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Abstract

Aims Patients often require combination therapies to achieve LDL cholesterol (LDL-C) targets for the primary prevention of ath
erosclerotic cardiovascular disease. This study investigates the effect of inclisiran, a small interfering ribonucleic acid targeting 
hepatic proprotein convertase subtilisin/kexin type 9 production, in primary prevention patients with elevated LDL-C des
pite statins.

Methods 
and results

This pre-specified analysis of the placebo-controlled, randomized ORION-11 trial included 203 individuals at risk of, but 
without prior, cardiovascular events and LDL-C ≥2.6 mmol/L, despite maximally tolerated statins. Inclisiran 284 mg or pla
cebo was administered on Days 1, 90, and thereafter every 6 months up to 540 days. Co-primary endpoints were percent
age LDL-C change from baseline to Day 510 and time-adjusted change from baseline after Day 90 and up to Day 540. Key 
secondary endpoints included percentage and absolute changes in atherogenic lipoproteins. Safety was assessed over 540 
days. The mean baseline (SD) LDL-C was 3.6 (1.5) mmol/L. At Day 510, the placebo-corrected LDL-C change with inclisiran 
was −43.7% [95% confidence interval (CI): −52.8 to −34.6] with a corresponding time-adjusted change of −41.0% (95% CI: 
−47.8 to −34.2); (P < 0.0001). The placebo-corrected absolute change in LDL-C at Day 510 with inclisiran was −1.5 mmol/L 
(95% CI: −1.8 to −1.2), with a respective time-adjusted change of −1.3 mmol/L (95% CI: −1.6 to −1.1). Inclisiran significantly 
lowered non-HDL cholesterol and apolipoprotein B (apoB) at Day 510 vs. placebo (P < 0.0001 for both), with a greater 
likelihood of attaining lipoprotein and apoB goals, and was well-tolerated except for mainly mild, treatment-emergent ad
verse events at the injection site.

Conclusion Inclisiran was generally well-tolerated in primary prevention patients with elevated LDL-C, who derived significant reduc
tions in atherogenic lipoprotein levels with twice-yearly maintenance dosing.
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Structured Graphical Abstract

elevated LDL-C (≥2.6 mmol/L) despite statins?

• 3.6 mmol/L mean baseline LDL-C
• –43.7% mean placebo-corrected change in LDL-C from baseline to Day 510
• –41.0% time-adjusted mean placebo-corrected change in LDL-C (between Day 90 and Day 540)

Twice-yearly maintenance dosing of inclisiran (after the initial and 3-month) signi�cantly reduces atherogenic lipoproteins, and was
generally well tolerated in a primary prevention population.

• –39.5% placebo-corrected change in non-HDL-C and –35.8% in apoB at Day 510
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This pre-specified secondary analysis from the ORION-11 trial showed that inclisiran, an siRNA therapy targeting PCSK9 production, was generally 
well-tolerated in primary prevention patients with elevated LDL-C and resulted in significant reductions in atherogenic lipoprotein levels with twice- 
yearly maintenance dosing. ApoB, apolipoprotein B; CV, cardiovascular; DNA, deoxyribonucleic acid; LDL-C, low-density lipoprotein cholesterol; 
mRNA, messenger ribonucleic acid; non-HDL-C, non-high-density lipoprotein cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; 
RNA, ribonucleic acid; siRNA, small interfering ribonucleic acid.
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Introduction
Global guidelines generally identify four patient populations with 
elevated cardiovascular (CV) risk.1,2 The first group comprises patients 
with clinical atherosclerotic CV disease (ASCVD; secondary preven
tion). The remaining three groups comprise individuals without clinical 
ASCVD (primary prevention) and include (i) those with an elevated 
predicted 10-year risk, (ii) those with high-risk conditions such as dia
betes mellitus (DM), and (iii) those with familial hypercholesterolaemia 
(FH).1,2 In absolute terms, the vast majority of CV events occur in indi
viduals without a prior history of ASCVD.3,4 Therefore, effective pri
mary prevention strategies are integral to reducing the global burden 
of ASCVD.5 Considering that the causes of ASCVD are multi-factorial, 
policies directed at behaviour and lifestyle, as well as individualized ap
proaches to control conventional risk factors such as lipid levels and 
blood pressure, are complementary strategies to promote public 
health.1,2

After diet and lifestyle, the foundational pharmacological approach to 
lower atherogenic lipoproteins in primary prevention patients is to 
reduce low-density lipoprotein cholesterol (LDL-C) with statins.1,2

Other lipid-lowering therapies are added if the lowering of LDL-C 
with statins is considered insufficient for the level of individual risk. 
Beyond LDL-C, suboptimal control of other lipid parameters, including 
non-high-density lipoprotein cholesterol (non-HDL-C) and apolipo
protein B (apoB), may also necessitate additional lipid-lowering therap
ies beyond statins.

