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Abstract

Background Inclisiran, an siRNA administered twice-yearly, significantly reduced LDL cholesterol (LDL-C) in Phase III trials. Whether 
lowering LDL-C with inclisiran translates into a lower risk of cardiovascular (CV) events is not yet established.

Methods 
and results

Patient-level, pooled analysis of ORION-9, −10 and −11, included patients with heterozygous familial hypercholesterol-
aemia, atherosclerotic CV disease (ASCVD), or ASCVD risk equivalent on maximally tolerated statin-therapy, randomized 
1:1 to receive 284 mg inclisiran or placebo on Days 1, 90, and 6-monthly thereafter for 18 months. Prespecified exploratory 
endpoint of major cardiovascular events (MACEs) included non-adjudicated CV death, cardiac arrest, non-fatal myocardial 
infarction (MI), and fatal and non-fatal stroke, evaluated as part of safety assessments using a standard Medical Dictionary for 
Regulatory Activities basket. Although not prespecified, total fatal and non-fatal MI, and stroke were also evaluated. Mean 
LDL-C at baseline was 2.88 mmol/L. At Day 90, the placebo-corrected percentage reduction in LDL-C with inclisiran was 
50.6%, corresponding to an absolute reduction of 1.37 mmol/L (both P < 0.0001). Among 3655 patients over 18 months, 
303 (8.3%) experienced MACE, including 74 (2.0%) fatal and non-fatal MIs, and 28 (0.8%) fatal and non-fatal strokes. Inclisiran 
significantly reduced composite MACE [OR (95% CI): 0.74 (0.58–0.94)], but not fatal and non-fatal MIs [OR (95% CI): 0.80 
(0.50–1.27)] or fatal and non-fatal stroke [OR (95% CI): 0.86 (0.41–1.81)].

Conclusion This analysis offers early insights into the potential CV benefits of lowering LDL-C with inclisiran and suggests potential ben-
efits for MACE reduction. These findings await confirmation in the larger CV outcomes trials of longer duration.

* Corresponding author. Tel.: +44-207-594-0716, St Dunstans Road, London W6 8RP, UK, Email: k.ray@imperial.ac.uk
† Was affiliated with The Medicines Company, Zurich, Switzerland, at the time of clinical trials.
‡ Was affiliated with Novartis Pharmaceuticals, East Hanover, New Jersey, USA, at the time of analysis.
© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

https://orcid.org/0000-0003-0508-0954
https://orcid.org/0000-0002-2064-9603
https://orcid.org/0000-0002-0214-3203
https://orcid.org/0000-0003-2954-0695
https://orcid.org/0000-0002-0625-0444
https://doi.org/10.1093/eurheartj/ehac656
mailto:k.ray@imperial.ac.uk
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/eurheartj/ehac594


130                                                                                                                                                                                             K. K. Ray et al.

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

Structured Graphical Abstract

pooled analysis of the pivotal Phase III ORION trials (ORION-9, ORION-10 and ORION-11) over 18 months.
To evaluate the effect on the prespeci"ed exploratory endpoint, cardiovascular events. This was studied in a patient-level,

myocardial infarction (OR [95% CI] : 0.80 [0.50−1.27]) and fatal and non-fatal stroke (OR [95% CI] : 0.86 [0.41−1.81]).
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Introduction
Mendelian randomization studies assessing therapeutic targets for pharma-
cological interventions suggest that lowering LDL cholesterol (LDL-C) 
through pathways related to 3-hydroxy-3-methylglutaryl–coenzyme 
(HMGCo-A) reductase (statin target), Niemann-Pick C1-like 1 
(NCP1L1; ezetimibe target), and proprotein convertase subtilisin/kexin 
type 9 (PCSK9; PCSK9 monoclonal antibody target) are associated with 

