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Experience of the use of the PCSK9  
inhibitor Alirocumab in patients 
with extremely high cardiovascular risk

Aim To study the efficacy and safety of alirocumab in patients with high and very high cardiovascular risk in 
the Republic of Karelia and to evaluate their compliance with the alirocumab therapy.

Materials and methods Study design: observational, noncomparative. The observation group consisted of 9 patients receiving 
alirocumab (Praluent®) (mean age, 48.6±4.7 years; 7 men). 7 patients had familial hypercholesterolemia 
of the type diagnosed by DLCN criteria; five patients had MI. Lipid profile, concentrations of 
transaminases, creatinine, glucose, and lipoprotein a (LP(a)) were measured at 3, 6, 12, and 18 months. 
Electrocardiography was performed, and the clinical picture (development of acute coronary 
syndrome, acute cerebrovascular disease, transient ischemic attacks, myocardial revascularization, and 
cardiovascular death) was evaluated. Efficacy criteria included the absence of these clinical conditions, 
the proportion of patients who achieved the LDL CS goal, and the decrease in LP(a). Safety was 
evaluated by clinical and laboratory data, such as levels of transaminases, total bilirubin, creatinine, and 
blood glucose. The observation lasted for 6 months to 1.5 years.

Results LDL CS goals were achieved in 7 (77.8%) patients receiving alirocumab. The mean level of LP(a) 
decreased from 0.39 to 0.28 g/l; the degree of decrease ranged from 20 to 33 %. No cases of IHD 
instability (acute coronary syndrome) or new cases of acute cerebrovascular disease and transient 
ischemic attacks were observed. None of the patients had to stop the alirocumab treatment; adverse 
effects, including local ones, were not observed.

Conclusion LDL CS goals were achieved in 7 (77.8%) patients. The level of LP(a) decreased by 20-33% in patients 
receiving the PCSK9 inhibitor. In real-life clinical practice, the alirocumab treatment was characterized 
with high compliance and good tolerability without side effects, including local ones.
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Low-density lipoprotein cholesterol (LDL-C) is 
known as the main predictor of the development 

of atherosclerotic cardiovascular diseases and cata-
s    trophes. The main goal of lipid-lowering therapy 
is to reduce LDL-C to target levels [1]. Genetic, 
epidemiological, and clinical trials show a direct 
relationship between the LDL-C levels and the risk 
of atherosclerotic cardiovascular diseases [1]. The 
so-called cumulative cholesterol burden, i.e., the 
time during which cholesterol level is elevated, is also 
important.

According to the European Society of Cardiology 
and the European Atherosclerosis Society’s guidelines, 
the target LDL-C levels for patients at high and very 
high risk is less than 1.8 and 1.4 mmol/L, respectively. 
In this connection, achieving the target levels, i.e., 
reducing LDL-C by 50% from the baseline levels, is 
also recommended [2].

The use of statins in maximal tolerated doses 
to achieve target LDL-C levels leads to significant 
improvements in the prognosis for patients at very 
high risk, especially those with a history of acute 
coronary syndrome (ACS) [2-4]. High-intensity sta-
tin therapy is also essential for patients with familial 
hypercholesterolemia (FH). However, target LDL-C 
levels are rarely achieved in real-world clinical prac-
tice [5].

According to the EUROASPIRE IV trial conducted 
in real clinical settings in 2012-2015, only one-third of 
patients received high-dose statin therapy following 
ACS or scheduled coronary revascularization. Only 
19.3% of patients achieved the target LDL-C levels 
of less than 1.8 mmol/L [6]. However, in the recent 
EUROASPIRE V study, a two-fold increase in the 
number of patients receiving high-dose statin therapy 
led to a modest 7% increase of in the achievement 
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of the target LDL-C levels of less than 1.8 mmol/L, 
amounting to only 32% [7].

One of the significant factors explaining this 
situation is the failure of physicians to accomplish 
the target levels of lipid parameters, as well as low 
patient cooperation with lipid-lowering the ra-
pies in some cases [8]. In any case, severe hyper-
cholesterolemia (including genetically deter mi-
ned forms) is quite common, especially among 
patients with a history of ACS at a young age. The 
pre valence of severe hypercholesterolemia (LDL-C 
≥5.0 mmol/L) reaches 10% in Russian patients 
hospitalized due to ACS [9]. At the same time, only 
2.3% of patients with FH who received high-intensity 
statin therapy achieved the target LDL-C levels of 
less than 1.8 mmol/L [10].

