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HIGHLIGHTS:
-Inclisiran is a siRNA inhibiting synthesis of PCSIgrotein in hepatocytes.
-The effects of the drug persist longer than okotpproved lipid-lowering drugs.

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

Drugs reducing plasma concentrations of apolipoprotein-B (ApoB) containingdipors
have been demonstrated to reduce the risk of cardiovascular disease (CVD) in bathgrdna
secondary prevention. Despite the demonstrated efficacy of statins andlezetinow-density
lipoprotein (LDL) concentration and long-term CVD risk, a large number of patients dohmeve

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

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

administration leads to unprecedentedly low LDL-C concentrations. ladisdpresents an entirely
new mechanism of PSCK9 protein inhibition in hepatocytes, targeting thengessNA
(mRNA) for PCSKO. Its administration is necessary only every 3-6 monthdh vgham essential
advantage over statin and monoclonal antibody therapy. The infrequent admomistrgiimen can
increase the number of patients who maintain their therapeutic goalsaigpegatients
struggling to comply with daily or biweekly pharmacotherapy.

Preclinical studies and Phase | and Phase Il clinical trials of naclifave demonstrated its
tolerability and efficacy in promoting long-term reduction of both PCSK9 protein Bhed. The
efficacy and safety of inclisiran will continue to be assessed in ongoing@dhddming trials on
larger patient groups. If the results of these trials reflect previously pedlgata, they will add
further evidence that inclisiran might be a revolutionary new tool in the phawgaz=d|
management of plasma lipids. This review summarizes the currently agdiletdture data on
inclisiran with respect to its mechanism of action, effectiveness artg aafa lipid-lowering drug

for CVD prevention.

Keywords: Inclisiran, dyslipidaemias, cardiovascular disease, atheroscldipsmpoteins.
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INTRODUCTION

Among the risk factors for cardiovascular diseases (CVD), lipid disoadersne of the most
common and perilous [1]. According to the results of Multi-centre National PopulatadthHe
Examination Survey (WOBASZ II), the prevalence of dyslipidaemias inahshPpopulation
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 joirde]ines of Polish
Lipid Association, College of Family Physicians in Poland and Polish Cardiaetyspy
emphasise the role of elevated low-density lipoprotein cholesterol (LDL-Cgctvations in the
development of atherosclerosis. Moreover, both 2018 American Guidelines and 2016 Canadian
Cardiovascular Society Guidelines for the management of lipid disordersrasothe benefits of
CV risk reduction derived from effective treatment of hyperlipidaemia [5, 6].

High LDL-C levels significantly increase the risk of major adversdicaascular events
(MACE) and contribute to premature morbidity and mortality. Therefore, thelmngadg@romote
appropriate control and management of dyslipidaemias. The gold standard in thaequhagical
treatment of hypercholesterolaemia is therapy with statins. Thesre$saliarge meta-analysis of
26 randomised clinical trials indicate that reduction of LDL-C concentrétyd39 mg/dL reduces
the risk of all-cause mortality by 10%, the risk of cardiovascular (CV) fitgrtey 20% and the
risk of coronary revascularisation by 19% [7]. However, data derived from largeeptive studies
and clinical registries indicate that a sizeable proportion of patientgjtatdtins do not reach their
therapeutic target, even when the highest tolerated doses of statins eistackd [8, 9].
Furthermore, chronic treatment with statins is associated with the cooeiokadverse effects,
predominantly myalgia and myopathies [10, 11]. Real or perceived adverse etextmnajor
cause of treatment discontinuation.

As lipid disorders are becoming increasingly widespread and statinyhesgome major
limitations, new approaches to lipid-lowering therapy are being investigatdisiran, which is

currently being evaluated in clinical trials, is one of the most highly progsew agents.
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Inclisiran is a small interfering ribonucleic acid (SIRNA). It inksbsynthesis of proprotein
convertase subtilisin/kexin type 9 (PCSK9), one of the most important proteins i€LDL-
metabolism. The purpose of this article is to review the currently availtdskgre data on
inclisiran concerning its mechanism of action, effectiveness and safatypas-lowering drug for

the prevention of CVD.