similar reductions in the risk of cardiovascular (CV) events when stan-
dardized for absolute difference in LDL-C.1,2 This suggests that the mag-
nitude of the reduction in LDL-C determines benefit rather than the 
mechanism through which this is achieved.2 Mendelian randomization 
studies also suggest that greater reductions in LDL-C can be achieved 
through the combination of either pathways related to HMGCo-A re-
ductase and NCP1L-1 or HMGCo-A reductase and PCSK9, with great-
er benefit because of greater lifelong absolute reductions in LDL-C 
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achieved by multiple pathways.1–3 These observations are mirrored by 
trials of therapeutic LDL-C lowering, where the addition of ezetimibe4

or PCSK9 inhibitors5,6 to statins results in further reductions in CV 
events, related to the absolute reduction in LDL-C and duration of 
exposure.2

Clinical trials have demonstrated benefits from achieving sequentially 
lower LDL-C levels among those at highest risk of CV events, resulting 
in guidelines progressively lowering LDL-C goals for intensification of 
lipid-lowering therapy in successive iterations of practice guidelines.7

Achieving these currently recommended, lower LDL-C goals/thresholds 
often necessitates combinations of lipid-lowering therapies for the 
majority of patients with atherosclerotic CV disease (ASCVD).8

Monoclonal antibodies (mAbs) targeting circulating PCSK9 are potent 
therapies that lower LDL-C by 50–70%.9 As the majority of circulating 
PCSK9 is derived from the liver, preventing hepatic production of 
PCSK9 offers an alternative approach to lower circulating, free PCSK9, 
and thus lower LDL-C. Inclisiran is a small interfering ribonucleic 
acid (siRNA) that prevents hepatic PCSK9 production.10 Inclisiran, in 
combination with diet and maximally tolerated statins, has been 
approved for cholesterol-lowering in patients with primary hypercholes-
terolaemia or mixed dyslipidaemia by the European Medicines Agency 
and treatment of patients with heterozygous familial hypercholesterol-
aemia (HeFH) or clinical ASCVD by the United States Food and Drug 
Administration.11,12 Three Phase III lipid-lowering trials including patients 
at high risk of CV events have shown that inclisiran reduces circulating 
PCSK9 and LDL-C.13,14 Whether lowering LDL-C with inclisiran reduces 
the risk of CV events has not yet been established and is being evaluated in 
dedicated ongoing CV outcomes trials ORION-4 (NCT03705234) and 
VICTORION-2 Prevent (NCT05030428). To provide early insights into 
the potential for this therapeutic approach, we pooled individual partici-
pant data from the Phase III lipid-lowering trials, each with 18 months of 
follow-up and together comprised of 3655 individuals, to assess the rela-
tionship between inclisiran treatment or placebo on the risk of CV events.

Methods
Study design and population
In each of the three pivotal Phase III placebo-controlled trials that evaluated 
the lipid-lowering efficacy of inclisiran, major adverse cardiovascular events 
(MACE) comprised a prespecified exploratory endpoint. The present pre-
specified analysis encompasses pooled data from the three trials. The study 
design, methods, and results for these trials have been described in detail 
previously.13,14 The same academic steering committee provided trial over-
sight for the three trials, with a single common data safety monitoring com-
mittee and identical study designs facilitating data pooling. Patients were 
randomized 1:1 in each trial to receive either inclisiran sodium 300 mg 
(equivalent to inclisiran 284 mg) or placebo subcutaneously, administered 
on Day 1, Day 90, and 6-monthly thereafter for a total duration of 18 
months. Clinic visits were scheduled on Days 30, 90, 150, 270, 330, 450, 
510, and 540.

Each trial included patients at high risk of CV events who, despite receiv-
ing maximally tolerated doses of statins, had elevated LDL-C levels. The po-
pulations studied included patients with HeFH (ORION-9), ASCVD 
(ORION-10, ORION-11), and high-risk, primary prevention patients, 
henceforth referred to as ASCVD risk equivalent (ORION-11). The latter 
consisted of individuals with no known prior history of ASCVD, but who 
had either type 2 diabetes mellitus or HeFH, or a predicted 10-year risk 
of >20% using Framingham risk score for CV disease or equivalent.

