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HIGHLIGHTS: 

-Inclisiran is a siRNA inhibiting synthesis of PCSK9 protein in hepatocytes. 

-The effects of the drug persist longer than of other approved lipid-lowering drugs. 

-In clinical trials it maximally reduced LDL-C concentration by 52.6% at day 180 
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ABSTRACT: 

Drugs reducing plasma concentrations of apolipoprotein-B (ApoB) containing lipoproteins 

have been demonstrated to reduce the risk of cardiovascular disease (CVD) in both primary and 

secondary prevention. Despite the demonstrated efficacy of statins and ezetimibe on low-density 

lipoprotein (LDL) concentration and long-term CVD risk, a large number of patients do not achieve 

their therapeutic goals. The introduction of monoclonal antibodies against proprotein convertase 

subtilisin/kexin type 9 (PCSK9) protein was a milestone in the treatment of lipid disorders, as their 

administration leads to unprecedentedly low LDL-C concentrations. Inclisiran represents an entirely 

new mechanism of PSCK9 protein inhibition in hepatocytes, targeting the messenger RNA 

(mRNA) for PCSK9. Its administration is necessary only every 3-6 months, which is an essential 

advantage over statin and monoclonal antibody therapy. The infrequent administration regimen can 

increase the number of patients who maintain their therapeutic goals, especially in patients 

struggling to comply with daily or biweekly pharmacotherapy.  

Preclinical studies and Phase I and Phase II clinical trials of inclisiran have demonstrated its 

tolerability and efficacy in promoting long-term reduction of both PCSK9 protein and LDL-C. The 

efficacy and safety of inclisiran will continue to be assessed in ongoing and forthcoming trials on 

larger patient groups. If the results of these trials reflect previously published data, they will add 

further evidence that inclisiran might be a revolutionary new tool in the pharmacological 

management of plasma lipids. This review summarizes the currently available literature data on 

inclisiran with respect to its mechanism of action, effectiveness and safety as a lipid-lowering drug 

for CVD prevention. 
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ABBREVIATIONS: 

ALT  Alanine aminotransferase 

ASCVD Atherosclerotic cardiovascular disease 

CHD  Coronary heart disease 

CRP  C-reactive protein 

CVD  Cardiovascular disease 

FH  Familial hypercholesterolaemia 

HeFH  Heterozygous familial hypercholesterolaemia 

HoFH   Homozygous familial hypercholesterolaemia 

FOURIER Further Cardiovascular Outcomes With PCSK9 Inhibition in Subjects with Elevated 

Risk 

GGTP  γ-glutamyltransferase 

HDL  High-density lipoprotein 

HDL-C High-density lipoprotein cholesterol 

LDL  Low-density lipoprotein 

LDL-C  Low-density lipoprotein cholesterol 

MI  Myocardial infarction 

RISC  RNA-induced silencing complex 

RNA   Ribonucleic acid 

ULN  Upper limit of normal 

VLDL  Very low-density lipoprotein 
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INTRODUCTION 

Among the risk factors for cardiovascular diseases (CVD), lipid disorders are one of the most 

common and perilous [1]. According to the results of Multi-centre National Population Health 

Examination Survey (WOBASZ II), the prevalence of dyslipidaemias in the Polish population 

above 20 years old is 70.3% and 64.3% in men and women respectively [2]. The current European 

Society of Cardiology guidelines for dyslipidaemia [3] along with the joint guidelines of Polish 

Lipid Association, College of Family Physicians in Poland and Polish Cardiac Society [4] 

emphasise the role of elevated low-density lipoprotein cholesterol (LDL-C) concentrations in the 

development of atherosclerosis. Moreover, both 2018 American Guidelines and 2016 Canadian 

Cardiovascular Society Guidelines for the management of lipid disorders also stress the benefits of 

CV risk reduction derived from effective treatment of hyperlipidaemia [5, 6]. 

High LDL-C levels significantly increase the risk of major adverse cardiovascular events 

(MACE) and contribute to premature morbidity and mortality. Therefore, the guidelines promote 

appropriate control and management of dyslipidaemias. The gold standard in the pharmacological 

treatment of hypercholesterolaemia is therapy with statins. The results of a large meta-analysis of 

26 randomised clinical trials indicate that reduction of LDL-C concentration by 39 mg/dL reduces 

the risk of all-cause mortality by 10%, the risk of cardiovascular (CV) mortality by 20% and the 

risk of coronary revascularisation by 19% [7]. However, data derived from large prospective studies 

and clinical registries indicate that a sizeable proportion of patients taking statins do not reach their 

therapeutic target, even when the highest tolerated doses of statins are administered [8, 9]. 

Furthermore, chronic treatment with statins is associated with the occurrence of adverse effects, 

predominantly myalgia and myopathies [10, 11]. Real or perceived adverse effects are a major 

cause of treatment discontinuation. 

 As lipid disorders are becoming increasingly widespread and statin therapy has some major 

limitations, new approaches to lipid-lowering therapy are being investigated. Inclisiran, which is 

currently being evaluated in clinical trials, is one of the most highly promising new agents. 
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Inclisiran is a small interfering ribonucleic acid (siRNA). It inhibits synthesis of proprotein 

convertase subtilisin/kexin type 9 (PCSK9), one of the most important proteins in LDL-C 

metabolism. The purpose of this article is to review the currently available literature data on 

inclisiran concerning its mechanism of action, effectiveness and safety as a lipid-lowering drug for 

the prevention of CVD. 

 

The role of PCSK9 in LDL-C metabolism 

PCSK9 is one of the most important regulators of LDL-C metabolism. It is synthesized and 

modified in the endoplasmic reticulum of hepatocytes and promotes the lysosomal degradation of 

cell-membrane LDL receptors (Figure 1) [12]. After secretion into the plasma, PCSK9 is attached 

to the EGF-A domain of the LDL receptor, and such complex is internalized into the hepatocyte 

[13]. Moreover, there is evidence that PCSK9 protein chaperones the LDL receptor through the 

intracellular pathway [14, 15]. Via both aforementioned mechanisms of PCSK9 functioning, the 

LDL receptor does not follow its physiological pathway of return to the hepatocytic membrane, but 

undergoes transfer to the lysosome, where it is degraded. Hence, decreased presence of LDL 

receptors on the hepatocytes causes a reduced clearance of plasma LDL-C, and consequently 

increased concentration of circulating LDL-C. Furthermore, PCSK9 inhibits the intracellular 

degradation of apolipoprotein B, a protein constituent of LDL and very low-density lipoprotein 

(VLDL) particles [16, 17]. Although PCSK9 gain-of-function mutation is not the most prevalent 

genetic mutation responsible for development of familial hypercholesterolaemia (FH), it constitutes 

almost 1% of the mutations in this population of patients [18]. FH can exist in both homozygous 

and heterozygous forms. Homozygous FH (HoFH) is associated with LDL-C concentrations 

substantially higher then the reference ranges and results in very high CV risk, even in the very 

early years of life. HoFH is extremely rare, with prevalence in the majority of populations of around 

1:300.000 [19]. In contrast, heterozygous FH (HeFH) is much more prevalent, and although in the 

past it was estimated to affect around 1 in 500 adult citizens, the more recent data derived from 
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unselected populations provide a stronger support for the prevalence of around 1:200 adults [20, 

21]. The patients with FH are facing a significantly higher risk of coronary heart disease (CHD) 

than members of the general population. The authors of consensus statement of the European 

Atherosclerosis Society indicate that in average, the 12-year old patient with HoFH has the similar 

risk of developing CHD as 35-year old patient with HeFH and as a 55-year old patient without FH 

[22]. According to the results of Simon Broome Registry, the risk of developing a major adverse 

CV event in the population of 60-year-old patients with HeFH is 50% for men and 30% for women 

[23]. However, an early introduction of statin therapy in patients with HeFH can almost equalize 

their risk of CVD with the general population [22]. Moreover, in our recent study, we have shown 

that an introduction of a high-intensity statin treatment after an acute coronary syndrome (ACS) can 

almost equalize the long-term outcomes in patients with and without clinically diagnosed FH [24] 

In contrast to the poor outcomes observed in patients with FH, loss-of-function mutations of 

PCSK9 significantly reduce LDL-C concentration, and CV risk without notable adverse effects in 

other organs and systems [25, 26]. Therefore, PCSK9 inhibition has emerged as an interesting new 

therapeutic approach to the management of patients with lipid disorders. 