Theroleof PCSK9in LDL-C metabolism

PCSKO9 is one of the most important regulators of LDL-C metabolism. It ieessimed and
modified in the endoplasmic reticulum of hepatocytes and promotes the lysosomaltimgcda
cell-membrane LDL receptors (Figure 1) [12]. After secretion into trendaPCSKO is attached
to the EGF-A domain of the LDL receptor, and such complex is internalized into thedyga
[13]. Moreover, there is evidence that PCSK9 protein chaperones the LDL receptoh tim@ug
intracellular pathway [14, 15]. Via both aforementioned mechanisms of PCSK9 functith@ng
LDL receptor does not follow its physiological pathway of return to the hegateooembrane, but
undergoes transfer to the lysosome, where it is degraded. Hence, decreasee pfddelL
receptors on the hepatocytes causes a reduced clearance of plasmadridle@hsequently
increased concentration of circulating LDL-C. Furthermore, PCSK9 inhitatstracellular
degradation of apolipoprotein B, a protein constituent of LDL and very low-density lipoprot
(VLDL) particles [16, 17]. Although PCSK9 gain-of-function mutation is not the most lgr@va
genetic mutation responsible for development of familial hypercholestamaldEH), 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 c@ticersr
substantially higher then the reference ranges and results in very higekC®ven in the very
early years of life. HOFH is extremely rare, with prevalence in tenity 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 receatdroagd 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 coyoneart 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 patietdatth has the similar
risk of developing CHD as 35-year old patient with HeFH and as a 55-year ol patieut FH
[22]. According to the results of Simon Broome Registry, the risk of developing a atkjerse
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 carstaéqualize
their risk of CVD with the general population [22]. Moreover, in our recent study, we hava show
that an introduction of a high-intensity statin treatment after an acuteacpr®yndrome (ACS) can
almost equalize the long-term outcomes in patients with and without clinicaliyatiad FH [24]

In contrast to the poor outcomes observed in patients with FH, loss-of-function mubétions
PCSK9 significantly reduce LDL-C concentration, and CV risk without notable adedfsets in
other organs and systems [25, 26]. Therefore, PCSK9 inhibition has emerged as ammteresti

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, atteneptsasde
to suppress its biological activity. Approaches included the inhibition of speafisenger RNA
(mRNA) translation, reduction of PCSK9 hepatocyte secretion and reduction of RESiKD
concentrations using monoclonal antibodies binding to this protein [27, 28]. Of these approaches,
only monoclonal antibodies have so far gained regulatory approval for regulaistdation in the
patients with hypercholesterolaemia. Two antibodies, alirocumab and evolqgdiamalbeen
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 circulaiigrof 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 LDhealthy
volunteers and patients with lipid disorders [29], with the maximal reductionslofd. D RCTs
after 12-52 weeks reaching 83% when compared with placebo [30]. However, due te specifi
interaction with only circulating, thus extracellular, serum fraction ofK8; & monoclonal
antibody cannot influence the intracellular portion of the protein inside the hegltic c
Nevertheless, the clinical value of its intracellular activity remamgiown and further studies are
required to establish, whether it conveys a clinical significance.

In the Further Cardiovascular Outcomes With PCSK9 Inhibition in Subjects veitatet Risk
(FOURIER) trial, 27,564 patients with stable CHD, but high CV risk were randonozedeive
either placebo or subcutaneous injections of evolocumab [31]. The patients were reduaesl
baseline LDL-C level higher or equal to 70 mg/dL or non-HDL-C level highequale¢o 100
mg/dL despite the treatment with moderate to high intensity statin, to padicigae trial. The
primary composite endpoint of the study consisted of CV death, myocardial ofiasttioke,
hospitalization for unstable angina, or coronary revascularization, while thee&egdary endpoint
constituted CV death, myocardial infarction and stroke. Median LDL-C after 48tveeapy was
reduced from 92 mg/dL to 30 mg/dL and the reduction in LDL-C levels was followed
significant, 1.5% absolute reduction in the incidence of the primary endpoint in camnpaiils
intensive statin therapy at a median of 22 months and a 2.0% absolute reduction of this endpoint i
36-month follow-up [31]. Moreover, treatment with evolocumab significantly reduced the
concentration of triglycerides (in average by 16.2% at week 48) and lipoprotdiy @6.9% at
week 48) [31] with a similar safety profile to placebo. There were no significetences in the
overall occurrence of any adverse effects apart from the injectereactions 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 therapyasueuscle-related