The primary population for the efficacy analyses was the 
intention-to-treat (ITT) population, which included all randomized patients. 
The primary population for the safety analyses (including the CV 

assessments) comprised of all patients who received at least one dose of 
inclisiran or placebo (see Supplementary material online, Table S1).

LDL-C levels
Changes in LDL-C from baseline to each assessment visit were measured 
up to Day 540 and have been described previously.15 The placebo- 
corrected percentage and absolute changes in LDL-C were assessed at 
the first (Day 90) and last (Day 540) visits for each trial and subsequently 
pooled without censoring for CV events that may have occurred prior to 
that visit, for the intention-to-treat population.

Cardiovascular events
None of the trials included in the present analysis were CV outcomes trials 
or had a formal endpoint adjudication committee. Therefore, the present 
analysis used CV events that were reported as adverse events (AEs) by a 
study physician and entered into the safety population database. Relevant 
AEs [MACE, myocardial infarction (MI) and stroke] were identified using 
standard nomenclature from the Medical Dictionary for Regulatory 
Activities (MedDRA) version v20.1 (see Supplementary material online, 
Table S2). A basket of MedDRA-defined CV terms was used to define 
the prespecified, non-adjudicated, exploratory endpoint of MACE (defined 
as per protocol) as a composite of cardiac death, cardiac arrest, non-fatal 
MI, and fatal and non-fatal stroke. In addition, two non-prespecified end-
points, fatal and non-fatal MI, and fatal and non-fatal stroke, were also eval-
uated using a modified definition (definitions of MACE, fatal and non-fatal 
MI and stroke can be found in the Supplementary material online, Table S2).

Statistical analysis
Evaluation of differences in LDL-C levels was based on the ITT population, 
which was prespecified for the evaluation of lipid-lowering efficacy (N = 
3660; Supplementary material online, Table S1). Treatment comparisons as-
sessing differences in LDL-C were performed using a mixed model for re-
peated measures. The restricted maximum likelihood estimation approach 
was used with the covariance structure set as unstructured. SAS (Statistical 
Analysis Software) v9.4 was used for the analysis. The analysis of MACE was 
based on the safety population, which consisted of all patients who received 
study medication (n = 3655; Supplementary material online, Table S1). The 
data were pooled and analysed using Cox regression methods as well as 
Kaplan–Meier survival analysis. Hazard ratios (HRs) were derived from 
Cox regression methods. The Kaplan–Meier method was used to estimate 
cumulative event rates, and log-rank tests were used to compare 
time-to-first event. To account for differences in the contribution of the 
number of events from different studies, and to allow for weighting of 
events for outcomes of interest, we first used the number of patients 
with events (counts) to calculate an odds ratio (OR) for each outcome 
within each of the three trials. Data were then meta-analysed based on 
the number of patients experiencing MACE in each trial. The meta-analysis 
was performed using the Mantel-Haenszel approach with the Peto method 
for pooling the studies, using the study as a fixed effect in the model.16 The 
Peto method for pooling studies was used to ensure that data from all three 
ORION studies were included in the meta-analysis, even for cases where no 
patients had an event in a study. ORs and corresponding 95% confidence 
intervals (CIs) are provided for the meta-analysis as estimates of overall ef-
fect. The meta-analysis was performed using R version 3.5.3. The ‘metafor’ 
libraries were used.

Results
Baseline characteristics
The ITT population used for efficacy analyses consisted of 3660 pa-
tients, of whom 1833 were randomly assigned to receive inclisiran 
and 1827 to receive placebo. The mean (SD) age of the total population 
was 64.0 (9.9) years, with approximately 32.5% (n = 1190) women. 