Inclisiran is a small interfering ribonucleic acid (siRNA)-based therapy 
that targets hepatic proprotein convertase subtilisin/kexin type 9 
(PCSK9) production, thus reduces PCSK9-mediated degradation of 
LDL receptors (LDLRs), consequently leading to higher LDLR expres
sion and hepatic uptake of LDL-C, thereby lowering plasma LDL-C le
vels.6 Inclisiran resulted in significantly reduced LDL-C levels compared 
with placebo in patients with heterozygous FH (HeFH; primary and sec
ondary prevention),7 in a secondary prevention population,8 and in a 
mixed population of primary and secondary prevention patients in 
the ORION-11 trial.8 Here, we report the efficacy and safety profile 
of inclisiran in a pre-specified primary prevention cohort from the 
ORION-11 trial.

Methods
Design overview
The design and overall results of the ORION-11 trial (NCT03400800) have 
been published previously.8 Briefly, this was a randomized, double-blind, 
placebo-controlled, Phase 3 trial of subcutaneous inclisiran sodium 
300 mg (equivalent to 284 mg inclisiran) vs. placebo in patients on appropri
ate guideline-based medical therapies for other risk factors, including max
imally tolerated statins. This study assessed the efficacy and safety of 
inclisiran over 540 days in patients with clinical ASCVD or ASCVD risk 
equivalent (high-risk primary prevention patients), in whom LDL-C levels 
were elevated despite the use of maximally tolerated doses of statins 
with or without additional lipid-lowering therapy. Patients not receiving sta
tins had documented evidence of intolerance to at least two different sta
tins, one at the lowest approved dose. Statin intolerance requires 
documentation of historical adverse events (AEs) attributable to any dose 

of any statin with recorded evidence in source documents and the study’s 
case report form.

The trial protocol was approved by an institutional review board or in
dependent ethics committee at each participating institution, with all parti
cipants providing written informed consent.

Settings and patients
This trial was conducted in six European countries and South Africa and en
rolled adults (aged ≥18 years), including high-risk, primary prevention pa
tients (referred to as ‘risk equivalent’ in the study protocol) or those 
with ASCVD (secondary prevention). Patients with a 10-year risk of 
≥20% of a CV event assessed by the Framingham risk score, or equivalent, 
type 2 DM, or FH, were included in the primary prevention group. FH was 
recorded by the physician using the patient’s medical history. Patients with 
evidence of coronary heart disease, cerebrovascular disease, and peripheral 
arterial disease were included in the secondary prevention group (see 
Supplementary material online, Appendix S2). The eligibility criteria stipu
lated that primary prevention patients had LDL-C levels ≥2.6 mmol/L 
(≥100 mg/dL) and secondary prevention patients had LDL-C levels 
≥1.8 mmol/L (≥70 mg/dL) at the qualifying study visit (screening). 
Patients were required to be receiving maximally tolerated stable doses 
of background lipid-lowering therapies for at least 30 days before screening; 
however, patients were excluded if treated with a monoclonal antibody 
against PCSK9 within 90 days of screening. Detailed inclusion and exclusion 
criteria are available in Supplementary material online, Appendix S2. The 
present report presents a previously unpublished, detailed analysis of the 
primary prevention cohort. Where relevant, data on the secondary preven
tion cohort are presented in the Supplementary material for completeness.

Randomization and interventions
Randomization was stratified by background use of statins and by country, 
and patients were allocated (1:1) to receive either 300 mg of inclisiran so
dium or a matching placebo under blinded conditions. Inclisiran or placebo 
were administered as 1.5 mL subcutaneous injections on Days 1, 90, 270, 
and 450 (see Supplementary material online, Figure S1), with additional clinic 
visits on Days 30, 150, 330, and 510 for follow-up and laboratory assess
ments. The end-of-study visit was conducted on Day 540.

Endpoints
The pre-specified co-primary endpoints were the percentage change in 
LDL-C from baseline to Day 510 and the time-adjusted percentage change 
in LDL-C from baseline after Day 90 and up to Day 540. The latter was cal
culated as the average percentage change in LDL-C from baseline over the 
period after Day 90 and up to Day 540, which considered measurements 
taken on Days 150, 270, 330, 450, 510, and 540 (peak and trough measure
ments). This latter was included as a co-primary endpoint to investigate 
whether the less frequent administration of inclisiran (twice-yearly) would 
sustain its lipid-lowering effectiveness over the 6-month duration. There 
were six key secondary endpoints: absolute change in LDL-C from baseline 
to Day 510; time-adjusted absolute change in LDL-C from baseline after 
Day 90 and up to Day 540; percentage change in PCSK9, total cholesterol, 
apoB, and non-HDL-C from baseline to Day 510.

