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Abstract

The association between low-density cholesterol (LDL-C) and cardiovascular disease (CVD) is well-established, with an
emphasis on lowering LDL-C levels to reduce cardiovascular events. Statin therapy has been the traditional treatment for
LDL-C reduction, in addition to lifestyle modifications, but studies have shown that a substantial proportion of patients
does not reach target LDL-C goals despite receiving maximally tolerated statin medications. Additionally, statin therapy
is associated with a few shortcomings as many patients initiated on these medications discontinue treatment within 1 year
because of lack of tolerability. Furthermore, guidelines from both the American College of Cardiology and the American
Heart Association highlight the importance of obtaining LDL-C goals because of the residual atherosclerotic CVD risk that
remains in high-risk populations. That the residual cardiovascular risk remains despite statin therapy highlights the impor-
tance of evaluating therapeutic approaches that possess effective lipid lowering that can be used adjunctively with statins.
Much focus has been directed towards the proprotein convertase subtilisin/kexin type 9 (PCSK9) pathway, leading to the
development of evolocumab and alirocumab, two human monoclonal antibodies directed against PCSK9. These agents have
been shown to markedly decrease LDL-C levels and significantly reduce cardiovascular risk, but the need for biweekly or
monthly subcutaneous injections has generated concerns for patient compliance. A new pathway is being studied in which
a synthetic small interfering ribonucleic acid (siRNA) targets the PCSK9 gene expressed in hepatocytes to prevent PCSK9
production. The siRNA, inclisiran sodium, significantly reduces hepatic production of PCSK9, causing a marked reduction
in LDL-C levels, and exhibits sustained pharmacodynamic effects when dosed subcutaneously every 6 months. This review
presents and discusses the current clinical and scientific evidence pertaining to inclisiran sodium.

1 Background

Cardiovascular disease (CVD) is the leading cause of death
worldwide, affecting over 120 million adults in the USA
alone [1]. The relationship between clinical atherosclerotic
CVD (ASCVD) and prolonged elevated low-density lipo-
protein cholesterol (LDL-C) levels is established and cor-
roborated by the existence of familial hypercholesterolemia
(FH), an autosomal dominant genetic disorder character-
ized by very high levels of LDL-C and early ASCVD [1,
2]. Elevated LDL-C levels significantly increase the risk of
major adverse cardiovascular events (MACE) and contribute
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to premature morbidity and mortality in patients with FH,
emphasizing the importance of initiating cholesterol-lower-
ing agents [1, 2]. Reducing LDL-C levels is the most effec-
tive intervention to change the course of ASCVD in FH, yet
residual cardiovascular risk remains despite aggressive treat-
ment with statins and other oral lipid-lowering agents [1].

1.1 Approaches in the Treatment
of Hypercholesterolemia

The gold standard of treatment for hypercholesteremia are
statin medications [1, 3]. Statins are first-line agents for both
primary and secondary ASCVD prevention, and their use is
recommended for four patient population groups: established
clinical ASCVD, LDL > 190 mg/dL, diabetes (age 40-75
years) with LDL-C 70-189 mg/dL, and primary prevention
(age 40-75 years, no clinical ASCVD, nondiabetic, LDL
70-189 mg/dL with a 10-year ASCVD risk > 7.5%) [1, 3].
The American College of Cardiology (ACC) and American
Heart Association as well as the European Atherosclerotic
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Phase III pivotal trials (Orion-9, -10, and -11) have dem-
onstrated inclisiran’s significant low-density lipoprotein
cholesterol-lowering effects in patient populations with
very high cardiovascular risk, specifically patients with
atherosclerotic cardiovascular disease (ASCVD) and
heterozygous familial hyperlipidemia.

Whether inclisiran can improve cardiovascular outcomes
in patients with cardiovascular disease is not known but
is being evaluated in the ORION-4 study, a long-term
cardiovascular outcomes trial that will include approxi-
mately 15,000 subjects aged > 55 years with established
ASCVD and an elevated total cholesterol (>155 mg/dL).

Inclisiran is the first small interfering ribonucleic acid
being evaluated for dyslipidemia and has the potential
to be used for the primary and secondary prevention of
cardiovascular disease. The main benefit of inclisiran,
compared with proprotein convertase subtilisin/kexin
type 9 inhibitor monoclonal antibodies, is the less fre-
quent dosing.

Society and the European Society of Cardiology all recom-
mend specific statin intensity therapy and LDL-C goals for
very high-risk populations (clinical ASCVD and LDL > 190
mg/dL), which have shown benefit in reducing ASCVD risk
and mortality [1, 4]. One large meta-analysis that included
26 randomized controlled trials (RCTs) showed an average
reduction of LDL-C of 39 mg/dL, which reduced the risk of
all-cause mortality by 10%, risk of cardiovascular mortality
by 20%, and risk of coronary revascularization by 19% [5].
However, these robust benefits have not been optimized in
clinical practice, where data have shown that over 70% of
patients with established ASCVD do not reach an LDL-C <
70 mg/dL [3, 6]. In addition, treatment with statin therapy is
associated with adverse effects (AEs), most commonly myal-
gias and myopathies, and many patients initiated on statins
discontinue treatment within 1 year because of these real or
perceived AEs. Poor adherence to currently available thera-
pies is an important contributing factor and has been shown
to be associated with an increased risk of CVD [3, 5, 7].

1.2 Role of Proprotein Convertase Subtilisin/Kexin
Type 9 (PCSK9) in Low-Density Lipoprotein
Cholesterol Metabolism

As lipid disorders increased in prevalence and statin therapy

failed to meet the goals for some, new approaches to lipid-
lowering therapy (LLT) were investigated. One pathway that
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was discovered and intensively studied involves proprotein
convertase subtilisin/kexin type 9 (PCSK9). PCSKO9 is a pro-
tein that plays a key role in lipid metabolism, particularly in
the internalization of the LDL receptor (LDLR) from the
cell surface into the hepatocyte and chaperones LDLRs into
lysosomes for degradation [8]. This process is upregulated
in hypercholesteremia, which leads to a decrease in LDLR
and an increase in circulating LDL-C. In FH, PCSK9 genetic
mutations have been identified, with the gain-of-function
PCSK9 mutation contributing to the phenotype of extremely
elevated LDL-C with an elevated ASCVD risk [8, 9].