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
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While the majority had ASCVD, 15.1% (n = 553) had ASCVD risk 
equivalent. Among patients with ASCVD, approximately 89.5% (n = 
2782) had a prior or current history of coronary heart disease, 
16.4% (n = 511) had cerebrovascular disease, 10.5% (n = 325) had per-
ipheral artery disease and 37.4% (n = 1162) had diabetes. Among pa-
tients with ASCVD risk equivalent, 28.2% (n = 156) had diabetes 
mellitus, 68.4% (n = 378) had familial hypercholesterolaemia and 
20.6% (n = 114) had an estimated 10-year risk of a CV event >20%. 
CV risk factors and comorbidities were common in the overall study 
population; 44.9% (n = 1642) had chronic kidney disease (defined as 
an estimated glomerular filtration rate of ≥15 to <90 mL/min/1.73 
m2 at baseline), 12.0% (n = 440) had a prior history of congestive heart 
failure, 79.8% (n = 2919) had a history of hypertension and 15.9% (n = 
582) were current smokers. Overall, 94.0% (n = 3441) of patients were 
receiving statins or other lipid-lowering therapies at baseline, of whom 

91.8% (n = 3361) were on statins, including 73.8% on high-intensity sta-
tins and 14.2% on ezetimibe (Table 1).

Change in LDL-C levels
At baseline, the mean LDL-C was 2.88 mmol/L (111.4 mg/dL) in the 
pooled analysis. At Day 90, the placebo-corrected percentage and ab-
solute reductions in LDL-C levels from baseline were 50.6% [95% CI 
(−52.3 to −49.0); P < 0.0001] and 1.37 mmol/L [95% CI (−1.42 to 
−1.33); P < 0.0001], respectively.

Figure 1 shows the percentage and absolute changes in LDL-C levels 
in the pooled analysis and individual trials. Differences in LDL-C were 
sustained through the end of the study visit. At Day 540, the placebo- 
corrected percentage reduction in LDL-C from baseline with inclisiran 
was 51.4% [95% CI (−53.4 to −49.4); P < 0.0001] with an absolute 
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Table 1 Baseline demographic and clinical characteristics (ITT population)

Characteristics ORION-9, ORION-10 
and ORION-11 pooled15

ORION-913 ORION-1014 ORION-1114

Inclisiran Placebo Inclisiran Placebo Inclisiran Placebo Inclisiran Placebo
n = 1833 n = 1827 n = 242 n = 240 n = 781 n = 780 n = 810 n = 807

Age, years, mean (SD) 64.1 (9.98) 63.9 (9.87) 56 (47–63)a 56 (46–64)a 66.4 (8.9) 65.7 (8.9) 64.8 (8.3) 64.8 (8.7)

Male, n (%) 1226 (66.9) 1244 (68.1) 112 (46.3) 115 (47.9) 535 (68.5) 548 (70.3) 579 (71.5) 581 (72.0)

ASCVD, n (%) 1552 (84.7) 1555 (85.1) 59 (24.4) 73 (30.4) 781 (100) 780 (100) 712 (87.9) 702 (87.0)

Prior MI, n (%) 831 (45.3) 863 (47.2) 22 (9.1) 29 (12.1) 375 (48.0) 410 (52.6) 434 (53.6) 424 (52.5)

CHF, n (%) 213 (11.6) 227 (12.4) 4 (1.7) 9 (3.8) 100 (12.8) 116 (14.9) 109 (13.5) 102 (12.6)

CV risk factors, n (%)

Smoking (current) 311 (17.0) 271 (14.8) 28 (11.6) 28 (11.7) 123 (15.7) 111 (14.2) 160 (19.8) 132 (16.4)

Hypertension 1456 (79.4) 1463 (80.1) 102 (42.1) 101 (42.1) 714 (91.4) 701 (89.9) 640 (79.0) 661 (81.9)

Diabetes 687 (37.5) 631 (34.5) 20 (8.3) 28 (11.7) 371 (47.5) 331 (42.4) 296 (36.5) 272 (33.7)