Another significant problem arises in the form of 
statin intolerance. The rate of adverse reactions, most 
frequently due to myalgia, can reach 17% or more; 
this is often accompanied by a reduction of doses or 
withdrawal of the drug [11-13]. Statin intolerance, 
identified in 1.65% of patients, was associated with an 
increased rate of coronary events (recurrent myocardial 
infarction (MI) or coronary revascularization) by 43% 
and recurrent MI by 36% compared to patients showing 
high compliance with statin therapy [14].

The search for new ways to reduce the LDL-C 
levels, especially in patients with high and very high 
cardiovascular risk, patients with FH and statin 
intolerance, determined the development of a new 
group of specific drugs – monoclonal antibodies 
to proprotein convertase subtilisin / kexin type 9 
(PCSK9) enzyme regulating the expression of LDL-C 
receptors. Two drugs of this class (alirocumab and 
evalocumab) have been registered in Russia, Europe, 
and the United States.

Alirocumab (Praluent®) is a fully human monoclonal 
antibody (IgG1) demonstrating high affinity and 
specificity for PCSK9. By inhibiting the binding of 
circulating PCSK9 to LDL-C receptors on the surface of 
hepatocytes, the use of alirocumab leads to an increase 
in the number of these receptors and active removal of 
LDL-C from the systemic circulation. Since LDL-C 
receptors also bind very-low-density triglyceride-
rich (TG) remnant lipoproteins and intermediate-
density lipoproteins, alirocumab can reduce levels 
of apolipoprotein B, non-high-density lipoprotein 
cholesterol, and TG. Despite the low affinity of LDL-C 
receptors to this lipoprotein, alirocumab can also be 
used to reduce the level of lipoprotein(a) [Lp(a)]. 
However, the exact mechanism of this effect is not yet 
known [15].

Registered in the Russian Federation in 2017, 
alirocumab is marketed as a solution for subcutaneous 
injection with a dosage of 75 or 150 mg/mL. The efficacy 
and safety of alirocumab were established in major 
international clinical research program ODYSSEY [8]. 
The objective of the present study was to analyze the 
efficacy and safety of alirocumab in patients at high and 
very high cardiovascular risk in the Republic of Karelia, 
as well as assessing patient compliance with alirocumab 
therapy.

Material and Methods
The study design was observational and non-

comparative. The follow-up group consisted of nine 
patients treated with alirocumab (Praluent®); the mean 
age was 48.6±4.7 years; seven patients were male. Of 
these, seven patients had FH, while five patients had a 
history of MI. Before starting alirocumab therapy, eight 
patients received intensive statin therapy equivalent 
to rosuvastatin 20-40 mg/day, while one patient 
received only ezetimibe due to statin intolerance 
(rhabdomyolysis). Safety was evaluated based on 
clinical and laboratory data such as the levels of 
transaminase, total bilirubin, creatinine, and glucose.

The lipid profile, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), creatinine, glucose, 
and Lp (a) levels were evaluated in all patients at 3, 
6, 12, and 18 months. Electrocardiogram (ECG) was 
performed and the clinical picture was evaluated (acute 
coronary syndrome, acute cerebrovascular accident, 
transient ischemic attacks, myocardial revascularization, 
cardiovascular death). Efficacy criteria consisted in the 
absence of the above-mentioned clinical manifestations, 
the percentage of patients who achieved target LDL-C 
levels, and a decreased level of Lp (a). The follow-up 
lasted for 6 to 18 months.

In patients at very high risk, the lipid spectrum target 
levels were LDL-C less than 1.4 mmol/L, while in 
patients at high risk the target levels were less than 1.8 
mmol/L [2]. Our study complied with the Declaration 
of Helsinki and was approved by the local ethics 
committee. All patients signed an informed consent 
form prior to being included in the study.

Statistical processing of the findings was performed 
using the STATISTICA v.10.0 software suite (StatSoft 
Inc., USA). The data are expressed as M ± SD. The 
Student’s t-test was used to estimate the intergroup 
differences.

Limitations
The present study represents the first results of 

a registry of patients receiving PCSK9 inhibitors 
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(PCSK9i). At the time of preparing this article, 18 
patients were included on the register in the Republic 
of Karelia. Long-term results were evaluated in patients 
receiving therapy for 6 to 18 months.