1.3 Currently Approved PCKS9-Targeting Agents

Soon after the role of PCSKO in lipid metabolism was dis-
covered, there was a surge to develop therapies to target
its pathway as a treatment for dyslipidemia. Subsequently,
the PCSK®9 inhibitors evolocumab and alirocumab were
approved for use as an adjunctive therapy to standard of
care for patients with established CVD and/or FH [1, 8].
Evolocumab and alirocumab are monoclonal antibodies that
target PCSK9 with high specificity, preventing degradation
of the LDLRs, and studies showed that both agents reduced
cardiovascular risk in high-risk patients [10, 11]. A phase
III cardiovascular outcomes study, FOURIER, evaluated the
efficacy of evolocumab compared with placebo in 27,564
patients with CVD [10]. After 48 weeks of therapy, patients
on evolocumab showed a reduction in median LDL-C from
92 to 30 mg/dL and an absolute risk reduction of 1.5% in the
incidence of composite MACE compared with intensive sta-
tin therapy (p < 0.001) in patients with FH [10]. In addition,
the ODYSSEY study demonstrated similar LDL-C lower-
ing (> 50% LDL-C reduction) and cardiovascular outcome
results with alirocumab [11]. Both studies supported PCSK9
inhibitor (PCSK9i) placement as an adjunctive strategy for
the treatment of dyslipidemia in the ACC consensus deci-
sion pathway, which recommends their use for patients with
established ASCVD and LDL-C > 90 mg/dL despite the use
of maximal tolerated statin therapy and/or ezetimibe [1].
Despite the topline lipid-lowering data for PCSK9Is
and their ability to be dosed biweekly or monthly, a risk
of low compliance remains. A small retrospective analysis
conducted by Gragnano et al. [12] evaluated evolocumab
use in a real-world setting and showed that the level of full
adherence was, overall, higher than that for statins (79.4 vs.
30.9%, respectively); however, it also revealed that 11.8% of
patients taking evolocumab were only partially adherent and
8.8% were nonadherent [13]. Given this, it was also shown
that treatment with evolocumab presents an initial therapy
denial by insurance companies as high as 80% even when
the US FDA-approved indications for therapy have been met
by the patient [13]. Furthermore, it appears that the major
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barrier to compliance for these agents are due to cost and
duration of action [14].

1.4 Inclisiran Molecule and Properties

Inclisiran sodium (inclisiran) is a short-chain, synthetic,
small interfering ribonucleic acid (siRNA) that binds to
PCSK9 messenger ribonucleic acid (mRNA) in hepato-
cytes, blocking PCSK9’s translation and production [15].
Promising data from the ORION-1 phase II study, which
demonstrated LDL-C lowering of > 50% with additional
sustained pharmacodynamic effect and an ideal safety pro-
file, led to the development of inclisiran’s phase III ORION
program [16, 17]. The sustained pharmacodynamic effect
allows for dosing once every 6 months, providing benefits
for patient convenience and compliance [10]. Confirmation
of the efficacy of inclisiran in the long-term reduction of
LDL-C, along with its tolerability, has been evaluated in
the ORION-9, ORION-10, and ORION-11 studies (Fig. 1).

2 Mechanism of Action

PCSKO is a serine protease involved in the regulation of
hepatic apolipoprotein B (ApoB) uptake and cholesterol
metabolism via the LDLR. The LDLR pathway is the pri-
mary pathway in which plasma LDL-C is cleared from the
circulation [15]. LDL-C binds to LDLRs, triggering endo-
cytosis, whereby the LDL-C is degraded in the lysosome
and the LDLR is recycled back to the cell membrane sur-
face. PCSKO interferes with this process by binding to the
LDLR and mediating LDLR integration and degradation
in the lysosome with LDL-C, preventing LDLR recycling
to the cell membrane and subsequently decreasing LDL-C
clearance [15].

Inclisiran’s unique mechanism inhibits the synthesis of
PCSKO9 within hepatocytes, as opposed to extracellular inhi-
bition by the currently approved PCSK9i monoclonal anti-
bodies. Inclisiran is a double-stranded siRNA that harnesses
the intrinsic process of RNA interference and blocks hepato-
cyte production of PCSKO [15, 18]. Inclisiran is composed
of 21-23 nucleotide sequences that have been modified for
durability and low immunogenicity and is highly distributed
to the liver through N-acetylgalactosamine (GalNAc) conju-
gation [12]. Inclisiran binds specifically to the mRNA pre-
cursor of PCSK9, preventing its translation and the produc-
tion of PCSKO [15, 18]. The reduction of PCSK9 proteins
promotes the recycling of LDLRs, increasing the uptake and
degradation of plasma LDL-C and lowering plasma LDL-C
levels (Tables 1, 2).

3 Clinical Evaluation of Inclisiran
3.1 Phase |l Clinical Studies

A phase I study reported by Fitzgerald et al. [19] evaluated
the safety, tolerability, pharmacokinetics, and pharmacody-
namics of multiple doses of inclisiran in healthy participants
with elevated LDL-C in both a single-dose and a multiple-
dose study. The primary outcome studied was the incidence
of AEs and severe AEs (SAEs) in each group, and second-
ary outcomes included area under the plasma concentra-
tion—time curve (AUC), plasma concentration, and change
from baseline in fasting plasma PCSK9 and serum LDL-C
[19].

The single-dose study used varying doses of inclisiran
(25-800 mg) and included participants aged 18—60 years
who had an LDL-C of > 100 mg/dL and fasting triglycerides
<400 mg/dL. Participants were randomized 3:1 to either
inclisiran or placebo for a total of six cohorts with four par-
ticipants each [19]. Participants were excluded if they had
a history of CVD, cerebrovascular disease, or diabetes mel-
litus; with the exception of those taking statins, such patients
could be permitted if they had non-insulin-dependent diabe-
tes or controlled hypertension.

All AEs were mild to moderate in severity, and none
resulted in the discontinuation of study treatment. The most
common AEs were cough, musculoskeletal pain, and naso-
pharyngitis, and these occurred more in participants in the
inclisiran group than in those in the placebo group, with
11.1% (n = 2) reporting each of cough, musculoskeletal
pain, and nasopharyngitis in the inclisiran group compared
with no AEs in the placebo group. Inclisiran 800 mg had
the highest incidence of treatment-emergent AEs (TEAEs):
66.7% compared with 33.3% for all other inclisiran doses
[19].