Lipid-lowering 
therapy, n (%)

Statins 1686 (92.0) 1675 (91.7) 219 (90.5) 217 (90.4) 701 (89.8) 692 (88.7) 766 (94.6) 766 (94.9)

High-intensity statins 1356 (74.0) 1345 (73.6) 185 (76.4) 171 (71.3) 538 (68.9) 546 (70.0) 633 (78.1) 628 (77.8)

Ezetimibe 251 (13.7) 270 (14.8) 119 (49.2) 134 (55.8) 80 (10.2) 74 (9.5) 52 (6.4) 62 (7.7)

Anti-platelet 
therapy, n (%)

ASA 1309 (71.4) 1286 (70.4) 84 (34.7) 89 (37.1) 614 (78.6) 614 (78.7) 611 (75.4) 583 (72.2)

P2Y12i
b 442 (24.1) 499 (27.3) 12 (5.0) 13 (5.4) 283 (36.2) 312 (40.0) 147 (18.1) 174 (21.6)

Lipid measures, 
mmol/L, mean (SD)

LDL-C 2.89 (1.16) 2.87 (1.13) 3.92 (1.30) 4.00 (1.50) 2.70 (1.02) 2.71 (0.96) 2.77 (1.08) 2.68 (0.94)

HDL-C 1.26 (0.39) 1.24 (0.36) 1.33 (0.39) 1.31 (0.34) 1.20 (0.37) 1.19 (0.37) 1.29 (0.40) 1.27 (0.36)

HbA1c (%), median (IQR) 5.9 (5.6, 6.5) 5.9 (5.6, 6.5) 5.6 (5.4, 5.9) 5.5 (5.4, 5.8) 6.1 (5.6, 7.0) 6.0 (5.6, 6.9) 5.9 (5.6, 6.5) 5.9 (5.6, 6.4)

aAge, years, mean (IQR). 
bP2Y12i includes clopidogrel, prasugrel, and ticagrelor. 
ASA, acetylsalicylic acid; ASCVD, atherosclerotic cardiovascular disease; CHF, congestive heart failure; CV, cardiovascular; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein 
cholesterol; ITT, intention-to-treat; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; n, number of patients; P2Y12i, purinergic signalling 
receptor Y12 inhibitor; SD, standard deviation.
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reduction of 1.38 mmol/L [95% CI (−1.44 to −1.33); P < 0.0001] in the 
pooled analysis (Figure 1).

Risk of reported major adverse 
cardiovascular event, myocardial 
infarction, stroke, and death
The safety population included a total of 3655 patients (inclisiran [n = 
1833]; placebo [n = 1822]). Incidence of reported MACE, fatal and non- 
fatal MI, and fatal and non-fatal stroke are provided in Table 2. Overall, 

fewer patients who received inclisiran experienced MACE compared 
with placebo (131 vs. 172), reflecting differences in annualized rates 
of 5.35 per 100 person-years vs. 7.71 per 100 person-years, respective-
ly. Similarly, there were fewer fatal and non-fatal MI (33 vs. 41), and fatal 
and non-fatal stroke (13 vs. 15) events among those allocated inclisiran 
as compared with those receiving placebo. At Day 540, Kaplan–Meier 
estimate rates for MACE, fatal and non-fatal MI, and fatal and non-fatal 
stroke were 7.4% vs. 9.5%, 1.9% vs. 2.3% and 0.7% vs. 0.9% in the incli-
siran and placebo treatment groups, respectively (Figure 2). Using the 
Cox regression, the HR for inclisiran vs. placebo was 0.75 (95% CI 
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Figure 1 Mean placebo-corrected percentage and absolute changes in LDL-C from baseline to (intention-to-treat population): (A) Day 90 and (B) Day 
540. Values shown are mean treatment difference (inclisiran vs. placebo) and error bars represent the 95% confidence interval (mixed model repeated 
measures analysis); P < 0.0001 for all.
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0.60–0.94) for MACE, 0.81 (95% CI 0.51–1.29) for fatal and non-fatal 
MI, and 0.80 (95% CI 0.39–1.67) for fatal and non-fatal stroke 
(Figure 2). Synthesis of data from each trial using inverse weighting 
and combined using a fixed effects meta-analysis are shown in 
Figure 3. OR for risk of each endpoint were consistent with 
time-to-event analyses for inclisiran vs. placebo for MACE [OR (95% 
CI): 0.74 (0.58–0.94)], fatal and non-fatal MI [OR (95% CI): 0.80 
(0.50–1.27)], and fatal and non-fatal stroke [OR (95% CI): 0.86 (0.41– 
1.81)]. Finally, regarding cause-specific mortality, there were 17 vs. 15 
CV deaths and 10 vs. 12 non-CV deaths in inclisiran and placebo groups, 
respectively, which reflect an overall 27 deaths from any cause in the 
inclisiran group and 27 deaths in the placebo group.