Results
Baseline laboratory findings and their changes 

during alirocumab therapy are presented in Table  1. 
None of the patients stopped alirocumab therapy 
during the follow-up period. There were no side effects, 
including those of topical nature. Target LDL-C levels 
were achieved in 7 (77.8%) patients when alirocumab 
was included in the treatment.

Two (28.6%) patients with FH failed to achieve the 
target LDL-C levels corresponding to the risk category 
with a dose of 75 mg twice a month. This was due to 
objective difficulties in lipid-lowering therapy due 
to high baseline lipid profile levels (n=1) and statin 
intolerance (n=1). At the same time, these patients 
exhibited a 50% decrease in LDL-C relative to the 
baseline levels. The decision was taken to increase the 
dose of alirocumab to 150 mg twice a month.

The Lp (a) levels were evaluated in 8 (88.7%) 
patients. Seven patients had elevated Lp (a) levels, with 
a normal Lp (a) concentration of less than 0.3 g/L. The 
decrease in Lp (a) levels during PCSK9i therapy, which 
reached 20-33%, from 0.39 to 0.28 g/L, was observed 
in all patients by month 3 from the start of the therapy, 
reaching a minimum by month 6.

Neither destabilization of CHD (new events 
of MI and unstable angina) nor new cases of acute 
cerebrovascular accident or transient ischemic attacks 
were reported during the PCSK9i therapy. Given the 
limited experience of using PCSK9i in Russia, we 
believe it is appropriate to review case studies of the use 
of PCSK9i in various clinical situations.

Case study #1
Patient P., 36 years old. Diagnosis: Familial 

hypercholesterolemia (DLCN definite). CAD, functio-
nal class (FC) 3 angina pectoris. Postinfarction cardio-
sclerosis (MI dated July 2017). Obliterating coro-
nary atherosclerosis. Percutaneous coronary inter-
vention and stenting of the right coronary artery 
dated 11/21/2017. Complications: Chronic heart 
failure, stage 2A, FC 2. Comorbidities: hypertensive 
heart disease, stage 3, risk class 4; obliterating brachio-
cephalic atherosclerosis.

The patient was referred for consultation to the 
Department of Intermediate Level Therapy, Phthisio-
logy, Infectious Diseases, and Epidemiology of the 
Petrozavodsk State University due to MI at a young age 
(36 years).

The patient reported a past history of smoking. No 
diabetes was identified. He has a family history of 
cardiovascular pathology: his father had MI at 40 years 
old, recurrent MI at 60 years old (fatal). History since 
2014: a transient increase in blood pressure (BP) to 
140/100 mm Hg. The patient did not regularly measure 
BP or take hypotensives until 2017. Later, continuous 
use of perindopril 5 mg/day was commenced.

The onset of CAD on 21 July 2017, anterior-lateral 
Q-MI. Coronary angiography showed acute thrombotic 
occlusion of the anterior interventricular artery. 
Subocclusion of the circumflex artery, stenosis of the right 
coronary artery up to 70%, stenosis of obtuse marginal 
artery up to 60%. Thromboaspiration was performed. 
Next, stenting of the anterior inter ventricular artery with 
two holometallic stents and proximal balloon angioplasty 
were carried out. The distal part was not enhanced when 
performing control angiography. Attempts to catheterize 
the circumflex artery were unsuccessful. Cardiogenic 
shock developed during the procedure

Table 1. Changes in laboratory findings during alirocumab therapy

Follow-up 
period

TC,  
mmol/L

LDL-C, 
mmol/L

HDL-C, 
mmol/L

TG,  
mmol/L

Lp (a),  
g/L

Creatinine, 
μmol/L

ALT,  
MU/L

AST,  
MU/L

Glucose, 
mmol/L

Baseline 7.4 ± 1.3 4.8 ± 0.9 1.2 ± 0.4 1.7 ± 0.8 0.39 ± 0.04 76.8 ± 3.6 29 ± 1.2 31 ± 2.4 4.7 ± 0.8

3 months 4.37 ± 1.46 2.6 ± 0.87 1.21 ± 0.35 1.6 ± 0.4 0.28 ± 0.03 74.5 ± 3.7 27 ± 1.1 30.5 ± 2.7 4.8 ± 0.7