In the single-dose phase, inclisiran > 300 mg was associ-
ated with significant reductions in PCSKO9 levels from base-
line compared with placebo at day 84 (p < 0.001) [19]. The
extent of PCSK9 reduction was similar across the dose range
of 300-800 mg (mean change 69.9-74.5%), with the largest
reduction of 74.5% occurring with inclisiran 300 mg. At
day 180, PCSKO levels returned to baseline values for par-
ticipants who received inclisiran 25 and 100 mg. This was
not observed for the cohorts that received a single dose of
inclisiran > 300 mg, where PCSK9 levels remained reduced
at day 180 compared with baseline. LDL-C reductions from
baseline were significant compared with placebo at day 84
for inclisiran > 100 mg (p < 0.05), with mean LDL-C level
reductions ranging from 36.7 to 50.6%. The largest reduction
observed, 50.6%, occurred in the inclisiran 500 mg cohort,
whereas the 800 mg cohort exhibited a reduction of 43.4%.
Similar to the PCSK9 observations, LDL-C levels returned
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Fig. 1 Mechanism of action of inclisiran (reproduced with permis-
sion from [36]). GalNAc N-acetylgalactosamine, LDL-C low-density
lipoprotein cholesterol, mRNA messenger ribonucleic acid, PCSK9

to baseline values for recipients of inclisiran 25 and 100
mg at day 180, whereas the levels remained reduced, as
compared with baseline, for recipients of inclisiran > 300
mg. Results from the single-dose study determined the most
optimal fixed dose for a range of inclisiran and demonstrated
that inclisiran exposure increased in a dose-dependent man-
ner [19].

The multiple-dose study included four doses of inclisiran
(125 mg weekly for 4 weeks, 250 mg every other week for 4
weeks, and 300 or 500 mg monthly for 2 months) and par-
ticipants aged 18-75 years who met the same criteria as in
the single-dose study described earlier [19]. The study con-
sisted of eight cohorts, where participants were randomized
into groups and then further grouped based on statin use
status for the inclisiran 300 and 500 mg and placebo groups.

A total of 45 participants were included, all of whom
completed the study and were included in the safety and full
analyses. Safety analysis revealed that inclisiran was gen-
erally well-tolerated, and AEs were consistent amongst all
groups. The most common AEs were headache (18%), back
pain (5%), diarrhea (5%), and nasopharyngitis (12%) and
were deemed mild to moderate in severity [19]. Inclisiran
300 mg monthly exhibited the lowest incidence of TEAEs
compared with all other doses and among participants not
receiving statin therapy; more TEAEs were reported for
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inclisiran 125 mg weekly and 250 mg biweekly (83.3% for
both) than for all other nonstatin groups. Overall, no system-
atic differences in the proportions of participants reporting
AEs were observed between treatment groups.

In the multiple-dose study, all inclisiran regimens dem-
onstrated significant reductions from baseline in the PCSK9
level as compared with placebo at day 84 after administer-
ing the first dose (p < 0.001). The magnitude of PCSK9
lowering was similar across all inclisiran groups, with mean
reduction ranging from 71.8 to 83.8%. Furthermore, PCSK9
levels remained reduced for all inclisiran cohorts when com-
pared with baseline at day 196. At day 84, after receiving
the first dose, LDL-C change from baseline was significant
when compared with placebo (p < 0.05) for all inclisiran
regimens except for the cohort receiving 125 mg weekly for
4 weeks (ranging from 45.1 to 59.7%). The largest LDL-C
percentage reduction (59.7%) was produced with inclisiran
300 mg dosed monthly. In addition, reduced LDL-C lev-
els persisted when compared with baseline for all inclisiran
cohorts at day 196 [19].

Findings from both the single-dose and multiple-dose
studies provide further clinical evidence that supports the
ability of inclisiran to inhibit the synthesis of hepatic-
derived target proteins [19].



Efficacy and Safety of Inclisiran

A[oATy
-o0adsax
quow
-rreduur
[euax
QI0A9S pue
‘areropowt
‘Priw
‘Teuriou
ur %89
PU® ‘%08
‘%YL ‘%89 pamorfe
:sAep 09 uon suorn
Je son[eA  -Ounj [RUAX -BoIpaW asop 9[3uls L-NOIIO
631SDd Ut JuaIoylIp ut Surromor Sw 00¢ Od “10 (el
1 uononpay  SisAfeue Sd  -D-TATON  Jed[oun/yN Jed[ounjyN  Jed[oun/yN QUON UBIISI[OU] 96 1€ 0¢ ‘esop-o[Surs Te 30 WYSLIM
(Arpuow
Sw 00¢
Ba.LIeIp 10 00¢
‘sayoepesy ‘MOH 05T
‘ured SN suorenur) PAREEINY
‘Y3nod -uooSIp 0S1)
'sgy uowr  3nip Apnjs asopnnu
-wod IO 01 Surpe9] pue (3w
"SHY 01 SHV pue Aderoyy 008 ‘00S
onp suone SHVS unes ‘00¢€ ‘001 avin
-NUNUOSSIp ‘SgV jo motIm ‘Ge) o[3urs pue avs [611 TR0
I I0SHVSON 9ousplouf 0PI TBI[OUN/YN  TBI[OUNYN  TBI[PUN/YIN  [DEN %6°0 UBIIST[ouf eCS 0L §C  Ddds™d pleraszILy
sdnoi3 suonenun
[onuod -uoosIp
pue oAanoe  3nip Apnjs
ur Ie[ruurs 0 Surpes|
o1oM SV SgV pue
IV 'sav's sgVS sSnip (83
paje[al ‘sgv Jo Surramor 00v—S1) avs [61] TR0
1 -3n1p oN 9oUapIdUL -PIAI ON  TeO[OUNYN  IeS[OUN/YN  JeS[UN/IN [DeN %6°0 UBIISIOUL A §9-8I [43 I DddS ¥ PlereszIng
Jo1owered
Koeoyga Jo  (syurodpud 9s0Op pue
SQUI0OINO Koeongo Aderoy snje)s 3nip [euon Syoom
aseyq urejA urel  punoi3yoeg AL smeis Hi  smeis gAD [onuo) -e3nsoAu] SIeak 93y () s109lqng  ‘dn-mofog uSisop Apmg Apmis

ueIISI[ouT Suneneas sarpms paje[dwos Jo syreiaq | ajqel

A\ Adis



J.Hardy et al.

