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• Prior atherosclerotic cardiovascular disease (ASCVD) puts patients at high risk.• Comorbidities such as diabetes/chronic kidney/polyvascular disease increase risk.• Alirocumab reduces LDL-C by a similar amount in ASCVD with/without comorbidities.• Per 39mg/dL lower LDL-C, risk reduced by 30–35% with comorbidities vs. 9% without.• Absolute benefit from lower LDL-C with alirocumab greatest for ASCVD + comorbidities.
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A B S T R A C T

Background and aims: Guidelines recommend high-intensity statins for patients with atherosclerotic cardiovas-
cular disease (ASCVD). Subgroups with comorbidities that increase cardiovascular risk, such as diabetes mellitus
(DM), chronic kidney disease (CKD) or polyvascular disease (PoVD), may derive greater absolute benefit from
addition of non-statin therapies. We assessed the relationship between lower low-density lipoprotein cholesterol
(LDL-C) and major adverse cardiovascular events (MACE) risk reduction during alirocumab phase III ODYSSEY
trials among these subgroups.
Methods: Patient data were pooled from nine trials comparing alirocumab with control (placebo/ezetimibe),
predominantly on background maximally tolerated statin. Patients with baseline ASCVD were stratified into
subgroups with DM, CKD or PoVD, or without comorbidities, and between-group relative and absolute benefits
were compared.
Results: Among 3505 patients with ASCVD, 1573 had no comorbidities, 981 had DM, 660 had CKD and 943 had
PoVD, with overlap between comorbidities; mean baseline LDL-C levels were 119 (ASCVD overall), 123, 117,
114 and 113mg/dL, respectively. Overall, each 39mg/dL lower on-study LDL-C was associated with a 25%
lower MACE risk, hazard ratio 0.75 (95% confidence interval, 0.62–0.90, p=0.0023), with a similar lower risk
observed in each very high-risk subgroup (DM, CKD or PoVD; 30–35%) but not in the subgroup without these
comorbidities (9%). Absolute benefits were greater for very high-risk subgroups; lowering LDL-C from 120 to
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40mg/dL would result in 2.76–4.35 fewer MACE/100 patient-years versus 0.3 for no comorbidities.
Conclusions: Among patients with ASCVD and mean baseline LDL-C> 100mg/dL, patients with DM, CKD or
PoVD appeared to derive greater absolute cardiovascular benefits from further LDL-C reduction than those
without.

1. Introduction

Statins are first-line therapy in patients with atherosclerotic cardi-
ovascular disease (ASCVD) for the secondary prevention of additional
ASCVD events [1]. Among patients with ASCVD, event rates vary
considerably [2,3] and it is now recognised that the total cardiovascular
(CV) risk is markedly higher among individuals with ASCVD and con-
comitant high-risk phenotypes such as diabetes mellitus (DM), chronic
kidney disease (CKD) and polyvascular disease (PoVD) [4,5].
The 2016 American College of Cardiology (ACC) decision pathway

and the European Society of Cardiology (ESC)/European
Atherosclerosis Society (EAS) Task Force specifically identified the
presence of these comorbidities as scenarios in which the addition of a
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor could
be considered if low-density lipoprotein cholesterol (LDL-C) levels were
high despite maximally tolerated statin therapy [6,7]. Furthermore, the
2018 ACC/American Heart Association (AHA) Cholesterol Guideline
provides specific recommendations for the management of patients in
the newly defined "very high risk of ASCVD" category, including those
with a history of multiple major ASCVD events, or one major ASCVD
event and multiple high-risk conditions; these guidelines state that it is
reasonable to add a PCSK9 inhibitor on top of ezetimibe and maximally
tolerated statin therapy when LDL-C remains ≥70mg/dL [1].
In the recently completed CV outcomes trial, ODYSSEY OUTCOMES

(Evaluation of Cardiovascular Outcomes After an Acute Coronary
Syndrome During Treatment With Alirocumab), in 18 924 patients with
recent acute coronary syndrome (ACS), the PCSK9 inhibitor alirocumab
significantly reduced CV events relative to placebo [8]. However, as of
yet, subanalyses of high-risk subgroups from this study are not avail-
able. In this post-hoc analysis of patient data from nine ODYSSEY trials
of alirocumab, we investigated the relationship between lower on-study
LDL-C and major adverse cardiovascular events (MACE) in high-risk
patients with ASCVD, considered to be at very high risk due to the
presence of comorbid conditions such as DM, CKD or PoVD, to validate
the 2016 ACC decision pathway, the ESC/EAS Task Force statement and
the 2018 ACC/AHA cholesterol treatment guideline [1,6,7].