6 months 4.34 ± 1.2 2.6 ± 0.78 1.3 ± 0.33 1.55 ± 0.45 0.27 ± 0.03 73.6 ± 4.8 28 ± 1.3 30.4 ± 3.6 4.9 ± 0.6

12 months 4.4 ± 1.1 2.8 ± 0.9 1.3 ± 0.42 1.54 ± 0.5 0.27 ± 0.02 74.1 ± 3.7 26.9 ± 1.2 29.7 ± 3.4 5.1 ± 0.7

18 months 4.45 ± 1.3 2.81 ± 1.1 1.32 ± 0.44 1.55 ± 0.3 0.27 ± 0.04 72.8 ± 3.9 27.4 ± 1.8 31.5 ± 2.7 5.0 ± 0.4

TC, total cholesterol, LDL-C, low-density lipoprotein cholesterol, HDL-C, high-density lipoprotein cholesterol, Lp(a), lipoprotein (a). 
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The disease was also complicated by Dressler’s 

syndrome (pericarditis, pleuritis, pneumonitis). The 
left ventricular ejection fraction at control echocardio-
graphic monitoring was 28-37%. Papillary muscle 
dysfunction was detected. Mitral regurgitation grade 
3 was recorded. PCI with the right coronary artery 
stenting was performed on 21 November 2017. Later, 
beta-blockers, antiplatelet agents, and high-dose statin 
therapy were used. However, clinical signs of angina 
pectoris remained. Triplex scanning of brachiocephalic 
arteries dated 2017: right carotid bifurcation stenosis 
was 40-45%, while left carotid bifurcation stenosis was 
50-55%. Ostial stenosis of both internal carotid arteries 
was 40-45%. The patient was discharged on atorvastatin 
80 mg/day (control lipid profile findings: TC 5.3 
mmol/L, LDL-C 3.35 mmol/L, TG 1.2 mmol/L).

The patient reported increased TC to 9 mmol/L, 
LDL-C to 5 mmol/L. The examination revealed neither 
tendon xanthomata nor arcus lipoides corneae. Medical 
records (dated 3 October 2016) were subsequently 
provided: TC 12.1 mmol/L, LDL-C 6.48 mmol/L, 
HDL-C 1.5 mmol/L, TG 1.92. During the use of 
atorvastatin 80 mg/day: TC 5.3 mmol/L, LDL-C 
3.35 mmol/L, TG 1.2 mmol/L. The patient had an 
elevated baseline Lp (a) level of 1.3 g/L, which is also a 
predisposing factor of early vascular catastrophes.

Thus, a certain FH was clinically diagnosed retro-
spectively and confirmed by genetic analysis (LDL-C 
receptor mutation).

Since, despite intensive lipid-lowering therapy (high 
dose statins), clinically diagnosed FH, obliterating 
multiple atherosclerosis, family history and MI at 
an early age, the target levels of lipid profile were not 
achieved, increased levels of Lp (a) (1.3 g/L at baseline) 
and therapy with PСSK9i alirocumab (Praluent®) were 
started at the dose of 75 mg/mL (every other week).

The results of biochemical parameters following 
3 months of combined therapy with atorvastatin 80 
mg/day and alirocumab 75 mg twice a month were 
as follows: TC 3.12 mmol/L, LDL-C 1.6 mmol/L, 
HDL-C 0.98 mmol/L, TG 1.13 mmol/L, total bilirubin 
15.4 mmol/L, direct bilirubin 3.8 mmol/L, ALT 21 
U/L, AST 19 U/L, glucose 5.9 mmol/L (6.1 mmol/L), 
creatine phosphokinase 151 U/L. The level of Lp (a) 
decreased to 0.87 g/L (by 33% from the baseline level).

This was a peculiar case due to FH having been 
established retrospectively in a patient with a history 
of MI at a young age. According to Nanchen et al., the 
incidence of ACS at a young age in patients with FH 
is several times higher [9]. Increased Lp (a) levels 
additionally exacerbate the prognosis for cardiovascular 
diseases.

Considering MI at a young age and elevated Lp (a), 
PСSK9 inhibitors were recommended to the patient as 
the second step immediately after statins. In order to 
achieve the target LDL-C levels, it was recommended to 
increase the dose of alirocumab to 150 mg/day, which 
can provide an additional reduction in LDL-C by a 
mean of 14% from the baseline level (i.e., approximately 
1.38 mmol/L can be achieved) [16].

