c. .. 5/26
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3‘ All Patients Non-VHR VHR*
! Variable
( Placebo Alirocumab Placebo Alirocumab Placebo Alirocumab
,‘ (n=9462) (n=9462) (n=3525) (n=3464) (n=5937) (n=5998)
|
%
i 7090 2876 4214
| I 7 ; L ;
Male sex (74.9) 7072 (74.7) (81.6) 2808 (81.1) (71.0) 4264 (71.1)
Cardiovascular risk factors
. Smoking
|
| status
|
2278 576 1702
\ 4 4 i ;
| Current (24.1) 2282 (24.1) (16.3) 548 (15.8) (28.7) 1734 (28.9)
! F 7183 2948 4235
g ormer or
i -~ 4. -
| never (75.9) 7180 (75.9) (83.6) 2916 (84.2) (71.3) 4264 (71.1)
}
6044 1079 4965
! HyBsfension (63.9) 6205 (65.6) (30.6) 1099 (31.7) (83.6) 5106 (85.1)
i
i
‘ Diabetes 2751 2496
i mellitus (29.1) 2693 (28.5) 255 (7.2) 242 (7.0) (42.0) 2451 (40.9)
| Prior medical history
|
FEHphE 386 (4.1) 373 (3.9) 0 0 386 (6.5) 373 (6.2)
artery disease ’ ’ ' :
Congestive 1449 1370
K fallis (15.3) 1365 (14.4) 79 (2.2) 62 (1.8) (23.1) 1303 (21.7)
Myocardial 1843 1843
infarction (19.5) e O 8 (31.0) 1750 4.8)
1615 1589
| PCI (17.1) 1626 (17.2) 26 (0.7) 20 (0.6) (26.8) 1606 (26.8)
CABG 526 (5.6) 521 (5.5) 4 (0.1) 6 (0.2) 522 (8.8) 515 (8.6)
Ischemic
: i 0 0 6 (4. .
dirska 256 (2.7) 268 (2.8) 256 (4.3) 268 (4.5)

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.042551 ?url_ver=239.88-2003&rfr_id=ori%3Arid%3Acrossref.org&r‘fr_dat=c. s
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|

i
J All Patients Non-VHR VHR* :
% .
i Variable t

\
, Placebo Alirocumab Placebo Alirocumab Placebo Alirocumab ‘
' (n=9462) (n=9462) (n=3525) (n=3464) (n=5937) (n=5998) |

Laboratory values '

. GFR, :
; = , 79.8+19.1 79.5£19.4 84.9+16.0 84.5+£16.0 76.8+20.2 76.6+20.5 i
mL/min ;
| LbLcC, |
| el 92.3+30.8 92.4+31.1 89.8+28.6 89.8427.5 93.8+£31.9 94.0+32.9 ‘
|
HD ‘
R 122+35.5 122+35.0 118+32.9 118+31.4 125+36.7 125+36.7 ’
C, mg/dL
| HDL-C, |
= 44.2+11.4 44.4+11.3 44.2+11.2 44.6+11.2 44 1+11.5 44.2+11.4
| mg/dL [
|
Triglycerides, 121 135 (
mg/dL, 129 129 (93.8, (89.4 122 (88.5, (97.0 135 (97.0,
| median (94.7,183) 181) L 169) = 188) ;
. . 172) 188) i
[ (quartile 1, '
| quartile 3) !

‘ Apolipoprotein 83.3121.6 83.0+21.3 80.6+20.1 80.2119.1 84.9+22.3 84.6+22.3
B, mg/dL

Data presented as n (%) or meantSD unless otherwise indicated.

| ACS indicates acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease;
' CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; HDL-C, high- |
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PCI, percutaneous |
coronary intervention; and VHR, very high risk.

| *Patients were categorized as very-high-risk with (a) multiple major ASCVD events if they had
21 prior ischemic event before the qualifying index ACS event, including myocardial infarction,

" ischemic stroke, or peripheral artery disease; or (b) 1 major ASCVD event (the qualifying index

~ ACS event) and 22 high-risk conditions (age 265 years, revascularization before the index

' ACS event, diabetes mellitus, history of hypertension, baseline eGFR of 15-59 mL-min~"-1.73

m~2, current smoking, history of heart failure, or LDL-C 22.6 mmol/L (100 mg/dL) despite

' maximally tolerated statin therapy and ezetimibe).®

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.0425517url_ver=239.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=c... 7/26
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Among patients in the placebo group, the rates of all events were substantially higher in the
patients at VHR than in those categorized as not VHR (Table 2). When placebo-treated, patients
at VHR were further stratified by the presence of multiple major ASCVD events or 1 major
ASCVD event and multiple risk factors; the frequencies of ischemic end points were higher
among those with multiple major ASCVD events.

Table 2. Frequency of Ischemic Events Among Placebo-Treated Patients by Very-High-
Risk Categorization and by Substratification of Very-High-Risk Patients

|
|
|
! VHR* (Multiple VHR* (1 Major Prior ASCVD |
|

years

| A A

End Point Paﬁ;'n - ';:'; VHR Prior Major Event + Multiple High-Risk

ASCVD Events) Conditions)

MACE
' Events 1052 198 854 458 396 f
|
i ; 15
; Patient-years 25271 9699 571 5720 9851
| Incidence rate,
. /100 patient- 4.16 2.04 5.48 8.01 4.02 |
. years |
*‘ Myocardial infarction
| Events 756 150 606 349 257 ‘
|
| Patient-years 25530 9754 71756 5820 9955 ‘
' Incidence rate,
i /100 patient- 2.96 1.54 3.84 6.00 2.58
. years |
i |
?
| Stroke ‘
| Events 152 13 139 68 71 |
, 16
§ Patient-years 26 501 9974 596 6250 10277 !
1 |
5 I
} Incidence rate, '
J /100 patient- 0.57 0.13 0.84 1.09 0.69 i
3
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. All Non VHR* (Multiple VHR* (1 Major Prior ASCVD !
End Point Patients VHR VHR Prior Major Event + Multiple High-Risk I
f ASCVD Events) Conditions) ;
; Incidence rate,

| /100 patient- 1.46 0.56 2.00 2.64 1.60

|

| years
!

