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Abstract
Purpose of the Review  A significant number of patients fail to achieve target LDL cholesterol (LDL-C) levels. This review 
aims to explore why inclisiran, a novel class of LLT, should be considered a valuable addition to the current treatment options.
Recent Findings  Inclisiran is a small interfering RNA (siRNA) that targets PCSK9 synthesis specifically in the hepatocytes. 
The drug remains in circulation for less than 48 h, but its effect lasts for over six months. Two subcutaneous injections per 
year consistently lowers LDL-C by approximately 55% with a favorable safety profile. In combination with other LLTs, it 
can achieve LDL-C reductions of over 80%, supporting its role in high-intensity LLT strategies.
Summary  Inclisiran represents a novel class of LLT. Administered biannually, reduces baseline LDL-C levels by half. 
Additionally, it has a strong safety profile. Due to its pharmacokinetic properties, is likely to improve adherence to LLT and 
persistently maintain low LDL-C levels.

Keywords  Inclisiran · Lipid lowering therapy · LDLcholesterol · Cardiovascular prevention · PCSK9 targeted therapies

Introduction

Cardiovascular diseases (CVD) are the leading cause of mor-
tality and morbidity worldwide. According to data from the 
European Society of Cardiology, approximately 40% of all 
deaths are due to CVD in both men and women, representing 
twice the number of deaths caused by all forms of cancer and 
neurodegenerative diseases combined. Moreover, CVD also 
constitutes the primary cause of disability, accounting for a 
significant loss in quality-adjusted life years [1].

Atherosclerotic CVD (ASCVD) is the predominant cause 
among all CVDs. This condition results from the accumula-
tion of cholesterol in the intimal layer of arteries, triggering 

an inflammatory response that leads to the formation of ath-
erosclerotic plaques [2].

The causal role of cholesterol in the development of 
ASCVD is beyond any doubt. An overwhelming amount 
of epidemiological, animal experimental, genetic, and clini-
cal data establishes the etiological role of cholesterol trans-
ported by apo B-containing lipoproteins, primarily low-den-
sity lipoprotein (LDL). Additionally, plasma concentrations 
of LDL cholesterol (LDL-C) and cholesterol contained in 
apo B-carrying lipoproteins are directly associated with the 
risk of ASCVD [3].

The evidence that lowering LDL-C levels is associated 
with a reduction in CVD is highly robust. Results from ran-
domised controlled trials (RCTs) exploring the effect of 
lipid-lowering therapies (LLT), involving several hundreds 
of thousands of patients, have established that regardless of 
the drug used, a reduction of 1 mmol/L in LDL-C is associ-
ated with approximately a 22% relative risk reduction (RRR) 
in cardiovascular events. This association between achieved 
LDL-C concentrations and CV risk reduction is continuous, 
and no final concentration at which benefit ceases has been 
identified [4, 5].

The benefit of lowering LDL-C also depends on the 
duration of exposure to high or low plasma concentrations. 
While data from RCTs show that a 1 mmol/L reduction in 
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LDL-C results in a 22% relative risk reduction (RRR) over 
about 5 years of intervention, genetic data from Mende-
lian randomisation studies suggest that maintaining lower 
LDL-C concentrations for life could yield double the benefit 
observed in short-term RCTs [6].

Furthermore, in patients who have already experienced a 
CV event, initiating intensive lipid-lowering therapy early is 
associated with greater clinical benefits. Recent data based 
on the prevalence of subclinical atherosclerosis also indicate 
that LDL-C levels are early determinants of atherosclerosis 
progression, particularly in younger individuals, suggesting 
that early intervention (with or without LLT) should be con-
sidered promptly [7, 8].

Recent imaging studies have demonstrated that achieving 
very low plasma LDL-C concentrations not only prevents 
disease but also promotes plaque healing. The Pacman-AMI, 
Huygens, and Architect studies [9–11], among others, have 
shown that reducing LDL-C levels to less than 30 mg/dL 
results in a significant reduction in the percentage of athero-
sclerotic plaque mass, cholesterol content, and an increase 
in the fibromuscular cap, leading to smaller and more stable 
plaques. Thus, we are transitioning towards a new concept: 
from atherosclerosis prevention to atherosclerosis treatment 
[12].

