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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Inclisiran, an siRNA therapy, consistently reduces low-density lipoprotein cholesterol (LDL-

A[h‘?"_OSCIETDﬂC cardiovascular disease C) with twice-yearly dosing. Potential cardiovascular benefits of implementing inclisiran at a population level,

Inclisian . added to statins, were evaluated through simulation.

;2‘;:?:2;? hgznﬂl:mlem Methods: For each participant in the ORION-10 and ORION-11 trials comparing inclisiran with placebo, baseline

SMART equation 10-year cardiovascular risk was estimated using the SMART equation. The time-adjusted LDL-C difference from

10-Year cardiovascilar risk baseline observed 90-540 days after baseline was assumed to persist and used to estimate potential reduction in
10-year cardiovascular risk. Impact on 500,000 ORION-like individuals was simulated with Monte-Carlo.
Results: Mean baseline LDL-C and predicted 10-year major vascular risk among patients randomized to inclisiran
(n = 1288) versus placebo (n = 1264) were 2.66 mmol/L versus 2.60 mmol/L and 24.9% versus 24.6%,
respectively. Placebo-corrected time-adjusted absolute reduction in LDL-C with inclisiran was —1.32 mmol/L
(95% CI —1.37 to —1.26; p < 0.001), which predicted a 10-year cardiovascular risk of 18.1% with inclisiran
versus 24.7% with placebo (absolute difference [95% CI}, —6.99% [—7.33 to —6.66]; p < 0.001)} NNT 15.
Extrapolating to 500,000 inclisiran-treated individuals, the model predicted large population shifts towards
lower quintiles of risk with fewer remaining in high-risk categories; 3350 to 471 (=80% risk), 11,793 to 3332
(60—<80% risk), 52,142 to 22,665 (40-<60% risk), 197,752 to 141,014 (20-<40% risk), and more moving into
the lowest risk category (<20%) from 234,963 to 332,518.
Conclusions: Meaningful gains in population health might be achieved over 10 years by implementing at-scale
approaches capable of providing substantial and sustained reductions in LDL-C beyond those achievable with
statins.
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1. Introduction

Atherosclerosis results from the accumulation of cholesterol con-
tained within apolipoprotein B (apoB)- lipoproteins in the walls of blood
vessels throughout the life course, resulting in a specrum of athero-
sclerotic cardiovascular diseases (ASCVD) [1-3]. As the majority of apoB
in the circutation consists of low-density lipoproteins, it can be inferred
that most of the cholesterol in the vessel wall is derived from low-density
lipoprotein cholesterol (LDL-C). Today, ASCVD accounts for the ma-
jority of the 18 million deaths per year from cardiovascular disease,
worldwide [4]. To tackle this, the recent update of the World Heart
Federation (WHF)} Cholesterol Roadmap set out public health and
implementation strategies for health systems to reduce lifelong LDL-C
exposure, with approaches tailored towards achieving lifetime benefits
[1]. Recommendations include routine use of combination
lipid-lowering treatrments (LLTs) for those with ASCVD, reflecting the
advanced narure of the underlying pathology and those at highest risk
requiring early reatment intensification [5,6], as well as advocating the
development of streamlined care pathways that can bring together the
three major components for the management of any non-communicable
disease, namely the healthcare system, the healthcare professional, and
the patient,

However, if combination therapies are needed then an additional
medication burden is placed on patients, Furthermore, when LDL-C re-
ductions are reliant on therapies requiring frequent dosing, poor
adherence over the long-term impacts average LDL-C levels achieved,
potentially attenuating therapeutic benefits. The emergence of small
interfering RNA (siRNA)-based therapies such as inclisiran, with two
annual doses (after the initial and 3-month dose), provides the oppor-
tunity to achieve consistent reductions in LDL-C at the population level
[7,8]. Administration by a healthcare professional is a system-level
paradigm change, potentially reducing the reliance on patient adher-
ence to add-on therapy [9,10].

To provide estimates of the potential health benefits of this novel
approach, as an adjunct to statins, we used the ORION-10 and ORION-11
randomised trial data to calculate the 1Q-year risk for cardiovascular
events in individuals with ASCVD and elevated LDL-C on maximally
tolerated statins over the next decade and compared this with the esti-
mated 10-year risk predicted from further lowering LDL-C that could be

Table 1
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achieved with inclisiran. We then analyzed the potential imnpact of these
changes on a simulated population of approximately half-a-million in-
dividuals who were identical to the placebo or inclisiran groups to es-
timate the impact on health outcomes if this approach were
implemented at scale.

2. Patients and methods
2.1. Study population

ORION-10 and QORION-11 were phase 3, placebo-controlied, rando-
mised trials that included patients with ASCVD (ORION-10) and ASCVD
plus high-risk primary prevention patients (ORION-11) with elevated
LDL-C despite receiving maximum tolerated dose of statin therapy and
compared LDL-C reductions with inclisiran versus placebo over 18
months [11]. Patients enrolied in ORION-10 or ORION-11 with ASCVD
and familial hypercholesterolaemia (FH), or without ASCVD, were
excluded from the present analysis as they are not included in the Sec-
ond Manifestations of ARTerial disease (SMART) equation. This present
analysis therefore included adult patients aged <80 years with ASCVD
and LDL-C >1.80 mmol/L (>70 mg/dL) and was restricted to those
without FH or high-sensitivity C-reactive protein (hs-CRP) levels <15
mg/L to allow ten-year risk estimation for cardiovascular events using
the SMART equation.

2,2, Interventions and visits

Patients were randomised 1:1 at baseline to receive a 1.5 mL sub-
cutaneous (SC} injection of either inclisiran 284 mg (equivalent to 300
mg inclisiran sodium) or a matching placebo, administered first on Day 1
and subsequently administered on Day 90 and every 6 months thereafter
for up to 540 days. Laboratory assessments were performed on injection
visits (days 1, 90, 270, and 450) and follow-up visits (Days 150, 330,
510, and 540).