2. Materials and methods

2.1. Study design and patient populations

This post-hoc analysis pooled data for patients enrolled in nine phase
III ODYSSEY trials (for trial names and identifiers, see Table 1). Trial
designs (for overview see Supplementary Table 1) and primary results
have been reported previously [9–15]. Briefly, the nine trials recruited
individuals aged ≥18 years with hypercholesterolaemia and estab-
lished coronary heart disease (CHD) or CHD-risk equivalents, and/or
heterozygous familial hypercholesterolaemia or other CV risk factors.
At screening, most patients were receiving maximally tolerated statin
therapy with or without other lipid-lowering therapy, except for one
trial in which patients with statin intolerance received no background
statin therapy (see Supplementary Table 1). Patients were randomised
in a 1:1 or 2:1 ratio (depending on the study) to subcutaneous alir-
ocumab or control (placebo or ezetimibe) for double-blind treatment
periods of 24–104 weeks. Seven trials used an alirocumab dose of 75mg
every 2 weeks (Q2W), which was adjusted to 150mg Q2W at Week 12
if predefined LDL-C levels were not achieved by Week 8; in two trials,
only alirocumab 150mg Q2W was used. LDL-C levels at baseline and at
4-week intervals up to Week 16, then at Weeks 24, 36, 52, 64, 78, 88

and 104 were calculated using the Friedewald equation [16]. In cases in
which triglycerides were>400mg/dL, LDL-C was determined by beta-
quantification. However, these values were not included in this ana-
lysis. All study protocols were approved by the corresponding local
independent review board and enrolled individuals provided written
informed consent prior to study treatment in each trial.
Only patients with ASCVD, defined as CHD, ischaemic stroke or

peripheral arterial disease, were included in this analysis; these patients
had been included in the ODYSSEY trials if their baseline LDL-C was
≥70 mg/dL at screening. Regardless of study treatment, alirocumab or
control (placebo or ezetimibe), patients with ASCVD were further
stratified by the presence or absence of additional high-risk co-
morbidities: those without DM, CKD or PoVD were the high-risk ASCVD
and no comorbidities group, and very high-risk patients were cate-
gorised into subgroups with DM (ASCVD + DM), CKD (ASCVD + CKD)
or PoVD (ASCVD + PoVD). DM was defined based on careful review of
medical history, CKD was defined as estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m2 and PoVD was defined as a history
of multiple CV events in a single bed (separated by≥ 30 days) or
multiple affected vascular beds (irrespective of the time the event oc-
curred). Note that the ODYSSEY trials excluded patients with
eGFR<30mL/min/1.73m2. Patients could have several of these co-
morbidities and subgroups are not mutually exclusive (Supplementary
Fig. 1).

2.2. Statistical analysis

2.2.1. Baseline characteristics
Baseline patient data are presented in the safety population (all

patients who were randomised and received at least one dose of study
treatment) stratified by treatment (alirocumab) and the control com-
parator in each of the individual studies (placebo or ezetimibe) for the
overall high-risk population and the very high-risk subgroups. For all
continuous baseline variables, values are presented as means and
standard deviations (SD), or median and interquartile range for baseline
variables that are not normally distributed.