 

Currently available anti-PCSK9 agents 

Soon after the role of PCSK9 in the lipid metabolism had been established, attempts were made 

to suppress its biological activity. Approaches included the inhibition of specific messenger RNA 

(mRNA) translation, reduction of PCSK9 hepatocyte secretion and reduction of serum PCSK9 

concentrations using monoclonal antibodies binding to this protein [27, 28]. Of these approaches, 

only monoclonal antibodies have so far gained regulatory approval for regular administration in the 

patients with hypercholesterolaemia. Two antibodies, alirocumab and evolocumab, have been 

approved. Both are fully human, specific, monoclonal antibodies that bind to the PCSK9 protein. 

Their primary mechanism of action is based on the capturing of the circulating fraction of this 

protein, which blocks binding to the EGF-A domain on the LDL receptor described before. 
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Administration of these drugs leads to a substantial reduction in plasma LDL-C in healthy 

volunteers and patients with lipid disorders [29], with the maximal reductions of LDL-C in RCTs 

after 12-52 weeks reaching 83% when compared with placebo [30]. However, due to specific 

interaction with only circulating, thus extracellular, serum fraction of PCSK9, a monoclonal 

antibody cannot influence the intracellular portion of the protein inside the hepatic cell. 

Nevertheless, the clinical value of its intracellular activity remains unknown and further studies are 

required to establish, whether it conveys a clinical significance. 

In the Further Cardiovascular Outcomes With PCSK9 Inhibition in Subjects with Elevated Risk 

(FOURIER) trial, 27,564 patients with stable CHD, but high CV risk were randomized to receive 

either placebo or subcutaneous injections of evolocumab [31]. The patients were required to have 

baseline LDL-C level higher or equal to 70 mg/dL or non-HDL-C level higher or equal to 100 

mg/dL despite the treatment with moderate to high intensity statin, to participate in the trial. The 

primary composite endpoint of the study consisted of CV death, myocardial infarction, stroke, 

hospitalization for unstable angina, or coronary revascularization, while the key secondary endpoint 

constituted CV death, myocardial infarction and stroke. Median LDL-C after 48-week therapy was 

reduced from 92 mg/dL to 30 mg/dL and the reduction in LDL-C levels was followed by a 

significant, 1.5% absolute reduction in the incidence of the primary endpoint in comparison with 

intensive statin therapy at a median of 22 months and a 2.0% absolute reduction of this endpoint in 

36-month follow-up [31]. Moreover, treatment with evolocumab significantly reduced the 

concentration of triglycerides (in average by 16.2% at week 48) and lipoprotein (a) (by 26.9% at 

week 48) [31] with a similar safety profile to placebo. There were no significant differences in the 

overall occurrence of any adverse effects apart from the injection-site reactions which occurred in 

2.1% versus 1.6% in the placebo group [31]. Worth noting is that the occurrence of the adverse 

effects most frequently responsible for the discontinuation of statin therapy, such as muscle-related 

events or elevation of hepatic biomarkers was not increased by treatment with evolocumab.  
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Before the beginning of the trial, there had been concerns about neurocognitive function in 

patients with extremely low LDL-C levels [32]. Hence, in order to assess the cognition of patients 

recruited in the FOURIER trial, the Evaluating PCSK9 Binding Antibody Influence on Cognitive 

Health in High Cardiovascular Risk Subjects (EBBINGHAUS) study was performed. In contrast to 

the initial doubts regarding the safety of evolocumab, no evidence of serious evolocumab-

associated adverse neurocognitive events was found during the study in the median follow-up of 

19.4 months [33]. The results were consistent even in patients with LDL-C levels lower than 10 

mg/dL [34].  

The ODYSSEY OUTCOMES trial was conducted on 18,924 patients who had had an ACS one 

to twelve months before randomization [35]. The initial lipid profile inclusion criteria were similar 

as in FOURIER, with an additional possible criterion of apolipoprotein B levels higher or equal to 

80 mg/dL. To be enrolled in the study, the patients must have had a high-intensity or maximally 

tolerated dose statin therapy. According to the study protocol, the dose of alirocumab was adjusted 

to target the LDL-C concentration between 25 mg/dL and 50 mg/dL. After 48-weeks, treatment 

with alirocumab was associated with a 54.7% reduction in LDL-C concentration in comparison 

with statin treatment (53.3 mg/dL vs 101.4 mg/dL) [35]. The reduction in LDL-C resulted in a 

significant reduction of MACE risk (death from CHD, nonfatal myocardial infarction, fatal or 

nonfatal ischemic stroke, or unstable angina requiring hospitalization) which was reduced by 15% 

with an absolute risk reduction of 1.6% in the intention-to-treat analysis during a median follow-up 

of 2.8 years. It is worth noting that the highest treatment efficacy was observed in patients with 

baseline LDL-C concentration exceeding 100 mg/dL and according to subanalyses of the trial, no 

significant differences were observed in the overall efficacy and safety profile with regard to any 

analysed subgroup [35].  

A third monoclonal antibody against PCSK9, bococizumab, has been evaluated in clinical 

trials. As it was non-fully human antibody, antidrug antibodies developed in 48% of the patients 

who received bococizumab and neutralizing antibodies developed in 29%, which in some affected 
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patients substantially attenuated LDL-cholesterol lowering over time. As a result - although 

treatment with bococizumab was associated with a 21% reduction of the risk of MACE at 12-month 

follow-up - due to immunogenicity  and variability of LDL response, bococizumab was withdrawn 

from further development [36].  

The results of the large clinical trials with PCSK9 inhibitors led to significant changes in the 

recent European and American guidelines for the management of lipid disorders. The incremental 

value of anti-PSCK9 monoclonal antibodies is expressed in the recent American Guidelines on the 

Management of Blood Cholesterol [5]. The recommendations state that although their long-term 

safety is still uncertain, an addition of PSCK9 inhibitors is reasonable in the very-high risk patients 

or patients with primary hypercholesterolaemia already treated with maximal tolerated combined 

therapy with statins and ezetimibe, who cannot reach their therapeutic goal [5]. In the recent, 2019 

ESC/EAS Guidelines for the management of lipid disorders, PCSK9 inhibitors are mentioned as a 

part of combined therapy for patients in secondary prevention of CVD along with patients with FH 

and very high CV risk, who don’t achieve their therapeutic goals on a maximal tolerated dose of 

statin and ezetimibe [3]. 

Vaccination against PCSK9 represents an interesting direction for future investigation. 

According to currently available data from studies on animals, vaccination against PCSK9 protein 

reduces LDL-C concentration by nearly half, and the effect persists for over 40 weeks [37]. Such 

long-term efficacy could result in a dosing regimen that was attractive to patients. The results of a 

clinical study currently being conducted (NCT02508896) will shed new light on this novel 

approach to the treatment of hypercholesterolaemia. 

In this context, it is notable that a meta-analysis encompassing fifteen randomised clinical trials 

has demonstrated that statin treatment increases the concentration of serum PCSK9 regardless of 

statin used [38]. It is believed that this mechanism might contribute to the incomplete efficacy of 

statin pharmacotherapy in some patients. Therefore, from the molecular point of view, simultaneous 
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treatment with PCSK9 inhibitors and statins is a rational combination which results in additional 

lipid-lowering, such as demonstrated in FOURIER and ODYSSEY OUTCOMES trials [31,35]. 

