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Abstract

:

Acute ischemic stroke (AIS) represents an important cause of disability and death. Since only a minor percentage of patients with AIS are eligible for acute therapy, the management of risk factors is mandatory. An important risk factor of AIS is hyperlipemia. The current guidelines recommend a strict correction of it. Statins are recommended as the first-line treatment, while proprotein convertase subtilin/kexin type 9 (PCSK-9) inhibitors are administered as a second or even third option when the goal for a low-density lipoprotein cholesterol (LDL-C) level is not achieved. PCSK-9 inhibitors effectively decrease the LDL-C levels through the inhibition of PCSK-9-LDL-receptor complex formation. The in-depth understanding of the PCSK-9 protein mechanism in the metabolism of LDL-C led to the development of effective targeted approaches. Furthermore, a better understanding of the LDL-C metabolic pathway led to the development of newer approaches, which increased the therapeutic options. This article aims to offer an overview of the PCSK-9 inhibitors and their mechanism in reducing the LDL-C levels. Moreover, we will present the main indications of the current guidelines for patients with hyperlipemia and for those who have suffered an acute ischemic stroke, as well as the importance of LDL-C reduction in decreasing the rate of a recurrence.






Keywords:


acute ischemic stroke; PCSK-9; statins; prevention; hypolipemic treatment; hyperlipemia












1. Introduction


Acute ischemic stroke (AIS) is a leading cause of disability and death worldwide [1]. In Europe, approximately 1 million people experience an AIS every year [2]. The efficacy and safety of the acute therapeutic management (intravenous thrombolysis and endovascular treatment) is high; however, in Europe, only around 10% of AIS patients receive acute treatment [3]. In this context, an important role in the prevention of an AIS or recurrent AIS is the strict control of risk factors [4,5]. According to TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification, the etiologies of AIS are the following: cardioembolic, large vessel atherosclerosis, small-vessel occlusion, other determined causes and cryptogenic [6]. In many situations the exact cause of AIS is hard to be determined, the reason for which the ASCOD (A—atherosclerosis, S—small-vessel disease; C—cardiac pathology; O—other causes, D—dissection) classification was introduced. This reinforced the importance of detecting and treating the risk factors that might favor AIS or AIS recurrence [7]. The well-known risk factors are hypertension, cardiac arrythmia, diabetes, obesity and hyperlipemia, and atherosclerosis, consequently [8]. However, the authors of the ASCOD classification suggest the goal of targeting LDL-C systematically in all types of AIS [7,9].



Hyperlipidemia is defined by an increased level (over 90th percentile) of the following parameters: total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglyceride and a decreased level (less than 10th percentile) of high-density lipoprotein cholesterol (HDL-C) [10]. Multiple studies showed a direct relationship between the reduction in the LDL-C levels and the reduction in risk for atherosclerotic cardiovascular disease and cerebrovascular disease [11]. LDL-C became a treatment target more than twenty years ago [12]. LDL-C was found as a potential therapeutic target for hyperlipidemia in 1988 when the first Adult Treatment Panel I (ATP) guideline was published followed by ATP II, III and IV guidelines [13,14]. The initial goal for LDL-C in patients with atherosclerotic cardiovascular disease (ASCVD) was 130 mg/dL, while nowadays it is less than 55 mg/dL in the European guidelines [15] and less than 70 mg/dL in the North American guidelines [16].



Various therapeutic options are available nowadays proving the requested targets for LDL-C. The oldest drugs used for hyperlipidemia are statins, known as inhibitors of the hydroxymethyl-glutaryl-CoA (HMG-CoA) reductase enzyme [17], followed by ezetimibe, which inhibits the intestinal absorption of cholesterol, introduced as an add-on to the statin therapy [18]. Proprotein convertase subtilin/kexin type 9 (PCSK-9) inhibitors, are novel lipid-lowering drugs that have lately been taken more into consideration for patients not achieving the LDL-C threshold or who have statin intolerance [4,5,19]. PCSK-9 inhibitors function by binding to the PCSK-9 protein, therefore increasing the availability of LDL receptors (LDL-R) on the hepatocyte surface and lowering LDL-C levels [20,21]. Since their FDA approval in 2015, PCSK-9 inhibitors, have showed a significant reduction in LDL and a reduced risk of CV events [22,23,24]. A new class of PCSK-9 inhibitor is represented by inclisiran, a drug based on a silencing interfering RNA (siRNA), with a mechanism based on antisense nucleotides that target the PCSK-9 messenger RNA, inducing its degradation and a lower level of the PCSK-9 protein [25].