Case study #2
Patient B., 42 years old. The patient has not 

smoked since 2010. The patient has a family history 
of cardiovascular pathology: his father had MI at 63 
years old. No diabetes mellitus or hypertension were 
reported by the patient.

The first onset of CAD was recorded in 2009 in the 
form of acute anterior non-Q-MI. The patient was 
treated in a central district hospital. Due to high-FC 
angina in 2020, a holometallic stent was implanted in 
the anterior descending artery (stenosis up to 90%) 
following coronary angiography. The patient was 
administered rosuvastatin 40 mg. Target LDL-C levels 
were not achieved.

Recurrent inferolateral Q-MI occurred in December 
2015. The patient received thrombolytic therapy with 
alteplase. A holometallic stent was implanted in the 
posterior interventricular artery (stenosis up to 90%) on 
December 25, 2015. He was treated with acetylsalicylic 
acid, bisoprolol, ivabradine, angiotensin-converting 
enzyme inhibitor. Considering dyslipidemia (increased 
baseline TC 6.5 mmol/L, LDL-C 3.9–4.1  mmol/L), 
rosuvastatin 20 mg, ezetimibe 10 mg were prescribed. 
During the treatment: TC 3.85 mmol/L, LDL-C 2.63 
mmol/L, TG 1.2 mmol/L, HDL-C 0.8  mmol/L. The 
level of Lp (a) 0.02 g/L was within reference values.

Deterioration in August 2018: recurrence of angina 
pectoris, anginal pain with little physical activity 
(100 m walking). He had no prolonged pain attacks, 
according to him. Recurrent MI was diagnosed by a 
positive troponin test. ECG findings: sinus rhythm; HR 
58 bpm; focal of inferior and anteroapical lesions.

Coronary angiography: balanced coronary blood 
flow, subocclusive restenosis in the middle stent of the 
anterior descending artery, ostial stenosis up to  20% 
of the intermediate artery, minimal restenosis of the 
proximal stent, ostial stenosis up to 50%. Minimal 
restenosis of the distal stent. Stenting of the anterior 
descending artery and balloon angioplasty with drug-
eluting stent (Biomatrix 3×18 mm) were performed. 
The patient’s condition was stable with no anginal 
pains following the procedure. Shortness of breath 
was reported when climbing four floors. There were no 
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cardiac arrhythmias or MI complications. BP profile: 
100-120/70-80 mmHg.

Since the patient did not achieve the target LDL-C 
levels, twice-monthly alirocumab 75 mg was added 
to the therapy. Control of biochemical parameters 
after two months of hypolipidemic therapy was: 
TC 2.02  mmol/L, HDL-C 0.99 mmol/L, LDL-C 
0.62 mmol/L, TG 1.1 mmol/L, creatinine 78.6 mmol/L, 
ALT 25 U/L, AST 24 U/L, glucose 4.7 mmol/L.

Thus, the three-component therapy (rosuvastatin 20 
mg, ezetimibe 10 mg, alirocumab 75 mg twice a month) 
allowed the target LDL-C levels to be achieved.

According to current data, achieving the LDL-C 
level of 0.62 mmol/L is safe and does not require a 
correction of the dosage of the lipid-lowering agents 
[17, 18]. In the real-world clinical practice, intensive 
lipid-lowering therapy allowed low lipid profile levels 
to be achieved in patients with FH and those having a 
history of ACS. The relatively low current target LDL-C 
levels for this category of patients turned out to be safe.

According to the PLANET registry, only 15-18% of 
patients with FH in the Czech Republic and Slovakia 
achieve target LDL-C levels during high-dose statin 
therapy (atorvastatin, rosuvastatin). The number of 
patients with FH who achieve the target LDL-C levels 
increases 3-fold when using PCSK9 inhibitors [19].

The problem of residual cardiovascular risk is also 
being widely discussed. Even patients undergoing 
randomized clinical trials with high-dose statins along 
with a combination of statin and ezetimibe and other 
optimal therapy affecting the prognosis remain at a high 
residual risk of cardiovascular events following ACS. 
In the PROVE IT trial, a 2-year cumulative prevalence 
of  major cardiovascular events was 22.4% in  patients 
with a history of ACS receiving high-intensity 
atorvastatin therapy at a dose of 80 mg [20].