Other pre-specified secondary endpoints included both absolute 
and percentage changes in very low-density lipoprotein cholesterol 
(VLDL-C) from baseline to Day 510, and lipoprotein(a) [Lp(a)] from 
baseline to Day 540. The proportion of primary and secondary preven
tion patients achieving, respectively, levels of: LDL-C <2.6 mmol/L 
(100 mg/dL) and <1.8 mmol/L (70 mg/dL) was a pre-specified other 
secondary endpoint. Other non pre-specified exploratory endpoints 
included the proportion of primary and secondary prevention patients 
achieving respectively, levels of: non-HDL-C <3.4 mmol/L (130 mg/dL) 
and <2.6 mmol/L (100 mg/dL); apoB <100 mg/dL and <80 mg/dL. The 
proportion of patients achieving a ≥50% LDL-C reduction was another 
pre-specified secondary endpoint. AEs and clinical laboratory values 
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were recorded at all visits through to the end-of-trial visit, with AEs 
classified by investigators according to organ class and as mild, moder
ate, or severe using standard Medical Dictionary for Regulatory 
Activities (MedDRA) nomenclature.

Statistical analysis
The statistical assumptions for the overall ORION-11 trial are reported in 
Supplementary material online, Appendix S3. In this pre-specified subgroup 
analysis, the first of the co-primary endpoints was analysed using an analysis 
of covariance (ANCOVA) with a multiple imputation washout model for 
missing data that assumes missing data are missing at random (MAR), and 
the second was analysed using mixed models for repeated measures 
(MMRM), with a control-based pattern-mixture model (CB-PMM) for miss
ing data imputation. The co-primary endpoints and key secondary end
points used multiple imputation to account for missing data. Other 
secondary endpoints, absolute and percentage changes in VLDL-C and 
Lp(a), were analysed using MMRM analysis that assumes missing data are 
MAR. Supplementary material online, Tables S1 and Table S2 present the 
missing LDL-C and PCSK9 measurements at specific time points, and 
Supplementary material online, Table S3 shows the missing lipid measure
ments at Day 510. The proportion of individuals attaining pre-specified lipid 
‘goals’ is reported as a percentage and reflects the population with available 
data (the denominator), rather than the whole intention-to-treat (ITT) 
population and thus uses observed values. Odds ratios (OR) and 95% con
fidence intervals (CIs) were calculated from data with observed values using 
a logistic regression model and reflect the likelihood of goal attainment with 
inclisiran vs. placebo.

Results
Patient characteristics
Overall, 2381 patients were screened, and 1617 were randomized. Of 
those randomized, 203 (12.6%) were categorized as primary preven
tion patients, with 98 assigned to inclisiran and 105 to placebo. The trial 
was completed through Day 540 by 94.1% of the primary prevention 
patients (see Supplementary material online, Figure S2).

The patient characteristics are shown in Table 1. Patients in the incli
siran and placebo groups were well matched by randomization. Within 
the primary prevention cohort, 132 (65.0%) had DM, 30 (14.8%) had 
FH, and 114 (56.2%) patients had a 10-year predicted CV risk of 
≥20% (non-mutually exclusive groups).

At the time of randomization, statins were used by 82.8% of patients 
with 61.6% receiving high-intensity statins, and 5.4% using ezetimibe in 
combination with statins or other lipid-lowering therapies. As expected 
from the protocol inclusion criteria, mean (SD) LDL-C levels at baseline 
were high in the primary prevention cohort at 3.6 (1.5) mmol/L [139.4 
(58.0) mg/dL]. In addition, baseline levels of other atherogenic lipopro
teins, notably non-HDL-C and apoB, were also elevated, but triglycer
ide and Lp(a) levels were not markedly deranged (Table 1).

Efficacy
Percentage changes in atherogenic lipoproteins
The effects of inclisiran or placebo on the mean percentage changes in 
lipid levels from the baseline to Day 510 are shown in Figure 1, and the 
corresponding time-adjusted changes from the baseline after Day 90 
and up to Day 540 are shown in Table 2. The mean percentage change 
in LDL-C from baseline to Day 510 (co-primary endpoint) was −41.9% 
with inclisiran and +1.8% with placebo, resulting in a −43.7% difference 
between groups (95% CI, −52.8 to −34.6; P < 0.0001). The mean time- 
adjusted percentage change in LDL-C from baseline after Day 90 and 
up to Day 540 (co-primary endpoint) was −40.4% for inclisiran and 

+0.6% for placebo, reflecting a −41.0% difference between groups 
(95% CI, −47.8 to −34.2; P < 0.0001).

The mean placebo-corrected percentage change in non-HDL-C and 
apoB at Day 510 was −39.5% and −35.8%, respectively (P < 0.0001 for 
both), and the placebo-corrected time-adjusted percentage change 
after Day 90 and up to Day 540 was −35.3% and −34.8%, respectively 
(P < 0.0001 for both).

The placebo-corrected percentage change and the time-adjusted 
percentage change for other atherogenic lipoproteins [total choles
terol, HDL-C, VLDL-C, and Lp(a)] analysed by MMRM can be found 
in Figure 1 and Table 2. In addition, the percentage change in total 
cholesterol, non-HDL-C, and apoB from baseline to Day 510, calcu
lated using CB-PMM, is shown in Supplementary material online, 
Table S4.