 

Inclisiran-molecular structure and properties 

Inclisiran (ALN-PCSSC; ALN-60212) is a short-chain, synthetic, siRNA, which inhibits the 

expression of the PCSK9 gene [39]. Inclisiran specifically binds to the mRNA precursor for this 

protein, which then undergoes degradation. Due to this unique mechanism of action, a molecule of 

the drug can concomitantly reduce both intra- and extracellular PCSK9 protein levels, which results 

in a substantial, long-lasting reduction of LDL-C concentrations. The inclisiran molecule consists of 

two complementary strands of ribonucleic acid strands; out of which one plays the role of a guide 

strand, while the latter is called the passenger strand.  

siRNAs exert their action by the activation of the natural pathway of selective gene expression 

silencing. Once the inclisiran molecule has been incorporated into the hepatocyte, the guide strand 

binds to a multiprotein complex named RISC (RNA-induced silencing complex). Afterwards, the 

guide strand undergoes hybridization with complementary mRNA for PCSK9 and induces its 

degradation. Concerning the long-term efficacy, it is notable that the silencing complex remains 

active after mRNA degradation has occurred. Thus a single molecule of siRNA delivered to the 

hepatocyte can specifically interfere with the expression of multiple mRNA molecules. Degradation 

of mRNA for PCSK9 limits its translation and therefore reduces synthesis and secretion of this 

protein into the vascular system leading to a substantial reduction of serum LDL-C [39]. The 

discovery of the mechanism of RNA interference led to the award of the Nobel Prize in Physiology 

or Medicine in 2006 to Andrew Fire and Craig Mello. 
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Figure 1: Low-density lipoprotein cholesterol (LDL-C) metabolism and the role of the LDL  
receptor and proprotein convertase subtilisin/kexin type 9 (PCSK9) in the hepatic influx of LDL. 1-
4: Intracellular actions of inclisiran 1) Inclisiran small interfering RNA molecule, 2) RNA-induced 
silencing complex (RISC) formation 3) RISC complex binds to the complementary mRNA strand 
of PCSK9 4) mRNA strand is cleaved by the RISC complex. A-D: hepatic degradation of LDL 
receptor mediated by PCSK9 A: PCSK9 binds to the LDL receptor attached to the cellular 
membrane, B: The complex is internalised into the endosome, C: LDL receptor is degraded in the 
lysosome by the proteolytic enzymes.  I-V: Metabolism of LDL internalisation from the surface of 
hepatocyte: I: LDL binds to the receptor, II: The complex is internalised into the endosome and 
then, III: The LDL particle is transferred to the lysosome IV: where it is digested, while V: LDL 
receptor is recycled to the hepatocyte plasma membrane. 
 
 

Pharmacodynamics 

An early predecessor of Inclisiran- the ALN-PCS molecule - was encompassed in a lipid 

nanoparticle. The spherical structure resulted in a rapid 70% reduction of both PCSK9 mRNA and 

protein concentrations, along with a 60% reduction in LDL-C concentrations lasting for three weeks 

in an animal model [40]. In healthy volunteers, the largest effect after a 60-minute infusion of the 

drug was a 70% reduction of PCSK9 protein along with 40% reduction of LDL-C levels on the 

third day of follow-up [41].  
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Studies on ALN-PCS were followed by the introduction of ALN-PCSSC, which possesses an 

additional synthetic triantennary N-acetylgalactosamine (GalNAc) bound to its structure. Addition 

of GalNAc significantly increased its clinical efficacy and duration of action through increased 

adhesion to the cellular membrane of hepatocyte and specificity to liver cells. 

GalNAC is complementary to asialoglycoprotein receptors on the hepatocyte. It has been 

demonstrated that 24 hours after intravenous administration, there were no drug molecules in 

serum, which confirms specific drug influx into the liver. The lack of activity on peripheral tissues 

reduced the risk of potential adverse effects on organs other than the liver. A linear relationship 

between dose and efficacy was observed and substitution of molecules in the polynucleotide strands 

with 2’-O-methylnucleotides or 2’-O-fluoronucleotides led to increased stability of the drug. In 

preclinical studies conducted on animal models, the therapeutic dose associated with 50% PCSK9 

inhibition was 1 mg/kg of body mass, and administration of the highest dose exceeding 3 mg/kg of 

body mass leads to inhibition of PCSK9 by 85% and a 60% reduction in LDL-C concentrations 

[40]. An additional clinical benefit of the modified molecule is derived from the way the drug is 

administered. While ALN-PCS requires intravenous infusion, ALN-PCSSC can be injected 

subcutaneously.  

 siRNAs are one of two most frequently used strategies for gene expression silencing, the 

second being antisense oligonucletides (ASO). Although they both act in the mechanism of natural 

gene expression pathway silencing, they possess a few differences with clinical implications that 

are worth mentioning. One of the most important drawbacks of siRNA in comparison with ASO 

molecules is its significantly lower affinity to the targeted molecule [42]. In combination with 

different cellular action location (ASOs act predominantly in the nucleus, while the activity of 

siRNA is restricted to cytoplasm [43]), it presumably increases the risk of off-target hybridization 

and adverse effects. On the other hand, ASOs require more frequent administration, and in the past 

concerns were raised on the development of thrombocytopaenia in patients treated with ASOs [44]. 

Among currently available ASOs, worth mentioning are mipomersen and volanesorsen, the former 
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used in the treatment of HoFH and the latter to treat familial chylomicronemia [45-47]. Despite 

their significant efficacy in reducing target lipoprotein levels (mipomersen reduced LDL-C in 

patients with HoFH by 36% while volanesorsen triglyceride concentration by 77%), they exert 

multiple adverse effects. In patients treated with mipomersen, the most frequent adverse reactions 

were injection site-reactions and influenza-like symptoms (which occurred in respectively almost 

90% and almost 50% of patient treated with mipomersen), while patients treated with volanesorsen  

complained mostly of injection-site reactions and thrombocytopaenia, which occurred in 

respectively 61% and 45% patients included in the Phase III trial with the drug [45-47]. 

Nonetheless, despite the results of the large analysis by Crooke et al, who found no cumulative 

evidence of the thrombocytopaenic activity of ASOs based on 16 clinical trials with various 

molecules, the U.S. Food and Drug Administration rejected the application specifically for 

volanesorsen, mostly due to thrombocytopaenia suggesting a risk for bleeding in patients treated 

with the drug [48]. However, as both mipomersen or volanesorsen are lacking GalNAc ligand 

described above, the adverse effects they exert could be caused by their low tissue specificity and 

an addition of the GalNAc group could potentially improve their safety profile.  

In the past, SPC5001, a specific ASO against PCSK9 underwent phase I study, but due to 

significant number of injection site reactions and signs of nephrotoxicity, the development of the 

drug was terminated [49]. Therefore, despite their minor disadvantages, the near future of gene 

silencing in the inhibition of PCSK9 seems open for siRNA molecules. 

Pharmacokinetics 

The highest concentration of ALN-PCS is reached almost immediately after completion of the 

60-minute intravenous infusion. The maximal concentration and area under the curve of drug 

concentration rise in a relatively linear relationship with its dose [41]. Modification of the molecular 

structure of ALN-PCSSC led to substantial increases in stability and prolonged biological activity 

[50]. In the studies conducted on mice, the largest reduction of PCSK9 protein and LDL 

concentration were achieved approximately twenty days after subcutaneous drug injection, 
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independently of the dose administered. The higher the dose of ALN-PCSSC, the longer lipid-

lowering effect persisted. A small but progressive increase in LDL concentration was observed 90-

120 days after injection [39]. Phase 1 studies indicated, that 180 days after drug administration no 

lipid-lowering effect was observed in doses lower than 300 mg [39].   