The current guidelines for hyperlipidemia recommend treatment initiation with statins, followed by a combination of statins and ezetimibe in the second line, and, if the aforementioned strategies fail, the introduction of PCSK-9 inhibitors [15,16].



The aim of this review is to provide an in-depth understanding of the action mechanisms, efficacy and safety of PCSK-9 inhibitors in targeting high LDL-C levels for the primary and secondary prevention of acute ischemic stroke, as well as to present the future directions regarding the use of this therapy for the management of stroke patients.



We conducted a literature review of the recently published literature from July 2015 since FDA approval to July 2022. The database search included PubMed and Cochrane using the following keywords: acute ischemic stroke, stroke, PCSK-9 inhibitors, secondary and primary prevention, alirocumab, evolocumab, bococizumab, inclisiran, hyperlipidemia. We included studies in English and on humans, mainly clinical trials, randomized controlled trials, systematic reviews and meta-analyses. References of the selected studies were searched manually for additional studies.




2. Mechanisms of the Hypolipidemic Treatments


Statins are a class of drugs that act as competitive inhibitors of the HMG-CoA reductase enzyme. This enzyme plays an important role in the initiation of the cholesterol synthetization cascade through the transformation of HMG-CoA into mevalonate [26]. Thus, the inhibition of HMG-CoA reductase with statins leads to a reduction in cholesterol synthesis in the liver and to an increase in LDL-R on the surface of a hepatocyte, favoring the uptake of the LDL-C from the blood circulation [27] (Figure 1). Statins are the first class recommended in the European Cardiology Society/European Atherosclerotic Society (ESC/EAS) and American College of Cardiology (ACC)/American Heart Association (AHA) guidelines for the therapeutic management of LDL-C levels [15,16]. Furthermore, the European and North American Stroke guidelines recommend statins as the first line of treatment for patients with hypercholesterolemia in both primary and secondary prevention [4,19].



Ezetimibe is a drug of the class of hypolipidemic drugs that act as selective inhibitors of cholesterol absorption at the intestinal level [28]. It targets the Niemann-Pick C1-Like 1 (NPC1L1) protein, which is localized at the apical membrane of enterocytes and at the canalicular membrane of hepatocytes; it mediates the intestinal cholesterol absorption and its hepato-biliary excretion [29]. Ezetimibe inhibits the NPC1L1 protein from the jejunal brush border, thus reducing the absorption of cholesterol into enterocytes. Consequently, the cholesterol from the liver is decreased, which favors an increase in the LDL-R on the surface of the hepatocyte, and a reduction in the LDL-C from the blood [18]. With a continuously changing goal for the LDL-C level in patients with hypercholesterolemia and ASCVD or AIS, a need for combinatoric therapy is required for patients that cannot reach the LDL-C goal with only high dose statins. The IMPROVE-IT trial showed the benefit of ezetimibe as an add-on to statin therapy in reaching an LDL-C lower than 70 mg/dL [30]. Additionally, the TST trial showed on a French cohort that patients with an LDL-C < 70 mg/dL had a lower risk of CV events [31]. The current guidelines for hypercholesterolemia and AIS secondary prevention recommend an association of statin to ezetimibe in patients with a very high risk of ASCVD if the LDL-C level is above 70 mg/dL with the maximum tolerated dose of statin [4,15,16,19]. If the LDL-C target cannot be reached with the statin–ezetimibe combination, the ESC/EAS and AHA guidelines indicate, as a 2A recommendation that is reasonable, to treat with PCSK-9 inhibitors to prevent further ASCVD events. They can be used as an add-on therapy or used in single therapy [4,15,16].



