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PCSK9 siRNA INHIBITOR INCLISIRAN AS A TREATMENT OPTION IN
HYPERCHOLESTEROLEMIA: A BRIEF REVIEW

Mustafa Eray Kilig

Dokuz Eyliil University School of Medicine, izmir, TURKIYE

ABSTRACT

Dyslipidemia and hypercholesterolemia are global health issues that require urgent and efficient treatments due to their major impact on
cardiovascular disease. The incidence of these illnesses is impacted by population and time differences, with familial hypercholesterolemia and
lifestyle changes exacerbating these disorders. Inclisiran, a recently licensed RNA interference therapy, specifically a proprotein convertase subtilisin/
kexin type 9 siRNA inhibitor, appears to be a revolutionary treatment method. However, questions about its long-term safety, impact on lipid
metabolism, and cost-effectiveness remain unanswered. Evidence from the ORION clinical trials shows that inclisiran is effective at significantly
lowering low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and apolipoprotein B levels. It also demonstrates a low
frequency of adverse events and a potential improvement in patient quality of life. Remarkably, inclisiran's low-density lipoprotein cholesterol
reduction outperforms statins alone and is comparable to the efficacy of other proprotein convertase subtilisin/ kexin type 9 inhibitors such as
evolocumab and alirocumab. It has the potential to revolutionize the coronary preventative medicine market by providing an economically viable
long-term cardiovascular risk reduction option. Limited long-term safety data, cost-effectiveness concerns, and clinical experience with the medicine
are all barriers to wider acceptance. Despite these obstacles, inclisiran appears to hold promise as an effective, safe, and potentially cost-effective
treatment for hypercholesterolemia and dyslipidemia, particularly in high-risk and statin-intolerant patients. However, the precise association
between low-density lipoprotein cholesterol lowering and improved cardiovascular outcomes remains unclear, prompting additional investigations.
Future research should seek to overcome these knowledge gaps, comprehend inclisiran’s broader impact on lipid metabolism, and investigate its
usefulness in specific patient populations.
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INTRODUCTION years (3). A variety of factors, including lifestyle changes such
as increased dietary fat intake, physical inactivity, and obesity,
have contributed to the rising prevalence of dyslipidemia and
hypercholesterolemia in recent years (4, 5). Both conditions
are strongly correlated with high CVD risk and are considered
significant modifiable risk factors for cardiovascular events (6).

Dyslipidemia, a common lipid disorder, is defined by elevated
levels of cholesterol and/or triglycerides in the blood,
which increase the risk of cardiovascular disease (CVD) (1).
Hypercholesterolemia, a type of dyslipidemia, is characterized
by high levels of total cholesterol, low-density lipoprotein

(LDL) cholesterol, or both (2). The interplay of dyslipidemia, It is important to note that the prevalence of hypercholesterolemia
hypercholesterolemia, and CVD is complex and important, and dyslipidemia can vary significantly depending on the
necessitating a detailed understanding of their interconnections.  Population studied and the time. For example, in the United

States and China, recent studies have estimated the prevalence
of hypercholesterolemia and dyslipidemia among adults aged
18-64 to be 11.4% and 35.5%, respectively (7, 8). However,
direct comparisons between these results may be misleading
due to differences in the definitions of hypercholesterolemia

Cardiovascular diseases are the leading cause of mortality
across the globe, responsible for 17.9 million deaths, or 31%
of all worldwide deaths, in 2017. Over 80% of these fatalities
occur in low- and middle-income countries, with more than
half of all CVD-related deaths happening before the age of 70
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used in each study. Other research findings show an increase
in the raw occurrence of initial hypercholesterolemia or mixed
dyslipidemia in the United Kingdom from 13.5% in 2009 to
23.5% by 2019 (9), a prevalence of dyslipidemia of 78% among
metropolitan overweight adults in South Delhi, India (10), and
a prevalence of 75.9% among young adults in Karachi, Pakistan
(11).

Hypercholesterolemia is the primary cause of atherosclerotic
CVD, while dyslipidemia is also linked to an increased risk of
cardiovascular events, death, and increased healthcare resource
consumption and expenditures (12). An integral component
of these conditions is elevated LDL-cholesterol (LDL-C)
levels. As a key modifiable risk factor, LDL is central to the
pathogenesis of CVDs and forms a bridge between different
types of dyslipidemia, including hypercholesterolemia (7). This
highlights how both genetic and lifestyle factors significantly
contribute to the development of dyslipidemia and its subtypes,
including hypercholesterolemia (13). Of the genetic influences,
familial hypercholesterolemia is the most common cause of
hypercholesterolemia, affecting 1in 250 individuals worldwide
(14). This autosomal dominant disorder results from mutations
in the LDL receptor gene, highlighting the critical role of genetics
in this condition (14).