 

Phase I and Phase II studies 

Convincing results of preclinical studies on inclisiran triggered the initiation of clinical trials to 

obtain regulatory approval for its use in pharmacotherapy of lipid disorders. In the phase I trial 

(NCT01437059) 32 healthy volunteers with LDL-C levels exceeding 116 mg/dL were administered 

a single intravenous, 60-minute infusion of different doses of ALN-PCS. The primary endpoint of 

the study was the assessment of safety and tolerance of the drug. The secondary endpoint was the 

determination of pharmacokinetics of the drug and its pharmacodynamic effects on the 

concentrations of PCSK9 protein and LDL-C. Twenty-four participants were randomly assigned to 

receive inclisiran (in doses ranging from 0.015 mg/kg to 0.4 mg/kg), and eight were given a 

placebo. No difference in the occurrence of adverse effects associated with drug administration was 

observed between the control and drug group, thus confirming that inclisiran is well-tolerated. It 

was observed that administration of the highest (0.4 mg/kg) dose was associated with a reduction of 

serum PCSK9 by nearly 70% and LDL-C by 40%. The lipid-lowering effect of ALN-PCS was 

observed across all doses of inclisiran and was greatest when the baseline concentration of LDL-C 

was highest [41].  

The first phase I study on the safety of subcutaneously administered ALN-PCSSC was 

published at the end of 2016 [39]. This randomised, placebo-controlled trial was conducted on 24 

healthy volunteers with LDL-C higher than 100 mg/dL. The patients underwent randomization to 

either a single dose of ALN-PCSSC in doses ranging from 25 mg to 800 mg or multiple injections 

of this drug in doses from 125 to 500 mg with intervals of at least one week between 

administrations. Significant reduction of PCSK9 concentration was observed after administration of 
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a single dose of at least 300 mg of the drug. In order to significantly reduce LDL-C concentration, a 

single dose of 100 mg or higher was required. At day 84, the maximal reduction of the PCSK9 

concentration was 74.5% after the 300 mg dose. LDL-C concentration was reduced maximally by 

50.6% after 500 mg dose. PCSK9 and LDL-C concentrations were maintained at reduced levels for 

over 180 days after administration of 300 mg or a higher dose of a single dose of inclisiran.  

In the multiple-dose subgroup, maximal PCSK9 concentration reduction was observed in the 

group being administered 500 mg for two doses a month throughout two months. The highest LDL-

C reduction occurred in the group administered a 300 mg dose with the same frequency. At day 84, 

these reductions were 83.8% and 59.7% respectively. In all patients assigned to multiple doses, the 

reduction of LDL-C level was durable over 196 days after the administration of the first dose. 

The ORION I (NCT02597127) trial was the first Phase II study on the lipid-lowering effect of 

inclisiran. It was a multi-centre, randomised, placebo-controlled trial, conducted on 501 patients at 

high risk of CVD, with elevated baseline serum LDL-C concentration uncontrolled with maximal 

tolerated conventional pharmacotherapy [51]. LDL-C concentration thresholds were 70 mg/dL in 

patients with concomitant CVD (345 patients, 69% of the studied group) and 100 mg/dL in patients 

without CVD (156 patients, 31% of the studied group). Before enrollment in the study, patients 

were required to have been on a maximal tolerated dose of statin and/or ezetimibe for 30 days. The 

patients were randomised to a single dose of placebo or 200, 300, or 500 mg of inclisiran or two 

doses (at the first and the ninetieth day) of placebo or 100, 200, or 300 mg of inclisiran. The 

primary endpoint was the change in LDL-C concentration 180 days after injection. The study 

confirmed findings derived from preclinical studies indicating a linear correlation between the dose 

of the drug and its efficacy. Thirty days after the first injection, the average PCSK9 concentration 

reduction varied between 66.2 and 74.0% and LDL-C concentration reduction varied between 

44.5% and 50.5% depending on the dose. At day 180, the least square mean LDL-C reduction was 

between 27.9% and 41.9% after administration of a single dose and varied between 35.5% and 

52.6% after multiple doses. The highest LDL-C reduction was observed after a double 300 mg 
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injection of the drug. In this group, the mean reduction of PCSK9 protein concentration was 69.1%, 

and LDL-C concentration was reduced by 52.6% at the day 180. The percentage of PCSK9 and 

LDL-C concentration reductions were consistent with the lipid-lowering effects of monoclonal 

antibodies against PCSK9 seen in clinical trials, however, the effects of inclisiran persist 

significantly longer. Moreover, the mean reduction of LDL-C concentrations after a 240-day 

follow-up period varied between 26.7% and 47.2% and was dose-dependent. Significantly reduced 

levels of LDL-C and PCSK9 concentrations remained consistent among all dose subgroups at day 

240, although were elevated in comparison to day 180. These data suggest that in order to achieve 

the most efficient and durable form of lipid lowering treatment with inclisiran, six monthly dosing 

may be appropriate. 

The analysis of the other lipid parameters demonstrates further important effects of inclisiran 

[52]. After follow up for 180-days, each dose of the drug significantly reduced not only the 

concentration of LDL-C but also of total-cholesterol (by 18-33%) and non-HDL-C (by 25-46%) 

along with apolipoprotein B (by 23-41%) and VLDL-C (by 12-21%). Despite the significant 

reduction of triglyceride levels after administration of a single 300 mg and 500 mg dose or double 

300 mg dose, their level did not decrease significantly when lower doses were administered. The 

authors stated that the overall lipid-lowering effect did not vary significantly between patients as far 

as LDL-C, apoB and non-HDL-C concentrations were concerned, but the variability in reduction of 

VLDL and triglycerides was more pronounced. Although these differences were not explained by 

the authors, one can speculate that as those lipoproteins contain significantly more triglycerides 

than cholesterol, their levels might be significantly more affected by multiple factors including 

dietary habits, concomitant diseases and concomitant pharmacotherapy.  

Consistently with the results of the clinical trials on monoclonal anti-PCSK9 antibodies, no 

significant modification of C-reactive protein (CRP) concentration was observed [52]. Therefore, it 

could be considered as an additional argument suggesting that PCSK9 is not involved in the 
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systemic inflammatory processes in the human body, which remains an important target for CV 

preventive medicine. 

 

 

Figure 2: Adverse effects occurrence in Phase I and Phase II clinical studies based on the available 

data [39, 41, 51]. 

 

Drug safety 

Drug injections are more commonly associated with the increased risk of adverse effects in 

comparison with conventional oral pharmacotherapy [53]. However, in currently available studies 

on inclisiran, the adverse effects occurred in both placebo and drug-treatment arms with a relatively 

similar frequency. Among the most frequently recorded adverse effects there were local, mild self-

limiting rash and hyperpigmentation, cough, musculoskeletal pain, headache and back pain along 

with acute nasopharyngitis or hiccups [39, 41, 51]. The incidence of adverse effects reported in the 
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aready conducted clinical trials is summarised in Figure 2. Although none of the patients within the 

trials discontinued therapy due to side effects caused by the medication, it should be noted that one 

patient experienced an asymptomatic elevation of γ-glutamyltransferase (GGTP) and alanine 

aminotransferase (ALT) levels. However, the authors of the study associate these results rather with 

parallel treatment with atorvastatin, than with inclisiran itself [39]. Apart from this single patient, no 

significant differences in the profile of adverse effects were observed with and without the use of 

statins.  Although the overall adverse effects occurred in 76% of the patients in both placebo and 

inclisiran arms of the ORION-1 trial, severe adverse effects were observed in only 8% in the 

placebo and 11% in the inclisiran group [51]. Even though 3% of patients from the drug-treated 

subgroup experienced local reactions at the injection site, the overall incidence of adverse effects 

did not differ significantly between the groups. During the follow-up period, two patients who 

enrolled in the program died, but neither of these events was attributable to treatment with 

inclisiran.  