The PCSK-9 protein is synthetized in the liver and studies have shown that it plays an important role in the LDL-C metabolism through the inhibition of recirculation of the LDL-R [32]. The LDL-R are found at the surface of the hepatocyte and have the role of binding the LDL-C particles; the LDL-R-LDL-C complex is internalized into the cell and processed into an endosome. Next, the division of the two molecules occurs, with LDL-R being recycled to the surface of the cell, while the LDL-C particle enters the lysosomes for degradation [33]. When the PCSK-9 binds to LDL-R, the complex is internalized and directly degraded by the lysosome, resulting in a decrease in LDL-Rs at the hepatocyte surface, and thus, a decrease in LDL-C uptake [21]. The main effect of PCSK-9 inhibitors is to block the PCSK-9 proteins’ actions, enhancing the recycling of the LDL-R and the reduction in LDL-C, respectively [21,33,34]. PCSK-9 inhibitors have a potent effect on decreasing the LDL-C levels by approximately 60%; moreover, they have a synergic effect with other hypolipemic therapies (statins, ezetimibe) [34].



A novel PCSK-9 inhibitor is represented by inclisiran, which was approved by the EMA in 2020 and by the FDA in late 2021 [35,36]. Inclisiran targets the synthesis of the PCSK-9 protein using an siRNA approach [25]. siRNA are approximately 20–30 nucleotide RNA molecules that favor gene knockdown, thus decreasing the accumulation of the PSCK-9 protein by blocking the intracellular translation of PCSK-9 mRNA [37,38]. Inclisiran is a synthetic siRNA, with a long-acting effect, that is administered subcutaneously every 3 to 6 months [39]. The antisense oligonucleotides are conjugated to triantennary N-acetylgalactosamine carbohydrates (GalNac) that bind to liver-expressed asialoglycoprotein receptors, favoring the uptake of inclisiran into the cell [38,39,40]. Asialoglycoprotein receptor (ASGPR) is a transmembrane glycoprotein, mostly expressed in the liver, that mediates the uptake of compounds with N-acetylgalactosamine residues [41]. After internalization, inclisiran binds to the mRNA strand encoding for the PCSK-9 protein, creating a double strand RNA molecule that inhibits translation and induces its degradation (Figure 2) [42].




3. PCSK-9 Inhibitors in Clinical Practice


The main representative drugs of this class are evolocumab and alirocumab, which were approved by the FDA in 2015 as an add-on to the therapy for heterozygous familial hypercholesterolemia (HeFH) and homozygous familial hypercholesterolemia (HoFH) [43,44]. Bococizumab is another PCSK-9 inhibitor, but its production was discontinued due to its aberrant antidrug antibody production and limited effect on the reduction in LDL-C levels [45]. Inclisiran was the first siRNA treatment, approved by the EMA in 2020 and by FDA in 2021 to reduce LDL-C levels as an add-on therapy [35,46]. The advantages and disadvantages of different PCSK-9 inhibitors are presented in Table 1.




4. PCSK-9 Inhibitors in Clinical Trials


Alirocumab was the first FDA-approved PCSK-9 inhibitor drug [52]. The ODYSSEY OUTCOME study aimed to determine the efficacy and safety of alirocumab in the reduction in LDL-C levels and CV events. A regression of 59.5 to 62.0% for the LDL-C level compared to the placebo was registered and 79% of the enrolled patients achieved the LDL-C target of <70 mg/dL (as guideline recommended). Moreover, a reduction in major cardiovascular events (MACE) was observed. More neurocognitive events were registered in the alirocumab group, although without a statistical significance [23]. In an ODYSSEY OUTCOME sub-study designed to assess the effect of alirocumab in preventing an AIS, a net reduction in the risk of AIS occurrence was determined in the treatment group compared with placebo, and no hemorrhage was associated with it [53]. Furthermore, alirocumab had an increased effect on the non-fatal CV events and death at almost 3 of years follow-up [54].