events or elevation of hepatic biomarkers was not increased by treatmeaveltbumab.
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Before the beginning of the trial, there had been concerns about neurocogmitiverf in
patients with extremely low LDL-C levels [32]. Hence, in order to assessomnition of patients
recruited in the FOURIER trial, the Evaluating PCSK9 Binding Antibody Infteeon Cognitive
Health in High Cardiovascular Risk Subjects (EBBINGHAUS) study waseed. 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 thefolkshaup of
19.4 months [33]. The results were consistent even in patients with LDL-C levetshanel 0
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 inclusionraaitgere similar
as in FOURIER, with an additional possible criterion of apolipoprotein B levels hoglegual to
80 mg/dL. To be enrolled in the study, the patients must have had a high-intensity oakyaxim
tolerated dose statin therapy. According to the study protocol, the dose of alilbbwas adjusted
to target the LDL-C concentration between 25 mg/dL and 50 mg/dL. After 48-wesddsnent
with alirocumab was associated with a 54.7% reduction in LDL-C concentmattmmparison
with statin treatment (53.3 mg/dL vs 101.4 mg/dL) [35]. The reduction in LDL-C rdgsuol&
significant reduction of MACE risk (death from CHD, nonfatal myocardial atifam, fatal or
nonfatal ischemic stroke, or unstable angina requiring hospitalization) whictedaced by 15%
with an absolute risk reduction of 1.6% in the intention-to-treat analysis during amielttbw-up
of 2.8 years. It is worth noting that the highest treatment efficacy wasvelisarpatients with
baseline LDL-C concentration exceeding 100 mg/dL and according to subarwdlfsesrial, no
significant differences were observed in the overall efficacy and safdtiewith 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 thegatie

who received bococizumab and neutralizing antibodies developed in 29%, which in somd affecte
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patients substantially attenuated LDL-cholesterol lowering over timea.r&sult - although
treatment with bococizumab was associated with a 21% reduction of the risk of MACHn@nth
follow-up - due to immunogenicity and variability of LDL response, bococizumab wiadrawn
from further development [36].

The results of the large clinical trials with PCSK9 inhibitors led to saant changes in the
recent European and American guidelines for the management of lipid disdtfueracremental
value of anti-PSCK9 monoclonal antibodies is expressed in the recent Americahn@side the
Management of Blood Cholesterol [5]. The recommendations state that althougbritegrin
safety is still uncertain, an addition of PSCKS9 inhibitors is reasonable in théigeryisk patients
or patients with primary hypercholesterolaemia already treatdwakimal tolerated combined
therapy with statins and ezetimibe, who cannot reach their therapeutic jgdatie recent, 2019
ESC/EAS Guidelines for the management of lipid disorders, PCSK9 inhibitoreat®mned as a
part of combined therapy for patients in secondary prevention of CVD along with patidnEH
and very high CV risk, who don’t achieve their therapeutic goals on a maximatddldase of
statin and ezetimibe [3].

Vaccination against PCSK9 represents an interesting direction for futastigation.
According to currently available data from studies on animals, vaccinatiamsa§& SK9 protein
reduces LDL-C concentration by nearly half, and the effect persistsdodOwveeks [37]. Such
long-term efficacy could result in a dosing regimen that was attraotpatients. 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 fiftedomaed clinical trials
has demonstrated that statin treatment increases the concentration of s€kK@r&gardless of
statin used [38]. It is believed that this mechanism might contribute to the incoeffitdey of

statin pharmacotherapy in some patients. Therefore, from the molecular point afimeNtaneous
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treatment with PCSK9 inhibitors and statins is a rational combination whiclsrasabditional

lipid-lowering, such as demonstrated in FOURIER and ODYSSEY OUTCOM&S [i81,35].

Inclisiran-molecular structure and properties

Inclisiran (ALN-PCSSC; ALN-60212) is a short-chain, synthetic, SiRNA, wmbibits the
expression of the PCSK9 gene [39]. Inclisiran specifically binds to the mRé&bAisor 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 pgeselisy, which results
in a substantial, long-lasting reduction of LDL-C concentrations. The iclisnolecule consists of
two complementary strands of ribonucleic acid strands; out of which one plays théaaaide
strand, while the latter is called the passenger strand.