Absolute changes in atherogenic lipoproteins
The absolute change in lipid parameters over time is shown in Figure 1, 
with corresponding time-adjusted changes shown in Table 2. The abso
lute change in LDL-C from baseline to Day 510 was −1.6 mmol/L 
(−60.7 mg/dL) in the inclisiran group vs. −0.06 mmol/L (−2.3 mg/dL) 
in the placebo group, with a difference of −1.5 mmol/L (−58.4 mg/ 
dL) between groups [95% CI, −1.8 to −1.2 (95% CI in mg/dL −70.4 
to −46.4), P < 0.0001]. The time-adjusted absolute change in LDL-C 
from baseline after Day 90 and up to Day 540 was −1.4 mmol/L 
(−55.3 mg/dL) with inclisiran and −0.1 mmol/L (−3.4 mg/dL) with pla
cebo, meaning a difference of −1.3 mmol/L (−51.8 mg/dL) and 95% CI, 
−1.6 to −1.1 (95% CI in mg/dL, −61.1 to −42.6), P < 0.0001 between 
groups.

The placebo-corrected absolute changes in non-HDL-C and apoB 
from baseline to Day 510 were −1.7 mmol/L (−63.7 mg/dL) and 
−40.4 mg/dL, respectively (P < 0.0001 for both). The placebo- 
corrected time-adjusted absolute changes in non-HDL-C and apoB 
from baseline after Day 90 and up to Day 540 were −1.5 mmol/L 
(−56.5 mg/dL) and −39.3 mg/dL, respectively (P < 0.0001 for both).

Other efficacy endpoints
The effects of inclisiran vs. placebo on the percentage and absolute 
change in PCSK9 levels from baseline are shown in Figure 2. PCSK9 
levels decreased by 65.2% with inclisiran and increased by 15.7% 
with placebo from the baseline to Day 510, representing a 
between-group difference of −80.8% (95% CI, −87.4 to −74.3; P < 
0.0001). At Day 510, a greater proportion of patients receiving incli
siran was likely to achieve at least a 50% reduction in LDL-C (see 
Supplementary material online, Table S5). Similarly, the proportions 
of patients achieving LDL-C levels <2.6 mmol/L (100 mg/dL) or 
<1.8 mmol/L (70 mg/dL) or <1.3 mmol/L (<50 mg/dL) were greater 
with inclisiran vs. placebo (see Supplementary material online, 
Figure S3) with 77.6%, 49.4%, and 34.1% patients treated with inclisir
an achieving these LDL-C levels, respectively. Importantly, 66.0% of 
inclisiran-treated patients achieved at least a 50% reduction in 
LDL-C levels from baseline at any time during the study, compared 
with 8.7% of placebo-treated patients. Similarly, the proportions of 
patients achieving non-HDL-C levels <3.4 mmol/L (130 mg/dL) and 
<2.6 mmol/L (100 mg/dL) or apoB levels <100 mg/dL and <80 mg/ 
dL at Day 510, respectively, were higher with inclisiran (see 
Supplementary material online, Table S5) vs. placebo.

Waterfall plots depicting inter-individual variation in the percentage 
change in different lipid parameters at Day 510 [Lp(a) at Day 540] show 
that the majority of inclisiran-treated patients had reductions in 
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atherogenic lipoproteins, including Lp(a) and increases in HDL-C levels 
(Figure 3). In contrast, among placebo-treated patients, there was con
siderable variation, with some patients demonstrating marked increases 
or decreases between baseline and Day 510 (Figure 3), potentially indi
cative of inconsistent adherence to background statin therapy, although 
this was not specifically assessed.

Safety
The primary prevention safety population comprised 203 patients (98 
exposed to inclisiran and 105 to placebo). The proportion of patients 
with treatment-emergent adverse events (TEAEs) is shown in Table 3.

AEs that occurred during the study period, regardless of causality, 
were reported in 91/98 (92.9%) of inclisiran-treated and 88/105 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline demographic and clinical characteristics (intention-to-treat population)

Inclisiran (n = 98) Placebo (n = 105) Total (n = 203)

Age, years, mean (SD) 62.7 (10.6) 63.6 (9.2) 63.2 (9.9)

Male, n (%) 45 (45.9) 50 (47.6) 95 (46.8)

White race, n (%) 94 (95.9) 101 (96.2) 195 (96.1)

BMI, kg/m2, mean (SD) 31.1 (5.2) 32.3 (6.8) 31.7 (6.1)

Cardiovascular risk factors, n (%)

Smoking (current)a 19 (19.4) 16 (15.2) 35 (17.2)

Hypertension 67 (68.4) 79 (75.2) 146 (71.9)

DMb 66 (67.3) 66 (62.9) 132 (65.0)

FHb 17 (17.3) 13 (12.4) 30 (14.8)