Evolocumab was the next approved PCSK-9 inhibitor by the FDA in 2015 [47]. The FOURIER study included 27,564 patients with ASCVD with an LDL > 70 mg/dL or higher, who were receiving high or moderate doses of statin. Its main aim was to determine the efficacy and safety of evolocumab added to the statin therapy. There was an LDL-C reduction of 59% compared to the baseline values and a 15% reduction in the risk of the primary endpoint and a 20% reduction in the risk of AIS [22]. In a pre-specific sub-analysis of the FOURIER study on patients with a prior stroke, evolocumab as an add-on to the statin therapy significantly reduced the risk of recurrent AIS [55]. Moreover, the addition of evolocumab to standard therapy decreases the rate of acute arterial events in all territories [56]. In the GAUSS study, made on Japanese patients with hypercholesterolemia and intolerance to statins, evolocumab was superior to ezetimibe in decreasing LDL-C levels [57]. In the OSLER 1 study, patients who received evolocumab had a follow-up for 5 years showing their benefit and constant effect in LDL-C level reduction [58]. In a study that aimed to show the efficacy of evolocumab on coronary plaque, a reduction in the LDL-C level of 62.8% compared to a placebo was observed, and also a plaque reduction in the evolocumab group [59]. In a sub-analysis of the FOURIER study, the efficacy and safety of evolocumab seemed similar in both sexes at different ages [60]. As well as the net reduction in LDL-C level, evolocumab showed effects on the other lipid parameters as well [61,62].



After these two important clinical trials, various systematic reviews and meta-analyses were conducted to support the initial findings. In a meta-analysis based on 15 studies, PCSK-9 inhibitors reduced the levels of LDL-C between 54% and 74% compared to a placebo, respectively, and between 26% and 46% compared to ezetimibe. Moreover, evolocumab seemed to be superior to alirocumab in decreasing LDL-C levels with a reduction of almost 20% more [63]. Furthermore, evolocumab showed a similar beneficial effect between included patients of different races and ethnicities [64]. Several meta-analyses confirmed the net effect of PCSK-9 inhibitors in the significant reduction in LDL-C levels [65,66]. Moreover, the reduction in LDL-C levels with PCSK-9 therapy was associated with a decreased risk of both myocardial infarction (MI) and AIS and minimized the risk of recurrence [67]. In a Cochrane metanalysis, PSCK-9 inhibitors were found to reduce the risk of MI, AIS, and all-cause death compared to a placebo [68]. A pooled analysis that included both FOURIER and ODYSSEY OUTCOME studies, identified a reduced risk of stroke in patients with or without a previous stroke who received PCSK-9 inhibitors [69]. Similar results were obtained in several meta-analyses including patients who received PCSK-9 therapy [63,65,70,71,72]. Furthermore, patients with a low LDL-C level (<50 mg/dL) had the lowest risk of CV death, MI, or AIS [73].



The efficacy and safety of bococizumab, another PCSK-9 inhibitor, was tested in a clinical trial that included 27,438 patients, compared to a placebo. However, the study was terminated early by the sponsor. They observed a reduction in LDL-C level compared to the baseline by 64%, but there was no difference regarding the primary endpoint (non-fatal MI, non-fatal AIS, and death) compared to the placebo group. Moreover, more patients enrolled in the treatment group were discontinued due to adverse events [74]. Furthermore, it had a variable effect on LDL-C reduction, and half of the patients presented detectable antidrug antibodies at 1-year follow-up [75]. The drug production was discontinued at the end of 2016 [76].



Inclisiran is a novel drug in the PCSK-9 inhibitors’ class, based on antisense nucleotides conjugated with GalNac. Its safety and efficacy in lowering LDL-C levels were tested in a clinical trial that included 501 patients. Patients who received one dose had an LDL-C reduction of a maximum of 42%, while those who received two doses had a maximum reduction of 56% compared to baseline LDL-C. Moreover, it also played a role in the significant reduction in other cholesterol parameters [51]. Patients with HeFH who received inclisiran, also had an important LDL-C reduction, without any serious adverse events [77].