0qao
-erd yym
aseaIour
%T'8 “SA syuowr
UeIISI[Oul 111 Ieyl0 9 £19A9
) uon qureseq mnoym uayl ‘06
-onpal woly /YN unes Kep ‘1 Aep 6-NOTIO
0-1d71 0-1d1 PpajeIo[o} noymim mnoyim [DEN  Je Sw 00¢ (el
I %L 6L odueyp 9 AJ[ewIxe 0 PIM  HAGH PIm 10 qIM %60 UelIstpoug 98 (%1% LL Dd‘dd ¥ ‘Te 19 [eey
UBIIST[OUT
10} 081
0 | skep
uooMIoq
uononpal
%96°0¢
pue 06
pue | skep 1717 °y10
uoaMIdq qurfeseq jnoyym
D-1QTur woij /M une)s pazIiwo joqid
uononpal O-1d1 PaleIs[o} motrm moyrm Sw 00¢ -puel (skep O “10 [Lg]
I %9TCI odueyp 9, AfrewIxey 0 HAJOH PIM 10 I SUON UBIIST[ouf eLE  PIUIAIDS 6 081) 9z  ‘wre-o[3urg "NOIMO
P
/3w 06>
01 %8S
paonpal
suw 0p¢ 06 Aep pue
Jsop-om[, 1 Aep e
*S9s0p 3w ¢ 1o
om] 1o)Je ‘00T ‘001
%9°CS uelisiout
016°G¢ sasop
‘%6'Ty L1710 0Mm} 13s0p
0 6LT aurpaseq noyim 9[3urs Sw
uononpal wol - /im unes HA°H 00¢ 1o I-NOIdO
01d1 0-1d71 PajeIs[0} noym noym moym ‘00€ ‘00T AvIN “Od (1]
Il :9sop-o[3ulg odueyd 9 AJewIxey 10 [IM 10 PIM 10 P [DBN %60 UeIISI[ouf eL9 108 0¢ ‘dd DN Te 10 Aey
1010wered
Koeoge Jo  (s)urodpud 3sop pue
SoWI00INO Koeoryjo Adeoyy snje)s 3nip 1euon Syoam
aseyq urej ulelN punoidyoeg AL smeis Hy  smels gAD [onuo) -e3nsoau] s1eak 98y () s102fqng  ‘dn-mojjoq uSisop Apmg Apmgs

(ponunuoo) | sjqey

A\ Adis



Efficacy and Safety of Inclisiran

sdno13 usomiaq JuarafIp AJ[eonsne)s a1om saSe Jely) UONBIIPUL OU SBM 919U ], ‘PAsn sem d3Uel A3e UOISN[OUI ASBI YOIYM UI ‘Q[qR[IRABUN SSI[UN UJAIS 938 UBSJA],

smIew sojeqeIp g odA) W@z ‘Pullq S[3UIS S ‘SIUIAD 9SIOAPE
QI0AS SFYS ‘9sop SuIpuddse I[IUIS (7S ‘paziwopuer y ‘onounjodewreyd yg ‘dnoi3 [o[rered g ‘g 2dA) urxoyyursingns aselroauod urajordoid gysHg ‘poronuod oqadeid Hg ‘[eqel uado 70
‘parodar jou YN ‘OpLIO[Yd wnipos (HpN ‘uted [e1o[ayso[nosnw YSHy ‘Iduadninu Hpy ‘osop Surpuasse oidnmnw gy ‘Aderoyy Sutromor-pidiy 7777 Jorasajoyd urajordodr] Kisuop-mol D-7q7
‘snoueAenUI AJ ‘H. Sno3Azowoy f.JoH ‘H SN03AZ010)aY J2F “eTuo[0I1)s[oyd1adAy [eI[Twe] f7.7 “oom I9YI0 AI0Ad MOF ‘PUIq S[qQNOP (T ‘@SBISIP JB[NISBAOIPIED (JAD ‘SIUSAD ISIAPE FV

ueIpaw IO sueaW se UBEOwQHQ ale evle

0qoo
-erd yym
asearour
%Y SA s10)o8) syuow
URIISI[OUl IT1ey10 jusreainbo 9 AI0AQ
s ourfeseq noyim ASL-YSIy uayl ‘06
11w woly - /qim unels HA°H WM dAD Kep ‘1 Kep I1T-NOIMO
uononpal D11 pajeId[0) noyIm mnoyIm noyIm e Sw OO¢ [92]
I %6°6¥ odueyp 9 AfrewIxey 10 yIM 10 M oM [DBN %60 UelIstpoug 879 L191 LL  Dd‘dd ™ Te 10 vy
0gao
-erd yym
9seaIoUl
%1 "SA syyuowt
URIIST[OUT 1717 eylo 9 K19A9
Pim qurfeseq mnoym uay ‘06
o 1gTut worn - /im unes HA°H Kep ‘1 Aep 0I-NOIO
uononpal D11 PaeIso} mnoym noym e Sw OO¢ [o7]
11 %E1S odueyd 9 AewIxey 10 [IM 10 PIM WM TOBN %6°0 UBIIST[oUf «99 1961 LL Dd'dd ¥ Te 10 Aey
1010wered
Koeoge Jo  (s)urodpud 3sop pue
SoWI00INO Koeoryjo Adeoyy snje)s 3nip 1euon Syoam
aseyq urej ulelN punoidyoegq AL smeis Hf  smels gAD [onuo) -e3nsoau] s1eak 98y () s102fqng  ‘dn-mojo uSisop Apmg Apmgs

(ponunuoo) | sjqey

A\ Adis



J.Hardy et al.