10-year predicted CV risk ≥20%b 54 (55.1) 60 (57.1) 114 (56.2)

Concomitant lipid-modifying therapies, n (%)

Yes 81 (82.7) 91 (86.7) 172 (84.7)

Statin use 79 (80.6) 89 (84.8) 168 (82.8)

High-intensity statins 60 (61.2) 65 (61.9) 125 (61.6)

Ezetimibec 4 (4.1) 7 (6.7) 11 (5.4)

Lipid measures, mmol/L, mean (SD)

LDL-C 3.7 (1.7) 3.5 (1.2) 3.6 (1.5)

Total cholesterol 6.0 (1.8) 5.8 (1.5) 5.9 (1.7)

Non-HDL-C 4.6 (1.8) 4.4 (1.4) 4.5 (1.6)

HDL-C 1.3 (0.4) 1.3 (0.4) 1.3 (0.4)

VLDL-Cd 0.9 (0.4) 0.9 (0.4) 0.9 (0.4)

Apolipoprotein B, mg/dL 122.2 (40.5) 117.4 (29.8) 119.7 (35.4)

Lipoprotein(a), nmol/L

Median 40 27 34

IQR 17, 148 14, 138 14, 142

Triglycerides, mmol/L

Median 1.8 1.8 1.8

IQR 1.3, 2.3 1.4, 2.3 1.3, 2.3

Other laboratory measures

PCSK9, µg/L, mean (SD) 362.3 (99.3) 356.1 (100.6) 359.1 (99.8)

aCurrent smoking status included patients with history of smoking for past the 30 days. 
bSome patients had more than one high-risk factor (DM, FH, or a 10-year risk of a cardiovascular event of 20% or greater as assessed by the Framingham Risk Score for Cardiovascular 
Disease or equivalent) and thus, the total number does not add up to 100%. 
cEzetimibe use was obtained from concomitant medication records. 
dVLDL-C calculated. 
BMI, body mass index; DM, diabetes mellitus; FH, familial hypercholestrolaemia; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein 
cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; SD, standard deviation; VLDL-C, very low-density lipoprotein cholesterol.
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Figure 1 Mean percentage and absolute changes from baseline over time in (A) low-density lipoprotein cholesterol, (B) total cholesterol, (C ) non- 
high-density lipoprotein cholesterol, (D) apolipoproteinB, (E) triglycerides, (F ) high-density lipoprotein cholesterol, (G) very low-density lipoprotein 
cholesterol, and (H ) lipoprotein(a) (intention-to-treat population). * VLDL-C calculated. Mean percentage change from baseline and absolute change 
for all lipoproteins were measured at baseline and on Days 90, 150, 270, 330, 450, 510, and 540; except for apoB, which was measured on Days 150, 
330, 510, and 540. VLDL-C was measured on Day 510 but otherwise calculated. Lp(a) was measured on Days 150, 330, and 540. Graphs show data 
analysed by mixed models for repeated measures, except for the mean percentage and absolute changes in LDL-C from baseline at Day 510, which 
were analysed by analysis of covariance and control-based pattern-mixture model, respectively. The black vertical line represents least squares mean 
(95% CI) percentage or absolute change from baseline to Day 510 for all lipoproteins and Day 540 for lp(a). The P-values for placebo-corrected mean 
percentage change from baseline to Day 510 were P < 0.0001 for all except triglycerides (P = 0.169), HDL-C (P = 0.170) and VLDL-C (P = 0.257). The 
P-values for the placebo-corrected absolute change from baseline to Day 510 were P < 0.0001 for all except triglycerides (P = 0.381), HDL-C (P = 
0.112) and VLDL-C (P = 0.343). Inclisiran, n = 98; placebo, n = 105. ApoB, apolipoprotein B; CI, confidence interval; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); TG, triglycerides; VLDL-C, very low-density lipoprotein cholesterol.
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Table 2 Time-adjusted percentage and absolute change in atherogenic lipoproteins from baseline after Day 90 and up 
to Day 540 (intention-to-treat population)

Inclisiran (n = 98) Placebo (n = 105) Least squares mean difference (95% CI) between groups

Time-adjusted percentage change in lipid measurements, LS mean % (95% CI)a

LDL-Cb,c −40.4 (−45.3, −35.5) 0.6 (−4.1, 5.3) −41.0 (−47.8, −34.2) (P < 0.0001)

Total cholesterol −24.7 (−28.2, −21.3) 0.3 (−3.0, 3.6) −25.1 (−29.8, −20.3) (P < 0.0001)

Non-HDL-C −35.5 (−40.0, −30.9) −0.2 (−4.5, 4.2) −35.3 (−41.6, −29.0) (P < 0.0001)

ApoB −35.5 (−39.5, −31.6) −0.7 (−4.5, 3.0) −34.8 (−40.3, −29.3) (P < 0.0001)

Triglycerides −5.9 (−11.9, 0.0) 2.5 (−3.2, 8.2) −8.4 (−16.6, −0.2) (P = 0.045)