2.3. Endpoints

The co-primary endpoints were (i) the 10-year risk of cardiovascular
evenis projected from the mean time-adjusted absolute change in LDL-C

Baseline demographic and clinical characteristics by treatment in patients with ASCVD in the ORION-10 and ORION-11 trials (aged <80 years and hs-CRP levels <15

Q :mg/L).

inclisiran {n = 1288) Placebo (n = 1264}

Characteristics
Age, years, mean (50) 65.2 (7.7) 65.0 {B.2)
Male, n (%) 936 (72.7) 940 (74.4)
Cerebrovascular disease, n (%) 229 (17.8) 199 (15.7)
Coronary heart disease, n {%) 1129 (87.7) 1139 (90.1)
Peripheral artery disease, n {%) 157 {12.2) 148 (x1.7)
Abdominal aortic aneurysm, n (%} 30(2.3) 40 (3.2)
Current smoker, n (%) 241 {18.7) 196 (15.5)
Diabetes mellitus, n (93 516 {401} 454 (35.9)
Statin use, n (%) 1083 (84.1) 1060 {83,9)
High-intensity statin use, n (%) 970 (75.3) 956 {75.6)
Ezetimibe use, n (%) 107 (8.3) 108 {8.5}
Systolic blood pressure, mmilg, mean (5D) 133(15.3) 133{16.1)
Total cholesteroi, mmal/L, mean (5D) 4.661(1.1) 4.60 (1.0)
HDL-C, mmei/L, mean (5D} 1.23(0.4) 1.23 (0.4)
Ies-CRP, mg/L, median (IQR {q25, q75]) 1.60(0.8, 3.8) 176 (0.8, 3.9)
Estimated glomerular filtration rate, (mlL/min/1.73 m?), mean {5D) 78.4 (20.8) 77.5 (20.1)
Time since first diagnosis of cardiovascular events, years, mean (SD)® 8.61 (1.68) 8.59 (1.70)
LDL-C, mmo!/L, mean (SD) 2.66 {0.9} 2.60 (0.9}
24.9 (14.2) 24.6 (14.5)

Baseline SMART score, {10-year risk of cardlovascular events), %, mean (SD)

Values were provided during VISIT 1 = baseline.

€V, cardiovascular, HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C, low-density lipoprotein
choleseerol; n, number of patients; SD, standard deviation; SMART, Second Manifestations of ARTerial disease; 925, 25th percentile; 75, 75th percentile.
* The preferred term diabetes mellitus was used in the calculation of SMART score instead of diabetic status.

b Imputed variable,
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Fig. 1. (A) Baseline LDL-C levels; (B) time-adjusted absolute LDL-C levels after
Day 90 and up to Day 540; (C) time-adjusted percentage change in LDL-C from
baseline after Day 90 and up to Day 540 by treatment in patients with ASCVD in
the ORION-10 and ORION-11 trials (aged <80 years and hs-CRP levels <15
mg/L).

The between-group difference average time-adjusted absolute and percentage
changes in LDL-C after Day 90 and up to Day 540 were —1.32 mmol/L (-50.9
mg/dL; 95% CI, —1.37 to —1.26; p < 0.001) and —52.2% (95% CI, —54.1 to
—50.4; p < 0.001), respectively. ASCVD, atherosclerotic cardiovascular disease;
CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-
density lipoprotein cholesterol.
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after Day 90 and up to Day 540 in the ORION-10 and ORION-11 trials,
assuming that these levels were maintained over 10 years in each
treatment group, (ii) the relative and absolute 10-year estimated car-
diovascular risk in each treatment group projected from the assumed
LDL-C trajectories, and the intergroup difference in 10-year risk.

2.4. Estimation of 10-year risk and change in 10-year risk with inclisiran
treatment

The individual 10-year risk of a composite endpoint of cardiovas-
cular death, myocardial infarction, and stroke for each eligible patient
was estimated using the SMART equation at baseline (supplementary
material appendix 1) [6]. The SMART variable - time since first diag-
nosis of cardiovascular disease — was not collected in either trial and was
therefore imputed (details of data imputation are provided in supple-
mentary material appendix 1). Each individual 10-year risk was then
used to estimate the mean and distribution of 10-year risk of the
ORION-10 and ORION-11 populations.

For each trial participant included in the analysis population, the
time-adjusted change in LDL-C from baseline after Day 90 and up to Day
540 in mmol/L was calculated using a control-based pattern mixture
model (CB-PMM) to impute missing LDL-C values. The time-adjusted
percentage LDL-C change from baseline was calculated similarly to the
time-adjusted within trial absolute LDL-C change. Using the Cholesterol
Treatment Trialists (CTT) risk ratio (95% confidence interval [CI]) (0.78
[0.76 to 0.80] per 1 mmol/L (38.67 mg/dL) reduction of LDL-C) [12,
13], the 10-year cardiovascular relative risk reduction was calculated
for each individual based on the within trial absolute LDL-C risk
reduction, and the predicted relative benefits thereof under inclisiran
treatment (supplementary material appendix 1), assuming that the
observed LDL-C changes from baseline overserved in each treatment
group between Days 90-540 were maintained over 10 years. The pro-
jected relative risk reduction for each trial participant was then applied
to the baseline 10-year risk to estimate absolute cardiovascular risk
reduction.

Statistical differences of 10-year estimated cardiovascular risk be-
tween treatment groups were assessed using an analysis of variance
(ANOVA) model. Geometric least square means (standard error [SE])
were derived based on the estimate of SE from the ANOVA. A corre-
sponding p-value of an ANOVA test lower than 1073 was reported asp <
0.001.

The formula to estimate the number needed to treat (NNT) to prevent
one cardiovascular event over a 10-year time period can be found in the
supplementary material {(supplementary material appendix 1).

2.5. Estimating population effects

2.5.1. Population kinetic-pharmacodynamic model

During the clinical development of inclisiran, a population kinetic-
pharmacodynamic (K-PD) model was established based on the mecha-
nism of action of inclisiran to describe levels of LDL-C during inclisiran
treatment [14]. The K-PD model was used to simulate the
population-level variability of LDL-C resulting from inclisiran treatment
by taking into account associated factors from simple re-sampling of the
ORION population. The factors considered in the K-PD model included
covariates such as age, bilirubin, baseline LDL-C, proprotein convertase
subtilisin/kexin type 9 (PCSK9), triglycerides, body weight, sex, and
statin use [14]. The basic goodness-of-fit plots, including visual pre-
dictive checks plots, indicated the robustness of the estimates of LDL-C
in patients with ASCVD (Supplementary Fig. §1), and thus the K-PD
model was considered qualified to predict the effect of inclisiran on
LDL-C levels in the subset of patients with ASCVD included in the
analysis population to be used in a Monte Carlo simulation [14,15].

2.5.2. Monte Carlo simulations
Estimates and corresponding variability of pharmacodynamic (PD)
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Table 2
Change in 10-year cardiovascular risk® by treatment.
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Inclisiran (n = 1288) Placebo (n = 1264)

10-year risk of cardiovascular events at baseline, %, mean (SD)
Time-adjusted absolute change in LDL-C, mmol/L, mean (SD)
Predicted Relative Risk Reduction
Relative change in 10-year risk
10-year difference in relative risk, %, (25% cn®

Absolute Risk

10-year risk of cardiovascular events if LDL-C changes are maintained, %, mean (SD)
Absolute change in predicted 10-year risk, %, LS mean (SE)"
Between-group difference in the change in 10-year risk, %, LS mean (95% CI)

24.9 (14.2) 24.6 (14.5)
-1.32(0.7) —0.0042 (0.6)
—27.5(-28.3, —26.6)

(p=<0.001)

18.1(10.8) 247 (15.1)
—6.99 (0.21) 0.15 (0.15)
—6.99 (-7.33, —6.66)

(p < 0.001)

ANOVA, analysis of variance; CI, confidence interval; CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol; LS, least square; N, number of patients; SE,
standard error; SMART, Second Manifestations of ARTerial disease; SD, standard deviation.
2 The model predicts the 10-year risk of cardiovascular events which includes cardiovascular death, myocardial infarction, and ischemic stroke.

b The 95% CI was derived based on bootstrap approach.