Despite the overwhelming evidence supporting the need 
to reduce LDL-C concentrations to defined targets, the num-
ber of individuals at high and very high CV risk achieving 
these targets is unacceptably low. Data from the Euroaspire. 
Da Vinci, and Santorini studies [13–15], among many oth-
ers, show that only about one-third of patients on LLT 
achieve the recommended targets. The reasons for this are 
varied. Although we have therapeutic tools that, when used 
in combination, can lower LDL-C by more than 80%, they 
are not adequately prescribed by physicians, and patients 
tend to discontinue the therapies. Clearly, there is a need to 
improve treatment by simplifying therapy while maintaining 
high efficacy.

What is Inclisiran Adding to Current 
Lipid‑Lowering Therapies?

Statins are the cornerstone of lipid-lowering therapy (LLT) 
to prevent atherosclerotic cardiovascular disease (ASCVD). 
There is a substantial body of scientific evidence supporting 
their use, and there is broad clinical consensus that statins 
must be the first line of therapy in any LLT regimen.

The use of ezetimibe, a cholesterol absorption inhibi-
tor, is supported by a randomized controlled trial (RCT) 
(IMPROVE-IT) showing a beneficial effect on cardiovas-
cular event reduction of similar magnitude to that of statins 
per unit of LDL cholesterol (LDL-C) reduced [16].

Monoclonal antibodies to proprotein convertase subtili-
sin/kexin type 9 (PCSK9) have demonstrated extremely high 
lipid-lowering efficacy. Both evolocumab and alirocumab 
have shown efficacy in reducing cardiovascular events in 
the FOURIER and ODYSSEY OUTCOMES trials, respec-
tively. However, the proportion of ASCVD risk reduction 
was somewhat less than expected given the observed LDL-C 
reduction. This may be due to the early termination of both 
studies because of clear benefits observed in interim analy-
ses, limiting the observation period to slightly more than 
two years [17, 18].

Bempedoic acid inhibits cholesterol synthesis at an early 
step, upstream of HMG-CoA reductase, the target of statins. 
It is a prodrug activated only in the liver, avoiding activity 
in peripheral tissues, including muscle. Despite acting in 
the same pathway as statins, its use is associated with incre-
mental LDL-C reduction when added to statin therapy, with 
higher efficacy when administered in the absence of statins 
or with low-dose statins. Recently, the CLEAR Outcomes 
study demonstrated its efficacy in reducing cardiovascular 
events in patients intolerant to or tolerant of minimal doses 
of statins. The magnitude of cardiovascular risk reduction 
was consistent with the LDL-C lowering achieved [19].

Clinical guidelines recommend very demanding LDL-C 
targets based on scientific evidence. In patients at high and 
very high risk, LDL-C should be reduced by at least 50%, 
achieving levels below 70 mg/dL or 55 mg/dL, respectively 
[20]. Therefore, monotherapy is generally insufficient, as 
only high-intensity statins at maximal doses (rosuvastatin 
20 mg or atorvastatin 80 mg) reduce LDL-C by 50%. Oral 
combination therapy (statins plus ezetimibe ± bempedoic 
acid) can reduce LDL-C by 60–70%, while a combination 
of oral and subcutaneous therapies (including PCSK9 inhibi-
tors) can reduce LDL-C by more than 80% [12, 20].

Despite this lipid-lowering potential, only a minimum 
percentage of patients achieve the recommended LDL-C 
goals.

What is Inclisiran?

Inclisiran is a novel, first-in-class therapy that targets PCSK9 
RNA. This RNA-targeting therapeutic approach represents a 
new pharmacological strategy compared to traditional meth-
ods that inhibit the protein directly. There are two primary 
mechanisms for RNA interference: antisense oligonucleotide 
(ASO) and small interfering RNA (siRNA). RNA interfer-
ence is a naturally occurring physiological mechanism that 
cells use to regulate gene expression, not an invented tech-
nology. Inclisiran leverages this natural mechanism [21, 22].