Other safety parameters
Inclisiran was well-tolerated, except for the clinically relevant AEs at 
the injection site, which were more frequent in patients treated 
with inclisiran compared with placebo [n = 91 (5%) vs. n = 12 
(0.7%); risk ratio (95% CI), 7.54 (4.14–13.71)]. Notably, the clinic-
ally relevant AEs at the injection site in the treatment arms were 
mostly mild [n = 67 (3.7%) vs. 11 (0.6%); RR (95% CI), 
6.05 (3.21–11.42)], few moderate [n = 24 (1.3%) vs. n = 1(0.1%); 
RR (95% CI), 23.86 (3.23–176.15)] and none were severe or per-
sistent. Additionally, a modest excess of mild–to–moderate bron-
chitis was reported in patients treated with inclisiran vs. placebo 
[n = 78 (4.3%) vs. n = 50 (2.7%); RR (95% CI), 1.55 (1.09–2.20)]. 
Laboratory evaluations that included liver and renal function tests, 
creatine kinase and platelet counts were similar between the two 
treatment groups.15

Discussion
This prespecified, patient-level, pooled analysis, including 3655 (safety 
population) high-risk patients (reflecting 2653 patient-years of follow- 
up with inclisiran), reported 303 patients with MACE, including 74 pa-
tients with fatal and non-fatal MI, and 28 patients with fatal and non-fatal 
stroke. The data presented here showed that the addition of inclisiran 
to background lipid-lowering therapies was associated with a 26% low-
er probability of MACE [OR (95% CI): 0.74 (0.58, 0.94)] and favourable 
trends towards a lower risk of fatal and non-fatal MI compared with pla-
cebo (Structured Graphical Abstract). Strokes occurred infrequently in 

the trials, though were numerically less in the inclisiran treatment 
arm. Observed differences in CV outcomes with inclisiran treatment 
were achieved in a pooled cohort with a baseline LDL-C of approxi-
mately 2.88 mmol/L (111.4 mg/dL), despite background statin use in 
91.8% of patients and ezetimibe in 14.2%. In accordance with the pre-
specified statistical analysis plan, the comparison of inclisiran with pla-
cebo for lipid-lowering utilized the ITT population, while the 
comparison for MACE utilized the safety population. These two popu-
lations differed by only 5 patients. Overall, the reported rate of AEs 
with inclisiran was similar to that of placebo, apart from bronchitis 
and clinically relevant AEs at the injection site, which were more fre-
quent with inclisiran but were generally mild, and none were persistent. 
These safety and tolerability findings are consistent with those previ-
ously reported in the individual studies and in a prior detailed pooled 
safety analysis.13–15

Meta-regression analyses of large CV outcomes trials with a long 
follow-up duration suggest that each one mmol/L (38.7 mg/dL) reduc-
tion in LDL-C levels leads to a 23% reduction in the rate of MACE, ir-
respective of the therapy used to lower LDL-C.17 Therefore, after diet 
and lifestyle, lowering LDL-C through pharmacological approaches is an 
important strategy for the prevention of ASCVD and CV events, in 
both high-risk primary and secondary prevention settings.2,18