Early diagnosis and intervention are essential in mitigating
the risk of CVD associated with dyslipidemia, including
hypercholesterolemia (15). Current treatment strategies
consist of lifestyle modifications, such as dietary changes and
increased physical activity, as well as pharmacological therapies
like statins and proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors (16). Inclisiran, a recently approved PCSK9
inhibitor, has emerged as a promising treatment option for
patients at high risk for CVD events. It functions by targeting the
messenger ribonucleic acid (RNA) of the PCSK9 gene, thereby
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reducing the expression of the PCSK9 protein, and ultimately
decreasing cholesterol levels (17) (Figure 1).

Despite the potential benefits of inclisiran, there are
still many unanswered questions surrounding its use in
hypercholesterolemia and dyslipidemia. For example, it is
unclear how long inclisiran can remain effective in reducing
cholesterol levels or how it may affect other aspects of lipid
metabolism. Additionally, there is limited data on the safety
profile of inclisiran in this patient population. These gaps in
knowledge highlight the need for further research into the
efficacy and safety of inclisiran as a treatment option for
hypercholesterolemia and dyslipidemia.

This narrative review aims to examine the current evidence
on inclisiran for dyslipidemia treatment, with a focus on
hypercholesterolemia. The review will analyze existing clinical
studies, including the conceptual design of the ORION program,
to assess the efficacy and safety profile of inclisiranin this patient
population. Additionally, this review will identify knowledge
gaps surrounding inclisiran's use and provide recommendations
for future research.

RESULTS

Clinical Trials

Inclisiran is a double-stranded, modified RNA that binds to
the carbohydrate molecule N-acetylgalactosamine (GalNAc),
which is expressed by hepatocytes (18). Inclisiran cleaves matrix
RNA and decreases PCSK9 protein synthesis after entering
hepatocytes, increasing the absorption of circulating LDL by
hepatocyte receptors, and reducing LDL levels in circulation (18).
The administration schedule of inclisiran is twice a year, which
may contribute to the patient compliance and the efficacy of
the treatment.
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Figure 1: Simplified overview of mechanism of action.
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The ORION clinical initiative consists of a pair of stage 3
investigations, ORION-1, and ORION-2, in addition to an
open-label extension examination, ORION-3. The fundamental
goal of the ORION initiative was to assess the long-term
effectiveness of inclisiran in patients with hypercholesterolemia
or dyslipidemia and the well-being of patients. ORION-1 and
ORION-2 were randomized, double-anonymous, placebo-
controlled experiments that enrolled 2,519 participants.
Subjects were administered either 300 mg of inclisiran or a
placebo every six months for a maximum of 18 months, with
the primary outcome being the LDL-C percentage change from
baseline at 18 months (19, 20).

The ORION-1 trial, a randomized, double-anonymous, and
placebo-controlled multicenter phase 2 study, aimed to
investigate the impact of one or two doses of inclisiran on LDL-C
levels (21). The trial enrolled patients who had increased LDL-C
despite undergoing maximally tolerated treatment with statins.
The primary objective of ORION-1 was to measure the time it
took to return to within 20% of baseline for LDL-C levels and
time-averaged LDL-C reductions over a year. The results of the
study indicated that inclisiran effectively reduces LDL-C levels
and lowers the incidence of cardiovascular problems with no
clinically significant adverse effects (22).

The ORION-3 trial, an open-label extension study, evaluated
the long-term efficacy and safety of inclisiran with four years
of follow-up. This trial included patients who had completed
the ORION-1 study and received either 300 mg of inclisiran
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or placebo every six months for an additional 18 months. The
results showed that inclisiran significantly reduced LDL-C levels
by an average of 53% compared to placebo at 24 months, with
these effects sustained for up to 36 months (23).

Inclisiran was also tested in the phase 3 ORION-9 study,
which assessed its effectiveness and safety in individuals with
homozygous familial hypercholesterolemia. The results showed
that inclisiran significantly reduced LDL-C by an average of
52% at day 270 compared to placebo. In addition, inclisiran
demonstrated reductions in non-high-density lipoprotein
cholesterol (HDL-C) and apolipoprotein B (ApoB) levels, with a
safety profile similar to that of a placebo. These effects were
sustained for up to 12 months (24).

The trials ORION-10 and ORION-11 evaluated the effectiveness
and safety of inclisiran in reducing LDL-C levels in individuals
with atherosclerotic CVD risk factors. A total of 3,177 patients
were randomly assigned to inclisiran (n=1590) or placebo
(n=1587). Patients received two subcutaneous doses of either
inclisiran 300 mg or placebo at baseline and day 90, with the
primary outcome being the percentage change in LDL-C from
baseline to day 270. The studies ORION-10 and ORION-11
revealed that inclisiran led to a mean reduction of 52% and 50%
in LDL-C levels at day 270 in comparison to the placebo (23, 25).
Additionally, inclisiran demonstrated 44% and 47% reductions
in non-HDL-C and ApoB levels, respectively, at day 510 (25)
(Table 1).

Table 1: Percentage change in LDL-C subgroups.

