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To evaluate the effect of inclisiran therapy on parameters of lipid metabolism in hospitalized patients
with acute ischemic stroke.

A prospective, observational, non-randomized study was performed. The study included 12 patients
with acute ischemic stroke prescribed with a combination lipid-lowering therapy with inclisiran
(284 mg as a single dose). At 15 days after the start of therapy, changes in blood lipid composition
were assessed. For quantitative variables, median, maximum and minimum values were determined.
The significance of differences between related samples in quantitative variables was assessed using the
Mann-Whitney test.

Before the start of combination lipid-lowering therapy, total cholesterol (TC) was 7.33 mmol/1 and
low-density lipoprotein C (LDL-C) was 5.23 mmol/l. At 15 days after the start of inclisiran therapy,
TC significantly decreased by 52.1% and LDL-C decreased by 71.1%. The proportion of patients who
reached the LDL-C goal was 66.7%. There were no adverse events considered by the investigators to
be related with the therapy.

The strategy of early administration of inclisiran (or its combination with a statin) in patients with
ischemic stroke allows safe achievement of a significant reduction in LDL-C already in 15 days after
the start of therapy.
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Introduction

Cardiovascular diseases (CVDs) rank first among causes
of death in older patients [ 1]. The COVID-19 pandemic did
not change the situation and, on the contrary, emphasized
the importance of correcting risk factors of adverse
cardiovascular events in various clinical situations [2, 3].
In 2018, in the Russian Federation, the cerebrovascular
mortality was 31% of the circulatory disease mortality [4],
which corresponds to worldwide data, according to which
stroke ranks second (after coronary artery disease) among
the causes of death of the population [S]. Persistently
high mortality in the acute period (15%), despite
continuously improving system of care for patients with
cerebral accidents [6], and the high incidence of disability
underscore the relevance of the problem of ischemic stroke
(IS). Stroke is the leading cause of disability in the Russian
Federation (3.2 cases per 1,000 people) [4]. As well as
the primary prevention of IS, reducing the risk of recurrent
IS seems to be an equally important task, given the available
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epidemiological data — the one-year risk of developing
recurrent IS is 7-20%, recurrent acute cerebrovascular
accident is observed in 16-35% of patients within S years
[7, 8]. The importance of these figures is emphasized by
a significantly higher risk of death after recurrent IS (up to
70% of patients within 10 years) [9].

Dyslipidemia is one of the most well-studied modifiable
cardiovascular risk factors [10]. This statement is also
totally relevant for IS [11]. For example, elevated low-
density lipoprotein (LDL) cholesterol is associated not
only with atherosclerosis of the brachiocephalic arteries,
transient ischemic attack (TIA) and IS, but is also a risk
factor for carotid restenosis after surgical treatment, and is
also associated with a worse functional outcome and an
unfavorable long-term prognosis for life after a cerebral
accident [12]. LDL cholesterol is considered as the main
target for lipid-lowering therapy (LLT) to reduce the risk
of IS and recurrent cerebral accidents [13]. A decrease in
the level of LDL cholesterol by 1 mmol/L reduces the risk
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of ischemic stroke by 12% [14]. According to the consensus
of experts, the target value of LDL cholesterol for patients
at very high risk, including those who have history of IS,
should be considered less than 1.4 mmol/L [15]. Even
though dyslipidemia may be corrected with medication,
achieving the target values is a challenge in real-world
clinical practice. This fact allowed the expert community to
change the modern concept of achieving target levels of LDL
cholesterol using “high-intensity statin therapy” to “high-in-
tensity lipid-lowering therapy” [16]. The updated approach
implies the early administration of combination therapy in
patients with LDL cholesterol > 5.0 mmol/L including with
the use of monoclonal antibodies and a new class of drugs —
small interfering RNA, the sole representative of which
is inclisiran. This provision is reflected in the new clinical
guideline of the Ministry of Health of the Russian Federation
“Lipid Metabolism Disorders” [15].

The mechanism of RNA interference behind the inclisiran
effect is associated with the ability to stop proprotein
convertase subtilisin/kexin type 9 (PCSK9) synthesis
in hepatocytes in being prepared for the assembly of this
protein, which essentially eliminated the underlying cause
of hypercholesterolemia. After penetrating a hepatocyte,
inclisiran enters the endosomes and forms the depot. It is
slowly released from the endosomes into the cytoplasm,
where its guide strand binds to the RNA-inducible gene
silencing complex [17]. Its activation leads to specific
binding and destruction of mRNA to PCSK9, which serves
as a matrix for the reproduction of this protein. Inhibition of
PCSK9 synthesis provides high activity of LDL cholesterol
receptors on the surface of hepatocytes, which allows them
to be captured from blood plasma, thus the concentration of
LDL cholesterol is reduced.