One of the adverse reactions observed after siRNA administration is the development of 

siRNA-induced peripheral neuropathies [54]. Although no mechanism explaining this phenomenon 

has been demonstrated, it has been proposed that conjugation of siRNA with synthetic strands 

bound with GalNAc can reduce the risk of its development via a reduction in the peripheral tissue 

activity. Peripheral neuropathy was not detected in any of the three trials mentioned above. 

Though the modified structure of inclisiran with GalNAc molecules increases its liver 

selectivity, it is essential to remember that along with the other phosphorothioate modifications of 

ribonucleic acids it may trigger activation of platelet-activating factors and formation of a thrombus 

even in the therapeutic range of concentrations [55]. Fortunately, to date, no such effect has been 

observed in clinical trials. However, it must be considered that in the very-high-risk population of 

patients with CVDs, additionally burdened with hypercholesterolaemia, who are already at elevated 

risk of thrombosis, the potential pro-thrombotic activity of inclisiran can become clinically 

pronounced after a longer period of treatment. 
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Furthermore, in the aforementioned trials, there were no symptoms of immune system 

activation (such as influenza-like symptoms or elevation of pro-inflammatory markers) which often 

occur after treatment with ribonucleic acid-based therapeutics. Importantly, the incidence of adverse 

effects does not differ significantly to that associated with therapy with anti-PCSK9 monoclonal 

antibodies, such as with evolocumab [31, 35]. However, even though it might be considered an 

issue similar as with anti-PCSK9 monoclonal antibodies which have still not been utilized for a 

long period of time, a relatively short follow-up period in the studies conducted to date does not 

allow confirmation of the long-term safety of inclisiran. 

Many studies conducted to date confirm a direct association between statin therapy and new-

onset diabetes raising concerns as to whether PCSK9 inhibition will have diabetogenic effects. The 

Mendelian randomization study performed on more than 550,000 participants reported that patients 

with PCSK9 genetic variants associated with LDL-C reduction have also an elevated risk of 

development of type 2 diabetes [56]. To date, according to the data from the RCTs, treatment with 

neither monoclonal antibodies nor inclisiran has been associated with an increased risk of new onset 

diabetes [57, 58]. Moreover, in the ORION-1 study, there was a slight tendency for higher 

reductions of the LDL-C concentration after 180 days in patients with diabetes in almost all 

treatment regimens, suggesting that these patients might encounter significant benefits from this 

therapy [59]. We would like, however, to point out that the first studies observing an association 

between statin use and development of diabetes were published more than 15 years after first 

clinical trials with those drugs, hence the long-term data are necessary to fully evaluate the 

relationship between the anti-PCSK9 drugs and new-onset diabetes [60, 61]. 

Another aspect worth discussion is associated with the method of administration of inclisiran. 

Even though in short-term follow-up of randomized clinical trials with either monoclonal antibodies 

or siRNA, the patients did not find the parenteral way of their administration as particularly 

cumbersome, the analysis of the satisfaction level of patients having the orally- or parenterally- 

administered drugs leads to the conclusion that they do prefer orally administered drugs [62]. 



 

Page 20 of 32 

Hence, long-term adherence and satisfaction with inclisiran may decrease over time, although it 

requires significantly less frequent injections than monoclonal antibodies. 

The future 

The confirmation of the efficacy of inclisiran in the long-term reduction of LDL-C 

concentration along with its good tolerability has given the green light for further clinical studies of 

this drug. In Table 1, the most important phase I-III studies are summarised.  The interim results of 

the primary outcomes from the ORION-3 study, an open-label extension study of the ORION-1 

study, have already been published.  Regardless of the dose and frequency of dosing of the drug in 

the ORION-1 study, treatment with 300 mg twice-a-year dose of inclisiran was associated with a 

51% reduction of LDL-C concentration in day 210, with an absolute reduction of LDL-C by 59.4 

mg/dL [63, 64]. 

 The ORION-4 study will assess the clinical efficacy of a 300 mg dose of inclisiran in a very 

large population of patients with stable CVD and LDL-C concentrations ≥100 mg/dL [65]. After an 

introductory 8-week hypolipidaemic optimizing therapy, according to the study protocol, the 

patients will be randomised to receive the drug or placebo in the first month, the third month and 

then in consecutive six-month periods. The occurrence of a combined endpoint consisting of CHD, 

non-fatal myocardial infarction (MI), stroke and urgent coronary revascularisation will be the 

primary endpoint of the study. The study is designed for a median 5-year follow-up duration [40]. 

Another important trial, which will shed additional light on inclisiran treatment, will be the 

ORION-9 trial, which, according to the press release, reached the required number of the patients 

enrolled significantly ahead of expectations [66]. In this double-blind trial, four hundred patients 

with HeFH and baseline LDL-C ≥2.6 mmol/l (≥100 mg/dL) will be randomised to either 300 mg 

inclisiran or placebo injections at days 1, 90, 270 and 450. The mean follow-up is planned for 510 

days. The inclusion criterion is that the patients prior to randomization should be treated with a 

maximal tolerated dose of statin or have documented statin intolerance. The primary endpoint of the 

study will be the percentage change in LDL-C concentration at day 510 and its time-adjusted 
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percentage change between day 90 and day 540. Therefore, this trial will measure the real potential 

of inclisiran in the very-high-risk population who often do not reach their therapeutic goals despite 

maximal tolerated hypolipidaemic therapy (Table 1).  

At the ESC 2019 Congress, the 18-month results of the ORION-11 were presented [67, 68]. 

The objective of the study was to assess the efficacy of inclisiran in patients with atherosclerotic 

CVD and LDL-C ≥70 mg/dL or with ASCVD equivalent and LDL-C ≥100 mg/dL after treatment 

with maximal tolerated statin doses [68]. 1,617 patients were randomized in a 1:1 fashion to receive 

either 300 mg inclisiran at days 1, 90, 270 and 450, or placebo. At day 510, the LDL-C reduction 

observed among participants treated with inclisiran was 54% in the intention-to-treat analysis. 

There were no differences between the groups in the occurrence of adverse effects. A numerical 

2.5% absolute risk reduction in the pre-specified non-adjudicated CV endpoint, consisting of 

cardiac death, cardiac arrest, non-fatal MI or stroke, was found in patients treated with the drug. 

 

Study Phase 
Number of patients 
enrolled 

Primary endpoint 
Selected 
secondary 
endpoints 

ORION-2 
[69] 

II Four patients with HoFH 

Percentage change in 
LDL-C at day 90 
Percentage change in 
LDL-C at day 180 

Absolute changes 
in LDL-C 
between Day 1 
and Days 60, 90, 
180 

ORION-3 
[63, 64] 

II 
Planned on 490 patients who 
completed the ORION-1 
study 

Percentage Change in 
LDL-C from Day 1 to Day 
210 in the Inclisiran 
Group. 

Proportion of 
Participants in the 
Inclisiran and 
Evolocumab 
Groups with 
≥50% LDL-C 
Reduction. 
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ORION-4 
[65] 

III 
Planned on 15,000 members 
of high CV risk population 

The occurrence of a 
composite clinical 
endpoint of CHD death, 
MI, fatal or non-fatal 
ischemic stroke or urgent 
coronary revascularization. 

The occurrence 
composite of 
CHD death or MI, 
or CV death. 

ORION-5 
[71] 

III 
Planned on 50-60 patients 
with HoFH 

Analysis of LDL-C change 
in the course of treatment. 