¢ Values were measured using ANOVA with the change from baseline as the dependent variable, and treatment as a covariate

parameters along with residual random error were used to simulate
absolute change from baseline LDL-C at visits after Day 90 and up to Day
540 in mmol/L during recommended inclisiran treatment in a total of
500,000 simulated patients with ASCVD per treatment arm. The patient
characteristics at baseline included in the population K-PD model were
selected based on a re-sampling approach.

All patients were simulated to have received four SC injections of
284 mg inclisiran at Days 1, 90, 270, and 450. The population K-PD
model with estimates and corresponding variability presented in Sup-
plementary Table 1 was used to simulate LDL-C at baseline and at days
150, 270, 330, 450, 510, and 540.

The time-adjusted absolute change in LDL-C levels (mmol/L) after
Day 90 and up to Day 540 were simulated with the population K-PD
model, and the predicted 10-year estimated cardiovascular risk reduc-
tion was derived based on the CTT risk ratio using predicted relative risk
reduction from absolute LDL-C change (supplementary material ap-
pendix 2).

The proportion of simulated patients within different cardiovascular
risk categories showing a reduction or increase in risk were computed
based on distributions at baseline, and with inclisiran or placebo treat-
ment. The predicted 10-year cardiovascular risk at baseline and with
inclisiran treatment, along with the absolute change in 10-year cardio-
vascular risk with inclisiran treatment within each category, were
derived.

The distribution of the baseline LDL-C (mmol/L) and the predicted
10-year cardiovascular risk reduction, as well as the time-adjusted LDL-
C after Day 90 and up to Day 540 (mmol/L), and predicted 10-year
cardiovascular risk reduction in the simulated population, are illus-
trated with log-scale histograms and heatmap plots. Only 95% predic-
ton intervals of simulated data were retained as part of the figures.
Changes in risk category for placebo- or inclisiran-treated patients are
shown as shift tables.

Dataset exploration was performed, and figures were developed
using R® (Version 4.0.1). ANOVA on the predicted 10-year cardiovas-
cular risk reduction between placebo and inclisiran in ORION-10 and
ORION-11 was performed in Phoenix (Version 8.3). Monte Carlo simu-
lations were performed in NONMEM (Version 7.3).

3. Results

Of 3178 patients from the ORION-10 and ORION-11 trials, 2552
patients aged <80 years with clinical ASCVD and without diagnosed FH,
and hs-CRP levels <15 mg/L, were considered eligible for this analysis;
1288 were randomised to inclisiran and 1264 to placebo (Table 1). At
baseline, the mean LDL-C level and the predicted 10-year cardiovascular
risk were similar across inclisiran and placebo groups (2.66 mmol/L
[103.0 mg/dL] vs 2.60 mmol/L [101.0 mg/dL]; Table 1 and Fig. 1A, and

24.9% versus 24.6% [Table 1], respectively).
3.1. Low-density lipoprotein cholesterol

The average time-adjusted absolute changes in LDL-C after Day 90
and up to Day 540 were —1.32 mmol/L (-51.0 mg/dL) with inclisiran
and —0.0042 mmol/L (—0.163 mg/dL) with placebo, resulting in a
between-group treatment difference of —1.32 mmol/L (—50.9 mg/dL;
95% CI, —1.37 to —1.26; p < 0.001) favouring inclisiran (Fig. 1B). These
absolute changes corresponded to average time-adjusted percentage
changes in LDL-C after Day 90 and up to Day 540 of —49.3% with
inclisiran and +2.87% with placebo, resulting in a between-group
treatment difference of —52.2% (95% CI, —54.1% to —50.4%; p <
0.001; Fig. 1C).

3.2. 10-Year cardiovascular risk in the ORION trial

The predicted relative reduction in risk of cardiovascular events
estimated from LDL-C reductions with inclisiran was 27.5% (Table 2).
Qver a decade, the projected 10-year absolute risk of cardiovascular
events with inclisiran was 18.1% but was mostly unchanged with pla-
cebo (24.7%), reflecting a predicted mean (95% CI) between-group
absolute difference of —6.99% (—7.33% to —6.66%; p < 0.001) NNT 15.

3.3. Population health simulation to an ORION-like population

The simulation analysis comprised 500,000 hypothetical patients per
treatment arm who were identical in characteristics to the cohort of
ORION trial patients. The population distributions of risk at baseline
were similar between treatment groups (right-skewed). Over 10 years in
the placebo group overall there was little change in the distribution of
risk (based on changes in LDL-C between Day 90-540) (Fig. 2A). How-
ever, in the inclisiran group with the change of LDL-C the distribution of
risk shifted to the left with the change in risk (left-skewed as compared
to baseline), with a greater proportion of individuals moving into lower
risk categories versus few changing into higher risk categories, esti-
mated from the LDL-C changes (Fig. 2B, 2C, 2D, and Fig. 3). Although
the overall distribution of risk based on post-baseline LDL-C changes in
the placebo group suggested that overall risk in the cohort was un-
changed, among individuals, risk could increase or decrease markedly
(Fig. 2C). Whereas, among the inclisiran simulated cohort, very few
would be predicted to have an increase in risk (Fig. 2D).

To assess the potential impact of changes in LDL-C on outcomes at a
population level, the simulation cohort was divided into quintiles of
predicted 10-year risk. The shift table shows the absolute number of
individuals predicted to change cardiovascular risk categories from
baseline with placebo or inclisiran (Table 3). For placebo, the simulation
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Fig. 2. Distributions of simulated patients within predicted 10-year cardiovascular risk categories at baseline and after treatment with inclisiran in 500,000 or
placebo in 500,000 hypothetical patients with ASCVD. (A) Placebo (B) inclisiran and distribution of (C) predicted absolute change in 10-year predicted risk with
placebo, (D) predicted absolute change in 10-year predicted risk with inclisiran.

ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular.
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Graphical abstract: Simulation study demonstrating
the potential cardiovascular health benefits of
sustained LDL-C reductions over 10 years of
inclisiran treatment

I. Analysis from the ORION-10 and
ORION-11 trials

Analysis included

[ G
L ()4 « Patients with ASCVD
* <80 years
+ LDL-C >1.8 mmol/L (>70 mg/dL)
* hs-CRP <15 mg/L

1. At baseline, patients had high LDL-C levels and 10-year CV risk

10-year risk
of CV events, %

W

LDL-C, mmol/L

m 9

Inclisiran 1288 2.66 24.9
Placebo
2. Observed LDL-C levels in the trials l
Placebo-corrected time-adjusted absolute 132
change from baseline in LDL-C with mmol/L
inclisiran (Days 90 —540 of treatment)
3. Projected reduction in 10-year CV risk
with inclisiran, assuming that LDL-C reductions —6.99%

observed in the trials were persistent

hd

Il. Simulation analysis estimating the population

benefits in 500,000 ORION-like population
Simulated patients were divided into quintiles of predicted
10-year risk

4. At baseline, large number of patients were in the high-risk
categories in inclisiran group
Number (%) of patients per risk category at baseline

Absolute number of patients at baseline in each quintile

10-year risk categories
| Patients at baseline, n

234,963 197,752

5. LDL-C changes were assessed after inclisiran treatment in

simulated patients 10-year risk categories
Mean time-adjusted absolute change in LOL-C after

Day 90 up to Day 540 after inclisiran treatment (mmol/Ly
B 0—<20% 20-<40% B 40-<60%

B 60—<80% W 80-100%

LDL-C levels

=117 395

-131 _y 32

153

6. After inclisiran treatment, majority of population shifted to
lower CV risk categories
Number (%) of patients per risk category post treatment

i) 66%

Absolute number of patients at baseline in each guintile

| 10-year risk categories

® 1% | Patients at baseline, n 332_5183 141,014

7. Overall, 31,522 potential first CV events might be averted over
10-year with inclisiran versus projected increase of 1426 first
CV events with placebo in this simulated population

Fig. 3. Graphical abstract.

Simulation study demonstrating the potential cardiovascular health benefits of
sustained LDL-C reductions over 10 years of inclisiran treatment. ®After the
initial and 3-month dosing. ASCVD, atherosclerotic cardiovascular disease; CV,
cardiovascular; LDL-C, low-density lipoprotein cholesterol.
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suggests there were 234,963 patients in the <20% category, and of
these, 215,175 would be expected to remain in that risk category, but
19,781 would move up to the next highest category of 20-<40% risk if
averaged LDL-C increases between Day 90 and Day 540 were main-
tained. Similarly, of the 197,752 placebo individuals in the 20-<40%
risk, 165,933 would be expected to remain in this category, but 19,095
would move down into the <20% category, whereas 12,626 would
move up the higher 40-<60% category. Although at an individual level
some patients will move up risk categories and others move down, the
overall proportion of individuals in each risk category would be largely
unchanged between baseline and post-treatment; 47.0% versus 46.9%
(<20% risk), 39.6% versus 39.1% (20-<40% risk), 10.4% versus 10.5%
(40—-<60 risk), 2.4% versus 2.7% (60-<80% risk) and 0.7% versus 0.9%
(>80% risk).

For inclisiran, the simulation suggests that although a small number
may move up in risk category, the vast majority of those shifting groups
move down by one or more categories to lower risk groups (Table 3). For
instance, with inclisiran, of the original 3350 patients in the >80% risk
category, only 408 would be predicted to remain in the same risk
category, with 1381 moving into the 60-<80% risk category, 1353
moving to the 40-60% category, and 208 moving to even lower cate-
gories. Similarly, only 1704 patients would be expected to remain in the
60-<80% category, with 7985 moving to the 40-<60% category and
2027 moving to the 20-<40% category. Only 12,822 would be expected
to remain in the 40-<60% risk category, with 99,975 predicted to
remain in the 20-<40% category. These large shifts in absolute numbers
to lower risk categories predict that only a small proportion of higher-
risk individuals are likely to remain in their original risk category be-
tween baseline and post-treatment; 0.1 versus 0.7% (=80% risk), 0.7%
versus 2.4% (60-<80% risk), 4.5% versus 10.4% (40—<60% risk),
28.2% versus 39.6% (20-<40% risk), with an increase in those in the
lowest risk category (<20%) rising from 234,963 to 332,518 (predicted
increase from 47.0% to 66.5% of the population).

In this simulated cohort, the overall 10-year cardiovascular risk
would be predicted to fall by 6.3% (24.8-18.5%) if the time-adjusted
reductions of 1.32 mmol/L (51.0 mg/dL) in LDL-C were maintained
over 10 years with inclisiran. A further estimate would suggest that
potentially 31,522 first cardiovascular events might be averted over 10
years with inclisiran, while there would be a projecied increase of 1426
first cardiovascular events with placebo in the simulated cohort. How-
ever, this approach does not consider the population distribution across
each quintile of absolute risk. Furthermore, although the difference in
the reduction in LDL-C with inclisiran versus placebo between the lowest
and highest quintiles of risk ranged from 1.17 mmol/L (45.4 mg/dL) to
1.53 mmol/L (60.1 mg/dL), respectively, the absolute predicted re-
ductions in risk were larger (3.4%, 7.1%, 12.5%, 18.1%, and 26.0%)
with increasing quintile of risk (Supplementary Fig. S2). Implementing
this approach for a population of half-a-million would redistribute risk
through consistent LDL-C lowering (Supplementary Fig. §3), potentially
reducing as many as 31,522 first cardiovascular events per 500,000
population at risk (Supplementary Fig. S2).

4. Discussion

Currently, there are an estimated 272.1 million individuals living
with ASCVD globally [4]. These individuals are at the highest risk of
further atherothrombotic events throughout their lifetime [5]. These
largely preventable events exert a heavy price on those affected in terms
of quality of life years lost and the fiscal burden placed on health systems
providing care for these individuals. Recognising this, guidelines
recommend a multi-factorial approach, targeting all modifiable risk
factors, such as LDL-C, more intensively [5,6]. However, at a population
level, statin-based monotherapy rarely achieves the recent lower goals
recommended in guidelines, with only one-fifth of patients achieving a
level <1.40 mmol/L (<55 mg/dL) through monotherapy [16], which
means that similar to management of blood pressure greater use of



N

KK Rayetal

Table 3

Atherosclerosis 391 (2024) 117472

Proportion and number of simulated patients within predicted 10-year cardiovascalar risk categories at baseline and with inclisiran
or placebo treatment (500,000 hypothetical patients with ASCVD per treacment arm}.