Timepoint

Percentage change in LDL-C

Trial Population Arm n (days) Change (%) Difference from placebo (%)
Mean (95% ClI) Mean (95% ClI)
Inclisian 242 -39.7 (-437,-35.7)  -47.9 (-53.5, -42.3)
ORION-9 (24)  Overall (HeFH) 510
Placebo 240 8.2 (43,12.2) - -
Inclisiran 781 -51.3 NR -52.3 (-55.7, -48.8)
Overall (ASCVD)
Placebo 780 1 NR - -
. Inclisiran 701 -57.3 (-60.7, -54.0)
ORION-10 (25)  Statin at BL 510
Placebo 692 NR - -
. Inclisiran 80 -54.8 (-62.0, -47.6)
No statin at BL
Placebo 88 - -
Inclisiran 810 -45.8 NR -49.9 (-53.1,-46.6)
Overall (ASCVD or RE)
Placebo 807 4 NR - -
. Inclisiran 766 -53.3 (-56.5,-50.1)
Statin at BL
Placebo 766 - -
. Inclisiran 44 -41.6 (-51.1,-32.1)
ORION-11(25)  No statin at BL 510
Placebo 41 NR - -
Inclisiran 712 -53.3 (-56.6,-50.1)
ASCVD
Placebo 702 - -
. . Inclisiran 98 -47.2 (-56.1,-38.3)
ASCVD-risk equivalent
Placebo 105 - -
Inclisiran 59 -52.6 (-57.1,-48.1) NR NR
ORION-1(26)  Overall 180
Placebo 61 1.8 (-2.6,6.3) - -

ASCVD: Atherosclerotic cardiovascular disease, BL: Baseline, HeFH: Heterozygous familial hypercholesterolemia, LDL-C: Low-density lipoprotein cholesterol, NR: Not reported,

RE: Risk-equivalent, CI: Confidence interval
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In terms of safety, reactions at the injection site have been
identified as the most seen adverse effects. These were usually
mild in severity and did not necessitate medical treatment.
They included symptoms such as a slight self-limiting rash,
hyperpigmentation, musculoskeletal pain, headaches, back
pain, and acute nasopharyngitis or hiccups (26-30). Despite
these reactions, no serious side effects from Inclisiran have been
observed.

Notably, switching from PCSK9 monoclonal antibodies (mAb)
to inclisiran did not affect the drug's efficacy. This finding
implies that prior exposure to or treatment with a PCSK9 mAb
does not influence inclisiran’s effectiveness (31). However, more
study is needed to confirm these findings and acquire a better
understanding of the long-term effects of this therapeutic
strategy.

Additionally, quality of life improvements have been observed
in patients receiving inclisiran. Patients who received inclisiran
reported improved physical functioning, role functioning, social
functioning, and mental health compared to those receiving a
placebo (32, 33). These improvements were maintained over
18 months of treatment with inclisiran. These results suggest
that inclisiran can improve the quality of life in patients with
hypercholesterolemia or dyslipidemia.

Finally, the use of inclisiran is not limited to the adult population.
Inclisiran appears to be a promising strategy for controlling
hyperlipidemia in younger patients, particularly those with
familial hypercholesterolemia, according to the ORION-13 and
ORION-16 trials. The investigation of the drug's efficacy, safety,
and tolerability in children and adolescents aged 12 to 18 years
provides promise for therapeutic choices other than the statins
and ezetimibe that have usually been administered for this age
range (34, 35).

In conclusion, the findings of these studies suggest that inclisiran
has the potential to be an effective, well-tolerated treatment
for hypercholesterolemia and dyslipidemia, enhancing patients’
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quality of life over a wide age range. However, more study is
needed to confirm these findings and understand the long-term
therapeutic consequences of this developing therapy technique.

Cost-effectiveness

Cost-effectiveness is a crucial aspect of evaluating new
treatment options like inclisiran, a novel PCSK9 small interfering
RNA (siRNA) inhibitor. Comparing the cost-effectiveness of
inclisiran to other treatments for hypercholesterolemia and
dyslipidemia is essential to understanding its potential impact
on clinical practice. The cost-effectiveness analysis evaluates
both the costs and health benefits of various therapies, offering
an unbiased evaluation of their merits (32).

The cost-effectiveness of inclisiran in treating atherosclerotic
cardiovascular patients with elevated LDL-C despite statin
therapy has been studied. With an incremental cost-
effectiveness ratio (ICER) of $51,686, inclisiran was assessed
to be cost-effective for the US health system at a price just
above $50,000 per quality-adjusted life year (QALY) (36).
Another study looked at the clinical and economic feasibility
of increasing the frequency of use of ezetimibe, alirocumab,
evolocumab, and inclisiran in combination with statins in adult
patients at very high cardiovascular risk, including those who
have not met lipid targets on statin therapy. In comparison to
current practice, the study found that increasing the frequency
of PCSK9 inhibitor prescriptions, including inclisiran, was cost-
effective (37).

According to the ICER Final Report 2021, the evidence was
evaluated as sufficient to demonstrate a net health advantage
for inclisiran over conventional treatment alone. If priced at
parity with current PCSK9 inhibitor prices, the committee
determined that inclisiran would provide low-to-intermediate
long-term value for money. The $3,600-6,000 annual net price
benchmark range for inclisiran is advised by ICER. In addition,
inclisiran is cost-effective in terms of QALY gained, with an ICER
of $1,686 per QALY gained (38).