sdno13 uoomiaq JuaIoIp A[[eonsne]s a1om saSe ey} UONEBIIPUL OU SBM IO, 'Pasn sem a3uel AFe UOISN[OUI ASBI YIIYM UI ‘Q[qR[IBABUN SSI[UN UIAIS 93€ UBIJA[,
smI[[ow sajeqeIp ¢ odK) W@z ‘POZIIOPURI Y ‘SYoam 7 AI9Ad Mz ‘SYIuow 9 A10A9 90 ‘PoI[onuod 0qade[d D4 ‘[oqe] uado 70 ‘JUaAd JBIpIRD 9SIdAPE Jofew FHVH
‘Aderoy) Surromor-pidif 7777 ‘urarordodr) Ayisuap-mol 77 ‘HA snodAzowoy fJoH ‘H Sn034z01d1oy f{2[ ‘erud[oI1)s9[oyd1odAy [erjiueyj g,/ ‘puriq 2[qnop g( ‘@seasIp IB[NISBAOIPILd (JAD
UBIPOW JO SUBAW St pajuasald are eje(y

Tp/3w 001> -
pue Tp/Sw ITTIey0 S10J08J skep pue ‘0r- ‘6-
0L> 1dT moym judeAmba 081 A10A0 ‘6-NOIIO
Sumyoear  /yIM une)s HASH pue SSLI yIm pue (6 pue JO [e11 UoIS
sjuaned jo PojeIa[0) HJOH no dAD mo I sAkep Sw -uaX? “10 [92]
uonsodoig Arewxey papnpoul  -PIM IO YA -(IM IO I 166C QUON  (00¢ uedistpouf 8I< $S1 ‘wre-o[Sulg 1II 8-NOIIO
LTT_yo
0S1 Aep noym 06 Kpnjs 101uad
ojoureseq  /UIIM Unels Kep pue | -nw (70
woxj 11 P10} mnoym jnoyNm quIfes [ew Kep uo Sw /0d ‘d) vl
ur a3ueyd % Arewrxeyy oM HAOH WM 10 PIM 9G -IOU ‘0Q3%B[d (0E WBISIOU] 08-81 06 1red-omy, 111 $-NOIMO
N9O
1171 g0 uoy) pue
noym syuowr ¢ s1edk
HOVIN pa - /qiim uness ‘uoneziuo ¢ dn-mofoy
syuedronred PojeId[0) mnoym HJ°H 1no 000°ST -puel je Sw poroadxa [sz]
JO JequunN Aqrewrxey 10 [PIM -TPIM IO TITM PIM pajewnsy 0QadB[d 00¢ UeISI[oU] e < UBIPIJA Dd 'dd ¥ 111 ¥"NOIIO
LTT1eq0
SKep 01¢ mnoym sIeok e
ojouIeseq /UM unels MZ0O $ 01 dn UOISU)Xd
woly TAT PIeIA[0) jnoyIm HA°H o jnoyIm 06¥% Sw o] W90 Sw dn-moqroy  I0jEIRdWOO l61]
ur oSueyd % Arewrxey 0@ -JIIMI0 IM 0 mM paleuwinsy  QBUNOO[OAH Qg UBIISIoU] 8I< pajoadxg 2AndR 10 1I £-NOIJO
9sop pue
sjurod Kderoyy 3nip Teuon syoom
-pue Aoeoyjgy  punoidyoeg smeIs INAZL smeIsHd  smeis qaAD (W) s1elgng [onuo) -e3nsoau]  s1eak a8y dn-mor[o uSisop Apmg oseyq Apmgs

ueIISI[oul Jo sarpnys Suro3uo Jo spreled ¢ djqel

A\ Adis



Efficacy and Safety of Inclisiran

The phase I study, ORION-7, assessed the pharmacoki-
netics, safety, and tolerability of inclisiran in participants
with renal impairment [20, 21]. A total of 31 participants
were randomized 1:1:1:1 according to their renal function
(normal > 90 mL/min, mild impairment 60—89 mL/min,
moderate impairment 30-59 mL/min, severe impairment
15-29 mL/min) to receive a single subcutaneous dose of
inclisiran 300 mg. Participants were observed until day 60
with an extended observation period at day 180. The pri-
mary pharmacokinetic endpoints included the relationship
between the degree of renal impairment and maximum
plasma drug concentration (C,,,) of inclisiran, AUC_j, ity
and plasma half-life. Percent change of LDL-C from base-
line was evaluated at 4 and 48 h and on days 4, 7, 30, 60,
120, and 180.

It was observed that the AUC i,y for inclisiran
increased with worsening renal function, with a mean AUC
0-infinity ©f 7890 h-ng/mL for normal renal function compared
with 18,800 h-ng/mL for severe renal impairment. C,,, also
increased with worsening renal function, with a fourfold
increase of inclisiran levels in severe renal impairment when
compared with normal renal function [20, 21]. It should be
noted that, at 48 h after drug administration, inclisiran was
not detected in plasma in any of the groups. Mean PCSK9
levels were significantly reduced at day 60 in all groups (nor-
mal — 68.1%, mild — 74.2%, moderate — 79.8%, and severe
— 67.9%), and this observed lowering was not statistically
different in normal function compared with all other renal
function groups (p = 0.24). LDL-C level reductions were
also similar across all groups (p = 0.17), with an observed
mean LDL-C lowering of — 57.6% for normal, — 35.1%
for mild, — 53.1% for moderate, and — 49.2% for severe
renal impairment at day 60. The reductions for PCSK9 and
LDL-C persisted to the end of the study [20].

All participants completed the study and were included in
the safety data analysis, with the most common AEs being
consistent with results from other phase I studies: nasophar-
yngitis, headache, cough, nausea, and back pain [19, 21].
Inclisiran systemic clearance was reduced with progressed
renal disease but, despite elevated plasma levels, did not
show any novel AEs or result in study discontinuation in the
renally impaired groups [21].

3.2 Phase Il Clinical Studies

A dose-finding phase II study by Leiter et al., ORION-1,
evaluated inclisiran (100-500 mg) compared with placebo
in participants with elevated LDL-C despite LLT. A total of
501 participants with or without ASCVD were randomized
to either inclisiran or matching placebo using two different
dosing regimens (one dose vs. two dose: day 1 and day 90)
[16].