HDL-C 11.0 (8.0, 14.1) 6.0 (3.1, 8.9) 5.0 (0.8, 9.3) (P = 0.020)

VLDL-Cd −4.8 (−10.2, 0.6) 1.1 (−4.0, 6.3) −5.9 (−13.4, 1.5) (P = 0.116)

Lipoprotein(a) −12.1 (−20.8, −3.4) 16.8 (8.5, 25.1) −28.9 (−40.9, −16.9) (P < 0.0001)

Time-adjusted absolute change in lipid measurements, LS mean (95% CI)a

LDL-Cb −1.4 (−1.6, −1.3) −0.1 (−0.3, 0.1) −1.3 (−1.6, −1.1) (P < 0.0001)

Total cholesterol, mmol/L −1.5 (−1.7, −1.3) −0.1 (−0.3, 0.1) −1.4 (−1.7, −1.1) (P < 0.0001)

Non-HDL-C, mmol/L −1.6 (−1.8, −1.4) −0.1 (−0.3, 0.0) −1.5 (−1.7, −1.2) (P < 0.0001)

ApoB, mg/dL −43.0 (−47.5, −38.4) −3.6 (−8.0, 0.7) −39.3 (−45.6, −33.1) (P < 0.0001)

Triglycerides, mmol/L −0.3 (−0.4, −0.1) −0.2 (−0.3, −0.0) −0.1 (−0.3,0.1) (P = 0.245)

HDL-C, mmol/L 0.1 (0.1, 0.2) 0.1 (0.0, 0.1) 0.1 (0.0,0.1) (P = 0.012)

VLDL-C, mmol/Ld −0.1 (−0.1, −0.0) −0.0 (−0.1, −0.0) −0.0 (−0.1,0.0) (P = 0.216)

Lipoprotein(a), nmol/L −12.5 (−17.1, −8.0) 5.5 (1.2, 9.9) −18.1 (−24.3, −11.8) (P < 0.0001)

aMixed-effects model for repeated measures was used for the analysis. 
bA control-based pattern-mixture model was used. 
cCo-primary endpoint. 
dVLDL-C calculated. 
ApoB, apolipoprotein B; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LS, least squares; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density 
lipoprotein cholesterol.
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Figure 2 Inter-individual variation in proprotein convertase subtilisin/kexin type 9 from baseline to Day 510 (intention-to-treat population). Panel (A) 
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(83.8%) of placebo-treated patients. The majority of AEs in each cohort 
were reported as mild-to-moderate, with the most common AEs oc
curring at a similar frequency between treatment groups within each 
cohort. Compared with placebo, the proportion of patients with at 
least one reported AE [91/98 (92.9%) vs. 88/105 (83.8%)] or a serious 
AE [SAE; 20/98 (20.4%) vs. 13/105 (12.4%)] was greater with inclisiran 
(Table 3). Clinically relevant TEAEs at the injection site were greater 
with inclisiran vs. placebo [4/98 (4.1%) vs. 0], with the majority graded 
as mild and none as severe or persistent. Clinically relevant laboratory 
measures of safety were similar between treatment groups (Table 3).

Discussion
Previous publications report the effect of inclisiran on reducing LDL-C 
and other atherogenic lipoproteins in the combined primary and sec
ondary prevention population from the ORION-11 trial and the 
pooled ORION-9, ORION-10, and ORION-11 trials.8,9 Here we pre
sent the primary and secondary endpoints of lipid changes specifically in 
the primary prevention cohort. Data relevant to the secondary preven
tion population are presented in Supplementary online material (see 
Supplementary material online, Tables S4–S8, and Supplementary 
material online, Figures S4–S7). In a primary prevention population 
with a mean baseline LDL-C level of 3.6 mmol/L (139.4 mg/dL), treat
ment with inclisiran administered on Day 1, 90, and every 6 months 
thereafter, resulted in a sustained lowering of circulating PCSK9 levels 
by 80.8% (placebo-corrected). This translated into significant peak re
ductions in a range of circulating atherogenic lipoproteins, including 
LDL-C (43.7%), non-HDL-C (39.5%), and apoB (35.8%) at Day 510 
(Structured Graphical Abstract). Additionally, the placebo-corrected per
centage reduction in Lp(a) levels from baseline to Day 540 was 28.5%. 
Perhaps more importantly, the infrequent dosing regimen (twice-year
ly) did not result in attenuation of efficacy, providing clinically significant 
time-adjusted reductions in levels of LDL-C by 41.0%, non-HDL-C by 
35.3%, and apoB by 34.8%, indicating a substantial and sustained 
lipid-lowering response among those treated with inclisiran. Among 
the study population, four-fifths of whom were receiving statin therapy 
(including two-thirds on high-intensity statins), these time-adjusted per
centage reductions corresponded to time-adjusted mean absolute re
ductions in levels of LDL-C by 1.3 mmol/L (−51.8 mg/dL), 
non-HDL-C by 1.5 mmol/L (−56.5 mg/dL) and apoB by 39.3 mg/dL, 
over ∼15 months (from baseline after Day 90 and up to Day 540) of 
treatment. Taken together, these findings demonstrate the efficiency 
and feasibility of this siRNA-based therapy as an adjunctive 
lipid-lowering treatment in the primary prevention setting. The overall 
safety profile observed in this smaller primary prevention cohort was 
mostly consistent with what was observed in the secondary prevention 
cohort (see Supplementary material online, Table S8), showing that in
clisiran was generally well-tolerated in the primary prevention popula
tion. The higher proportion of AEs, SAEs, and TEAEs at the injection 
site (mainly mild; none were severe or persistent) reported with incli
siran in the primary prevention cohort may be due to the small number 
of patients in this cohort, and as such, the clinical relevance is uncertain. 
There were no TEAEs at the injection site reported among placebo- 
treated patients in the primary prevention cohort.