N/A 

ORION-7 
[70] 

I 

18 patients with different 
stages of chronic kidney 
disease against six patients 
with normal renal function 

Analysis of safety, 
tolerability, 
pharmacokinetics and 
pharmacodynamics in 
patients with CKD. 

Changes in LDL-
C and PCSK9 
concentrations in 
at day 60 

ORION-9 
[66] 

III 400 patients with HeFH 

Percentage change in 
LDL-C concentration at 
day 510 Time-adjusted 
percentage change 
between day 90 and day 
540. 

Absolute change 
in LDL-C at day 
510 
Absolute change 
in LDL-C from 
baseline between 
day 90 and day 
540 

ORION-
10 [72] 

III 
1500 patients with ASCVD 
from the US  

Percentage change in 
LDL-C concentration at 
day 510 Time-adjusted 
percentage change 
between day 90 and day 
540. 

Absolute change 
in LDL-C at day 
510 
Absolute change 
in LDL-C from 
baseline between 
day 90 and day 
540 

ORION-
11 [67, 
68] 

III 
1500 patients with ASCVD 
or ASCVD-risk equivalents 
not from the US 

Percentage change in 
LDL-C concentration at 
day 510 Time-adjusted 
percentage change 
between day 90 and day 
540. 

Absolute change 
in LDL-C at day 
510 
Absolute change 
in LDL-C from 
baseline between 
day 90 and day 
540 

 
 
Table 1. Summary of the most important data from the main trials with inclisiran.  
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*Abbreviations: ASCVD- atherosclerotic cardiovascular disease. CHD- Coronary Heart Disease, 
HeFH - Heterozygous Familial Hypercholesterolaemia, HoFH - Homozygous Familial 
Hypercholesterolaemia US-United States 
 

Conclusions 

The widespread introduction of lipid-lowering therapy in CV preventive medicine has 

contributed substantially to an increase in longevity by reducing CV risk. Despite the demonstrated 

efficacy of statins and ezetimibe on LDL-C concentration and long-term CVD risk, a large number 

of patients do not achieve their therapeutic goals, even on maximal tolerated therapy. The 

introduction of monoclonal antibodies against the PCSK9 protein was a milestone in the treatment 

of lipid disorders, as their administration leads to unprecedentedly low LDL-C concentrations and a 

further reduction in mortality in patients with CVD. Inclisiran represents an entirely new 

mechanism of PSCK9 protein inhibition in hepatocytes, as it targets the mRNA for PCSK9; it has 

favorable pharmacokinetics, which means that administration is necessary only every 3-6 months.  

This is an advantage over daily statin therapy and monoclonal antibodies, which are administered 

every 2-4 weeks, and hence can pose the risk of reduction in the adherence during the long-term 

treatment. The infrequent administration regimen has the potential to increase the number of 

patients who maintain their therapeutic goals for the long periods, especially in patients who 

struggle to comply with daily pharmacotherapy.  

Preclinical studies and Phase I and Phase II clinical trials of inclisiran have demonstrated its 

tolerability and efficacy in promoting the long-term reduction of both PCSK9 protein and LDL-C 

levels. The efficacy and safety of inclisiran will continue to be assessed in ongoing and forthcoming 

trials on larger patient groups. If the results of these trials reflect previously published data, they 

will add further weight to the body of evidence suggesting that inclisiran is a revolutionary new tool 

in the pharmacological management of plasma lipids. 

 

 

 



 

Page 24 of 32 

ACKNOWLEDGEMENTS:  

Funding. This review was written independently; no company or institution supported it 

financially. No professional writer was involved in the preparation of this study 

 

Declaration of interest: Maciej Banach: speakers bureau: Abbott/Mylan, Abbott Vascular, Actavis, 

Akcea, Amgen, Biofarm, KRKA, MSD, Sanofi-Aventis and Valeant; consultant to Abbott 

Vascular, Akcea, Amgen, Daichii Sankyo, Esperion, Lilly, MSD, Resverlogix, Sanofi-Aventis; 

Grants from Sanofi and Valeant;  

Kausik K Ray has received personal fees (data safety monitoring board) from AbbVie, Inc.; 

consultant fees/honoraria from Aegerion, Algorithm, Amgen, AstraZeneca, Boehringer Ingelheim, 

Cerenis, Eli Lilly and Company, Ionis Pharmaceuticals, Kowa, Medicines Company, MSD, 

Novartis, Pfizer, Regeneron Pharmaceuticals, Inc., Resverlogix, Sanofi, and Takeda; and research 

grants from Kowa, Pfizer, and Regeneron Pharmaceuticals, Inc. CD, MB-Bobanovic.  

Peter Penson owns four shares in AstraZeneca PLC and has received speaker’s fees from Amgen 

Inc 

Krzysztof Dyrbus received speaker’s fees from KRKA and Sanofi-Aventis   

Mariusz Gasior has no nothing to declare.   

 

Contributor statement: 

 

Krzysztof Dyrbuś: conceived and designed the review, contributed in the data analysis tool 

selection, performed the analysis of the subject and wrote the manuscript 

Mariusz Gąsior: conceived and designed the review, performed the analysis of the subject and 

reviewed, discussed and accepted the final version of the manuscript 

Peter Penson: conceived and designed the review, performed the analysis of the subject and 

prepared the figures and tables 

Kausik K Ray: conceived and designed the review, performed the analysis of the subject and 

reviewed, discussed and accepted the final version of the manuscript 

Maciej Banach: conceived and designed the review, performed the analysis of the subject and 

reviewed, discussed and accepted the final version of the manuscript 

 



 

Page 25 of 32 

 

 

 

 

REFERENCES:  

[1] https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds) : Official 

WHO statement emphasising the burden of CVD and of lipid disorders in their development 

[2] Drygas W, Niklas AA, Piwońska A, et al. Multi-centre National Population Health Examination 

Survey (WOBASZ II study): assumptions, methods, and implementation. Kardiologia Polska 2016; 

74, 7: 681–690 

 [3] Mach F, Baigent C, Catapano AL, et al.: 2019 ESC/EAS Guidelines for the Management of 

Dyslipidaemias : lipid modification to reduce cardiovascula risk: The Task Force for the 

management of dyslipidaemias of the European Society of Cadiology (ESC) and European 

Atherosclerosis Society (EAS) European Heart Journal, epub ahead of print  

[4] Banach M, Jankowski P, Jóźwiak J, et al.: PoLA/CFPiP/PCS Guidelines for the Management of 

Dyslipidaemias for Family Physicians 2016. Arch Med Sci. 2017 Feb 1; 13(1): 1–45.  

[5] Grundy SM, Stone NJ, Bailey AL, et al. 2018 

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. 2019 Jun 

25;73(24):e285-e350. 

[6] Anderson TJ1, Grégoire J2, Pearson GJ, et al 2016 Canadian Cardiovascular Society Guidelines 

for the Management of Dyslipidemia for the Prevention of Cardiovascular Disease in the Adult. 

Can J Cardiol. 2016 Nov;32(11):1263-1282. 



 

Page 26 of 32 

[7] Cholesterol Treatment Trialists' (CTT) Collaboration: Efficacy and safety of more intensive 

lowering of LDL cholesterol: a meta-analysis of data from 170 000 participants in 26 randomised 

trials, Lancet. 2010 Nov 13; 376(9753): 1670–1681 

[8] Gitt AK, Lautsch D, Ferrieres J et al.: Low-density lipoprotein cholesterol in a global cohort of 

57,885 statin- treated patients. Atherosclerosis 255 (2016) 200–209 

[9] Dyrbuś K, Osadnik T, Desperak P, et al.: Evaluation of dyslipidaemia and the impact of 

hypolipidemic therapy on prognosis in high and very high risk patients through the Hyperlipidaemia 

Therapy in tERtiary Cardiological cEnTer (TERCET) Registry. Pharmacol Res. 2018 Jun;132:204-

210 

[10] Hobbs FD, Banach M, Mikhailidis DP et al.: Is statin-modified reduction in lipids the most 

important preventive therapy for cardiovascular disease? A pro/con debate. BMC Med. 2016 Jan 

14;14:4 

 [11] Newman CB, Preiss D, Tobert JA, et al. American Heart Association Clinical Lipidology, 

Lipoprotein, Metabolism and Thrombosis Committee, a Joint Committee of the Council on 

Atherosclerosis, Thrombosis and Vascular Biology and Council on Lifestyle and Cardiometabolic 

Health; Council on Cardiovascular Disease in the Young; Council on Clinical Cardiology and 

Stroke Council. Statin Safety and Associated Adverse Events: A Scientific Statement From the 

American Heart Association. Arterioscler Thromb Vasc Biol. 2019 Feb;39(2):e38-e81. 