In 7 of 9 cases in our study, alirocumab was used at 
a dose of 75 mg. An increase to 150 mg was required 
in 2 patients with MI (a patient with FH and a patient 
with statin-associated rhabdomyolysis). It is important 
to emphasize that PCSK9 inhibitors have an additional 
important property of reducing Lp (a) levels. The 
observed decrease in Lp (a) during PCSK9i therapy of 
about 30% is consistent with the medical literature.

It has been shown that, along with a potent 
hypolipidemic effect and safety, alirocumab is also 
effective in reducing the risk of cardiovascular diseases. 
Thus, the ODYSSEY OUTCOMES trial showed that, 
in patients with a recent history of ACS who did not 
achieve the target LDL-C levels during high-intensity 
statin therapy, alirocumab therapy reduced the risk of 
major cardiovascular events, such as fatal CAD, non-

fatal MI, ischemic stroke or unstable angina requiring 
hospitalization, as well as being associated with reduced 
total mortality. The greatest benefit of alirocumab was 
demonstrated in patients with baseline LDL-C levels more 
than 2.6 mmol/L and those with atherosclerotic lesions of 
three vascular systems. These subgroups showed a 24 and 
36% reduction in the relative risk of major cardiovascular 
events, respectively. The relative risk of all-cause death, 
which decreased by 29% in the subgroup with baseline 
LDL-C >2.6 mmol/L, was reduced by 77% in patients 
when three vascular systems were involved [21].

The beneficial effect of alirocumab on total 
mortality was mediated by the reduced rate of non-
fatal cardiovascular events, as well as decreased 
cardiovascular mortality. Thus, patients with fewer 
cardiovascular events are also at a lower risk of dying of 
non-cardiovascular causes [22].

According to the results of recent additional analyses of 
trials with alirocumab and evalocumab, the most clinically 
promising method may consist in the use of these drugs 
in patients with additional risk factors, such as multiple 
lesions, familial hypercholesterolemia, diabetes mellitus, 
etc., as well as clinically significant atherosclerosis. [23]. 
Thus, it is essential to make sure that these medications 
are available to patients to prevent recurrences effectively. 
It appears that the timely initiation of PCSK9i therapy 
after the first cardiovascular event – and, in some 
cases, before the development of clinically significant 
atherosclerosis  – will help to prevent the occurrence of 
vascular catastrophes, especially in young patients with 
here ditary forms of hypercholesterolemia.

Summary
1.  Target LDL-C levels in alirocumab therapy were 

achieved by 77.8% of patients (all patients without 
FH and 71.4% of patients with FH). Two patients 
with FH did not achieve the target levels of LDL-C 
when using alirocumab 75 mg twice a month due to 
objective hypolipidemic therapy difficulties: high 
baseline lipid profile levels (n = 1), statin intolerance 
(n = 1). It was recommended that the alirocumab 
dose be increased to 150 mg twice a month.

2.  During the administration of alirocumab, Lp (a) 
levels decreased by 0-30%.

3.  In real-world clinical settings, alirocumab therapy 
is characterized by high compliance and good 
tolerability without adverse reactions, including 
those of a topical nature.

No conflict of interest is reported.

The article was received on 15/02/2020



76 ISSN 0022-9040. Kardiologiia. 2020;60(8). DOI: 10.18087/cardio.2020.8.n1046

ORIGINAL ARTICLES§
REFERENCES

1. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, 
Bruckert E et al. Low-density lipoproteins cause atheroscle-
rotic cardiovascular disease. 1. Evidence from genetic, epide-
miologic, and clinical stu dies. A consensus statement from 
the European Atherosclerosis Society Consensus Panel. Eu-
ropean Heart Journal. 2017;38(32):2459–72. DOI: 10.1093/
eurheartj/ehx144

2. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, 
Badimon L et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardio-
vascular risk. European Heart Journal. 2020;41(1):111–88. 
DOI: 10.1093/eurheartj/ehz455

3. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thures-
son M, Janzon M. Cardiovascular risk in post-myocardial in-
farction patients: nationwide real world data demonstrate 
the importance of a long-term perspective. European Heart 
Journal. 2015;36(19):1163–70. DOI: 10.1093/eurheartj/
ehu505

4. Abu-Assi E, López-López A, González-Salvado V, Redon-
do-Diéguez A, Peña-Gil C, Bouzas-Cruz N et al. The Risk of 
Cardio vascular Events After an Acute Coronary Event Re-
mains High, Especially During the First Year, Despite Revas-
cularization. Revista Española de Cardiología (English Edi-
tion). 2016;69(1):11–8. DOI: 10.1016/j.rec.2015.06.015