At day 180, inclisiran 300 mg reduced the average base-
line LDL-C of 131.3 mg/dL by 52.6% after two doses
compared with an increase of 1.8% with placebo (95%
confidence interval [CI] — 57.1 to — 48.1; p < 0.001), and
this was consistently significant for all dosing regimens of
inclisiran [16]. The two-dose inclisiran 300 mg regimen
produced the greatest reduction in LDL-C, and 48% of par-
ticipants within this group achieved an LDL-C level < 50
mg/dL. Furthermore, PCSK9 and LDL-C levels remained
significantly lower than baseline at day 210 with all incli-
siran regimens (p < 0.001). Inclisiran appeared to have a
relatively benign AE profile, with an incidence of SAEs of
11% among participants who received inclisiran and 8%
among participants who received placebo. Injection-site
reactions were notable for only inclisiran and occurred in
5% of participants [16].

Thus, in this phase II study, inclisiran produced signifi-
cant reductions in LDL-C and PCSKO9 levels with an accept-
able AE profile, as compared with placebo, and showcased a
sustained effect of 6 months. However, given the relatively
small number of participants and the short duration of the
study, no definitive conclusions could be drawn regarding
the long-term side effect profile of inclisiran.

To address these limitations, the extension study,
ORION-3, assessed the long-term efficacy and tolerability
of inclisiran compared with evolocumab [22]. Participants
who previously received inclisiran in ORION-1 continued
inclisiran treatment, and participants previously treated
with placebo received 1 year of treatment with evolocumab
followed by 3 years with inclisiran dosed every 6 months.
Interim analysis results of ORION-3 revealed the primary
endpoint was met and inclisiran demonstrated an LDL-C
reduction of 51% through day 210 (p < 0.001) and a time-
average absolute LDL-C reduction of 59.4 mg/dL (p <
0.001) [22, 23]. In addition, no change in the overall safety
profile was observed. These results provide validation of
the dose—pharmacodynamic response model observed in its
parent study, ORION-1. Follow-up is ongoing, and comple-
tion is projected to occur in 2022. These anticipated results
may provide the conclusive evidence needed to support the
comparative efficacy of > 50% LDL-C lowering shown from
both agents.

3.3 Phase lll Clinical Studies

The global inclisiran phase III program, ORION, consists
of four phase III pivotal studies and has enrolled 3660 par-
ticipants with hypercholesterolemia as of October 2020. The
pivotal ORION-9, -10, and -11 studies are complete, and
the currently enrolling study, ORION-4, is anticipated to
conclude in late 2024.
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3.3.1 ORION-9

ORION-9, a randomized, double-blind, placebo-controlled
study, evaluated the safety, tolerability, and efficacy of
inclisiran when added to maximally tolerated statin therapy
with or without ezetimibe in patients with heterozygous FH
(HeFH) compared with placebo [24]. Participants who were
included had an LDL-C > 100 mg/dL and were on a stable
dose of statin and/or ezetimibe therapy for at least 30 days.
A total of 482 participants were randomized (1:1) to receive
subcutaneous injections of inclisiran 300 mg or matching
placebo, administered on day 1 and day 90 and then every 6
months. The median age was 56 years, and the mean base-
line LDL-C level was 153 mg/dL. Among all participants,
90% were receiving statin therapy at baseline, of whom 75%
were taking high-intensity statin therapy and > 50% were
on ezetimibe. The coprimary endpoints of this study were
percent change in LDL-C from baseline to day 510 and time-
adjusted percent change from baseline LDL-C between day
90 and day 540.

At day 510, the mean percent change in LDL-C from
baseline was superior for inclisiran (— 39.7% vs. + 8.2%
for placebo), for a between-group difference of — 47.9%
(95% CI — 53.5to — 42.3; p < 0.001). Time-average percent
change from baseline LDL-C between day 90 and day 540
was statistically significant, with a decrease of 38.1% for
inclisiran and an increase of 6.2% for placebo (p < 0.001)
[24]. In addition, inclisiran resulted in a superior reduction
in LDL-C levels at day 510 (mean change — 59.0 mg/dL)
compared with placebo (mean change + 9.9 mg/dL; p <
0.001). The LDL-C-lowering effect was exhibited at day 90
and day 540, with an observed LDL-C difference of — 56.9
mg/dL (time average) for inclisiran and + 5.8 mg/dL (time
average) for placebo (p < 0.001). A subanalysis of HeFH
genotype LDLR variants revealed consistent LDL-C reduc-
tion among all genotypes with inclisiran; within the LDLR
pathogenic subset, an LDL-C change of — 58.4 mg/dL and
11.2 mg/dL was shown for inclisiran and placebo, respec-
tively. Furthermore, participants randomized to inclisiran
showed lower levels of total cholesterol (TC), ApoB, triglyc-
erides, lipoprotein(a) [Lp(a)] and non-high-density lipopro-
tein (HDL-C) when compared with placebo. Specifically,
inclisiran reduced Lp(a) levels by 13% compared with a
baseline of 121 nmol/L [25]. The percentage of participants
achieving their lipid targets was substantially higher in the
inclisiran group, where 64% of participants with established
ASCVD had an LDL-C level < 70 mg/dL at day 510 [24].

Regarding the side effect profile, the occurrence of AEs
was slightly higher with inclisiran (77%) than with placebo
(72%), but all AEs (nasopharyngitis, influenza, upper res-
piratory tract infection, back pain, and gastroenteritis and,
most commonly, injection-site reactions) were mild to mod-
erate in severity [24]. Three participants receiving inclisiran
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discontinued study treatment early because of AEs. The pro-
portion of participants that experienced SAEs was similar
between groups, with one death occurring in each group,
neither of which were related to the study interventions.

The findings of ORION-9 support the addition of incli-
siran as an effective adjunctive treatment strategy for patients
with HeFH who do not reach or maintain LDL-C targets
despite maximum tolerated LLT [24].

3.3.2 ORION-10

ORION-10, a 78-week phase III study, evaluated the safety
and efficacy of inclisiran when added to standard-of-care sta-
tin therapy with or without ezetimibe [26]. This randomized,
placebo-controlled, parallel-group study included 1561 par-
ticipants with ASCVD, aged 56-76 years, and with elevated
LDL-C despite receiving a maximum tolerated dose of LLT.
Participants were randomized 1:1 to subcutaneous injections
of inclisiran 300 mg or matching placebo administered on
day 1 and day 90 and then subsequently every 6 months
over a period of 540 days. Participants were included if their
LDL-C levels were > 70 mg/dL and excluded if they were
treated with a PCSK9 monoclonal antibody within 90 days
of screening. The study population mean LDL-C at baseline
was 104.7 mg/dL; 89% of participants were receiving statin
therapy and 10% were on ezetimibe. Among the participants
treated with statin therapy, 68% were on high-intensity statin
therapy (i.e., at least 20 mg rosuvastatin, 40 mg atorvastatin,
or 40 mg simvastatin daily).