[12] Urban D, Pöss J, Böhm M, Laufs U, et al.: Targeting the proprotein convertase subtilisin/kexin 

type 9 for the treatment of dyslipidemia and atherosclerosis. J Am Coll Cardiol. 2013;62:1401-8.  

[13] Gu HM, Adijiang A, Mah M, Zhang DW. Characterization of the role of EGF-A of low density 

lipoprotein receptor in PCSK9 binding. J Lipid Res. 2013 Dec;54(12):3345-57 

[14] Lagace TA, Curtis DE, Garuti R, et al.: Secreted PCSK9 decreases the number of LDL 

receptors in hepatocytes and in livers of parabiotic mice. J Clin Invest. 2006;116:2995-3005.  

[15] Seidah NG, Prat A: The biology and therapeutic targeting of the proprotein convertases. Nat 

Rev Drug Discov. 2012;11:367-83.  



 

Page 27 of 32 

[16] Sun H, Samarghandi A, Zhang N, et al.: Proprotein convertase subtilisin/kexin type 9 interacts 

with apolipoprotein B and prevents its intracellular degradation, irrespective of the low-density 

lipoprotein receptor. Arterioscler Thromb Vasc Biol. 2012;32:1585-95.  

[17] Kwakernaak AJ, Lambert G, Dullaart RP: Plasma proprotein convertase subtilisin-kexin type 9 

is predominantly related to intermediate density lipoproteins. Clin Biochem. 2014;47:679-82  

[18] Berberich AJ, Hegele RA. The complex molecular genetics of familial hypercholesterolaemia. 

Nat Rev Cardiol. 2019 Jan;16(1):9-20. 

[19] WHO Human Genetics Programme.(1998). Familial hypercholesterolaemia (FH) : report of a 

WHO consultation. Paris, 3 October 1997. Geneva: World Health Organization.  

[20] Catapano AL, Lautsch D, Tokgözoglu L et al.: Prevalence of potential familial 

hypercholesteremia (FH) in 54,811 statin-treated patients in clinical practice. Atherosclerosis. 2016 

Sep;252:1-8.  

[21] Sniderman AD, Tsimikas S, Fazio S. The severe hypercholesterolemia phenotype: clinical 

diagnosis, management, and emerging therapies. Journal of the American College of Cardiology. 

2014;63(19):1935-1947 

[22] Nordestgaard BG, Chapman MJ, Humphries SE, et al. Familial hypercholesterolaemia is 

underdiagnosed and undertreated in the general population: guidance for clinicians to prevent 

coronary heart disease: consensus statement of the European Atherosclerosis Society. Eur Heart 

J. 2013 Dec;34(45):3478-90a. 

[23] Neil A, Cooper J, Betteridge J, et al: on behalf of the Simon Broome Familial Hyperlipidaemia 

Register Group, Reductions in all-cause, cancer, and coronary mortality in statin-treated patients 

with heterozygous familial hypercholesterolaemia: a prospective registry study. Eur. Heart J. 29 

(2008) 2625-2633. 

[24] Dyrbuś K, Gąsior M, Desperak P, et al. The prevalence and management of familial 

hypercholesterolemia in patients with acute coronary syndrome in the Polish tertiary centre: Results 

from the TERCET registry with 19,781 individuals. Atherosclerosis. 2019 Jun 15;288:33-41. 



 

Page 28 of 32 

[25] Cohen JC, Boerwinkle E, Mosley TH Jr, Hobbs HH: Sequence variations in PCSK9, low LDL, 

and protection against coronary heart disease. N Engl J Med. 2006;354:1264-72.  

[26] Zhao Z, Tuakli-Wosornu Y, Lagace TA, et al.: Molecular characterization of loss-of-function 

mutations in PCSK9 and identification of a compound heterozygote. Am J Hum Genet. 

2006;79:514-23.  

[27] Bergeron N, Phan BA, Ding Y et al.: Proprotein convertase subtilisin/kexin type 9 inhibition: a 

new therapeutic mechanism for reducing cardiovascular disease risk. Circulation. 2015 Oct 

27;132(17):1648-66 

[28] Dragan S, Serban MC, Banach M: Proprotein convertase subtilisin/kexin 9 inhibitors: an 

emerging lipid-lowering therapy? J Cardiovasc Pharmacol Ther. 2015 Mar;20(2):157-68 

[29] Banerjee Y, Shah K, Al-Rasadi K. et al.: Effect of a monoclonal antibody to PCSK9 on LDL 

cholesterol. N Engl J Med. 2012 Mar 22;366(12):1108-18 

[30] Dicembrini I Giannini S Ragghianti B  Effects of PCSK9 inhibitors on LDL 

cholesterol, cardiovascular morbidity and all-cause mortality: a systematic review and meta-

analysis of randomized controlled trials.  2019 Sep;42(9):1029-1039. 

[31] Sabatine MS, Giugliano RP, Keech AC, et al.: Evolocumab and Clinical Outcomes in Patients 

with Cardiovascular Disease. May 4, 2017 N Engl J Med 2017; 376:1713-1722 

[32] Banach M, Rizzo M, Nikolic D, et al.: Intensive LDL-cholesterol lowering therapy and 

neurocognitive function. Pharmacol Ther. 2017 Feb;170:181-191 

[33] Giugliano RPMach F Zavitz K, et al. Cognitive Function in a Randomized Trial of 

Evolocumab.  2017 Aug 17;377(7):633-643. 

[34] Mannarino MR, Sahebkar A, Bianconi V, et al.: PCSK9 and neurocognitive function: Should it 

be still an issue after FOURIER and EBBINGHAUS results? J Clin Lipidol. 2018 Sep - 

Oct;12(5):1123-1132 

[35] Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and Cardiovascular Outcomes after Acute 

Coronary Syndrome. N Engl J Med. 2018 Nov 29;379(22):2097-2107. 



 

Page 29 of 32 

[36] Ridker PM, Tardif JC, Amarenco P et al.: Lipid-Reduction Variability and Antidrug-Antibody 

Formation with Bococizumab. N Engl J Med. 2017;376:1517-26.  

[37] Galabova G, Brunner S, Winsauer G et al.: Peptide-Based Anti-PCSK9 Vaccines - An 

Approach for Long-Term LDLc Management. PLoS ONE (2014) 9(12): e114469  

[38] A. Sahebkar, Simental-Mendía LE, Guerrero-Romero F, et al. Effect of statin therapy on 

plasma proprotein convertase subtilisin kexin 9 (PCSK9) concentrations: a systematic review and 

meta-analysis of clinical trials. Diabetes Obes Metab. 2015;17: 1042–55 

[39] Fitzgerald K, White S, Borodovsky A et al.: A Highly Durable RNAi Therapeutic Inhibitor of 

PCSK9. N Engl J Med. 2017;376:41-51.  

[40] Frank-Kamenetsky M, Grefhorst A, Anderson NN et al.: Therapeutic RNAi targeting PCSK9 

acutely lowers plasma cholesterol in rodents and LDL cholesterol in nonhuman primates. Proc Natl 

Acad Sci U S A. 2008;105:11915-20.  