2.2.2. Low-density lipoprotein cholesterol
Changes in on-study LDL-C levels were assessed in each very high-

risk subgroup of the pooled ASCVD population stratified by treatment
allocation, alirocumab or control (placebo or ezetimibe). Patient data
were pooled from the safety population of the nine ODYSSEY trials,
which included all randomised patients who received at least one dose
or partial dose of study treatment.
Average LDL-C during the study or percentage reductions in LDL-C

from baseline were determined from the area under the curve (using the
trapezoidal method), incorporating all LDL-C values up to the end of the
treatment-emergent adverse event period (last injection of study
treatment + 10 weeks) or first occurrence of MACE, whichever event
occurred first. Patients had a median of nine (5–11 depending on the
study and duration) LDL-C measures; the majority of LDL-C measure-
ments (97.3%) were on-treatment with a small proportion (2.7%)
during the post-treatment period (as MACE were assessed until the end
of study, including the 10 weeks after last injection, the area under the
curve included all available LDL-C values assessed during the same
period of time).

2.2.3. Low-density lipoprotein cholesterol and risk of MACE
As per the primary endpoint of the ODYSSEY OUTCOMES study [8],
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MACE were defined as CHD death, nonfatal myocardial infarction,
ischaemic stroke or diagnosis of unstable angina (limited to events with
evidence of ischaemia and fulfilling additional severity criteria, re-
quiring hospitalisation or emergency room visit until at least the

following day); all CV events were adjudicated by a central Clinical
Events Committee [3,12].
Regardless of study treatment, alirocumab or control (placebo/

ezetimibe), the relationship between LDL-C and MACE during the study

Fig. 1. Average achieved on-study LDL-C levels in patients with (A) ASCVD and (B–E) in high-/very high-risk subgroups in pools according to control (placebo or
ezetimibe).
aNo DM, CKD or PoVD. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease, defined as eGFR<60mL/min/1.73m2; DM, diabetes mellitus;
eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; PoVD, polyvascular disease.
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period was assessed by average lower achieved (per 39mg/dL) on-
study LDL-C and percentage (per 50%) reduction in LDL-C from base-
line for each high-/very high-risk subgroup. The relationship between
on-study LDL-C and the composite of MACE endpoints was assessed by
stratified analyses using a multivariate Cox regression model with ad-
justment for differences in baseline characteristics (including age,
gender, DM, CKD, PoVD, prior history of myocardial infarction or
ischaemic stroke, baseline LDL-C and smoking status), as previously
specified by Wiviott et al. [17], with the exception that for each sub-
group the associated variable was not adjusted for, e.g., for the
ASCVD + DM subgroup, adjustment for DM was not included but ad-
justment for PoVD and CKD were. The risk of MACE was assessed for
every 39 mg/dL lower mean on-study LDL-C, and hazard ratios (HRs)
and 95% confidence intervals (CIs) were calculated to enable compar-
ison with the Cholesterol Treatment Trialists (CTT) Collaboration meta-
regression line [18].
Adjusted rates of MACE and associated 95% CIs were also de-

termined from a multivariate Poisson model adjusted for baseline
characteristics and average on-study LDL-C, and depicted graphically as
a function of average on-study LDL-C levels or average percentage re-
duction during the study. Analyses were generated using SAS version
9.4, and all tests and CIs were two-sided.

2.2.4. Safety assessments
Treatment-emergent adverse events, defined as those which oc-

curred during the period from the first dose of study treatment up to 70
days after the last injection, were summarised using descriptive statis-
tics. The safety analysis compared the occurrence of events (incidence
rate) in patients with ASCVD and each very high-risk subgroup ran-
domised to receive alirocumab or control (placebo or ezetimibe).

3. Results

3.1. Baseline characteristics

A total of 4880 patients were randomised in the nine ODYSSEY

trials (Supplementary Table 1), among whom 72% (n= 3505) had a
history of ASCVD (Table 1). Within this pooled cohort of patients with
ASCVD, 28% had DM, 19% CKD and 27% PoVD. The overlap between
comorbidities is shown in Supplementary Fig. 1. Overall, 2262 patients
with ASCVD were randomised to alirocumab and 1243 to control.
Baseline characteristics of patients in the overall ASCVD cohort were
similar between the alirocumab and control groups; this was also seen
for the very high-risk subgroups (Table 1).