CV disease remains the leading cause of death and disability world
wide.10 More than 50% of these deaths occur in individuals without a 
prior history of CV disease;11 hence, population health strategies that im
prove approaches to primary prevention at a global level are important. 
The multi-factorial nature of CV disease necessitates a comprehensive 
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Figure 3 Inter-individual variation from baseline to Day 510 in (A) low- 
density lipoprotein cholesterol, (B) total cholesterol, (C) non-high-density 
lipoprotein cholesterol, (D) apolipoproteinB, (E) triglycerides, (F) high- 
density lipoprotein cholesterol, (G) very low-density lipoprotein choles
terol, and (H) lipoprotein(a) (intention-to-treat population). The water
fall plots shown represent the changes in LDL-C, total cholesterol, 
non-HDL-C, apoB, triglycerides, HDL-C, and VLDL-C between two spe
cified time points in individuals with observed data both at baseline and 
Day 510 and for lp(a) at baseline and Day 540. Data are presented in the 
following order: patients with the greatest increase to patients with the 
greatest decrease for each parameter. Inclisiran, n = 98; placebo, n = 105. 
ApoB, apolipoproteinB; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); TG, tri
glycerides; VLDL-C, very low-density lipoprotein cholesterol.
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approach to prevention, starting first with diet and lifestyle modifications 
before considering pharmacotherapy to improve all modifiable risk fac
tors, including LDL-C, if appropriate, in the setting of shared decision- 
making. Most prescriptions for statins (approximately two-thirds of all 
use) are for the primary prevention of CV disease.12 This includes indi
viduals with a very high 10-year predicted risk of fatal and non-fatal CV 

events (as estimated through risk calculators), those with high-risk con
ditions such as DM, which increases the lifetime risk of CV disease, and 
those with inherited dyslipidaemias, such as FH, which results in lifetime 
cumulative exposure to elevated LDL-C levels.1,2 Many of these high-risk 
primary prevention patients have LDL-C levels that exceed guideline re
commendations for their level of risk. Some reasons for this include the 
inability to tolerate high-intensity statins,13 poor adherence to pre
scribed therapeutic regimens,13 pharmacogenomic variability in re
sponse,14 or high LDL-C levels at treatment initiation. In the present 
study, the high baseline LDL-C level of 3.6 mmol/L (139.4 mg/dL) repre
sents a significant but potentially modifiable residual risk15 as lowering 
LDL-C further by 1.0 mmol/L would be expected to reduce CV risk in 
relative terms by approximately one-fifth.16,17 However, the sample 
size of the present study is too small and the follow-up duration too 
short to demonstrate CV risk reduction, which will require a formal pro
spective evaluation.

In the present study, 77.6%, 49.4%, and 34.1% of primary prevention pa
tients achieved LDL-C levels <2.6 mmoL/L (100 mg/dL), < 1.8 mmol/L 
(70 mg/dL), and <1.3 mmol/L (50 mg/dL), respectively, with inclisiran 
at Day 510. Of course, these percentages reflect the threshold level 
of LDL-C for inclusion in the study and may not apply to a broader pri
mary prevention population. The use of other lipid markers such as 
non-HDL-C and apoB as secondary measures of therapeutic efficacy 
and residual lipid-related risk is increasingly relevant among individuals 
with DM, obesity, or elevated triglycerides, where LDL-C levels alone 
may underestimate risk.1,2 With similar caveats as with LDL-C goal 
achievement, 76.5% of inclisiran-treated primary prevention patients 
in this study achieved non-HDL-C levels <3.4 mmol/L (130 mg/dL) 
and 81.2% achieved apoB levels <100 mg/dL.