ASOs are single-stranded nucleotides chain that enter the 
nucleus and bind to the target RNA, preventing its transla-
tion into protein. Inclisiran, on the other hand, is a siRNA 
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composed of a short double-stranded RNA that operates in 
the cytoplasm. One strand of the siRNA guides the anti-
sense interaction with the RNA-induced silencing complex 
(RISC), leading to the cleavage of the target mRNA. This 
process is highly specific because it targets a unique nucleo-
tide sequence, in Inclisiran’s case, the PCSK9 gene. The 
effect is prolonged because the siRNA remains associated 
with the RISC complex, continuously blocking mRNA mol-
ecules [23].

An important feature of Inclisiran is that the RNA is 
conjugated to N-acetyl galactosamine (GalNAc), which is 
recognized by the asialoglycoprotein receptor present exclu-
sively on the surface of hepatocytes. This targeting ensures 
that Inclisiran is highly specific to the liver.

PCSK9 is primarily synthesized in the liver, though it is 
also produced in other tissues such as the intestines, pan-
creas, kidneys, brain, adipose tissue, and vascular cells [24]. 
PCSK9 is secreted into the circulation and binds to LDL 
receptors (LDLR), preventing their recycling when inter-
nalized. This leads to a reduced expression of LDLR on the 
hepatocyte surface, diminishing the liver’s ability to inter-
nalize LDL particles, which then accumulate in the plasma.

By targeting PCSK9 mRNA, Inclisiran inhibits the 
hepatic production of the protein, thereby reducing the 
amount of circulating PCSK9. The absence of PCSK9 in 
circulation allows LDL receptors to recycle, enhancing LDL 
clearance by the liver.

A significant difference between Inclisiran and monoclo-
nal antibodies (MoAbs) is that Inclisiran prevents the syn-
thesis of the PCSK9 protein, while MoAbs neutralize the 
protein after it has been secreted into the circulation. Inter-
estingly, while Inclisiran reduces total circulating PCSK9 
levels, MoAb therapies lowers free circulating PCSK9 but 
increase the total mass of circulating PCSK9 by three to ten-
fold by blocking its binding to LDLR, that is its main clear-
ance mechanism [25]. The impact of this fact is not known 
although it does not appear to have clinical significance.

Furthermore, MoAbs target all circulating PCSK9, while 
Inclisiran specifically blocks the production of PCSK9 in the 
liver, which accounts for the major part (70–80%) of the total 
circulating PCSK9. However, a portion of PCSK9 produc-
tion outside the liver remains unaffected by Inclisiran, on 
the other hand, preserving potential extrahepatic functions 
of PCSK9.

The most important pharmacokinetic (PK) parameters 
concerning Inclisiran are that its plasma concentrations peak 
at about 4–6 h after administration, and it takes 9 to 48 h for 
this drug to disappear from the bloodstream entirely at any 
given dose [26].

Despite this short half-life, its therapeutic effects last for 
several months because of the abovementioned mechanism. 
In contrast, MoAbs remain in circulation to exert their phar-
macological action continuously. Table 1 summarizes some 

of the main pharmacological differences between MoAb and 
Inclisiran.

What Do We Know About the Clinical Safety 
and Efficacy of Inclisiran?

The safety and effectiveness of Inclisiran have been thor-
oughly evaluated in the ORION and VICTORION clini-
cal trial programs, comprising over 25 studies. Phase III 
randomized controlled trials—ORION-9, ORION-10, and 
ORION-11—were conducted to assess the safety and effi-
cacy of Inclisiran [27]. These trials involved about 3.660 
patients with either atherosclerotic cardiovascular disease 
(ASCVD) or those at high risk of a cardiovascular event. 
ORION-9 included patients with heterozygous familial 
hypercholesterolemia, while ORION-10 and ORION-11 
included patients with ASCVD or ASCVD risk equivalents 
like type 2 diabetes, familial hypercholesterolemia, or a 
10-year risk score of 20% or higher [28]. Participants were 
randomly assigned to receive either 300 mg of Inclisiran 
sodium or a placebo on Days 1, 90, 270, and 450.