3.2. Percentage change from baseline in LDL-C levels

Mean baseline LDL-C levels were generally similar among the alir-
ocumab and control groups for the overall pooled ASCVD population
(118.9 and 119.4 mg/dL, respectively), each very high-risk subgroup
(range 111.7–117.7 mg/dL), and the subgroups with ASCVD + no
comorbidities (123.7 and 122.7 mg/dL; Table 1). During the studies,
average LDL-C levels were markedly lower with alirocumab than pla-
cebo or ezetimibe in the overall ASCVD population (Fig. 1A) and for
each subgroup: ASCVD + DM (Fig. 1B), ASCVD + CKD (Fig. 1C),
ASCVD + PoVD (Fig. 1D) and ASCVD + no comorbidities (Fig. 1E).
Average LDL-C levels during study for the overall ASCVD population
and for each subgroup (ASCVD+ DM, ASCVD+ CKD, ASCVD+ PoVD
and ASCVD + no comorbidities) are shown in Table 2.
In the overall ASCVD population, mean percentage change from

baseline in average LDL-C during the study period was significantly
lower with alirocumab than control, placebo (−57.4% vs. 2.2%) or
ezetimibe (−49.9% vs. −17.2%). This was also seen in the
ASCVD + no comorbidities subgroup with alirocumab versus control
(placebo or ezetimibe), and for each very high-risk subgroup:
ASCVD + DM, ASCVD + CKD and ASCVD + PoVD (Table 2).

3.3. Association between on-study LDL-C levels and MACE

Among the overall pooled population of 3505 patients with ASCVD
treated with alirocumab or control, representing 6699 patient-years of
exposure, there were a total of 100 first MACE (median time to first

Table 2
Relationship between MACE incidence rate, average achieved LDL-C and percentage change from baseline during the study period in patients with ASCVD, with or
without other cardiovascular risk factors (safety population).

Placebo-controlled trials (n=2445) Ezetimibe-controlled trials (n=1060) Pool of patients (N=3505)

On-study LDL-C Alirocumab
(n= 1611)

Placebo
(n=834)

Alirocumab
(n=651)

Ezetimibe
(n= 409)

Category
(reduction)

n HR (95% CI) p value

ASCVD overall
Achieved, mean (SD), mg/dL 51.3 (35.0) 121.4 (42.5) 57.6 (34.1) 90.8 (43.6) Per 39mg/dL 3503 0.75 (0.62–0.90) 0.0023
Change, mean (SD), % −57.4 (22.8) 2.2 (27.4) −49.9 (23.3) −17.2 (33.0) Per 50% 3503 0.71 (0.57–0.88) 0.0023
ASCVD + DM, n 437 222 199 123
Achieved, mean (SD), mg/dL 48.7 (30.3) 117.9 (37.7) 55.7 (30.1) 87.5 (44.2) Per 39mg/dL 980 0.65 (0.49–0.87) 0.0034
Change, mean (SD), % −56.7 (24.3) 2.8 (27.1) −48.2 (27.4) −15.6 (34.6) Per 50% 980 0.63 (0.43–0.92) 0.0167
ASCVD + CKD, n 320 135 126 79
Achieved, mean (SD), mg/dL 49.3 (30.3) 115.1 (45.7) 51.4 (26.1) 89.0 (40.8) Per 39mg/dL 660 0.70 (0.48–1.01) 0.0571
Change, mean (SD), % −56.6 (23.5) 0.5 (23.8) −50.5 (21.5) −15.7 (26.2) Per 50% 660 0.68 (0.42–1.09) 0.1075
ASCVD + PoVD, n 458 260 144 81
Achieved, mean (SD), mg/dL 48.0 (30.3) 116.7 (38.5) 51.9 (28.7) 89.3 (41.3) Per 39mg/dL 943 0.70 (0.49–1.00) 0.0516
Change, mean (SD), % −59.1 (21.7) 1.1 (21.4) −52.2 (22.6) −22.3 (17.9) Per 50% 943 0.66 (0.43–1.02) 0.0597
ASCVD + no comorbidities, n 706 368 303 409
Achieved, mean (SD), mg/dL 54.4 (40.1) 125.5 (44.4) 61.7 (38.8) 93.0 (43.7) Per 39mg/dL 1572 0.91 (0.65–1.29) 0.5995
Change, mean (SD), % −56.9 (22.7) 3.0 (32.3) −49.6 (21.6) −16.8 (36.5) Per 50% 1572 0.80 (0.52–1.21) 0.2864