5. Ezhov M.V., Bliznyuk S.A., Tmoyan N.A., Rozhkova Т.А., 
Duplyakov D.V., Salchenko V.A. et al. Register of patients 
with familial hypercholesterolemia and patients of very 
high cardiovascular risk with lipid-lowering therapy under-
performance (RENESSANS). Russian Journal of Cardiolo-
gy. 2019;24(5):7–13. [Russian: Ежов М.В., Близнюк С.А., 
Тмоян Н.А., Рожкова Т.А., Дупляков Д.В., Сальченко В.А. 
др. Регистр пациентов с семейной гиперхолестеринемией 
и пациентов очень высокого сердечно-сосудистого 
риска с недостаточной эффективностью проводимой 
гиполипидемической терапии (РЕНЕССАНС). 
Российский кардиологический журнал. 2019;24(5):7–13]. 
DOI: 10.15829/1560-4071-2019-5-7-13

6. Reiner Ž, De Backer G, Fras Z, Kotseva K, Tokgözog-
lu L, Wood D et al. Lipid lowering drug therapy in pa-
tients with coronary heart disease from 24 European coun-
tries – Findings from the EUROASPIRE IV survey. Athero-
sclerosis. 2016;246:243–50. DOI: 10.1016/j.atherosclero-
sis.2016.01.018

7. Kotseva K. Reaching lipid targets in coronary patents – Tem-
poral trends and state of the art. A presentation from the Im-
plementation of cardiovascular disease prevention in dai-
ly practice - Insights from EUROASPIRE V session at ESC 
Congress 2018. [Internet] Available at: https://esc365.es-
cardio.org/Congress/ESC-Congress-2018/Implementa-
tion-of-cardiovascular-disease-prevention-in-daily-practice-
Insig/174542-reaching-lipid-targets-in-coronary-patents-
temporal-trends-and-state-of-the-art

8. Karpov Yu.A. The Role of PCSK9 Inhibitors in the Improve-
ment of Outcomes in Patients after Acute Coronary Syn-
drome: Results of ODYSSEY OUTCOMES Trial. Ratio-
nal Pharmacotherapy in Cardiology. 2019;14(6):922–34. 
[Russian: Карпов Ю.А. Ингибиторы PCSK9 в улучшении 
прогноза у пациентов после острого коронарного 
синдрома: данные исследования ODYSSEY OUT-
COMES. Рациональная Фармакотерапия в Кардиологии. 
2018;14(6):922-34]. DOI: 10.20996/1819-6446-2018-14-
6-922-934

9. Nanchen D, Gencer B, Auer R, Räber L, Stefanini GG, Klin-
genberg R et al. Prevalence and management of familial hy-
percholesterolaemia in patients with acute coronary syn-
dromes. European Heart Journal. 2015;36(36):2438–45. 
DOI: 10.1093/eurheartj/ehv289

10. Ezhov M.V., Lazareva N.V., Sagajdak O.V., Vygodin V.A., 
Chubykina U.V., Bliznyuk S.A. et al. The frequency of lip-
id metabolism disorders and the use of statins in acute coro-
nary syndrome (according to the Federal Register of Acute 
Coronary Syndrome). Atherosclerosis and Dyslipidemias. 
2018;1(30):47–57. [Russian: Ежов М.В., Лазарева Н.В., 
Сагайдак О.В., Выгодин В.А., Чубыкина У.В., Близнюк С.А. 
и др. Частота нарушений липидного обмена и применение 
статинов при остром коронарном синдроме (по данным 
Федерального Регистра острого коронарного синдрома). 
Атеросклероз и Дислипидемии. 2018;1(30):47-57]

11. Zhang H, Plutzky J, Skentzos S, Morrison F, Mar P, Shu-
bina M et al. Discontinuation of Statins in Routine Care 
Settings: A Cohort Study. Annals of Internal Medicine. 
2013;158(7):526–34. DOI: 10.7326/0003-4819-158-7-
201304020-00004

12. Ganga HV, Slim HB, Thompson PD. A systematic review 
of statin-induced muscle problems in clinical trials. Amer-
ican Heart Journal. 2014;168(1):6–15. DOI: 10.1016/j.
ahj.2014.03.019