ACS indicates acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease;
CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; LDL-C, low-density
lipoprotein cholesterol; MACE, major adverse cardiovascular event; and VHR, very high risk.

*Patients were categorized as very high risk with (a) multiple major ASCVD events if they had
21 prior ischemic event before the qualifying index ACS event, including myocardial infarction,
ischemic stroke, or peripheral artery disease; or (b) 1 major ASCVD event (the qualifying index |
. ACS event) and 22 high-risk conditions (age 265 years, revascularization before the index :
' ACS event, diabetes mellitus, history of hypertension, baseline eGFR of 15-59 mL min~":1.73 |
' m~2, current smoking, history of heart failure, or LDL-C 22.6 mmol/L (100 mg/dL) despite |
( maximally tolerated statin therapy and ezetimibe).®

|

Treatment with alirocumab was associated with similar reductions in LDL-C levels among
patients categorized as VHR or not VHR (Figure 1A), and also among the patients at VHR
further stratified by the presence of multiple major ASCVD events or 1 major ASCVD event and
multiple risk factors (Figure 1B).

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.042551?url_ver=239.88-2003&fr_id=0ri%3Arid%3Acrossref.org&rfr_dat=... 10/26
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i Al Non VHR* (Multiple VHR* (1 Major Prior ASCVD .
| End Point Batianis VHR VHR Prior Major Event + Multiple High-Risk %
ASCVD Events) Conditions) ;
| ?
| CHD death ;
| |
; Events 222 31 191 105 86 II
| i
| Patient-years 26915 12 16 6396 10446 |
| Y 074 842 ?
! Incidence rate,
| /100 patient- 0.82 0.31 1.13 1.64 0.82
. years ‘
| _— . B . i
| Unstable angina requiring hospitalization '
|
| Events 60 15 45 25 20 i
| ;
' ‘r
16 |
Patient-years 26 601 9969 632 6302 10 330 ;‘
i
\ Incidence rate,
| /100 patient- 0.23 015  0.27 0.40 0.19
| years
| Cardiovascular death
| Events 271 33 238 127 111 _
1 _ ~ . |
i Patient-years 26915 10 18 6396 10446
| ‘ 074 842
1
| Incidence rate, |
! /100 patient- 1.01 0.33 1.41 1.99 1.06 ;
| years
All-cause death
1 Events 392 56 336 169 167
| 10 16
| Patient- 6396 10446
. atient-years 26915 074 842
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Figure 1. Impact of alirocumab treatment on temporal changes in achieved LDL-C
values. Very high-risk categorization (A) and substratification of very high-risk patients (B).
ASCVD indicates major atherosclerotic cardiovascular disease; LDL-C, low-density
lipoprotein cholesterol; RF, risk factor; and VHR, very high risk.

The Kaplan-Meier curves depicting the longitudinal occurrence of MACE events over time
demonstrate a substantially higher risk of events among those categorized as VHR in
comparison with those categorized as not VHR, with an earlier and more sustained separation of
the event curves by alirocumab versus placebo treatment among the patients at VHR (Figure
2A). Similarly, the risk of death was greater among patients categorized as VHR, with a
separation of the event curves by alirocumab versus placebo treatment observed only in the
VHR group (Figure 2B).

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.119.042551 ?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=... 11/2€
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Figure 2. Occurrence of recurrent ischemic events by alirocumab treatment by very-
high-risk categorization and by substratification of very-high-risk patients. The
frequency of MACE (A) and all-cause death (B). MACE indicates major adverse
cardiovascular event; and VHR, very high risk.

The HR for MACE observed with alirocumab treatment was similar in the VHR (HR, 0.84; 95%
Cl, 0.76-0.93) and not VHR (HR, 0.86; 95% CI, 0.70-1.06; Pinteraction=0.820) categories and was
also similar among the patients at VHR further stratified by the presence of multiple major
ASCVD events (HR, 0.86; 95% CI, 0.75-0.98) or 1 major ASCVD event and multiple risk factors
(HR, 0.82; 95% CI, 0.71-0.95; Pinteraction=0.672) (Figure 3A). A greater ARR in MACE was
observed with alirocumab among those categorized as VHR (ARR, 2.13%; 95% CI, 0.91-3.35)
versus those not at VHR (ARR, 0.77%; 95% CI, —0.28 to 1.81), but it was not statistically
different (Pinteraction=0.095). The ARR for alirocumab treatment was similar among the patients at
VHR with multiple major ASCVD events (ARR, 2.42%; 95% ClI, 0.11—4.73) or with 1 major
ASCVD event and multiple risk factors (ARR, 1.82%; 95% Cl, 0.47-3.17; Pinteraction=0.661)
(Figure 3A). Similar findings were observed with alirocumab treatment for all-cause death (Figure
3B).
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