n= number of patients. HR, 95% CI and p value determined from a multivariate Cox model adjusted for baseline characteristics. Average LDL-C and percentage
change from baseline during the study period (double-blind treatment period plus up to 10-week follow-up period) were determined from the area under the curve
(using trapezoidal method), including all values up to the end of the study period or occurrence of MACE, whichever came first. For patients with no post-baseline
LDL-C, baseline LDL-C data were used; two patients with missing baseline LDL-C data were excluded from the multivariate analysis.
ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CKD, chronic kidney disease, defined as eGFR<60mL/min/1.73m2; DM, diabetes mellitus;
eGFR, estimated glomerular filtration rate; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; MACE, major adverse cardiovascular events; MI, myocardial
infarction; PAD, peripheral artery disease; PoVD, polyvascular disease, defined as a history of multiple cardiovascular events in a single bed (separated by≥30 days)
or ≥1 affected peripheral vascular bed (irrespective of the time the event occurred) in which peripheral vascular bed includes PAD, intermittent claudication (linked
to PAD), revascularisation procedure or surgery, critical limb ischaemia or thrombolysis for PAD; SD, standard deviation.
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event was 36 weeks), including 16 CHD deaths, 45 non-fatal myocardial
infarctions, 16 non-fatal ischaemic strokes and three episodes of un-
stable angina.
For the overall ASCVD cohort, for those with ASCVD and no co-

morbidities, and in the very high-risk subgroups, average on-study LDL-
C correlated with the rate of MACE (Fig. 2). For the overall cohort, a
39mg/dL lower achieved LDL-C level was associated with a 25% lower
risk of MACE, HR 0.75 (95% CI 0.62–0.90, p=0.0023), with a similar
trend seen in all three very high-risk ASCVD subgroups (Fig. 3): DM, HR
0.65 (95% CI 0.49–0.87, p=0.0034); CKD, HR 0.70 (95% CI
0.48–1.01, p=0.0571) or PoVD, HR 0.70 (95% CI 0.49–1.00,
p=0.0516). By contrast, for the subgroup of patients with ASCVD and
no comorbidities, the strength of association per 39mg/dL lower on-
study LDL-C and MACE was more modest (HR 0.91, 95% CI 0.65–1.29,
p=0.5995).
The relationship between MACE, baseline variables and average

achieved LDL-C during the study in patients with ASCVD is shown in
Supplementary Table 2; DM and CKD were significant factors associated
with MACE. For each very high-risk subgroup, there were no baseline
characteristics significantly associated with MACE, except for CKD and
LDL-C for the subgroup ASCVD + PoVD (data not shown).

3.4. Percentage reduction in LDL-C and MACE

In the overall population of patients with ASCVD, average percen-
tage reduction in LDL-C was significantly inversely correlated with the
incidence rate of first MACE (HR 0.71, 95% CI 0.57–0.88 per 50% re-
duction in LDL-C, p=0.0023; Table 2), with diabetes and CKD the only
baseline characteristics significantly associated with MACE
(Supplementary Table 3). Likewise, in patients with ASCVD + DM,
there was a significant association between 50% reduction in LDL-C and
MACE incidence rate (HR 0.63, 95% CI 0.43–0.92, p=0.0167;
Table 2). Associations between average percentage reduction in LDL-C
and incidence of first MACE were not statistically significant for the
other subgroups (Table 2).

3.5. Safety

The safety profile of alirocumab in patients with ASCVD was similar
to that seen with control (placebo or ezetimibe), except for a higher rate
of injection-site reactions in alirocumab-treated patients
(Supplementary Table 4). Nevertheless, injection-site reactions tended
to be mild in intensity and transient. The safety profile was also similar
between alirocumab and control in the very high-risk subgroups
(Supplementary Table 4).