Pooled results from these trials showed that treatment 
with Inclisiran led to a placebo-corrected decrease in LDL-C 
of −50.7% by Day 510. A large majority of patients achieved 
LDL-C levels at or below target goals, with 86.6% reaching 
levels under 70 mg/dL and 74.6% under 50 mg/dL at any 
point after baseline. In addition, total cholesterol decreased 
by 32.4%, non-HDL-C by 46.3%, apoB by 41.7%, Lp(a) by 
20.2%, and triglycerides by 9.9%, while HDL-C increased 
by 6.2% compared to placebo [28]. These studies were 
extended in ORION-8, an open-label extension of ORION-9, 
10, and 11, involving 3,274 patients observed for an average 
of 36 months [29, 30]. In the long term, Inclisiran reduced 
LDL by an average of 51% in secondary prevention patients 
and 42% in primary prevention patients (total group 49.4%). 
A recent study examining the impact of starting Inclisiran 
immediately after acute coronary syndrome showed an 
LDL-C reduction of up to 60% from baseline compared to 
7% in the usual care group. More patients receiving "Incli-
siran first" achieved LDL-C goals compared to those receiv-
ing usual care (< 70 mg/dL: 81.8% vs. 22.2%; < 55 mg/dL: 
71.6% vs. 8.9%; P < 0.001) [31]. Rates of treatment-emer-
gent adverse events (TEAEs) and serious TEAEs were simi-
lar between treatment strategies (62.8% vs. 53.7% and 11.5% 
vs. 13.4%, respectively). Injection-site TEAEs and TEAEs 
leading to treatment withdrawal were more common with 
"Inclisiran first" than with usual care (10.3% vs. 0.0% and 
2.6% vs. 0.0%, respectively).

Several meta-analyses focused on the lipid-lowering 
efficacy of non-statin drugs. A network meta-analysis by 
Toth et al., which included 48 randomized controlled trials, 
indicated that Inclisiran was associated with a mean LDL-C 
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reduction of 50 to 52% [32]. Another study by Burnett et al. 
reviewed 31 studies and found an LDL-C lowering effect of 
57% with Inclisiran [33]. There was evidence of variability 
across the trials, suggesting differences in LDL-C reduction 
that were generally greater than 5–10%.

In addition to the ORION program, the VICTORION 
studies are further investigating the long-term efficacy and 
safety of Inclisiran. VICTORION-1 is focused on high-
risk primary prevention patients, while VICTORION-2 
and ORION-4 are exploring Inclisiran’s impact in patients 
with ASCVD [34, 35]. Collectively, these studies include 
more than 47,000 patients and will provide robust data on 
the long-term benefits and risks of Inclisiran, complement-
ing evidence from the ORION trials. The VICTORION-
PLAQUE study aims to explore Inclisiran’s impact on coro-
nary atherosclerosis burden [36].

Preliminary results from the VICTORION studies sug-
gest that Inclisiran not only maintains its efficacy in lowering 
LDL-C but also shows promise in reducing the incidence of 
major cardiovascular events. A subanalysis of pooled data 
from ORION 9–10–11 focusing on reported adverse events 
indicated a 25% lower rate of cardiovascular events in the 
Inclisiran arms (HR: 0.75, 95% CI 0.60–0.94; p < 0.013) 
[37].

Regarding safety, pooled data from ORION 9–10–11 and 
its open-label extension ORION 8 showed that Inclisiran 
was generally well tolerated, with similar rates of treatment-
emergent events between Inclisiran and placebo groups, 
except for mild to moderate bronchitis (4.3% vs. 2.7% 
with placebo; RR 1.55, 95% CI 1.09–2.20) and injection 
site reactions (5% vs. 0.7% with placebo) [27–29]. These 
results indicate that Inclisiran effectively reduces LDL-C 
with minimal variability between patients, demonstrating 
predictable and consistent efficacy. This predictability is par-
ticularly advantageous in chronic therapy, where a stable 
and expected response to medication is crucial for effective 
patient management.