Table 2: Advantages and disadvantages of inclisiran.

Advantages

Disadvantages

Reduction in LDL-C levels by approximately 50% compared to placebo (23, 25)

Unknown long-term benefits and safety profile due to its recent
approval (31)

Favorable administration regimen (0-90-180 days), which should lead to better

compliance (49)

Adverse effects could persist for six months due to its long-acting
nature (35, 45)

Reduced plasma PCSK9 levels by approximately 80%, altering lipoprotein profile

favorably (23, 29)

Injection site reactions, which were more frequent in the inclisiran
group (26-30)

Long-acting duration, remaining effective for up to six months (25)

Uncertainty about whether LDL-C level reduction improves
cardiovascular outcomes (45)

Well-tolerated in clinical trials with mostly mild side effects (50)

It's only approved for adults 18 years or older, excluding pediatric
patients or those under 18 years of age (49)

Proven efficacy in LDL-C level reduction in familial hypercholesterolemia, patients

with elevated cardiovascular risk, statin intolerance, or hyperlipoproteinemia(a)

(57)

It is an injectable therapy requiring frequent injections (44)

Rapid liver uptake, a short plasma half-life, and long-lasting effects on PCSK9

inhibition and LDL-C lowering due to Inclisiran's GalNAc attachment (18)

Possible adverse effects that might be noticed in the future after
several years of treatment

LDL-C: Low-density lipoprotein cholesterol, PCSK9: Proprotein convertase subtilisin/kexin type 9, GalNAc: N-acetylgalactosamine
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In summary, inclisiran appears to be a cost-effective and
valuable treatment option for hypercholesterolemia and
dyslipidemia. The cost-effectiveness analyses suggest that
inclisiran may be an economically viable way to reduce long-
term cardiovascular risk in patients with these conditions.
Moreover, the clinical effectiveness of inclisiran in reducing
LDL-C and major cardiovascular events supports its potential
role in managing high-risk patients, including those who are
statin-intolerant.

Comparative Analysis

Inclisiran, a novel PCSK9 siRNA inhibitor, was granted
authorization for subcutaneous injection and is recommended
to be administered every 3 to 6 months (19). This less frequent
dose schedule, as compared to statins, adds to the drug's
encouraging results in the treatment of hypercholesterolemia
and dyslipidemia. In addition to this benefit, inclisiran is
associated with more significant decreases in LDL-C levels,
with an average 55% reduction in LDL levels after six months of
treatment, compared to a 40% reduction with statins alone (22,
39). When combined with statins, inclisiran has demonstrated
even greater reductions in LDL-C levels. Combination therapy
with atorvastatin and inclisiran reduced LDL-C levels by up to
65%, whereas atorvastatin monotherapy resulted in a reduction
of up to 40% (40-42). This shows that combination medication,
rather than monotherapy, may be more effective in lowering
both LDL-C and non-HDL-C levels.

In terms of potential side effects, the literature has associated
statins with a variety of adverse events, including toxicity
to the liver, statin-related myopathy, rhabdomyolysis, the
development of new diabetes, cataracts, and hemorrhagic
stroke (43). On the other hand, none of the research has
associated inclisiran with liver toxicity or clinically evident liver
injury. Furthermore, alanine transaminase elevations have been
reported in less than 1% of patients after inclisiran medication,
and they were mild-to-moderate, temporary, and without
associated symptoms or jaundice (24). Despite these preliminary
findings, additional detailed and direct comparison studies will
be required to have a more comprehensive understanding of the
adverse effects of inclisiran and statins.

The ORION-3 research evaluated inclisiran’s long-term efficacy
and safety, finding that it is as effective as other PCSK9 inhibitors
in terms of LDL-C lowering and has a comparable safety profile.
In the ORION-10 study, inclisiran was found to be equal to
evolocumab in terms of LDL-C reduction at day 180, while it
was superior to alirocumab at day 270 in the ORION-11 trial.
In terms of safety, there were no notable differences between
inclisiran and either evolocumab or alirocumab (23, 25). The
most prevalent adverse events reported with inclisiran were
injection site reactions, along with other PCSK9 inhibitors (25).

Inclisiran has also been used as a public policy to treat patients
with coronary heart disease or at a highly elevated risk,
representing an innovative way to introduce a drug to the
market (44, 45). However, barriers to its widespread use should
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be analyzed, such as accessibility, cost, and patient acceptance.
Moreover, potential candidates for inclisiran therapy include
patients who are statin-intolerant or those who require
additional cholesterol reduction beyond what can be achieved
with statin monotherapy.