According to the draft clinical guideline Ischemic Stroke
and Transient Ischemic Attack in Adults (2023), inclisiran
can be administered as part of a combination LLT in patients
with history of IS or TIA [18]. In this regard, applying
the results of randomized controlled trials (RCTs) showing
the high efficacy of inclisiran [19] in the real-world clinical
practice is an important task for the implementation of
modern approaches to the correction of dyslipidemia,
particularly in patients with IS [20].

Objective

Evaluate the short-term effect of combination LLT with
inclisiran and its safety in the group of patients with ischemic
stroke initiated within three days after onset.

Material and Methods

Prospective observational non-randomized study was
conducted in the Komi Republican Clinical Hospital
(Syktyvkar, Russia) from December 2022 to April
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2023. The inclusion criteria comprised documented
acute IS, LDL cholesterol >4.0 mmol/L (patients taking
statins at the maximum tolerated dose) or more than
5.0 mmol/L (patients not receiving LLT at the time of IS).
The exclusion criteria were TIA patients with a pronounced
neurological deficit (NIHSS > 25) who took triple LLT
(statins + ezetimibe + PCSKY inhibitors) at the time of
onset of IS. Lipid profile was examined in all patients
within the first hours after the admission to the ICU. All
patients were considered as having hyperlipidemia
(hyperlipoproteinemia — HLP) type Ila. Inclisiran (Sibrava,
Novartis, Switzerland) was administered at a single dose
of 284 mg (1.5 ml) subcutaneously to the abdomen to
12 patients who met these criteria, in addition to prescribing
high-intensity statin therapy (atorvastatin 40 mg once
a day) or continuing previously used such therapy. All
patients included in the study were considered as having
HLP type Ila. Clinical relevance of the drug administration
was confirmed by the medical board. All patients signed
informed consent. In addition to LLT, patients received
background therapy and antithrombotic therapy in
accordance with the pathogenetic subtype of IS and the time
after onset of cerebral accident. Sex, age, pathogenetic variant
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Table 1. Characteristics of patients examined

Parameter Value
Sex, n (%)

« Male 5(41.6)

« Female 7(58.3)
Age, years, Me (Min-Max) 62.3 (49-75)
Pathogenetic subtype of ischemic stroke
(according to the SSS-TOAST* classification), n (%)
Atherothrombotic 3(25)
Lacunar 2(16.6)
Cardioembolic 2(16.6)
Other specified origin 0
Unspecified origin S (41.6)
Unknown cause of IS 4(33.3)
Two or more probable causes 1(16.6)
Severit}r qf neurologi_cal deficit (NIHSS) 72(1-17)
at admission, Me (Min-Max)

Risk factors for cardiovascular diseases

and the presence of a concomitant condition, n (%)

History of IS 2(16.6)
Smoking 2 (16.6)
Body mass index > 30 kg/m? 3(25)
Arterial hypertension 10 (83.3)
Coronary artery disease S5 (41.6)
Diabetes mellitus type 2 3(25)
Lipid-lowering therapy before ischemic stroke 2 (16.6)
Time to the administration of inclisiran after 442 (24-120)

the onset of ischemic stroke, h, Me (Min-Max)
* Adapted from [21].

of IS, and severity of neurological deficit, administration of
LLT at the time of cerebral accident, and the presence of
comorbidity in patients included in the study are presented
in Table 1. The mean time to initiation of therapy after
onset of IS was 44.2 hours. The risk of developing adverse
cardiovascular events was assessed as very high in all patients,
the study did not include patients at extreme risk (following
the criteria specified in the National Clinical Guidelines
[15]). We evaluated the parameters of the lipid profile (total
cholesterol (TC), LDL cholesterol, HDL cholesterol, TG)
before and 15 days after initiating inclisiran therapy.

The statistical analysis of data was conducted in SPSS 23.0.
Given the size of the sample (n = 12), its distribution was not
assessed. The median, maximum and minimum values were
determined for quantitative variables. The Mann-Whitney
test was used to evaluate the significance of differences in
quantitative variables between related samples. The study
was conducted in accordance with the Declaration of
Helsinki (adopted in June 1964, revised in October 2013),
and approved by the local ethics committee. Characteristics
of patients examined are provided in Table 1.

Results

Fifteen days after starting LLT with inclisiran, TC was
3.51 mmol/L, which corresponded to statistically significant
mean decrease in this parameter by 52.1%. The greatest
changes were observed for LDL cholesterol, the absolute
decrease of which was 1.51 mmol/L, which corresponded
to a 71.1% decrease (Table 2). After 15 days, 8 (66.7%)
patients reached the target level of 1.4 mmol/L (p<0.0S).
There were no serious adverse events that were treatment-
related according to the investigators.