The ORION-11 trial also included 1414 secondary prevention pa
tients (see Supplementary material online, Figure S4), and the modestly 
lower placebo-corrected difference in LDL-C with inclisiran (43.7% vs. 
50.6%) in the primary prevention cohort merits a brief discussion. 
Firstly, the primary prevention cohort is significantly smaller (203 pa
tients), contributing to greater uncertainty around the precision of 
the point estimate for reduction in the primary endpoint (−52.8 to 
−34.6% for primary prevention and −54.0 to −47.2% for secondary 
prevention). Compared with the secondary prevention cohort, the pri
mary prevention cohort was characterized by ∼10% lower use of sta
tins and 20% lower use of high-intensity statins, a much greater 
proportion of women and patients with FH, and, by study inclusion cri
teria, a higher mean baseline LDL-C level of 3.6 mmol/L. Although base
line PCSK9 levels were similar between cohorts, by study design, the 
change in LDL-C assumes that background adherence to lipid-lowering 
therapy (mostly statins) is consistent between the two-time points 
when LDL-C is measured. Examination of the placebo group waterfall 
plots shows wide within-person variation in LDL-C, likely attributable 
to background lipid-lowering therapy adherence. The impact of 
changes in this adherence, together with much smaller sample size, 
higher baseline LDL-C, and lower use of high-intensity statins, may 
have contributed to observed differences rather than any true biologic
al effect. This could, in time, be explored further in larger studies with a 
wider set of demographic characteristics in the setting of primary pre
vention. That said, the magnitude of the absolute reduction in LDL-C in 
the primary prevention cohort was clinically meaningful and resulted in 
a greater proportion of patients achieving lower LDL-C goals when 
added to statins as compared with placebo.

The limitations of the present analysis merit consideration. The pri
mary prevention cohort comprised only 203 patients within the overall 
ORION-11 trial, warranting large, dedicated studies in this patient 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Adverse events and key laboratory 
measurements (safety population)a

Inclisiran  
(n = 98)

Placebo  
(n = 105)

Adverse events, n (%)

Patients with at least one adverse event 91 (92.9) 88 (83.8)

Patients with at least one event leading 
to drug discontinuation

5 (5.1) 3 (2.9)

Serious adverse events, n (%)

Patients with at least one serious adverse 
event

20 (20.4) 13 (12.4)

Death 1 (1.0) 1 (1.0)

Cancer 1 (1.0) 1 (1.0)

New worsening or recurrent malignancy 5 (5.1) 2 (1.9)

Clinically relevant adverse events at the injection site, 
n (%)b

Any event 4 (4.1) 0 (0.0)

Mild 3 (3.1) 0 (0.0)

Moderate 1 (1.0) 0 (0.0)

Severe 0 (0.0) 0 (0.0)

Persistentc 0 (0.0) 0 (0.0)

Clinically relevant laboratory measurements, n (%)

Liver function

ALT >3× ULN 1 (1.0) 1 (1.0)

AST >3× ULN 0 (0.0) 1 (1.0)

ALP >3× ULN 0 (0.0) 0 (0.0)

Bilirubin 2×ULN 1 (1.0) 1 (1.0)

Kidney function

Creatinine >2 mg/dL 0 (0.0) 2 (1.9)

Muscle

CK >5×ULN 3 (3.1) 1 (1.0)

Haematology

Platelet count <75 × 109/L 0 (0.0) 0 (0.0)

aThe safety population included all the patients who received at least one dose of 
inclisiran or placebo. Adverse events were recorded over the trial period of 540 days. 
bAdverse events at the injection site included the preferred terms injection site 
erythema, injection site hypersensitivity, injection site pruritus, injection site rash, 
and injection site reaction. 
cEvents with a duration <6 months were not persistent. 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
CK, creatine kinase; ULN, upper limit of normal.
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population. Additionally, longer-term safety data would provide further 
assurances, although the tolerability of inclisiran in this distinct group 
over a treatment period of 18 months appears to be similar to obser
vations in secondary prevention patients and patients with HeFH in the 
ORION-9 trial, the majority of whom were primary prevention pa
tients.7 Most of these patients have been enrolled in the open-labeled 
extension ORION-8 trial (NCT03814187), investigating the long-term 
safety of inclisiran. Although the background use of high-intensity sta
tins was generally high (61.6%) in the primary prevention cohort, the 
use of ezetimibe was low (5.4%). It is likely that more patients in the pla
cebo group would have reached pre-specified LDL-C goals had the use 
of other LDL-C lowering therapies been maximized. Notwithstanding 
this limitation, the background lipid-lowering therapy of the current pri
mary prevention cohort is similar to real-world findings from a patient 
registry study (comprising 3000 primary prevention patients) con
ducted in the same geographical region during roughly the same time 
period.18 The use of ezetimibe in primary prevention patients in the 
present study was similar to that of the primary prevention cohort in 
the DA VINCI registry, while the use of high-intensity statins was two- 
fold higher.18

In conclusion, inclisiran administered twice-yearly (after the initial 
and 3-month doses) by subcutaneous injection was generally well- 
tolerated and provides effective and sustained reductions in multiple 
atherogenic lipoproteins across a broad range of high-risk primary pre
vention patients with elevated LDL-C despite maximally tolerated 
statins.
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