Strengths and Limitations of Inclisiran

Inclisiran, an RNA interference therapy, offers several
advantages as a treatment option for hypercholesterolemia
and dyslipidemia. As a highly targeted therapy, it reduces the
expression of specific genes, potentially causing fewer side
effects than other treatments (46-48). Inclisiran has proven
effective in reducing LDL-C levels, the primary treatment goal for
these conditions, with some patients experiencing up to a 50%
reduction in LDL-C levels (23, 25). Notably, inclisiran has been
associated with significant decreases in LDL-C and PCSK9 levels
in both diabetic and non-diabetic patients, implying its potential
as a novel therapeutic option for controlling dyslipidemia
regardless of diabetes status (19). The long duration of action
of inclisiran is another advantage; a single dose can remain
effective for up to six months, significantly longer than statins
or PCSK9 inhibitors (25). This makes it an appealing option for
patients requiring long-term LDL-C level maintenance without
frequent injections or other treatments (49).

In clinical trials, inclisiran has demonstrated good tolerability.
The most common side effects were mild, quickly resolving
injection site reactions (50). This aspect makes it an attractive
option for patients concerned about potential side effects from
other treatments.

Potential candidates for inclisiran therapy include patients
with familial hypercholesterolemia, those with elevated
cardiovascular risk, statin intolerance, or hyperlipoproteinemia(a)
(51). Inclisiran’s GalNAc attachment results in rapid liver uptake,
a short plasma half-life, and long-lasting effects on PCSK9
inhibition and LDL-C lowering (18).

However, there are limitations to inclisiran as a treatment option
for hypercholesterolemia and dyslipidemia. It is only approved
for use in adults aged 18 years or older, excluding those under 18
years of age (49). Although effective in reducing LDL-C levels, it
remains unclear whether this reduction translates to improved
cardiovascular outcomes, such as reduced heart attack or stroke
risk. Long-term benefits are uncertain, and further research is
needed to determine if inclisiran can improve patient outcomes
over time (44).

The safety profile of inclisiran is relatively unknown due to its
recent approval and limited use in clinical practice. There may be
potential side effects or adverse events not yet identified. While
it has a long duration of action, inclisiran is still an injectable
therapy requiring frequent injections to maintain efficacy over
time, which may be inconvenient for some patients preferring
oral medications or other less invasive treatment options (44,
45) (Table 2).

In conclusion, inclisiran is a promising treatment option
for specific patient populations, such as those with familial
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hypercholesterolemia, elevated cardiovascular risk, statin
intolerance, or hyperlipoproteinemia(a). However, more
research is needed to evaluate its long-term safety, efficacy,
and cost-effectiveness before it can be widely used in coronary
prevention.

CONCLUSION

In summary, the ORION clinical trials have convincingly
demonstrated that inclisiran, a sSiRNA molecule, is an effective
and safe treatment for hypercholesterolemia and dyslipidemia.
This novel therapeutic agent effectively targets the PCSK9
gene, leading to significant reductions in LDL-C levels, non-
HDL-C levels, and ApoB levels. Additionally, patients receiving
inclisiran have reported quality of life improvements, reinforcing
its potential value in clinical practice.

Comparative analyses have highlighted inclisiran’s superior
efficacy and longer duration of action compared to statins,
and the combination of the two may offer even greater LDL-C
reductions. In terms of efficacy and safety, inclisiran has shown
comparable results to other PCSK9 inhibitors. Moreover,
the cost-effectiveness analysis suggests that inclisiran could
provide value for money, especially considering its potential to
reduce long-term cardiovascular risk.

Nonetheless, there are still limitations to consider. Inclisiran is
approved for use only in adults aged 18 years or older, and while
it effectively reduces LDL-C levels, it is not yet certain whether
this will translate into improved long-term cardiovascular
outcomes. Furthermore, its safety profile, though seemingly
promising, is not fully known due to its recent approval and
limited usage. Lastly, as an injectable therapy, some patients
may find the administration less convenient than an oral
medication.

In conclusion, the evidence presented in this review supports
further research into the use of inclisiran as a treatment option
for hypercholesterolemia and dyslipidemia. Future studies
should focus on long-term safety, efficacy, cost-effectiveness,
and potential for reducing other cardiovascular risk factors,
considering the insights and experience of the authors to
contribute to a comprehensive understanding of inclisiran’s
potential.

Acknowledgements: During the composition of this narrative review, invaluable
support was provided by OpenAl's ChatGPT, an artificial intelligence (Al) language
model. Specifically, ChatGPT played a pivotal role in ensuring a thorough and
systematic approach, ensuring no essential aspects of the review were overlooked.
The Al model further assistedin identifying and correcting grammatical errors during
the analysis. While the Al provided insights into potential gaps and suggestions for
improvement, no substantive knowledge, text, or ideas were directly generated
by ChatGPT itself. The Al functioned as a language tool, enhancing the clarity and
precision of the prose. All outcomes and suggestions generated with the assistance
of ChatGPT underwent rigorous re-checking and validation.

Ethics Committee Approval: N/A
Informed Consent: N/A

Financial Disclosure: The author declared that this study received no financial
support.