[41] Fitzgerald K, Frank-Kamenetsky M, Shulga-Morskaya S et al.: Effect of an RNA interference 

drug on the synthesis of proprotein convertase subtilisin/kexin type 9 (PCSK9) and the 

concentration of serum LDL cholesterol in healthy volunteers: a randomised, single-blind, placebo-

controlled, phase 1 trial. Lancet. 2014;383:60-68.  

[42] Sharma VK, Sharma RK, Singh SK. Antisense oligonucleotides: modifications and clinical 

trials. Med. Chem. Commun. 2014;5:1454–1471.  

[43] Castel SE, Martienssen RA. RNA interference in the nucleus: roles for small RNAs in 

transcription, epigenetics and beyond. Nat Rev Genet. 2013 Feb;14(2):100-12.  

[44] Limmroth V, Barkhof F, Desem N, et al. CD49d antisense drug ATL1102 reduces disease 

activity in patients with relapsing-remitting MS. Neurology. 2014 Nov 11;83(20):1780-8.  

 [45] Witztum JL1, Gaudet D1, Freedman SD, et al. Volanesorsen and Triglyceride Levels in 

Familial Chylomicronemia Syndrome. N Engl J Med. 2019 Aug 8;381(6):531-542 

[46] Wong E, Goldberg T. Mipomersen (kynamro): a novel antisense oligonucleotide inhibitor for 

the management of homozygous familial hypercholesterolemia. P T. 2014 Feb;39(2):119-22. 



 

Page 30 of 32 

[47] McGowan MP, Tardif J-C, Ceska R, et al. Randomized, placebo-controlled trial of 

mipomersen in patients with severe hypercholesterolemia receiving maximally tolerated lipid-

lowering therapy. PLoS One. Nov 13, 2012 

[48] Crooke ST, Baker BF, Witztum JL, et al. The Effects of 2’-O Methoxyethyl Containing 

Antisense Oligonucleotides on Platelets in Human Clinical Trials. Nucleic Acid Ther. 2017 

Jun;27(3):121-129.  

[49] van Poelgeest EP, Hodges MR, Moerland M, et al. Antisense mediated reduction of proprotein 

convertase subtilisin/kexin type 9 (PCSK9): a first-in-human randomized, placebo-controlled trial. 

Br J Clin Pharmacol. 2015 Dec;80(6):1350-61  

[50] Khvorova A: Oligonucleotide Therapeutics - A New Class of Cholesterol-Lowering Drugs. N 

Engl J Med. 2017;376:4-7.  

[51] Ray KK, Landmesser U, Leiter LA et al.: Inclisiran in Patients at High Cardiovascular Risk 

with Elevated LDL Cholesterol. N Engl J Med. 2017 Apr 13;376(15):1430-1440. 

[52] Ray KK, Stoekenbroek RM, Kallend D, et al.: Effect of an siRNA Therapeutic Targeting 

PCSK9 on Atherogenic Lipoproteins: Pre-Specified Secondary End Points in ORION 1 

Circulation. 2018 Sep 25;138(13):1304-1316. 

[53] Vena GA, Cassano N, Iannone F. Update on subcutaneous methotrexate for inflammatory 

arthritis and psoriasis. Ther Clin Risk Manag. 2018 Jan 9;14:105-116. 

[54] Chi X, Gatti P, Papoian T: Safety of antisense oligonucleotide and siRNA-based therapeutics, 

Drug Discovery Today, Volume 22, Issue 5, 2017, 823-833. 

[55] Flierl U, Nero TL, Lim B, et al.: Phosphorothioate backbone modifications of nucleotide-based 

drugs are potent platelet activators. J Exp Med 2015;212:129–37 . 

[56] Schmidt AF, Swerdlow DI, Holmes MV PCSK9 genetic variants and risk of type 2 diabetes: a 

mendelian randomisation study.  Lancet Diabetes Endocrinol. 2017 Feb;5(2):97-105. 

[57] Leiter LA, Müller-Wieland D, Baccara-Dinet MT, Efficacy and safety of alirocumab in people 

with prediabetes vs those with normoglycaemia at baseline: a pooled analysis of 10 phase III 



 

Page 31 of 32 

ODYSSEY clinical trials. Diabet Med. 2018 Jan;35(1):121-130. 

[58] Momtazi AA, Banach M, Pirro M, et al.: PCSK9 and diabetes: is there a link? Drug Discov 

Today. 2017 Jun;22(6):883-895. 

[59] Leiter LA, Teoh H, Kallend D, et al. Inclisiran Lowers LDL-C and PCSK9 Irrespective of 

Diabetes Status: The ORION-1 Randomized Clinical Trial.Diabetes Care. 2019 Jan;42(1):173-176.  

[60] Saito Y, Goto Y, Nakaya N, et al. Dose-dependent hypolipidemic effect of an inhibitor of 

HMG-CoA reductase, pravastatin (CS-514), in hypercholesterolemic subjects. A double blind test. 

Atherosclerosis. 1988 Aug;72(2-3):205-11. 

[61] Freeman DJ, Norrie J, Sattar N, et al. Pravastatin and the development of diabetes mellitus: 

evidence for a protective treatment effect in the West of Scotland Coronary Prevention Study. 

Circulation. 2001 Jan 23;103(3):357-62. 

[62] Stewart KD, Johnston JA, Matza LS, et al. Preference for pharmaceutical formulation and 

treatment process attributes. Patient Prefer Adherence. 2016 Jul 27;10:1385-99. 

[63] An Extension Trial of Inclisiran Compared to Evolocumab in Participants With Cardiovascular 

Disease and High Cholesterol, https://clinicaltrials.gov/ct2/show/NCT03060577 (ORION 3) 

[64] https://www.themedicinescompany.com/investor/pr/3820269/: An official press release of The 

Medicines company regarding the results of ORION-3 interim results 

[65] A Randomized Trial Assessing the Effects of Inclisiran on Clinical Outcomes Among People 

With Cardiovascular Disease (ORION-4) https://clinicaltrials.gov/ct2/show/NCT03705234 

(ORION-4) 

[66] Trial to Evaluate the Effect of Inclisiran Treatment on Low Density Lipoprotein Cholesterol 

(LDL-C) in Subjects With Heterozygous Familial Hypercholesterolemia (HeFH) (ORION-9) 

https://clinicaltrials.gov/ct2/show/NCT03397121  

[67] https://www.themedicinescompany.com/media/slides_020919_ESC-ORION-11-analyst-

call_Paris.pdf: The official presentation from The Medicines company presented at the ESC 

Congress 2019 concerning ORION-11 study 



 

Page 32 of 32 

[68] Inclisiran for Subjects With ACSVD or ACSVD-Risk Equivalents and Elevated Low-density 

Lipoprotein Cholesterol (ORION-11), https://clinicaltrials.gov/ct2/show/NCT03400800  

[69] A Study of ALN-PCSSC in Participants With Homozygous Familial Hypercholesterolemia 

(HoFH) (ORION-2) https://clinicaltrials.gov/ct2/show/NCT02963311 

[70] A Study of Inclisiran in Participants With Renal Impairment Compared to Participants With 

Normal Renal Function (ORION-7), https://clinicaltrials.gov/ct2/show/NCT03159416  

[71] A Study of Inclisiran in Participants With Homozygous Familial Hypercholesterolemia 

(HoFH) (ORION-5), https://clinicaltrials.gov/ct2/show/NCT03851705 

[72] Inclisiran for Participants With Atherosclerotic Cardiovascular Disease and Elevated Low-

density Lipoprotein Cholesterol (ORION-10), https://clinicaltrials.gov/ct2/show/NCT03399370  