13. Cohen JD, Brinton EA, Ito MK, Jacobson TA. Under-
standing Statin Use in America and Gaps in Patient Edu-
cation (USAGE): An internet-based survey of 10,138 cur-
rent and former statin users. Journal of Clinical Lipidology. 
2012;6(3):208–15. DOI: 10.1016/j.jacl.2012.03.003

14. Serban M-C, Colantonio LD, Manthripragada AD,  
Monda KL, Bittner VA, Banach M et al. Statin Intolerance  
and Risk of Coronary Heart Events and All-Cause Mortality 
Following Myocardial Infarction. Journal of the American  
College of Cardiology. 2017;69(11):1386–95. DOI: 
10.1016/j.jacc.2016.12.036

15. State Register of Medicines. Instructions for medical use 
of drug Praluent. Av. at: https://grls.rosminzdrav.ru/Grls_
View_v2.aspx?routingGuid=72fb3609-34cf-40e6-b158-
50d388a4d0d8&t=. 2018. [Russian: Государственный 
реестр лекарственных средств. Инструкция по 
медицинскому применению лекарственного препарата 
Пралуэнт. Доступно на: https://grls.rosminzdrav.ru/Grls_
View_v2.aspx?routingGuid=72fb3609-34cf-40e6-b158-
50d388a4d0d8&t=]

16. Kastelein JJP, Kereiakes DJ, Cannon CP, Bays HE, Minini 
P, Lee LV et al. Effect of alirocumab dose increase on LDL 
lowering and lipid goal attainment in patients with dyslip-
idemia. Coronary Artery Disease. 2017;28(3):190–7. DOI: 
10.1097/MCA.0000000000000438

17. Robinson JG, Rosenson RS, Farnier M, Chaudhari U, Sasie-
la WJ, Merlet L et al. Safety of Very Low Low-Density Lipo-
protein Cholesterol Levels With Alirocumab. Journal of the 
American College of Cardiology. 2017;69(5):471–82. DOI: 
10.1016/j.jacc.2016.11.037

18. Jukema JW, Zijlstra LE, Bhatt DL, Bittner VA, Diaz R, Drex-
el H et al. Effect of Alirocumab on Stroke in ODYSSEY 
OUTCOMES. Circulation. 2019;140(25):2054–62. DOI: 
10.1161/CIRCULATIONAHA.119.043826

19. Vrablik M, Raslová K, Vohnout B, Blaha V, Satny M, Kyselak 
O et al. Real-life LDL-C treatment goals achievement in pa-
tients with heterozygous familial hypercholesterolemia in the 
Czech Republic and Slovakia: Results of the PLANET regis-
try. Atherosclerosis. 2018;277:355–61. DOI: 10.1016/j.ath-
erosclerosis.2018.08.008

20. Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rou-
leau JL, Belder R et al. Intensive versus Moderate Lipid Low-
ering with Statins after Acute Coronary Syndromes. New 
England Journal of Medicine. 2004;350(15):1495–504. 
DOI: 10.1056/NEJMoa040583

21. Jukema JW, Szarek M, Zijlstra LE, de Silva HA, Bhatt DL, 
Bittner VA et al. Alirocumab in Patients With Polyvascu-



77ISSN 0022-9040. Kardiologiia. 2020;60(8). DOI: 10.18087/cardio.2020.8.n1046

ORIGINAL ARTICLES§
lar Disease and Recent Acute Coronary Syndrome: OD-
YSSEY OUTCOMES Trial. Journal of the American Col-
lege of Cardiology. 2019;74(9):1167–76. DOI: 10.1016/j.
jacc.2019.03.013

22. Schwartz GG, Szarek MM, Bhatt DL, Bittner VA, Bregeault 
M-F, Dalby AJ et al. Alirocumab Reduces Risk of Death after 
Acute Coronary Syndrome in Patients with Persistently El-
evated Atherogenic Lipoproteins on Intensive Statin Treat-

ment. 2018. [Internet] 2018. Avai lable at: https://www.ab-
stractsonline.com/pp8/#!/4682/presentation/59973

23. Guedeney P, Giustino G, Sorrentino S, Claessen BE, Camaj 
A, Kalkman DN et al. Efficacy and safety of alirocum-
ab and evolocumab: a systematic review and meta-analy-
sis of randomized controlled trials. European Heart Jour-
nal. 2019;ehz430. [Epub ahead of print]. DOI: 10.1093/eur-
heartj/ehz430