Participants receiving inclisiran achieved an LDL-C
reduction of 51.3% at day 510 compared with + 1% for
participants receiving placebo (p < 0.001). Additionally,
inclisiran lowered LDL-C by 56.2 mg/dL compared with
2.1 mg/dL with placebo, with a between-group difference
of — 54.1 mg/dL (95% CI — 57.4 to — 50.9; p < 0.001).
Further, the time-adjusted percent change was highest for
participants randomized to inclisiran, with a 51.3% reduc-
tion (p < 0.001) by day 540 compared with a 2.5% increase
with placebo, demonstrating sustained LDL-C lowering with
inclisiran [26]. By week 72, a higher proportion of partici-
pants on inclisiran achieved an LDL-C therapeutic target of
a 50% reduction in LDL-C level, with 73 and 2.6% (odds
ratio [OR] 67.1; 95% CI 41.8-107.6) for inclisiran and pla-
cebo, respectively. Inclisiran resulted in improvements in
other key secondary endpoints at day 510, including lower
levels of ApoB, TC, Lp(a), and non-HDL-C. At 72 weeks,
inclisiran reduced the average baseline Lp(a) of 122 nmol/L
by 22% [25]. The prespecified exploratory cardiovascular
endpoint (incidence of cardiovascular death, any signs or
symptoms of cardiac arrest, nonfatal myocardial infarction
[MI], or stroke) showed a lower incidence for participants
receiving inclisiran (7.4%) than for those receiving placebo
(10.2%) (p < 0.001).
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The occurrence of AEs, regardless of causality, was simi-
lar between participants receiving inclisiran and placebo,
at 73.5 and 74.8%, respectively (p < 0.001) [26]. The most
frequently reported AEs were injection-site reactions, which
were more common with inclisiran but deemed as mild to
moderate in severity. SAEs were similar between groups,
with 12 deaths in the inclisiran group and 11 deaths in the
placebo group, all deemed unrelated to study treatment.
Overall, among participants with ASCVD on maximum
tolerated LLT, twice-yearly inclisiran resulted in a signifi-
cant reduction in LDL-C and was considered safe and well-
tolerated [26].

3.3.3 ORION-11

The safety and efficacy of inclisiran in patients with ASCVD
and LDL-C > 70 mg/dL receiving standard-of-care therapy
was evaluated in the ORION-11 study over 18 months.
ORION-11 had a similar study design to ORION-10 but
included participants with either CVD or risk-equivalent dis-
ease (type 2 diabetes, FH, or a 10-year risk of cardiovascular
event of > 20% as assessed by the Framingham Risk Score
for CVD or equivalent) [26]. A total of 1617 participants
were randomized 1:1 to receive either inclisiran 300 mg or
matching placebo administered subcutaneously on day 1 and
day 90 and then every 6 months for a total of four doses.
Baseline characteristics were well-balanced, and diabetes
was the most prominent of the CVD risk-equivalent factors.
The use of stable statin treatment was high (94.7%), with
78.6% of participants receiving high-intensity statins.

From a mean baseline LDL-C of 105.5 mg/dL, partici-
pants treated with inclisiran experienced statistically sig-
nificant reductions in LDL-C (— 45.8%) compared with an
increase of 4% with placebo at the primary efficacy time-
point (day 510) (p < 0.001). In addition, inclisiran demon-
strated superiority, with a time-averaged LDL-C reduction
of 45.8% compared with an increase of 3.4% in the pla-
cebo group over the 18-month study (p < 0.001). Further-
more, inclisiran achieved a statistically significant greater
reduction in LDL-C, with a difference of — 48.6 mg/dL (p
< 0.001) at 3 months compared with placebo (+ 0.3 mg/
dL). This trend continued after 510 days, with participants
experiencing significantly greater reductions in LDL-C and
a between-group difference of — 51.9 mg/dL (p < 0.0001)
[26]. Similar to ORION-10, inclisiran showed improved lev-
els of TC, non-HDL-C, Lp(a), and ApoB compared with pla-
cebo. Specifically, Lp(a) levels were lowered by 19% from
the average baseline of 107 nmol/L [25]. The prespecified
exploratory cardiovascular endpoint (including cardiovascu-
lar death, signs or symptoms of cardiac arrest, MI, or stroke)
was lower in those receiving inclisiran (7.8%) than in those
receiving placebo (10.3%).

Injection-site reactions were more common with incli-
siran (4.7 vs. 0.5% placebo; p < 0.001) but were considered
mild to moderate in severity. Premature discontinuation of
treatment occurred in 36 participants because of AEs, and
the number of participants was slightly higher with incli-
siran than with placebo (19 and 17, respectively). SAEs
were similar between groups and occurred in 181 patients
for both groups (relative risk 1.0; 95% CI 0.8-1.2) [26].
These included death from cardiovascular causes and can-
cer-related deaths, with 14 deaths recorded in the inclisiran
group and 15 deaths in the placebo group; all deaths were
deemed unrelated to study intervention.

In conclusion, inclisiran was superior at reducing LDL-C
when compared with placebo and exhibited a sustained
LDL-C lowering effect over 540 days. In addition, the safety
profile for inclisiran in the ORION-11 study was consist-
ent with that in previous studies. These findings support the
addition of inclisiran as an effective LLT for patients with
CVD or at elevated risk for ASCVD who do not achieve or
maintain LDL-C goals with maximally tolerated LLT [26].

4 Discussion

Medications targeting PCSK9 have emerged as a promising
therapeutic strategy for the treatment of hyperlipidemia. By
blocking the expression of PCSKO9, significant reductions in
plasma LDL-C levels have been obtained that may lead to a
reduction of cardiovascular risk [8, 21, 27]. In all three phase
IIT ORION studies (i.e., ORION-9, -10, and -11), inclisiran
reduced plasma PCSK9 levels by approximately 80% with-
out any indication that this reduction attenuated over the
duration of the studies [24, 26]. Thus, the observed durabil-
ity enables an infrequent dosing regimen (i.e., twice yearly),
which may contribute to higher adherence.