SiRNAs exert their action by the activation of the natural pathway aftseleyene expression
silencing. Once the inclisiran molecule has been incorporated into the hepatoegeade strand
binds to a multiprotein complex named RISC (RNA-induced silencing complegywaitds, the
guide strand undergoes hybridization with complementary mRNA for PCSK9 and imduces
degradation. Concerning the long-term efficacy, it is notable that the sietmmplex remains
active after mRNA degradation has occurred. Thus a single molecule of siRMé&reelio the
hepatocyte can specifically interfere with the expression of multipleARolecules. Degradation
of MRNA for PCSKO limits its translation and therefore reduces syntheseearetion of this
protein into the vascular system leading to a substantial reduction of serw@ [E9]. The
discovery of the mechanism of RNA interference led to the award of the NobeirPPRiagsiology

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 heflakof LDL. 1-
4: Intracellular actions of inclisiran 1) Inclisiran small interigrRNA molecule, 2) RNA-induced
silencing complex (RISC) formation 3) RISC complex binds to the complemeniix\Arstrand
of PCSK9 4) mRNA strand is cleaved by the RISC complex. A-D: hepatic degradatibih of
receptor mediated by PCSK9 A: PCSK9 binds to the LDL receptor attachedcts|thar
membrane, B: The complex is internalised into the endosome, C: LDL receptgradetkin the
lysosome by the proteolytic enzymes. I-V: Metabolism of LDL intesasibn from the surface of
hepatocyte: I: LDL binds to the receptor, II: The complex is interrthlige the endosome and
then, lll: The LDL particle is transferred to the lysosome IV: wheredigested, while V: LDL
receptor is recycled to the hepatocyte plasma membrane.

Phar macodynamics

An early predecessor of Inclisiran- the ALN-PCS molecule - was encoetpasa lipid
nanoparticle. The spherical structure resulted in a rapid 70% reduction of both PC SkOaméR
protein concentrations, along with a 60% reduction in LDL-C concentrations l&stithgee weeks
in an animal model [40]. In healthy volunteers, the largest effect after ani@enmfusion 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 pessass
additional synthetic triantennary N-acetylgalactosamine (GalNAc) boumsl structure. Addition
of GalNAc significantly increased its clinical efficacy and duration ¢ibachrough increased
adhesion to the cellular membrane of hepatocyte and specificity to liver cell

GalNAC is complementary to asialoglycoprotein receptors on the hepatddyas.deen
demonstrated that 24 hours after intravenous administration, there were no drugesahecul
serum, which confirms specific drug influx into the liver. The lack of activity oipperal tissues
reduced the risk of potential adverse effects on organs other than the liver. Adlaganship
between dose and efficacy was observed and substitution of molecules in the poljsheiskrands
with 2’-O-methylnucleotides or 2’-O-fluoronucleotides led to increased gtabflthe drug. In
preclinical studies conducted on animal models, the therapeutic dose asseitiaffito PCSK9
inhibition was 1 mg/kg of body mass, and administration of the highest dose exceedjfag ®m
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 thethayrug is
administered. While ALN-PCS requires intravenous infusion, ALN-PCSSC careloéenh)
subcutaneously.

siRNAs are one of two most frequently used strategies for gene eaprsisncing, the
second being antisense oligonucletides (ASO). Although they both act in the meobiamégaral
gene expression pathway silencing, they possess a few differencesmgtd shplications that
are worth mentioning. One of the most important drawbacks of siRNA in comparison vith AS
molecules is its significantly lower affinity to the targeted molef®. In combination with
different cellular action location (ASOs act predominantly in the nuclehit the activity of
SiRNA is restricted to cytoplasm [43]), it presumably increases thefisk-target hybridization
and adverse effects. On the other hand, ASOs require more frequent administnationthe past
concerns were raised on the development of thrombocytopaenia in patientsvirtdafeslOs [44].