4. Discussion

Recent consensus statements and guideline updates specifically
identified the presence of high-risk comorbidities as scenarios in which
the addition of a PCSK9 inhibitor should be considered if LDL-C levels
remain high despite maximally tolerated statin therapy [1,6,7]. The
present post-hoc analysis of nine ODYSSEY phase III trials of alirocumab
versus control (predominantly on background statin therapy) provides
support for these recommendations by showing that, within a relatively
short-time frame, these very high-risk patient groups have a lower risk
of MACE with lower achieved LDL-C.
Among patients with ASCVD, each 39mg/dL lower on-study LDL-C

was associated with a 25% lower risk of MACE with no evidence of
heterogeneity across very high-risk subgroups. Almost 30% of patients
with ASCVD in the population analysed had DM. Among this very high-
risk subgroup, absolute rates of MACE over 100 patient-years varied
from 4.70 among those with an LDL-C of 120mg/dL (mostly re-
presenting patients on statins only) to 1.94 among those with an LDL-C
of 40mg/dL (mostly patients on statins and alirocumab), representing
an absolute difference in risk of 2.76 per 100 patient-years. The data
lend support to the American Association of Clinical Endocrinologists/
American College of Endocrinology [19] guidelines which define sub-
jects with DM and ASCVD as at extreme risk and recommend LDL-C
targets of< 55mg/dL. Furthermore, in the IMPROVE-IT trial of ezeti-
mibe added to statin therapy in patients with hypercholesterolaemia
and ACS, the CV benefit of incremental lowering of LDL-C was more
pronounced in absolute and relative terms among patients with DM

Fig. 2. Adjusted MACE incidence rate per
100 patient-years by average achieved on-
study LDL-C levels in patients with ASCVD,
with and without comorbidities: multi-
variate analysis adjusted on baseline char-
acteristics (safety population).
Incidence rate (the number of patients
having at least one new MACE event per
100 patient-years) determined from a mul-
tivariate Poisson model, with adjustment
for age, gender, diabetes (except for the
ASCVD + DM and the ASCVD + no co-
morbidities subgroups), CKD (except for the
ASCVD + CKD and the ASCVD + no co-
morbidities subgroups), PoVD (except for
the ASCVD + PoVD and the ASCVD + no
comorbidities subgroups), prior history of
MI or stroke, baseline LDL-C and smoking
status. Average LDL-C during the study
period was determined from the area under
the curve (using trapezoidal method),
taking into account all LDL-C values up to
the end of the study period or occurrence of
MACE, whichever came first. For patients
with no post-baseline LDL-C, LDL-C at
baseline was used; two patients with
missing baseline LDL-C were excluded from

the multivariate analysis. ASCVD, atherosclerotic vascular disease; CKD, chronic kidney disease, defined as eGFR<60 mL/min/1.73 m2; DM, diabetes mellitus;
eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; MACE, major adverse cardiovascular event; MI, myocardial infarction; PoVD,
polyvascular disease.
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versus those without [20]. Further analysis of the same trial showed
greater benefits among patients with PoVD [21]. These data are con-
sistent with our hypothesis [2,22] that, among those with higher ab-
solute risk and baseline LDL-C, there is higher absolute benefit even
from therapies which provide only modest reductions in LDL-C, such as
ezetimibe. Given that PCSK9 inhibitors provide greater percentage re-
ductions in LDL-C, patients with higher baseline LDL-C should have
even greater absolute reductions in LDL-C. As benefit is proportional to
the duration of treatment and the absolute reduction in LDL-C, very
high-risk subgroups with very high LDL-C should derive even greater
benefits from a PCSK9 inhibitor than ezetimibe if assessed over the
same time frame. This is supported by our findings when comparing on-
study LDL-C levels of 40 and 80mg/dL versus 120mg/dL.
The REACH REGISTRY [5] identified those with PoVD as a group at