Loclisirun, n Tytal Placeio, 1 Trotad
lpust- jpost-
prealment fircatinent
%) n (%)

Risk category | <20% 20-<40% AU-<G0% G0~ 8U% BU-100% 0% RO-<40% HO—<60% HO—<80% Bl 100

baseline

Posi-treatment § 233,840 97,450 1209 17 2 332,318 P15.475 10,095 7 D [ 034,277
[<20%6 (6.5} (46.9)
Pustireatment | 1123 Y9745 37,863 W7 206 [EIRNE 19.781 165933 547 p7 | 195,395
20-<40% 28.2) 39.1)
Post-trentment | O 505 12822 53 1353 123 665 ? 134626 37,044 764 <F) 152,501
H0-<60% 4.5} 0.5}
Posi-teatment | 0 2 245 1704 138 3332 3 5324 20 lsdo 134T
[00-~<80% 0.7} 1.7}
Fustarcatment U [ 3 Bl AUk M1 1 B pis 1743 2443 Ha4y
B0-100% 0.1) 0.9
Tatal baseline, | 234,963 193,752 32,142 13,703 3350 234303 197,732 FREF i 1,793 B350

0 (®e) {47.0) 9.6} (104 2.4 (1)) 470} 9.6} 10.4) 2.4) 0.7)

In the table, green cells indicate the number of patients changing intc 2 lower risk category; yellow cells, the number changing into a
higher risk category; and white cells represents number of patients with no change in risk category.
ASCVD, atherosclerotic cardiovascuiar disease; CV, cardiovascular; n, number of patients.

combination LLTs will be required for the majority of patients {17].
Through simulation studies, we quantified the limitations of current
approaches to LDL-C management, which rely on patient adherence to
small molecules requiring daily dosing, and the potential population
health benefits of implementing siRNA-based therapies for further LDL-
C lowering at scale. In the ORION trial population of patients with
ASCVD, at baseline, the mean residual 10-year risk of cardiovascular
events ranged between 24.6% and 24.9%, with mean LDL-C levels of
2.60-2.66 mmol/L (101-103 mg/dL), despite the use of maximally
tolerated statins. The addition of twice-yearly inclisiran to maximally
tolerated statins resulted in a reduction in the time-averaged LDL-C of
1.32 mmol/L (51 mg/dL} over 15 months, which takes into account LDL-
C variability, known to be associated with cardiovascular events [18]. If
this LDL-C reduction were unchanged in the inclisiran group maintained

-, over 10 years, the absolute risk of further events would be expected to
‘fall by 6.99% in the inclisiran treated group placebo, but in placebo risk

would be predicted to remain unchanged from estimates at baseline.
Extrapolating these data to a population of half-a-million individuals
with identical characteristics to the ORION trial population could result
in the prevention of up to 31,522 first events over 10 years {Graphical
abstract). The findings from this analysis are consistent with the initial
prespecified exploratory pooled safety analysis of the ORION Phase 3
program which demonstrated that treatment with inclisiran was asso-
ciated with a 25% lower risk of MACE ascertained through safery
reporting [19]. Confirmation of these findings await the results of
ongoing larger and longer duration cardiovascular outcomes trials.

We have previously shown in placebe-controlled trials of inclisiran
that in patients on stable prescribed doses of statins and assigned to
placebo, LDL-C levels may go up or down by as much as 50% when
measured at two time points 180 days apart, even though the average
LDL-C appears unchanged for the overall placebo cohort [20,21]. These
fiuctuations probably result from differences in adherence to statins
between the Two measurements. In: the present study, we were able to
provide estimates of the potential impact of observed variations of
LDL-C on cardiovascular risk. At an individual level, a 50% increase or
decrease in time-adjusted LDL-C levels mean that individual risk could
go up or down by as much as 20%, despite being on stable doses of

statins. When the denominator of the at-risk population is 500,000,
several thousands of patients move to higher or lower risk categories
based on differences in rime-adjusted LDL-C. By contrast, the additional
effects of inclisiran, administered by a healthcare professicnal in the
trial, were more predicsable. Not only would the overall distribution of
risk be shifted to a lower average level of risk, but at an individual level,
very few patients administered inclisiran by a healthcare professional
appeared to show an increase in risk, thus potentially offsetting the
limitations of add-on LLTs that require self-administration and
aear-perfect adherence due to their shorter duration of action.

Within the simulation cohort of half-a-million, 47% of patients
(234,963) with an estimated risk of <20% would be expected to see a
fali in absolute risk of 3.4% with inclisiran {Fig. 3}, Of the remaining
53% (265,037) with a predicted risk of >20% before inclisiran, the
additional reduction in LDL-C derived would be expected to move
98,678 individuals into the lowest category of risk of <20% (Table 3).
Although, this means 166,359 patients would remain at >20% risk, a
larger number would have moved to a lower quintile of risk, by one to
two categories, Therefore, over 10 years, in the 265,037 individuals at
>20% risk for cardiovascular events, as many as 23,552 first cardio-
vascular events might be averted with inclisiran vs projected increase of
1426 first cardiovascular events in the group receiving placebo. Both
treatments were administered on top of the maximum tolerated dose of
statin +/- other LLTs.

Recognition of the burden cardiovascular disease places on public
health globally has led to healthcare systems improving the earlier
diagnosis of those with ASCVD and initiating preventive therapies.
Furthermoere, the implementation of changes at the ievel of the health
sysiem, such as the large-scale delivery of better acute care for life-
threatening presentations of ASCVD, means that teday many in-
dividuals will survive beyond their first acute presentation. Multiple
registries and real-world data suggest a considerable gap between
guideline recommendations and the implementation of evidence-based
treatments contributing to the burden of cardiovascular disease glob-
ally. The WHF Cholesterol Roadmap highlighted the limitations of
current approaches and potential roadblocks across global health sys-
tems to achieving better population-level cholesterol control to reduce
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ASCVD events [1]. Implementing an intervention directed against the
underlying disease (atherosclerosis), deliverable at the level of the
population, could help alleviate much of the future burden which will be
placed on patients and health systems.

The present study provides information for healthcare practitioners,
public health, and policy makers about the importance of how even
small changes in cardiovascular risk factors if sustained over time in
many individuals potentially impacts cardiovascular outcomes at a
population level. Furthermore due consideration about how health
systems, physician behaviours, and patient perspectives might need to
change if governments wish to achieve the commitment to reduce the
number of premature deaths related to non-communicable diseases by
25% by the year 2025 as part of the World Health Organization global
action plan 2013-2020 [22]. This will require the creation and imple-
mentation of strategies which are easily scalable and which in a rela-
tively short timescale could result in a reduction in risk at the level of the
population (improve population health).