$IMSJ

Turk Med Stud | 2023;10(3):105-11

REFERENCES

1.  Stein R, Ferrari F, Scolari F. Genetics, dyslipidemia, and cardiovascular disease: new
insights. Curr Cardiol Rep 2019;21(8):68. [Crossref]

2. Trinder M, Francis GA, Brunham LR. Association of monogenic vs polygenic
hypercholesterolemia with risk of atherosclerotic cardiovascular disease. JAMA
Cardiol 2020;5(4):390-9. [Crossref]

3. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-
specific mortality for 282 causes of death in 195 countries and territories, 1980-
2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet
2018;392(10159):1736-88. [Crossref]

4. He N, Ye H. Exercise and hyperlipidemia. Adv Exp Med Biol 2020;1228:79-90.
[Crossref]

5. Dominguez-Reyes T, Astudillo-Lopez CC, Salgado-Goytia L et al. Interaction
of dietary fat intake with APOA2, APOA5 and LEPR polymorphisms and its
relationship with obesity and dyslipidemia in young subjects. Lipids Health Dis
2015;14:106. [Crossref]

6. Kayikgioglu M, Tokgozoglu L, Kiligkap M et al. Data on prevalence of dyslipidemia
and lipid values in Turkey: systematic review and meta-analysis of epidemiological
studies on cardiovascular risk factors. Turk Kardiyol Dern Ars 2018;46(7):556-74.
[Crossref]

7. QuickStats: Prevalence of High Total Cholesterol* Among Adults Aged >20 Years,'
by Age Group and Sex - National Health and Nutrition Examination Survey, 2015-
2018. MMWR Morb Mortal Wkly Rep. 2020;69(22):690. [Crossref]

8. QiL,DingX, Tang W et al. Prevalence and risk factors associated with dyslipidemia
in Chongging, China. Int J Environ Res Public Health 2015;12(10):13455-65.
[Crossref]

9.  Bilitou A, Were ], Farrer A et al. Prevalence and Patient outcomes of adult primary
hypercholesterolemia and dyslipidemia in the UK: longitudinal retrospective
study using a primary care dataset from 2009 to 2019. Clinicoecon Outcomes Res
2022;14:189-203. [Crossref]

10. Kaur H, Aeri BT. Assessing the prevalence of dyslipidemia in apparently healthy
urban obese adults residing in South Delhi. J Gizi Pangan 2020;15(2):63-70.
[Crossref]

11. Talpur MTH, Katbar MT, Shabir KU et al. Prevalence of dyslipidemia in young
adults. Professional Med ] 2020;27(5):987-93. [Crossref]

12. Kinoshita M, Yokote K, Arai H et al; Committee for Epidemiology and Clinical
Management of Atherosclerosis. Japan Atherosclerosis Society (JAS) guidelines for
prevention of atherosclerotic cardiovascular diseases 2017. J Atheroscler Thromb
2018;25(9):846-984. [Crossref]

13. Vrablik M, Tichy L, Freiberger T et al. Genetics of familial hypercholesterolemia:
new insights. Front Genet 2020;11:574474. [Crossref]

14. Brunham LR, Ruel I, Aljenedil S et al. Canadian cardiovascular society position
statement on familial hypercholesterolemia: update 2018. Can ] Cardiol
2018;34(12):1553-63. [Crossref]

15. Gallego-Colon E, Daum A, Yosefy C. Statins and PCSK9 inhibitors: a new lipid-
lowering therapy. Eur ] Pharmacol 2020;878:173114. [Crossref]

16. Lamb YN. Inclisiran: first approval. Drugs 2021;81(3):389-95. [Crossref]

17. Warden BA, Duell PB. Inclisiran: a novel agent for lowering apolipoprotein
b-containing lipoproteins. ] Cardiovasc Pharmacol 2021;78(2):e157-74. [Crossref]

18. Gosselin NH, Schuck VJA, Barriere O et al. Translational population-
pharmacodynamic modeling of a novel long-acting siRNA therapy, inclisiran, for
the treatment of hypercholesterolemia. Clin Pharmacol Ther 2023;113(2):328-38.
[Crossref]

19. Leiter LA, Teoh H, Kallend D et al. Inclisiran lowers LDL-C and PCSK9 irrespective
of diabetes status: the ORION-1 randomized clinical trial. Diabetes Care
2019;42(1):173-6. [Crossref]

20. Hovingh GK, Lepor NE, Kallend D et al. Inclisiran durably lowers low-density
lipoprotein  cholesterol and proprotein convertase subtilisin/kexin type 9
expression in homozygous familial hypercholesterolemia: the ORION-2 pilot study.
Circulation 2020;141(22):1829-31. [Crossref]

21. Padam P, Barton L, Wilson S et al. Lipid lowering with Inclisiran: a real-world
single-centre experience. Open Heart 2022;9(2):002184. [Crossref]