particularly high risk of CV disease. More recently, data from pro-
spective cohorts with prevalent vascular disease suggest that, even
when achieving guideline-based control of blood pressure, LDL-C and
lifestyle, these patients have the highest “residual risk”, suggesting that
additional control of modifiable risk factors may be of benefit [2]. In
the clinical outcomes trial of the PCSK9 inhibitor evolocumab (Further
cardiovascular OUtcomes Research with PCSK9 Inhibition in subjects
with Elevated Risk [FOURIER]), patients with multivessel coronary
artery disease were shown to be at higher baseline risk for major vas-
cular events than those without and experienced greater absolute risk
reductions from the same magnitude of LDL-C lowering [23]. In our
analysis, among those with PoVD, absolute rates of MACE declined
from a level of 5.87 at LDL-C of 120mg/dL to 2.82 per 100 patients per
year at 40mg/dL, reflecting a risk difference of 3.05 fewer events per
100 patients per year with LDL-C 40mg/dL versus 120mg/dL.
The prevalence of CKD is increasing as patients age, and hy-

pertension and diabetes increase in prevalence. The Study of Heart and
Renal Protection (SHARP) trial demonstrated that the addition of eze-
timibe to statin therapy reduced CV events versus placebo among pa-
tients with CKD [24]. These patients are often at the highest risk of CV
events. The CTT meta-analysis of statin trials suggested that per 39mg/
dL LDL-C lowering there was a 23% (95% CI 0.72–0.83) lowering of risk
among patients with eGFR<60mL/min/1.73m2 [18]. In our analysis,
the patients with ASCVD and CKD appeared to have highest baseline
risk; among this high-risk subgroup, lower on-study levels of LDL-C
were associated with a lower rate of MACE. For instance, the incidence
rate of MACE per 100 patient-years among those with an LDL-C
120mg/dL was 8.18 and at 40mg/dL it was 3.83, representing an ab-
solute difference in rates of 4.35 per 100 patient-years.

In contrast to the above high-risk subgroups, patients with ASCVD
without comorbidities appeared to derive smaller proportional benefits
per 39mg/dL lower on-study LDL-C (9%) and smaller absolute benefits
from achievement of lower LDL-C levels. For instance, the rate of MACE
was 1.63 events per 100 patient-years for LDL-C levels of 120mg/dL
versus 1.33 for those with an LDL-C of 40mg/dL. Hence, in this analysis
in patients with ASCVD without comorbidities, lowering LDL-C from
120 to 40mg/dL would be expected to result in 0.3 fewer events/100
patient-years. By contrast, in patients with ASCVD with DM, CKD or
PoVD, when LDL-C was lowered from 120 to 80mg/dL, the absolute
rate difference ranged from 1.68 to 2.58. When LDL-C was lowered
further to 40mg/dL, even greater differences were observed, ranging
from 2.76 to 4.35.
The safety profiles of alirocumab and control were generally similar

in patients with ASCVD and the very high-risk subgroups in this pooled
analysis; consistent with the data observed in a previous larger study
[12]. Given the cost differential of PCSK9 inhibitors to statins, the data
support recommending PCSK9 inhibitors for individuals with very high
risk and very high LDL-C despite maximally tolerated statin therapy
[1,22].
The limitations of this study merit consideration. Of note, the lim-

ited treatment duration, as we know that the benefits of lipid lowering
are about one-half in the first year as in subsequent years. Furthermore,
the analyses are based on a small number of MACE (N=100, with
reduced numbers in the subgroups). Patients with severe CKD were
excluded from the trials and it is not clear whether these findings can be
extrapolated to more severe renal dysfunction. Nevertheless, the re-
lationships between MACE and LDL-C levels in high-risk patients with
ASCVD and very high-risk subgroups are consistent with those of the
overall pooled population [3].
The post-hoc nature of this analysis means that these data are hy-

pothesis generating for the benefits of greater reductions in LDL-C with
alirocumab in very high-risk subgroups. However, the concept of
greater absolute benefits and hence smaller numbers needed to treat
has emerged from many subanalyses of the FOURIER trial [25,26]. In
conclusion, the data support the notion that very high-risk patients with
ASCVD and comorbidities, such as DM, CKD and PoVD, that increase
CVD risk derive greater absolute benefits from achieving very low levels
of LDL-C with alirocumab.
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