4.1. Limitations

The present study is based upon simulation, using the risk calculator
recommended by the European Society of Cardiology Prevention
guidelines {23] for estimating individual 10-year cardiovascular risk,
rather than observed events. Potential benefits from further LDL-C
lowering were estimated from the CTT meta-regression equation
rather than observed data. While both LDL-C change and CTT risk ratic
were used to calculate the 10-year CV risk reduction from baseline
SMART score for each patient with ASCVD included in the ORION-10
and ORION-11 trials, the Monte Carlo simulation method, built on a
population K-PD model, was used to estimate the potential impact of
inclisiran on LDL-C levels and 10-year CV risk in the simulated 500,000
ORION-like patients. This variation in statistical methods resulted in a
minor difference in the i0-year CV risk reduction projected in the
clinical study (—6.99%) and the simulation (—6.4%) analysis. Whilst
this simulation study provides estimates of efficacy based on LDL-C
changes in clinical trials with duration <10 years and an empiric rela-
tion of LDL-C changes to clinical benefit, the long-term efficacy of
inclisiran may vary in non-trial settings [24,25]. Accordingly, the cur-
rent analysis may reflect a *best case scenario’. Notwithstanding this
limitation, there was evidence of clinical benefit with inclisiran based on
non-adjudicated safety reporting, [19] analogous to the observations
with anti-PCSK9 monoclonal antibodies prior to the definitive CV
outcome trials that comprised a modest number of CV events and had

, wide confidence intervals [26,27]. Thus, the present simulation should

be taken in the context of the fact that cardiovascular outcome data with
inclisiran from randomized, double-blind, placebo-controlled trials are
still awaited, but are available for four other LDL-C-lowering therapies
[13,28-31]. In addition, although pooled safety [10] and open-label
extension studies [32] do not show any off-target effects of inclisiran,
these will also be evaluated in ongoing large trials.

We assumed that changes in LDL-C using the Day 90 to Day 540
window were maintained for 10 years in both placebo and inclisiran
simulated patients, whereas the longest observed period of efficacy with
inclisiran is 4 years in an open-label extension study [321, where general
safety and efficacy were similar to observations in placebo-controlled
trials over 18 months [10]. Moreover, real-world adherence to incli-
siran treatment may differ from clinical trial settings. The model ignores
potential changes in background LLT over 10 years among
placebo-assigned patients while guidelines continue to evolve [5,6] and
the likelihood of treatment intensification over a i(-year period. This
would diminish the potential for further LDL-C lowering and event
reduction with inclisiran. Inclisiran administered by a health-system
does not overcome the adherence issues associated with the first dose,
however, by being administered through a health care professional,
overcomes the adherence issue with the second dose. In the future, the
injection visits could be used as a reminder to patients to adhere to their
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background statin therapy, as most patients with ASCVD require com-
bination therapies rather than monctherapy to reach treamment goals.
Finally, the number of events averted through additional LDL-C
lowering depends upon the residual risk of cardiovascular events and
the LDL-C levels in the population, hence the present simulation refers 1o
an ORION like population. That said, the LDL-C at baseline and pre-
dicted risk are not too dissimilar, from recent data derived through
health records in routine clinical practice, which provide estimates of
residual risk and current levels of cholesterol control in real world set-
tings [33]. In that study of a cohort of 244,578 individuals with ASCVD,
the median age was 67.3 years, 62.1% were male and non-HDL-C despite
lipid lowering therapy was approximatefy 3.4 mmol/L (which roughly
approximates to an LDL-C of 2.6 mmol/L). The observed 10-year risk of
cardiovascular events was 29.1% ia men and 26.6% in women, with a
total of 45,327 cardiovascular events observed. The 10-vear risk pre-
dicted in that real world cohort using the SMART eguation, closely
approximated to the observed, providing a reasonable basis for the
estimated risks using the SMART equation in the present study.

In conclusion, the present simulation siudy, using established
mathematical models and observed trial data, provides insights into the
advantages for population health which might be achieved through
implementing novel approaches at a scale capable of providing consis-
tent LDL-C lowering through convenient dosing (Fig. 3) [34].

+

Financial support

This work was funded by Novartis Pharmaceuticals AG, Basel,
Swirzerland.

Ethical approval

Regarding the clinical trials ORION-10 and ORION-11 included in
this simulation analysis, the trial protocols were approved by the rele-
vant [nstitutional Review Board {(IRB) or Independent Ethics Committee
(1EC) and were conducted in accordance with the ethical principles that
have their origins in the Declaration of Heisinki and in compliance with
Good Clinical Practice. All patients provided written informed consent.

Pre-registered clinical trial number
The pre-registered clinical wial number for ORION-10 is
NCT03399370 and ORION-11 is NCT03400800.

CRediT authorship contribution statement

Kausik K. Ray: Conceptualization, Formal analysis, Investigation,
Methodology, Supervision, Validation, Visualization, Writing -- originai
draft, Writing — review & editing. Laura H. Gunn: Conceptualization,
Formal analysis, Investigation, Methadology, Supervision, Validation,
Visualization, Writing — original draft, Writing - review & editing.
Lorena Garcia Conde: Conceptualization, Investigation, Methodology,
Supervision, Validation, Writing — original draft, Writing — review &
editing. Frederick J. Raal: Conceptualization, Investigation, Method-
ology, Velidation, Writing — original draft, Writing - review & editing.
R. Scott Wright: Conceptualization, Investigation, Methodoiogy, Vali-
daticn, Writing — original draft, Writing - review & editing. Nathalie H.
Gaosselin: Conceptualization, Formal analysis, Investigation, Method-
ology, Supervision, Validation, Visualization, Writing — original draft,
Writing - review & editing, Lawrence A. Leiter: Conceptualization,
Formal analysis, Investigation, Methodology, Validation, Visualization,
Writing — ariginal draft, Writing ~ review & editing. Wolfgang Koenig:
Conceptualization, Investigation, Methodology, Validation, Writing —
original draft, Writing -~ review & editing. Gregory G. Schwartz:
Conceptualization, Formal analysis, Investigation, Methodology, Su-
pervision, Validation, Visualization, Writing — original draft, Writing —
review & editing. Ulf Landmesser: Conceptualization, Formal analysis,



K.K. Ray et dl

Investigation, Methodology, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing.

Declaration of competing interest

Kausik K. Ray reports unrestricted research grants to Imperial
College London from Amgen, Daiichi Sankyo, Regeneron, Sanofi, and
SC, EC or advisory board honoraria from Novartis, Esperion, Daiichi
Sankyo, Abbott, Bayer, Eli Lilly, Silence Therapeutics, CSL Behring, New
Amsterdam Pharma, Sanofi, Amgen, Novo Nordisk, Bl, Scribe, Vaxxin-
ity, CRISPR, AZ, Kowa, and Cargene, honoraria for CME and non-CME
from Novartis, Novo Nordisk, BI, AZ, Viatris, Daiichi Sankyo, Amgen,
and Sanofi, and stock options from PEMI-31; Laura H. Gunn has no
conflict of interests to declare; Lorena Garcia Conde is an employee of
Novartis; Frederick J. Raal reports receiving advisory board fees and
lecture fees from Amgen, Sanofi-Aventis, Regeneron Pharmaceuticals,
The Medicines Company, and Novartis; R. Scott Wright reports
receiving advisory board fees from Boehringer Ingelheim and past fees
for consulting on lipid issues with The Medicines Company; Nathalie H.
Gosselin is an employee of Certara, consulting division; Lawrence A.
Leiter reports grant support paid to his institution, advisory board fees,
and fees for CME from Amgen and Novartis, fees for serving on a steering
committee, and advisory board fees from Esperion, grant support paid to
his institution, and fees for serving on a steering committee from Kowa,
The Medicines Company, and Novartis; advisory board fees and fees for
CME from Amarin, Astra Zeneca, HLS, Merck, Pfizer, and Sanofi;
Wolfgang Koenig reports receiving consulting fees and lecture fees
from AstraZeneca, Novartis, and Amgen, consulting fees from Pfizer,
The Medicines Company, Novartis, DalCor Pharmaceuticals, Kowa,
Corvidia Therapeutics, Esperion, Genentech, OMEICOS, Novo Nordisk,
LIB Therapeutics, New Amsterdam Pharma, TenSixteen Bio, and Daiichi
Sankyo, lecture fees from Berlin-Chemie, Bristol-Myers Squibb, and
Sanofi, and grant support and provision of reagents from Singulex,
Abbott, Roche Diagnostics, and Dr Beckmann Pharma; Gregory G.
Schwartz reports receiving research support, paid to his institution from
AstraZeneca, Resverlogix, Sanofi, Silence Therapeutics, and The Medi-
cines Company, and a patent (62/806313) on a method for reducing
cardiovascular risk assigned in full to the University of Colorado; Ulf
Landmesser reports receiving lecture fees and advisory fees from
AstraZeneca, Amgen, Sanofi, Berlin Chemie, and Abbott, advisory fees
from The Medicines Company, and grant support, lecture fees, and
advisory fees from Bayer and Novartis.