Among currently available ASOs, worth mentioning are mipomersen and volseestire former
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used in the treatment of HoFH and the latter to treat familial chylonaor@n[45-47]. Despite
their significant efficacy in reducing target lipoprotein levels (mipe@ereduced LDL-C in
patients with HoOFH by 36% while volanesorsen triglyceride concentration by, #7é% exert
multiple adverse effects. In patients treated with mipomersen, the mgséffit adverse reactions
were injection site-reactions and influenza-like symptoms (which occurregpectively almost
90% and almost 50% of patient treated with mipomersen), while patients tngtitedlanesorsen
complained mostly of injection-site reactions and thrombocytopaenia, which ocicurred
respectively 61% and 45% patients included in the Phase llI trial with the drd@45-
Nonetheless, despite the results of the large analysis by Crooke et al, whadatundulative
evidence of the thrombocytopaenic activity of ASOs based on 16 clinical trialsamtius
molecules, the U.S. Food and Drug Administration rejected the applicationicgbcior
volanesorsen, mostly due to thrombocytopaenia suggesting a risk for bleedingnts peaaged
with the drug [48]. However, as both mipomersen or volanesorsen are lacking Galal#t lig
described above, the adverse effects they exert could be caused by thasuevspiecificity and
an addition of the GalNAc group could potentially improve their safety profile.
In the past, SPC5001, a specific ASO against PCSK9 underwent phase | study, but due to
significant number of injection site reactions and signs of nephrotoxicity, theodment of the
drug was terminated [49]. Therefore, despite their minor disadvantagesathatoee of gene
silencing in the inhibition of PCSK9 seems open for sSiRNA molecules.
Phar macokinetics

The highest concentration of ALN-PCS is reached almost immediatetycafnpletion 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]. Meadiidin of the molecular
structure of ALN-PCSSC led to substantial increases in stability and pealdmgjogical activity
[50]. In the studies conducted on mice, the largest reduction of PCSK9 protein and LDL

concentration were achieved approximately twenty days after subcutanegugjeiction,
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independently of the dose administered. The higher the dose of ALN-PCSSC, the jndger li
lowering effect persisted. A small but progressive increase in LDterdration was observed 90-
120 days after injection [39]. Phase 1 studies indicated, that 180 days after drugtaaknoimino

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

Phase | and Phasell studies

Convincing results of preclinical studies on inclisiran triggered the initiafi@tinical trials to
obtain regulatory approval for its use in pharmacotherapy of lipid disorders.phdbe | trial
(NCT01437059) 32 healthy volunteers with LDL-C levels exceeding 116 mg/dL weraisidmad
a single intravenous, 60-minute infusion of different doses of ALN-PCS. The primary enafpoint
the study was the assessment of safety and tolerance of the drug. The semwt@int was the
determination of pharmacokinetics of the drug and its pharmacodynamic effettte
concentrations of PCSK9 protein and LDL-C. Twenty-four participants were ran@ssifyned to
receive inclisiran (in doses ranging from 0.015 mg/kg to 0.4 mg/kg), and eighiven a
placebo. No difference in the occurrence of adverse effects associatedugidddrinistration was
observed between the control and drug group, thus confirming that inclisiran-islested. It
was observed that administration of the highest (0.4 mg/kg) dose was agsediate reduction of
serum PCSK®9 by nearly 70% and LDL-C by 40%. The lipid-lowering effect of RO$ was
observed across all doses of inclisiran and was greatest when the baselineatomtehnttDL-C
was highest [41].

The first phase | study on the safety of subcutaneously administered ABS®®@as
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 renadiom to
either a single dose of ALN-PCSSC in doses ranging from 25 mg to 800 mg or multigliemnse
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 observeddifiaristration of
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a single dose of at least 300 mg of the drug. In order to significantly re@lc€ lconcentration, a
single dose of 100 mg or higher was required. At day 84, the maximal reduction GISK& P
concentration was 74.5% after the 300 mg dose. LDL-C concentration was reducedlipayima
50.6% after 500 mg dose. PCSK9 and LDL-C concentrations were maintained at tedaltsefibr
over 180 days after administration of 300 mg or a higher dose of a single dose iodimclis

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 frequency4At day
these reductions were 83.8% and 59.7% respectively. In all patients assignetipie anses, the
reduction of LDL-C level was durable over 196 days after the administratibe &fst dose.