The consistent reduction in LDL-C and its impact on car-
diovascular outcomes highlight Inclisiran’s potential as a 
key therapy in managing high-risk cardiovascular patients.

Real-world data from clinical registers provide a closer 
look at daily clinical practice. Although recently approved 
for clinical use, several real-world studies, including one 
at Imperial College London with 80 patients (both FH and 
non-FH), observed an average LDL-C lowering efficacy of 
48.6% two months after initiation, with a favorable safety 
profile [38]. Similar studies in Italy, Israel and the Nether-
lands reported mean LDL-C reductions of 49% and 38%, 
respectively [39, 40]. Another study in Germany with 153 
patients showed a mean reduction of 42% in patients on 
statins, whereas efficacy was 23% in patients previously on 
PCSK9 inhibitors [41]. Across these studies, the safety pro-
file was generally good, with injection site reactions being 

the most frequent adverse event [38–41]. Table 2 summarize 
the aims and main information provided by the phase III 
Inclisiran RCT.

Up to Twenty‑Two Injections Avoided Each Year

Additional advantages of Inclisiran include its persistent 
LDL-C lowering effect due to its long-lasting action and 
increased adherence. Inclisiran’s twice-yearly dosing sched-
ule simplifies therapy compared to anti-PCSK9 monoclonal 
antibodies, which require injections every two to four weeks 
and often must be administered in hospital settings. This dif-
ference not only affects patients but also impacts healthcare 
systems, requiring coordinated care across various health-
care levels.

When and How Including Inclisiran in the LLT 
Strategy?

The 2019 clinical guidelines from the European Society of 
Cardiology and European Atherosclerosis Society recom-
mend a step-by-step approach to implementing lipid-low-
ering therapy (LLT) [20]. This approach begins with using 
statins alone initially, and then adding non-statin drugs 
sequentially if treatment goals are not met. The suggested 
sequence includes statins, ezetimibe, bempedoic acid, and 
therapies targeting PCSK9.

However, this sequential strategy is time-consuming, 
requiring more than 2 to 3 months to assess the effective-
ness of each step. Often, adjustments are discontinued after 
a few months or patient follow-up is lost, resulting in a low 
rate of patients achieving the recommended LDL cholesterol 
targets [13–15].

Conversely, it is recognized that achieving lower LDL 
cholesterol levels is crucial, especially for patients at high 
or very high cardiovascular risk, and earlier intervention is 
beneficial. Therefore, there is advocacy for utilizing combi-
nation therapies from the outset, incorporating all available 
tools. One proposed alternative strategy involves planning 
therapy by prescribing the necessary drug or combination 
to approach the target LDL cholesterol level from the begin-
ning. Some experts suggest that in very high-risk patients, 
maximum LDL cholesterol reduction should be aimed for 
from the start [42–44].

Inclisiran is recommended for inclusion in high-intensity 
therapies, particularly for very high-risk patients. Table 3 
illustrates the potential LDL cholesterol reduction capacity 
achievable with combination therapies that include Incli-
siran. For instance, combining a high-intensity statin with 
ezetimibe and Inclisiran can reduce LDL cholesterol by 
more than 80%, enabling achievement of target levels even 
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Table 2   Phase III randomized controlled trials with Inclisiran and their main clinical implications

Trial Population Endpoint/Results

ORION-10 and ORION-11 ASCVD or ASCVD risk equivalents LDL-C reduction: 50% (ORION-10), 52% (ORION-11)
ORION-9 HeFH or ASCVD with elevated LDL-C despite LLTs LDL-C reduction: 49%
ORION-4 ASCVD or ASCVD risk equivalents with high LDL-C LDL-C reduction: 50%
ORION-18 Asian patients with ASCVD or high risk of ASCVD  ≥ 50% LDL-C reduction in 71.7% of participants
ORION-2 Homozygous Familial Hypercholesterolemia