Acknowledgements

The authors thank all the investigators, trial site staff, and patient
volunteers who participated in the trials. Prof. Ray acknowledges sup-
port from the National Institute for Health Research (NIHR) Imperial
Biomedical Research Centre; his institution (Imperial College London)
receives support from the NIHR Applied Research Collaboration
Northwest London. The authors thank Vennila Dharman, MBBS
(Novartis Healthcare Pvt. Ltd. India) and Aisling Towell, PhD (Novartis
Ireland Ltd.) for providing medical writing support in accordance with
Good Publication Practice (GPP4) guidelines, Klaus Molle, PhD
(Novartis Pharma AG) for critical review of the manuscript and editorial
guidance, and Guillaume Bonnefois (Certara, Princeton, New Jersey,
USA) for statistical support.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.atherosclerosis.2024.117472.

Atherosclerasis 391 (2024) 117472

References

[1] K.K. Ray, B.A, Ference, T. Severin, D. Blom, S.J. Nicholls, M.H. Shiba, et al., World
Heart Federation cholesterol Roadmap 2022, Glob Heart 17 (2022) 75, hrtps://doi.
org/10.5334/gh.1154,

[2] B.A. Ference, H.N. Ginsberg, I. Graham, K.K, Ray, C.J. Packard, E. Bruckert, et al.,

Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence

from genetic, epidemiologic, and clinical studies. A consensus statement from the

European Atherosclerosis Society Consensus Panel, Eur, Heart J. 38 (2017)

2459-2472, https://doi.org/10.1093/eurheartj/ehx144.

J. Boren, M.J. Chapman, R.M. Krauss, C.J. Packard, J.F. Bentzon, C.J. Binder, et al.,

Low-density lipoproteins cause atherosclerotic cardiovascular disease:

pathophysiological, genetic, and therapeutic insights: a consensus statement from

the European Atherosclerosis Society Consensus Panel, Eur. Heart J. 41 (2020)

2313-2330, https://doi,org/10.1093/eurheartj/ehz962.

G.A. Roth, G.A. Mensah, C.O. Johnson, G. Addolorato, E. Ammirati, L.M. Baddour,

et al., Global burden of cardiovascular diseases and risk factors, 1990-2019: update

from the GBD 2019 study, J. Am. Coll. Cardiol. 76 (2020) 2982-3021, https://doi.
org/10.1016/j.jacc.2020.11.010.

(5] F. Mach, C. Baigent, A.L. Catapano, K.C. Koskinas, M. Casula, L. Badimon, et al,,
ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk, Eur. Heart J. 41 (2019) 111-188, https://doi.org/
10.1093/eurheartj/ehz455, 2020.

[6] S.M. Grundy, N.J. Stone, A.L. Bailey, C. Beam, K.K. Birtcher, R.S. Blumenthal, et al.,
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the American
College of Cardiology/American Heart association task force on clinical practice
guidelines, J. Am. Coll. Cardiol. 73 (2018) e285-e350, https://doi.org/10.1016/j.
jacec.2018.11.003, 2019.

[7] EMA. Leqvio (inclisiran). https://www.ema.europa.eu/en/documents/overview/le

quio-epar-medicine-averview_en.pdf (Accessed on 24 November 2023).

F.D.A. LEQVIO®, (inclisiran) Injection, for Subcutaneous Use Initial U.S. Approval,

2021, in: https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=ove

rview.processé&varApplNo=214012. (Accessed 24 November 2023).

[9] A. Khvorova, Oligonucleotide therapeutics - a New class of cholesterol-lowering
drugs, N. Engl, J. Med. 376 (2017) 4-7, hitps://doi.org/1 0.1056/NEJMp1614154.

[10] R.S. Wright, K.K. Ray, F.J. Raal, D.G. Kallend, M. Jaros, W. Koenig, et al., Pooled
patient-level analysis of inclisiran trials in patients with familial
hypercholesterolemia or atherosclerosis, J. Am. Coll. Cardiol. 77 (2021)
1182-1193, https://doi.org/10.1016/].jacc.2020.12.058.

[11] K.K. Ray, R.S. Wright, D. Kallend, W. Koenig, L.A. Leiter, F.J. Raal, et al., Two
phase 3 trials of inclisiran in patients with elevated LDL cholesterol, N. Engl. J.
Med. 382 (2020) 1507-1519, https://doi.org/10.1056/NEJMoal 91 2387,

112] R. Little, L. Yau, Intent-to-treat analysis for longitudinal studies with drop-outs,
Biometrics 52 (1996) 1324-1333.

[13] C. Cholesterol Treatment Trialists, C. Baigent, L. Blackwell, J. Emberson, L.

E. Holland, C. Reith, et al., Efficacy and safety of more intensive lowering of LDL
cholesterol: a meta-analysis of data from 170,000 participants in 26 randomised
trials, Lancet 376 (2010) 1670-1681, https://doi.org/10.1016/50140-6736(10)
61350-5.

[14]) N.H. Gosselin, V.J.A. Schuck, O. Barriere, K. Kulmatycki, A. Margolskee, P. Smith,
et al., Translational population-pharmacodynamic modeling of a novel long-acting
siRNA therapy, inclisiran, for the treatment of hypercholesterolemia, Clin.
Pharmacol. Ther. {2022), hrtps://doi.org/10.1002/cpt.2774.

[15] T.H.T. Nguyen, M.S. Mouksassi, N. Holford, N. Al-Huniti, I. Freedman, A.