The ORION | (NCT02597127) trial was the first Phase |l study on the lipid+iag effect of
inclisiran. It was a multi-centre, randomised, placebo-controlled trial, ctedloa 501 patients at
high risk of CVD, with elevated baseline serum LDL-C concentration uncontroltacwaiximal
tolerated conventional pharmacotherapy [51]. LDL-C concentration threshaldS@eng/dL in
patients with concomitant CVD (345 patients, 69% of the studied group) and 100 mg/dL irspatient
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 ezetif@bddys. 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 injélti@istudy
confirmed findings derived from preclinical studies indicating a lineaetadron between the dose
of the drug and its efficacy. Thirty days after the first injection, the gedP& SK9 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 vas 69.1
and LDL-C concentration was reduced by 52.6% at the day 180. The percentage ofdP@SK9
LDL-C concentration reductions were consistent with the lipid-lowerifegtsf of monoclonal
antibodies against PCSK9 seen in clinical trials, however, the effectsisirarcpersist
significantly longer. Moreover, the mean reduction of LDL-C concentratfias a 240-day
follow-up period varied between 26.7% and 47.2% and was dose-dependent. Significandgl reduc
levels of LDL-C and PCSK9 concentrations remained consistent among all dose subgdayps
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 inalsisix monthly dosing
may be appropriate.

The analysis of the other lipid parameters demonstrates further impoféats ef 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-HDLyQ5k16%)
along with apolipoprotein B (by 23-41%) and VLDL-C (by 12-21%). Despite the signtfic
reduction of triglyceride levels after administration of a single 300 mdg@@ang dose or double
300 mg dose, their level did not decrease significantly when lower doses were &atedniBhe
authors stated that the overall lipid-lowering effect did not vary significaetween patients as far
as LDL-C, apoB and non-HDL-C concentrations were concerned, but the variabigduction of
VLDL and triglycerides was more pronounced. Although these differences wenreptaihed by
the authors, one can speculate that as those lipoproteins contain significantlyghyoerittes
than cholesterol, their levels might be significantly more affected bypieufactors including
dietary habits, concomitant diseases and concomitant pharmacotherapy.
Consistently with the results of the clinical trials on monoclonal anti-PCSkSodigs, no
significant modification of C-reactive protein (CRP) concentration was wis$¢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 impmgantor CV

preventive medicine.

W siRNA (ALN-PCS and ALN-PCSSC) PLACEBO

Infusion-site reactions

Rash

Headache

Cold symptoms

Cough

Nasopharyngitis

Diarrhea

ALT level >3x the ULN

AST level >3x the ULN

ALP level >2x the ULN

Bilirubin level >2x the ULN

CK level >5x the ULN

Myalgia

0% 3% 7% 10% 13% 17% 20%
Adverse effects occurrence

Figure 2: Adverse effects occurrence in Phase | and Phase Il clinical studeesdrathe available

data [39, 41, 51].

Drug safety

Drug injections are more commonly associated with the increased risk of@a@¥ects in
comparison with conventional oral pharmacotherapy [53]. However, in currentlytdeatadies
on inclisiran, the adverse effects occurred in both placebo and drug-treatmentitr a relatively
similar frequency. Among the most frequently recorded adverse effectsviieréocal, mild self-
limiting rash and hyperpigmentation, cough, musculoskeletal pain, headache and baténgai

with acute nasopharynagitis or hiccups [39, 41, 51]. The incidence of adverse effedtdraptire
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aready conducted clinical trials is summarised in Figure 2. Although nohe pétients within the
trials discontinued therapy due to side effects caused by the medicatimuld be noted that one
patient experienced an asymptomatic elevationgititamyltransferase (GGTP) and alanine
aminotransferase (ALT) levels. However, the authors of the study assib@aé results rather with
parallel treatment with atorvastatin, than with inclisiran itself [39]. Afpam this single patient, no
significant differences in the profile of adverse effects were obdevith and without the use of
statins. Although the overall adverse effects occurred in 76% of the patidoth iplacebo and
inclisiran arms of the ORION-1 trial, severe adverse effects werevelsieronly 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 incaleatbeerse effects
did not differ significantly between the groups. During the follow-up period, tworpateho
enrolled in the program died, but neither of these events was attributablertetreaith

inclisiran.

One of the adverse reactions observed after SIRNA administration is the developme
siRNA-induced peripheral neuropathies [54]. Although no mechanism explaining this phenomeno
has been demonstrated, it has been proposed that conjugation of sSiRNA with synthetic strands
bound with GalNAc can reduce the risk of its development via a reduction in the pédrifgise
activity. Peripheral neuropathy was not detected in any of the threerigalsoned above.