However, the CV benefits derived from a one mmol/L lowering of 
LDL-C levels in the first year of statin treatment are approximately 
half than those observed in later years.2 CV outcomes trials with 
PCSK9 mAbs demonstrate similar findings with greater benefits ob-
served in the second and subsequent years compared with the first 
year of treatment.6,19 Notably, the relative benefits derived each year 
with PCSK9 mAb treatment is statistically indistinguishable from those 
observed with statins when standardized for LDL-C difference.20 In the 
SPIRE-2, FOURIER, and Cholesterol Treatment Trialists Collaboration 
(CTT) studies, the relative risk reductions per 1 mmol/L LDL-C lower-
ing in year one of treatment were 14% [HR (95% CI): 0.86 (0.75, 0.98)], 
13% [HR (95% CI): 0.87 (0.79, 0.97)] and 12% [HR (95% CI): 0.88 (0.84, 
0.93)], respectively.20 The narrower CI reported with statins likely re-
flects the greater precision around the point estimate, derived from the 
accumulation of a larger number of events in the CTT meta-analysis vs. 
individual PCSK9 mAb trials. In year 2 of treatment in the FOURIER trial 
and CTT meta-analysis, the CV risk reductions per 1 mmol/L LDL-C 
decrease were 22% [HR (95% CI): 0.78 (0.71, 0.86)] and 23% [HR 
(95% CI): 0.77 (0.73, 0.82)], respectively, providing a combined 

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

Table 2 Cardiovascular events in the ORION-9, ORION-10, and ORION-11 trials (Safety population)a

Variable Trials Inclisiranb 

n (%)
Events Placebob 

n (%)
Events Odds ratio (95% CI)

MACE Pooled ORION-9, ORION-10 and ORION-11 131 (7.1) 141 172 (9.4) 201 0.74 (0.58–0.94)

ORION-9b 10 (4.1) 10 10 (4.2) 11 1.00 (0.41–2.44)

ORION-10b 58 (7.4) 66 79 (10.2) 90 0.71 (0.50–1.01)

ORION-11b 63 (7.8) 65 83 (10.3) 100 0.73(0.52–1.03)

Fatal and non-fatal MI Pooled ORION-9, ORION-10 and ORION-11 33 (1.8) 34 41 (2.3) 45 0.80 (0.50–1.27)

Fatal and non-fatal stroke Pooled ORION-9, ORION-10 and ORION-11 13 (0.7) 14 15 (0.8) 16 0.86 (0.41–1.81)

Values shown are n (%) unless otherwise indicated. Definitions of MACE, fatal and non-fatal MI, and fatal and non-fatal stroke are provided in the Supplementary material online, Table S2. 
aThe safety population included all the patients who received at least one dose of inclisiran or placebo. 
bNumber of patients in the inclisiran vs. placebo arms in the pooled and the individual ORION-9, ORION-10 and ORION-11 were 1833 vs. 1822, 241 vs. 240, 781 vs. 778, and 811 vs. 804, 
respectively. 
CI, confidence interval; MACE, major adverse cardiovascular event; MI, myocardial infarction.

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
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Figure 2 Kaplan–Meier curves depicting the cumulative event rate (safety population): (A) major adverse cardiovascular event, (B) fatal and non-fatal 
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reduction in risk over 2 years of 17% [HR (95% CI): 0.83 (0.70, 0.90)] 
and 17% [HR (95% CI): 0.83 (0.80, 0.86)], respectively. Although the ab-
solute reduction in LDL-C in the present study was 1.38 mmol/L 
(53.5 mg/dL), the exposure time was only 18 months. Nevertheless, 
it is encouraging that the observed point estimate of 0.74 (albeit with 
wide CIs) in reported MACE is broadly consistent with observations 
from these larger studies. The benefit of lipid-lowering therapy with 
PCSK9 inhibitors on CV events, in particular, any impact on death, re-
quires greater long-term absolute reduction of LDL-C levels, as sug-
gested by the recent open label extension of the FOURIER trial and 
the randomized findings from the longer-term ODYSSEY 
OUTCOMES trial.21,22 In the analysis presented here, the full effect 
on CV events is limited by the short time of exposure to LDL-C low-
ering with inclisiran.