C. Hooker, et al., Model evaluation of continuous data pharmacometric models:
metrics and graphics, CPT Pharmacometrics Syst. Pharmacol. 6 (2017) 87-109,
https://doi.org/10.1002/psp4.12161.

[16] P.H. Jones, R. Nair, K.M. Thakker, Prevalence of dyslipidemia and lipid goal
attainment in statin-treated subjects from 3 data sources: a retrospective analysis,
J. Am. Heart Assoc. 1 (2012) e001800, hrtps://doi.org/10.1161/
JAHA.112.001800.

[17] K.K.Ray, L Haq, A. Bilitou, M.C. Manu, A. Burden, C. Aguiar, et al., Treatment gaps
in the implementation of LDL cholesterol control among high- and very high-risk
patients in Europe between 2020 and 2021: the multinational observational
SANTORINI study, The Lancet Regional Health - Europe 29 (2023) 100624,
https://doi.org/10.1016/j.]anepe.2023.100624.

[18] S. Bangalore, A. Breazna, D.A. DeMicco, C.C. Wun, F.H. Messerli, T.N.T.

S. Committee, et al., Visit-to-visit low-density lipoprotein cholesterol variability
and risk of cardiovascular outcomes: insights from the TNT trial, J. Am. Coll.
Cardiol. 65 (2015) 1539-1548, https://doi.org/10.1016/].jacc.2015.02.017.

[19] K.XK. Ray, F.J. Raal, D.G. Kallend, M.J. Jaros, W. Koenig, L.A. Leiter, et al.,
Inclisiran and cardiovascular events: a patieni-level analysis of phase Il trials, Eur.
Heart J. 44 (2023) 126-138, https://doi.org/10.1093/eurheartj/ehac594.

[20] K.K. Ray, U. Landmesser, L.A. Leiter, D. Kallend, R. Dufour, M. Karakas, et al.,
Inclisiran in patients at high cardiovascular risk with elevated LDL cholesterol,
N. Engl. J. Med. 376 (2017) 1430-1440, https://doi.org/10.1056/
NEJMoal615758.

[21] K.K. Ray, R.M. Stoekenbroek, D. Kallend, T. Nishikido, L.A. Leiter, U. Landmesser,
et al., Effect of 1 or 2 doses of inclisiran on low-density lipoprotein cholesterol
levels: one-year follow-up of the ORION-1 randomized clinical trial, JAMA Cardiol
4 (2019) 1067-1075, https://doi.org/10.1001/jamacardic.2019.3502.

[22] O. World Health, Global Action Plan for the Prevention and Control of
Noncommunicable Diseases 2013-2020, World Health Organization, Geneva, 2013

piii, 103,

[3

—

[4

fas]

&)



K.K. Ray et aL

[23]

[24]

[25]

[26]

[27]

[28]

[29]

F.L.J. Visseren, F. Mach, Y.M. Smulders, D. Carballo, K.C. Koskinas, M. Back, et al.,
ESC Guidelines on cardiovascular disease prevention in clinical practice, Eur. Heart
J. 42 (2021) 3227-3337, https://doi.org/10.1093/eurheartj/ehab484, 2021.

U. Makhmudova, U. Schatz, N. Perakakis, U. Kassner, F. Schumann, C. Axthelm, et
al., High interindividual variability in LDL-cholesterol reductions after inclisiran
administration in a real-world multicenter setting in Germany, Clin. Res. Cardiol.
112 (2023) 1639-1649, https://doi.org/10.1007/500392-023-02247-8.

P. Padam, L. Barton, S. Wilson, A, David, S. Walji, F. de Lorenzo, et al., Lipid
lowering with inclisiran: a real-world single-centre experience, Open Heart 9
(2022) e002184, https://doi.org/10.1136/0penhrt-2022-002184.

J.G. Robinson, M. Farnier, M. Krempf, J. Bergeron, G. Luc, M. Averna, et al,,
Efficacy and safety of alirocumab in reducing lipids and cardiovascular events,
N. Engl. J. Med. 372 (2015) 1489-1499, https://doi.org/10.1056/
NEJMoal501031,

M.S. Sabatine, R.P. Giugliano, 8.D. Wiviott, F.J. Raal, D.J. Blom, J. Robinson, et al.,
Efficacy and safety of evolocumab in reducing lipids and cardiovascular events,
N. Engl. J. Med. 372 (2015) 1500-1509, https://doi.org/10.1056/
NEJMoal500858.

G.G. Schwartz, P.G. Steg, M. Szarek, D.L. Bhatt, V.A. Bittner, R. Diaz, et al.,
Alirocumab and cardiovascular outcomes after acute coronary syndrome, N. Engl.
J. Med, 379 (2018) 2097-2107, https://doi.org/10.1056/NEJMoal801174.

M.S. Sabatine, R.P. Giugliano, A.C. Keech, N. Honarpour, 5.D. Wiviott, S.

A. Murphy, et al., Evolocumab and clinical outcomes in patients with

[30]

[31]

[32]

[33]

[34]

Atherosclerosis 391 (2024) 117472

cardiovascular disease, N. Engl. J. Med. 376 (2017) 1713-1722, https://doi.org/
10.1056/NEJMoal615664.

C.P. Cannon, M.A. Blazing, R.P. Giugliano, A. McCagg, J.A. White, P. Theroux, et
al., Ezetimibe added to statin therapy after acute coronary syndromes, N. Engl. J.
Med. 372 (2015) 2387-2397, https://doi.org/10.1056/NEJMoal 410489,

S.E. Nissen, A.M. Lincoff, D. Brennan, K.K. Ray, D, Mason, J.J.P. Kastelein, et al.,
Bempedoic acid and cardiovascular outcomes in statin-intolerant patients, N. Engl.
J. Med. 388 (2023) 1353-1364, https://doi.org/10.1056/NEJMoa2215024,

K.K. Ray, RP.T. Troquay, F.L.J. Visseren, L.A. Leiter, R. Scott Wright,

S. Vikarunnessa, et al., Long-term efficacy and safety of inclisiran in patients with
high cardiovascular risk and elevated LDL cholesterol (ORION-3): results from the
4-year open-label extension of the ORION-1 trial, Lancet Diabetes Endocrinol. 11
(2023) 109-119, https://doi.org/10.1016/52213-8587(22)00353-9.

A.J. McKay, L.H. Gunn, B.A. Ference, J.A.N. Dorresteijn, G.F.N. Berkelmans, F.L.
J. Visseren, et al., Is the SMART risk prediction model ready for real-world
implementation? A validation study in a routine care setting of approximately 380
000 individuals, Eur J Prev Cardiol 29 (2022) 654663, https://doi.org/10.1093/
eurjpc/zwab093.

J. Brandts, K.K. Ray, Low density lipoprotein cholesterol-lowering strategies and
population health, Circulation 141 (2020) 873-876, htips://doi.org/10.1161/
CIRCULATIONAHA.119.043406,