Though the modified structure of inclisiran with GalNAc molecules incratsiger
selectivity, it is essential to remember that along with the other phospioatet modifications of
ribonucleic acids it may trigger activation of platelet-activatingoiscand formation of a thrombus
even in the therapeutic range of concentrations [55]. Fortunately, to date, no sudhasftezen
observed in clinical trials. However, it must be considered that in the very-higbepsilation of
patients with CVDs, additionally burdened with hypercholesterolaemia, whaeaeaht elevated
risk of thrombosis, the potential pro-thrombotic activity of inclisiran can becameatly

pronounced after a longer period of treatment.
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Furthermore, in the aforementioned trials, there were no symptoms of immume syste
activation (such as influenza-like symptoms or elevation of pro-inflammatarers) which often
occur after treatment with ribonucleic acid-based therapeutics. Impprthetincidence of adverse
effects does not differ significantly to that associated with therapyanmitiiPCSK9 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 beeeduior a
long period of time, a relatively short follow-up period in the studies conducted to dateatoe
allow confirmation of the long-term safety of inclisiran.

Many studies conducted to date confirm a direct association between staipy thied new-
onset diabetes raising concerns as to whether PCSKO inhibition will have dislietftgcts. The
Mendelian randomization study performed on more than 550,000 participants reported thist patie
with PCSK9 genetic variants associated with LDL-C reduction have alse\ates risk of
development of type 2 diabetes [56]. To date, according to the data from the RCTs, tregtment
neither monoclonal antibodies nor inclisiran has been associated with an idcrsglasé new onset
diabetes [57, 58]. Moreover, in the ORION-1 study, there was a slight tendency far high
reductions of the LDL-C concentration after 180 days in patients with diabedbrost all
treatment regimens, suggesting that these patients might encountecangtuénefits from this
therapy [59]. We would like, however, to point out that the first studies observing arassoc
between statin use and development of diabetes were published more than 15erdast aft
clinical trials with those drugs, hence the long-term data are necesg$ally evaluate the
relationship between the anti-PCSK9 drugs and new-onset diabetes [60, 61].

Another aspect worth discussion is associated with the method of administratiomsofimcl
Even though in short-term follow-up of randomized clinical trials with either monocionidlodies
or siRNA, the patients did not find the parenteral way of their administrationtasi|zaly
cumbersome, the analysis of the satisfaction level of patients having tlye aralarenterally-

administered drugs leads to the conclusion that they do prefer orally adrachidtegs [62].
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Hence, long-term adherence and satisfaction with inclisiran may de@eastime, although it
requires significantly less frequent injections than monoclonal antibodies.
Thefuture
The confirmation of the efficacy of inclisiran in the long-term reductionf{C
concentration along with its good tolerability has given the green light for fualiheeal studies of
this drug. In Table 1, the most important phase I-lll studies are summafisednterim results of
the primary outcomes from the ORION-3 study, an open-label extension study ¢t iDal-Q
study, have already been published. Regardless of the dose and frequency of dosidgugfith
the ORION-1 study, treatment with 300 mg twice-a-year dose of inclis@aarassociated 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 wHiiaclin a very
large population of patients with stable CVD and LDL-C concentrat®Q® mg/dL [65]. After an
introductory 8-week hypolipidaemic optimizing therapy, according to the sudgcol, the
patients will be randomised to receive the drug or placebo in the first month, theatimth and
then in consecutive six-month periods. The occurrence of a combined endpoint consistifiy of CH
non-fatal myocardial infarction (Ml), stroke and urgent coronary revassatem will be the
primary endpoint of the study. The study is designed for a median 5-year follow-uprd{#éaf.
Another important trial, which will shed additional light on inclisiran treatmeitt be the
ORION-9 trial, which, according to the press release, reached the requirbdrrafrthe patients
enrolled significantly ahead of expectations [66]. In this double-blind trial, four hundiiedtpa
with HeFH and baseline LDL-€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 led tretdx a
maximal tolerated dose of statin or have documented statin intolerance. The gmahaoint of the

study will be the percentage change in LDL-C concentration at day 510 éinteisdjusted
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percentage change between day 90 and day 540. Therefore, this trial willertbaseal potential

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

maximal tolerated hypolipidaemic therafyable 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 imtgatigh atherosclerotic

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

with maximal tolerated statin doses [68]. 1,617 patients were randomized in a loh tasigceive

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 interdi@at@nalysis.