Discussion
Real-world
in separate national centers for the treatment of

clinical data on the use of inclisiran

atherosclerosis [22, 23] and in certain specific groups
of patients [24] are actively submitted for analysis to
the scientific community. Our study demonstrates
the possibility of initiating high-intensity LLT with
inclisiran in patients with acute IS. The findings show
the possibility of not only a significant decrease in
the levels of LDL cholesterol at discharge from the hospital
(~71.1% decrease in LDL cholesterol) and the possibility
of achieving the target values of LDL cholesterol 14 days
after onset of IS. Moreover, given the fact that inclisiran
realizes only 80% of its hypolipidemic effect by day 14 [25],
it is assumed that the percentage of patients who achieve
the target value of LDL cholesterol will increase in case
of subsequent dynamic follow-up without correction of
the initiated therapy. It is important to point out that our
findings (estimation of the effect in 15 days) do not cancel

Table 2. Changes in blood lipid profile during the combination lipid-lowering therapy with inclisiran

Indicator, mmol/L,
Before lipid-lowering therapy

Parameter of blood lipid profile

15 days after the beginning

Me (Min-Max) with inclisiran of lipid-lowering therapy with inclisiran (Clteripgs; o
TC 7.33 (5.81-9.21) 3.51(1.81-5.29) -52.1*
LDL cholesterol 5.23 (4.34-6.99) 1.51(0.73-3.11) -71.1*
HDL cholesterol 1.13 (0.81-1.22) 1.24 (0.90-1.36) +9.7
TG 1.71 (1.28-2.89) 1.57 (1.18-2.42) 8.7

* Intergroup differences are significant (p < 0.0S, Mann-Whitney test).

TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides.
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the need to further assess the effect of combination LLT in
accordance with the terms specified in the current clinical
guidelines.

The presented experience of using inclisiran in patients
with IS provides an opportunity to discuss several relevant
practical aspects of using LLT in cerebral accidents.

Compliance

Compliance with long-term therapy for secondary
prevention may be significantlylower in patients with IS than
in patients with history of MI, the percentage of compliant
patients may be even lower (not more than 59%) in the case
of LLT [26]. At the same time, missing daily doses due to
forgetfulness is one of the patient-associated risk factors of
poor compliance [27]. Given the fact that drugs with a more
convenient mode of administration (for example, injections
once every 3 months) changed the compliance of patients
with certain neurological diseases [28], a similar effect
should be expected for inclisiran in patients with history
of IS. This assumption is based on the available results
of studies of therapeutic interventions for the secondary
prevention of cerebral accidents that show a greater clinical
benefit of using certain drugs in patients highly adherent to
treatment [29, 30].

Swallowing dysfunction and mobility restrictions after
IS are the factors that are associated with the complications
and a higher risk of mortality in the early and late recovery
periods after cerebral accidents [31, 32] and the reasons
for refusal or low adherence to long-term therapy for
secondary prevention of IS [33]. From this point of view,
treatment with inclisiran initiated in the acute period of
IS has such advantages as a convenient regimen and mode
of administration (subcutaneous injection once every
6 months), can increase the chance of long-term compliance
with the administered LLT during medical rehabilitation
and subsequent outpatient management, including in
patients with dysphagia and severe paresis.

Combination LLT after IS and time of initiation

The DA VINCI study [34] showed that after reducing
the target values of LDL cholesterol, the percentage of
patients who do not achieve the established parameter
expectedly increased. According to the SANTORINI study,
the target LDL cholesterol levels indicated in the 2019 ESC
guideline [35] are achieved by 20.1% of patients at high and
very high risk, and combination LLT is used in not more than
24.0% of cases [36]. The paradigm shift from “high-intensity
statin therapy” to “high-intensity lipid-lowering therapy” in
terms of early administration of combination LLT as initial
therapy is considered as one of the factors that will optimize
treatment of patients with dyslipidemia in real-world clinical
practice [16].
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In our study, we used inclisiran as a part of high-intensity
LLT, during which the target levels of LDL cholesterol were
achieved in 8 (66.7%) patients during hospital stay. Time
of initiating LLT after IS remains a subject of discussion
from the point of view of achieving clinical benefits (for
example, via the pleiotropic effects of statins prescribed
in the very first days after cerebral accident) [37]. Perhaps
the initiation of therapy with small interfering RNA after
IS in hospital may be considered as an important tool for
correcting dyslipidemia in real-world clinical practice from
the point of view of the initiating LLT at the best possible
power and reducing the risk of organizational and clinical
errors when choosing LLT at subsequent stages of therapy.
This approach is used by the European Project Task Force
with the ambitious goal of achieving the target values in 76 %
of patients after acute coronary syndrome within the next
3 months (ACS EuroPath III) after onset of the event, while
the Project Task Force notes that the lack of adequately
selected LLT at discharge from hospital is the main problem
in achieving this goal [38].