There are limitations of the present analysis that merit consider-
ation. First, none of the individual component trials or the three 
trials in aggregate were powered to provide a reliable estimate of 
the CV benefits of inclisiran. Nonetheless, the number of MACE 
in the current analysis (∼300) is substantially greater than that in 
comparable analyses of the Phase III lipid-lowering trials with 
PCSK9 mAbs, that preceded the outcomes trials with those 
agents.5,23 Accurate determination of the effects of a lipid-lowering 
therapy on CV events requires studies that are larger and of longer 
duration than the current ones, with an accrual of several-fold more 
events. A second limitation is that ascertainment of MACE was 
based on investigator-reported AE-reporting rather than blinded 
adjudication by a panel of experts. Recent analyses of large CV 

outcomes trials have shown that the adjudicated rate of MACE is 
somewhat lower than the investigator-reported rate, but treatment 
hazard ratios differ minimally.24,25 Finally, whilst prespecified, it 
should be recognized that this analysis of MedDRA-defined CV 
terms was an exploratory analysis of the ORION-9, ORION-10 
and ORION-11 trials.

With these caveats, the point estimates for MACE and specific CV 
events in the current analysis should be considered hypothesis- 
generating. The definitive test of the hypothesis that twice-yearly ad-
ministration of inclisiran reduces MACE in patients with clinical 
ASCVD or high CV risk awaits results of the ongoing ORION-4 and 
VICTORION-2 Prevent trials. Each of these trials will enrol approxi-
mately 15 000 patients with clinical ASCVD and elevated LDL-C des-
pite statin therapy, with an expected median follow-up of 
approximately 5 years and accrual of approximately 1600 to 1700 
blindly adjudicated events.

In conclusion, this pooled analysis of high-risk patients with elevated 
LDL-C offers early insights into the potential CV benefits of inclisiran 
and suggests that this approach may provide CV benefits. These poten-
tial benefits of inclisiran should be considered in the context of a gen-
erally good tolerability profile, including a modest excess of 
mild-to-moderate AEs at the injection site and bronchitis compared 
with placebo.

Supplementary material
Supplementary material is available at European Heart Journal online.

A Summary effects of MACE, fatal and non-fatal MI and fatal and non-fatal stroke

B  MACE by individual study
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Figure 3 Fixed effects meta-analysis of the safety population: (A) major adverse cardiovascular event, fatal and non-fatal myocardial infarction and fatal 
and non-fatal stroke (pooled data from ORION-9, ORION-10 and ORION-11), and (B) major adverse cardiovascular event by individual study. 
*Inclisiran, n = 1833; †Placebo, n = 1822. The meta-analysis used the Peto method16 for pooling studies to ensure that patients enrolled in 
ORION-9 were included in the analysis, although there were no reported stroke events in the ORION-9 trial. The model used for the meta-analysis 
included study as a fixed effect. The major adverse cardiovascular event count included treatment emergent adverse events and non- treatment emer-
gent adverse events. Fatal and non-fatal stroke counts included only serious adverse events. Definitions of major adverse cardiovascular event, fatal and 
non-fatal myocardial infarction, and fatal and non-fatal stroke are provided in the Supplementary material online, Table S2. Test of heterogeneity and 
I2for major adverse cardiovascular event or adverse cardiovascular event, Q = 0.48 P = 0.79; I2 = 0.00%.

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac594#supplementary-data
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