There were no differences between the groups in the occurrence of advetse Affeenerical

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

cardiac death, cardiac arrest, non-fatal Ml or stroke, was found in patientesitvath the drug.

Number of patients , _ Selected
Study Phase | = iiag Primary endpoint secondary
endpoints
Percentage change in ﬁ‘}bfglttg changes
ORION-2 I Four patients with HoFH 2IE B : between Day 1
[69] Percentage change in and Davs 60. 90
LDL-C at day 180 180 ys 00, 39U,
Proportion of
Percentage Change in Participants in the
ORION-3 Planned on 490 patients WhEDL-C from Day 1 to Day; Inclisiran and
I completed the ORION-1 . o Evolocumab
[63, 64] 210 in the Inclisiran )
study Grou Groups with
P >50% LDL-C
Reduction.
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The occurrence of a
composite clinical

The occurrence

ORION-4 I Planned on 15,000 membe endpoint of CHD death, | composite of
[65] of high CV risk population | Ml, fatal or non-fatal CHD death or Ml,
ischemic stroke or urgent or CV death.
coronary revascularizatio
ORION-5 I Planned on 50-60 patients | Analysis of LDL-C changeN/A
[71] with HoFH in the course of treatment.
. o Analysis of safety, :
18 patients with different tolerability Changes in LDL-
ORION-7 | stages of chronic kidney L C and PCSK9
: : . : pharmacokinetics and . :
[70] disease against six patients . . concentrations in
with normal renal function | Pharmacodynamicsin o day 60
patients with CKD.
Absolute change
Percentage change in in LDL-C at day
LDL-C concentration at | 510
ORION-9 . , day 510 Time-adjusted | Absolute change
[66] i 400 patients witiNggFH percentage change in LDL-C from
between day 90 and day | baseline between
540. day 90 and day
540
Absolute change
Percentage change in in LDL-C at day
LDL-C concentration at | 510
ORION- I 1500 patients with ASCVD | day 510 Time-adjusted | Absolute change
10 [72] from the US percentage change in LDL-C from
between day 90 and day | baseline between
540. day 90 and day
540
Absolute change
Percentage change in in LDL-C at day
. . LDL-C concentration at | 510
?1R ION- 1500 patlenFs with ASCVD day 510 Time-adjusted | Absolute change
[67, [l or ASCVD-risk equivalents ercentade chanae in LDL-C from
68] not from the US b 9 g

between day 90 and day
540.

baseline between
day 90 and day
540
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*Abbreviations: ASCVD- atherosclerotic cardiovascular disease. CHD- Caoréteart Disease,
HeFH - Heterozygous Familial Hypercholesterolaemia, HoFH - Homozyemmudial
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. Bespitlemonstrated
efficacy of statins and ezetimibe on LDL-C concentration and long-term @¥Derlarge number
of patients do not achieve their therapeutic goals, even on maximal toleratgxy tfidre
introduction of monoclonal antibodies against the PCSK9 protein was a milestone @atimetit
of lipid disorders, as their administration leads to unprecedentedly low LDL<¢&rwations and a
further reduction in mortality in patients with CVD. Inclisiran representsrdinely new
mechanism of PSCK9 protein inhibition in hepatocytes, as it targets the mMRNE&SKP it has
favorable pharmacokinetics, which means that administration is necessaeyenjyd-6 months.
This is an advantage over daily statin therapy and monoclonal antibodies, whidmanstared
every 2-4 weeks, and hence can pose the risk of reduction in the adherence duringttérenlong
treatment. The infrequent administration regimen has the potential to inttteasember of
patients who maintain their therapeutic goals for the long periods, espetidiifents who
struggle to comply with daily pharmacotherapy.

Preclinical studies and Phase | and Phase I clinical trials of naclisave demonstrated its
tolerability and efficacy in promoting the long-term reduction of both PCSK9 pratel LDL-C
levels. The efficacy and safety of inclisiran will continue to be assessedjaing and forthcoming
trials on larger patient groups. If the results of these trials reflecoopidyipublished data, they
will add further weight to the body of evidence suggesting that inclisirareiotutionary new tool

in the pharmacological management of plasma lipids.
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