Given the fact that recurrent stroke develops mainly
in the first month after the first cerebral accident, early
the best-possible
lipid-lowering therapy, is a feasible treatment strategy

intensive therapy, including and
[39]. Initiating inclisiran after IS should be a driver of
the best-possible LLT at subsequent stages of the patient
management (including outpatient), because it is the long-
term and stable maintenance of the achieved decrease
in the levels of LDL cholesterol that allows minimizing
the risk of developing recurrent IS [40]. Apparently,
the administration of inclisiran will not only achieve
the target levels of LDL cholesterol but also make it possible
to prevent adverse events, such as cerebral accidents,
which can be beneficial from the point of view of reducing
the financial burden on the health care system [41]. There
were no adverse events during inclisiran therapy, including
those that led to prolongation of hospital treatment,
development of life-threatening conditions, or aggravation
of the recovery period. No patients developed hemorrhagic
transformation of cerebral infarction.

Decreased LDL cholesterol

In our study, LDL cholesterol decreased to 0.7 mmol/L
in three patients. Safety of low LDL cholesterol from
the point of view of the risk of hemorrhagic stroke is
being discussed, and the very concept of very low LDL
cholesterol levels has changed over time. Meta-analysis
Cholesterol Treatment Trialists Collaboration showed
the safety of decreasing the levels of LDL cholesterol
below 1.8 mmol/L [14], and currently, this level is
considered acceptable only for patients at high risk of
adverse cardiovascular events [42]. Attention should be
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paid now to the safety of LDL cholesterol levels less than
1.0 mmol/L. The accumulated data suggest no increased
risk of some complications when the target values are
achieved. No increased risk of intracranial hemorrhage
during the use of PCSK9 inhibitors, including in the group
of patients with LDL cholesterol <0.5 mmol/L, was
observed in RCTs [43,44] and post-hoc RCT analysis [45].
An analysis of the outcomes of 2,669 patients who achieved
LDL cholesterol levels <0.5 mmol/L in the FOURIER
study showed no increased risk of hemorrhagic stroke,
neurocognitive events, non-cardiac death, and other
diseases in this group of patients. The absence of danger
“signals” of the increased risk of intracranial hemorrhage
and other serious complications in the analysis of the 4
year follow-up of patients of a series of double-blind
randomized placebo-controlled studies ORION-1 and
ORION-3 shows the long-term safety of maintaining low
LDL cholesterol levels and administering inclisiran [46].
Moreover, a targeted safety analysis of inclisiran in patients
with underlying cerebrovascular diseases, who were
included in the ORION-9, ORION-10, and ORION-11
studies, also did not reveal any additional danger signals in
this group of patients [47]. Practically speaking, lowering
LDL cholesterol levels to less than 1.0 mmol/]1 does not
require dose adjustment and it can be advised to maintain
the achieved treatment result in the long term without
modifying the conducted LLT.

Effects on lipoprotein (a)

We did not determine the levels of lipoprotein (a)
(Lp (a)) in our study. However, in the absence of drugs
targeted at reducing the Lp (a) levels, a 19-25% decrease
in this parameter during inclisiran therapy can surely be
its advantage [48]. Given the available data on the causal
relationship of increased levels of Lp (a) and the risk of IS
[49], using of inclisiran within LLT may cause an additional
reduction in the risk of recurrent adverse cardiovascular
events in patients with increased levels of Lp (a).

The limitations of the study were a single-center
uncontrolled design, an unblinded patient observation
protocol, and a small sample size. These limitations did
not affect the results and conclusions of our study given
the objective nature of laboratory control of LDL cholesterol
in high lipid-lowering efficacy of inclisiran, which allows
obtaining statistically significant results in a small sample.
Despite the fact that there was a clear decrease in the levels
of LDL cholesterol in early administration of inclisiran
in the high-risk population of interest, our study was not
designed to assess clinical outcomes, which requires a sample
and a statistical plan with adequate power. We also did not
assess the effect of some background and concomitant
treatments for the therapy of IS, which could potentially
affect the lipid profile.

Conclusion

It can be assumed that the use of inclisiran can change
the current practice of LLT after IS [50]. The use of small
interfering RNA can objectively improve the control of
dyslipidemia in patients after IS in real-world clinical
practice as the achievement of the target levels of LDL
cholesterol that is considered the main treatment target, and
there is a clear problem of poor compliance and suboptimal
continuity of long-term LLT after cerebral accidents
[S1]. The first experience of using inclisiran in patients
with acute IS showed the possibility of early initiation of
the administration of this drug in hospital and achievement
of the target values of LDL cholesterol at discharge. In
summary, we can assume that one of the most effective and
safe therapeutic strategies to reduce the risk of recurrent
cardiovascular complications in a number of patients with IS
is the initiation of combination LLT with small interfering
RNA in the acute period of cerebral accident.
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