The phase III pivotal studies (ORION-9, -10, and -11)
discussed have demonstrated inclisiran’s significant LDL-
C-lowering effects in patient populations with very high
cardiovascular risk, specifically patients with ASCVD and
HeFH, contributing to inclisiran’s recent December 2020
approval for use in the EU. It should be acknowledged that
the phase III ORION-5 study is ongoing and is evaluating
inclisiran’s effects on LDL-C in participants with homozy-
gous FH (HoFH). As of January 2021, a total of 56 par-
ticipants with HoFH were actively enrolled and randomized
(1:1) to receive two doses (on day 1 and day 90) of either
inclisiran 300 mg or matching placebo for a duration of 150
days [28]. ORION-5 is anticipated to complete in mid-to-
late 2021.

As noted, two monoclonal antibody PCSK9i (evolocumab
and alirocumab) have already scored in large cardiovascu-
lar outcome studies and have been shown to lower cardio-
vascular risk significantly [10, 11]. Inclisiran displayed
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comparable LDL-C lowering (> 50%) to its PCSK9-tar-
geting counterparts evolocumab and alirocumab; however,
whether inclisiran can improve cardiovascular outcomes in
patients with CVD is not known [10, 24, 26]. This is cur-
rently being evaluated in the ORION-4 study, a long-term
cardiovascular outcomes study that will include approxi-
mately 15,000 participants aged > 55 years with established
ASCVD and elevated TC (> 155 mg/dL) [29]. This study’s
primary objective is the time to occurrence of MACE,
defined as coronary heart disease death, MI, fatal or non-
fatal ischemic stroke, or urgent coronary revascularization.
The results generated from this study will provide essential
evidence to determine whether the marked LDL-C reduc-
tions attained with inclisiran are translatable into a reduc-
tion of cardiovascular risk and MACE. It may also bring
clarity to help resolve clinical inertia if the use of intensive
LDL-C-lowering strategies in patients with CVD near their
therapeutic target is found to provide further benefit versus
a more conservative lipid-lowering approach.

Furthermore, as more attention is directed towards under-
standing the role of Lp(a) in cardiovascular risk, results from
the phase III pivotal ORION studies and the FOURIER
study have provided insights on this undefined relationship.
FOURIER revealed that evolocumab lowered Lp(a) levels by
27% from baseline and reduced the risk of coronary artery
disease (CAD) death, MI, or urgent revascularization by
23% in patients with a baseline Lp(a) > 37 nmol/L (median
baseline 37 nmol/L) [24, 26, 30]. When compared with evo-
locumab, inclisiran demonstrated a similar Lp(a) lowering of
26% from baseline; however, it is important to note that the
median baseline levels of Lp(a) were greater in ORION-9,
-10, -11 (57, 57, and 47 nmol/L, respectively) [24-26].

Although assumptions can be made about the potential
benefits of inclisiran, its long-term safety remains ill defined.
To further evaluate the long-term effects and safety of incli-
siran, ORION-8, an extension study, is currently ongoing
and will include up to 3700 participants from ORION-5, -9,
-10, and -11 for a duration of 4 years [31, 32]. The primary
endpoints of this study are the proportion of participants
who attain LDL-C targets of < 70 mg/dL for ASCVD and
< 100 mg/dL for ASCVD risk-equivalent disease. The sig-
nificant LDL-C reductions produced by inclisiran are sub-
stantial and similar to those of high-intensity statins (> 50%
LDL-C reduction), and combining these therapies should
contribute to a substantial increase in the percentage of
patients achieving their recommended LDL-C goals [6, 17,
27]. These data should provide the necessary information to
conclude the clinical utility of inclisiran in patients at high
cardiovascular risk. In addition, the extended duration of
this study may provide insight into whether extreme lower-
ing of LDL is better and whether obtaining considerably
lower LDL-C levels (< 30 mg/dL) for a prolonged duration
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provides any further benefit or, conversely, incurs any unfa-
vorable events.

The collective clinical data demonstrated from the phase
III pivotal studies contributed to the EU’s December 2020
approval of inclisiran under the brand Legvio® as a treatment
for hypercholesterolemia. In the EU, inclisiran is labeled for
use as adjunctive therapy to maximally tolerated statins in
patients at high cardiovascular risk or established ASCVD
[25]. US approval is currently stalled because of plant
inspection issues but, given the available clinical data, the
US label is likely to be similar to the EU label [33].

While inclisiran’s price is not yet known, a recent incre-
mental cost-effectiveness ratio (ICER) report recommended
that the health-benefit price range for inclisiran for the popu-
lation of likely eligible patients be $US3600-6000 per year
to be cost effective [34, 35]. This benchmark price range
falls in line with the current list prices of the existing PCKS9
agents of approximately $US5400-5850 for evolocumab and
alirocumab [34]. With a similar price range to the current
PCKS9 agents, one can speculate payer pushback and slow
uptake; however, inclisiran’s twice-yearly dosing can be
viewed as an advantage over the biweekly or monthly dos-
ing for current PCSK9, which could increase adherence and
treatment compliance.

In summary, the recent publication of three RCTs inves-
tigating inclisiran reaffirm the efficacy of this compound in
reducing LDL-C and show that its long therapeutic half-life
comes with a favorable AE profile. The data strengthen the
conviction that inclisiran addresses two critical unmet needs
(additional LDL-C lowering and poor adherence) that must
be resolved to get many more patients to goal.

5 Conclusion

Inclisiran has demonstrated substantial efficacy and safety
when compared with placebo as an LDL-C-lowering agent
[24, 26]. Inclisiran is the first siRNA being evaluated for
dyslipidemia and has the potential to be used for the pri-
mary and secondary prevention of CVD. The main benefit
of inclisiran, compared with PCSK9i monoclonal antibod-
ies, is the less frequent dosing. Inclisiran has the potential
to improve the ability of patients with hypercholesterolemia
to reach and/or maintain their LDL-C goals when used in
addition to maximally tolerated doses of LLTs. Finally, the
highly targeted PCSK9i technology of inclisiran is expected
to produce additive benefit for these high-risk populations
(ASCVD and FH) for the prevention of MACE [15, 24].
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