22. Ray KK, Raal FJ, Kallend DG et al. ORION Phase III investigators. Inclisiran
and cardiovascular events: a patient-level analysis of phase III trials. Eur Heart J
2023;44(2):129-38. [Crossref]


https://doi.org/10.1007/s11886-019-1161-5
https://doi.org/10.1001/jamacardio.2019.5954
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1007/978-981-15-1792-1_5
https://doi.org/10.1186/s12944-015-0112-4
https://doi.org/10.5543/tkda.2018.23450
https://doi.org/10.15585/mmwr.mm6922a5
https://doi.org/10.3390/ijerph121013455
https://doi.org/10.2147/CEOR.S347085
https://doi.org/10.25182/jgp.2020.15.2.63-70
https://doi.org/10.29309/TPMJ/2020.27.05.4040
https://doi.org/10.5551/jat.GL2017
https://doi.org/10.3389/fgene.2020.574474
https://doi.org/10.1016/j.cjca.2018.09.005
https://doi.org/10.1016/j.ejphar.2020.173114
https://doi.org/10.1007/s40265-021-01473-6
https://doi.org/10.1097/FJC.0000000000001053
https://doi.org/10.1002/cpt.2774
https://doi.org/10.2337/dc18-1491
https://doi.org/10.1161/CIRCULATIONAHA.119.044431
https://doi.org/10.1136/openhrt-2022-002184
https://doi.org/10.1093/eurheartj/ehac594

Turk Med Stud  2023;10(3):105-11
.............................................................................................................................................................................................. M

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Casula M, Olmastroni E, Boccalari MT et al. Cardiovascular events with PCSK9
inhibitors: an updated meta-analysis of randomized controlled trials. Pharmacol
Res 2019;143:143-50. [Crossref]

Raal FJ, Kallend D, Ray KK et al; ORION-9 Investigators. Inclisiran for the treatment
of heterozygous familial hypercholesterolemia. N Engl ] Med 2020;382(16):1520-
30. [Crossref]

Ray KK, Wright RS, Kallend D et al; ORION-10 and ORION-11 Investigators. Two
phase 3 trials of inclisiran in patients with elevated LDL cholesterol. N Engl ] Med
2020;382(16):1507-19. [Crossref]

Wright RS, Collins MG, Stoekenbroek RM et al. Effects of renal impairment on the
pharmacokinetics, efficacy, and safety of inclisiran: an analysis of the ORION-7 and
ORION-1 studies. Mayo Clin Proc 2020;95(1):77-89. [Crossref]

Landmesser U, Haghikia A, Leiter LA et al. Effect of inclisiran, the small-interfering
RNA against proprotein convertase subtilisin/kexin type 9, on platelets, immune
cells, and immunological biomarkers: a pre-specified analysis from ORION-1.
Cardiovasc Res 2021;117(1):284-91. [Crossref]

Ray KK, Landmesser U, Leiter LA et al. Inclisiran in patients at high cardiovascular
risk with elevated LDL cholesterol. N Engl ] Med 2017;376(15):1430-40. [Crossref]
LiJ, LeiX, Li Zetal. Effectiveness and safety of Inclisiran in hyperlipidemia treatment:
an overview of systematic reviews. Medicine (Baltimore) 2023;102(3):e32728.
[Crossref]

Catapano AL, Pirillo A, Norata GD. Insights from ORION studies: focus on
inclisiran safety. Cardiovasc Res 2021;117(1):24-6. [Crossref]

Ray KK, Troquay RPT, Visseren FLJ et al. Long-term efficacy and safety of inclisiran
in patients with high cardiovascular risk and elevated LDL cholesterol (ORION-3):
results from the 4-year open-label extension of the ORION-1 trial. Lancet Diabetes
Endocrinol 2023;11(2):109-19. [Crossref]

Cai K, Devine B. PCV24 a threshold analysis of the cost-effectiveness of adjunctive
inclisiran therapy for ASCVD patients with LDL >70 mg/DL on maximally
tolerated statin therapy. Value in Health 2021;24(Suppl 1):S71. [Crossref]

Jahangir A, Sahra S, Krzyzak M. Can clinicians start prescribing inclisiran for
hypercholesterolemia today? A review of clinical studies for internal medicine
physicians and endocrinologists. Cureus 2021;13(7):e16664. [Crossref]

Reijman MD, Schweizer A, Peterson ALH et al. Rationale and design of two trials
assessing the efficacy, safety, and tolerability of inclisiran in adolescents with
homozygous and heterozygous familial hypercholesterolaemia. Eur J Prev Cardiol
2022;29(9):1361-8. [Crossref]

Wolowiec %, Osiak J, Wolowiec A et al. Inclisiran-safety and effectiveness of small
interfering RNA in inhibition of PCSK-9. Pharmaceutics 2023;15(2):323. [Crossref]
Desai NR, Campbell C, Electricwala B et al. Cost effectiveness of inclisiran in
atherosclerotic cardiovascular patients with elevated low-density lipoprotein
cholesterol despite statin use: a threshold analysis. Am ] Cardiovasc Drugs
2022;22(5):545-56. [Crossref]

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

Mustafa Eray Kilig. Inclisiran Treatment

Kam N, Perera K, Zomer E et al. Inclisiran as adjunct lipid-lowering therapy
for patients with cardiovascular disease: a cost-effectiveness
Pharmacoeconomics 2020;38(9):1007-20. [Crossref]