HoFH
Early phase II study contributing to understanding Incli-

siran’s efficacy
ORION-5 Homozygous Familial Hypercholesterolemia

HoFH
Phase III study contributing to safety and efficacy profile

ORION-6 and ORION-7 Liver and kidney disease subgroups Phase I studies contributing to cumulative data on Incli-
siran’s effectiveness

ORION-8 Patients from ORION-9, ORION-10, ORION-11, and 
ORION-3

Sustained LDL-C reduction over 3 years, favorable safety 
profile

ORION-13 Adolescents with HoFH and elevated LDL-C Ongoing; early data suggests significant LDL-C reduc-
tion and manageable safety profile

ORION-14 Chinese participants with elevated LDL-C despite LLTs Effective LDL-C reduction with good tolerability
ORION-15 Japanese patients with high cardiovascular risk and 

LDL-C
Significant LDL-C reduction consistent with global 

findings
ORION-16 Adolescents with HeFH and elevated LDL-C Ongoing; expected to confirm efficacy and safety in 

younger populations
VICTORION-1 PREVENT High-risk patients without previous major cardiovascu-

lar events
25% reduction in MACE compared to placebo

VICTORION-2 PREVENT Patients with established cardiovascular disease 24% reduction in MACE compared to placebo
VICTORION-PLAQUE Patients with non-obstructive coronary artery disease Significant reduction in total coronary plaque volume
VICTORION-INCEPTION Post-acute coronary syndrome patients Significant LDL-C reduction within a year, aiming for 

levels below 70 mg/dL
VICTORION-INITIATE ASCVD patients Ongoing; comparing ‘Inclisiran first’ strategy with usual 

care
VICTORION-MONO Patients with primary hypercholesterolemia Significant LDL-C reduction compared to placebo and 

ezetimibe; evaluated as monotherapy
VICTORION-SPIRIT Primary care patients in the UK Superior LDL-C reduction compared to standard care; 

potential to change lipid management approach in 
healthcare systems

Table 3   Theoretical LDLc reduction (%) to be obtained with lipid lowering drug combinations including Inclisiran

MI Moderate Intensity, HI High Intensity

Theoretical LDLc 
reduction (%)

Maximal baseline value that could 
achieve the objective
C-LDL < 70 mg/dl

Maximal baseline value that 
could achieve the objective
C-LDL < 55 mg/dl

Inclisiran + Ezetimibe 64 194 153
Inclisiran + Bempedoic 65 200 157
Inclisiran + Ezetimibe + Bempedòic 72 250 196
Inclisiran + Statin MI 73 259 203
Inclisiran + Statin HI 78 318 220
Inclisiran + Statin MI + Ezetimibe 78 318 220
Inclisiran + Statin HI + Ezetimibe 82 388 305
Inclisiran + Statin MI + Ezetimibe + Bempedoic 84 437 343
Inclisiran + Statin HI + Ezetimiba + Bempedoic 85 466 367



Current Atherosclerosis Reports           (2025) 27:25 	 Page 7 of 9     25 

for patients with a baseline LDL cholesterol up to 300 mg/
dl [12, 44].

Generally, as with other PCSK9 inhibitors, the decision to 
include Inclisiran in the treatment regimen should be made 
no later than 2 months after initiating oral high-intensity 
LLT. However, beginning with higher-intensity strategies 
from the outset should also be considered.

The Inclisiran first study has demonstrated the benefits 
of initiating combination therapy with a statin and Incli-
siran immediately after myocardial infarction (MI). This 
approach could be a viable alternative, ensuring persistent 
high-intensity LLT during a critical period for patients at 
very high risk [31].

Conclusion

Inclisiran is a novel drug offering high-intensity lipid-low-
ering efficacy, a favorable safety profile, and a convenient 
administration regimen, which should enhance adherence 
and persistently maintain low LDL cholesterol levels over 
time.
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