Agboola F, Lin GA, Kazi DS et al. The effectiveness and value of bempedoic acid and
inclisiran for heterozygous familial hypercholesterolemia and secondary prevention
of ASCVD. ] Manag Care Spec Pharm 2021;27(7):961-6. [Crossref]

Burnett H, Fahrbach K, Cichewicz A et al. Comparative efficacy of non-statin

analysis.

lipid-lowering therapies in patients with hypercholesterolemia at increased
cardiovascular risk: a network meta-analysis. Curr Med Res Opin 2022;38(5):777-
84. [Crossref]

Khan SA, Naz A, Qamar Masood M et al. Meta-analysis of inclisiran for the
treatment of hypercholesterolemia. Am ] Cardiol 2020;134:69-73. [Crossref]
Rogula S, Blazejowska E, Ggsecka A et al. Inclisiran-silencing the cholesterol,
speaking up the prognosis. J Clin Med 2021;10(11):2467. [Crossref]

Khan SU, Yedlapati SH, Lone AN et al. PCSK9 inhibitors and ezetimibe with or
without statin therapy for cardiovascular risk reduction: a systematic review and
network meta-analysis. BMJ 2022;377:¢069116. [Crossref]

Newman CB, Preiss D, Tobert JA et al. American Heart Association Clinical
Lipidology, Lipoprotein, Metabolism and Thrombosis Committee, a Joint
Committee of the Council on Atherosclerosis, Thrombosis and Vascular Biology
and Council on Lifestyle and Cardiometabolic Health; Council on Cardiovascular
Disease in the Young; Council on Clinical Cardiology; and Stroke Council. Statin
safety and associated adverse events: a scientific statement from the American
Heart Association. Arterioscler Thromb Vasc Biol 2019;39(2):e38-81. [Crossref]
Byrne P, Demasi M, Smith SM. NICE guidance on inclisiran should be reconsidered.
BM]J 2021;375:n2462. [Crossref]

Meréep 1, Fri¢i¢ N, Striki¢ D et al. Advantages and disadvantages of inclisiran: a
small interfering ribonucleic acid molecule targeting PCSK9-A narrative review.
Cardiovasc Ther 2022;2022:8129513. [Crossref]

Scaggiante B, Dapas B, Farra R et al. Improving siRNA bio-distribution and
minimizing side effects. Curr Drug Metab 2011;12(1):11-23. [Crossref]

Hu B, Zhong L, Weng Y et al. Therapeutic siRNA: state of the art. Signal Transduct
Target Ther 2020;5(1):101. [Crossref]

Fu Q Hu L, Shen T et al. Recent advances in gene therapy for familial
hypercholesterolemia: an update review. J Clin Med 2022;11(22):6773. [Crossref]
Nishikido T, Ray KK. Inclisiran for the treatment of dyslipidemia. Expert Opin
Investig Drugs 2018;27(3):287-94. [Crossref]

Grzesk G, Dorota B, Wolowiec L et al. Safety of PCSK9 inhibitors. Biomed
Pharmacother 2022;156:113957. [Crossref]

Page MM, Watts GE. PCSK9 in context: a contemporary review of an important
biological target for the prevention and treatment of atherosclerotic cardiovascular
disease. Diabetes Obes Metab 2018;20(2):270-82. [Crossref]

$TIMSJ


https://doi.org/10.1016/j.phrs.2019.03.021
https://doi.org/10.1056/NEJMoa1913805
https://doi.org/10.1056/NEJMoa1912387
https://doi.org/10.1016/j.mayocp.2019.08.021
https://doi.org/10.1093/cvr/cvaa077
https://doi.org/10.1056/NEJMoa1615758
https://doi.org/10.1097/MD.0000000000032728
https://doi.org/10.1093/cvr/cvaa139
https://doi.org/10.1016/S2213-8587(22)00353-9
https://doi.org/10.1016/j.jval.2021.04.364
https://doi.org/10.7759/cureus.16664
https://doi.org/10.1093/eurjpc/zwac025
https://doi.org/10.3390/pharmaceutics15020323
https://doi.org/10.1007/s40256-022-00534-9
https://doi.org/10.1007/s40273-020-00948-w
https://doi.org/10.18553/jmcp.2021.27.7.961
https://doi.org/10.1080/03007995.2022.2049164
https://doi.org/10.1016/j.amjcard.2020.08.018
https://doi.org/10.3390/jcm10112467
https://doi.org/10.1136/bmj-2021-069116
https://doi.org/10.1161/ATV.0000000000000073
https://doi.org/10.1136/bmj.n2462
https://doi.org/10.1155/2022/8129513
https://doi.org/10.2174/138920011794520017
https://doi.org/10.1038/s41392-020-0207-x
https://doi.org/10.3390/jcm11226773
https://doi.org/10.1080/13543784.2018.1442435
https://doi.org/10.1016/j.biopha.2022.113957
https://doi.org/10.1111/dom.13070