5. PCSK-9 Inhibitors and Adverse Reactions


As well as the above-mentioned common adverse events of the PCSK-9 inhibitors, two additional secondary side effects represent a concern in the use of PCSK-9 inhibitors. As already mentioned, PCSK-9 inhibitors induce low LDL-C and these side effects are assumed to be related to this, which is why some clinicians are more cautious with this therapy. These are represented by the neurocognitive adverse events and increased risk of hemorrhage, both supposedly associated with a low level of LDL-C. The concern regarding the association between low LDL-C and hemorrhage is questionable due to the results of multiple clinical trials that did not find an increased risk of intracerebral hemorrhage for patients with an LDL-C < 70 mg/dL [15,23,30,34,73]. In a metanalysis that pooled the data from the available randomized clinical trials, no significant difference was identified in terms of the risk of neurocognitive adverse effects and the risk of hemorrhage in patients receiving PCSK-9 inhibitors [72].



In two different leading studies regarding the efficacy and safety of PCSK-9 inhibitors, a slightly higher incidence of neurocognitive events was reported in the treatment groups. A direct correlation with the drug or indirect correlation with its effect on providing a low LDL-C level was suspected [23,48]. In a sub-analysis of the FOURIER STUDY, 1204 patients were included to be monitored for neurocognitive events. The analysis did not find a correlation between neurocognitive events and the usage of PCSK-9 inhibitors, nor in the patients with a very low LDL-C level [78]. Similar findings were found in another study that used a self-survey for detecting cognitive impairment, confirming the correlation between PCSK-9 treatment and neurocognitive events [79]. Another study that aimed to test the correlation between alirocumab and neurocognitive events included patients with HeFH or non-FH with very high CV risk and on treatment with a maximal dose of statin. Alirocumab did not show any correlation with neurocognitive events [80]. In a systematic review regarding lipid-lowering therapy and neurocognitive function, no differences were found between the group receiving PCSK-9 inhibitors and a placebo regarding the neurocognitive events [81]. In a meta-analysis that included 14 studies on alirocumab, the overall rate of neurocognitive events was low, similar to patients receiving a placebo [82]. These findings were also validated by multiple meta-analyses [65,70,71,83,84]. Furthermore, a low LDL-C level induced by PCSK-9 inhibitors did not increase the rate of cognitive performance [66]. On the other hand, one metanalysis pooled data from two outcomes studies (ODYSSEY LONG TERM and OSLER) and found a slight increase in the neurocognitive events in patients treated with PSCK-9 inhibitors [85].



A possible association between PCSK-9 inhibitors and glucose metabolism alteration has been suggested in the literature [86]. In patients with diabetes mellitus, an association between PCSK-9 levels and hemoglobin A1C levels was observed [87]. However, several studies on PCSK-9 inhibitors did not find any correlation between the usage of these drugs and the new onset of diabetes or hemoglobin A1C alteration [21,88,89]. Since the follow-up of these patients is relatively short in the above-mentioned studies, more research in this field is needed to exclude the suspected correlation.




6. Ongoing Clinical Trials Involving PCSK-9 Inhibitors and Future Directions


Several clinical trials with both evolocumab and alirocumab in patients with AIS are ongoing. Some are focusing on reducing the rate of stroke recurrence, while others aim to better understand either extra- or intracranial atherosclerotic plaque and its response to the CSK-9 mechanism. The ongoing clinical trials are presented in Table 2. The data regarding long follow-up for patients receiving this therapy in ASCVD or AIS are lacking and, unfortunately, at the moment of writing this article, no ongoing clinical trials are focusing on that. Moreover, there are no ongoing trials with inclisiran in AIS.




7. New Approaches for PCSK-9 Inhibition


Recently, the focus on molecular changes has increased. MicroRNAs (miRNA) are a class of small non-coding RNA of 18–28 nucleotides long that play an essential role in gene expression regulation. MiRNA dysregulation was found to have implications in various pathological conditions, including cancer, autoimmune disease, inflammatory disease, etc. [90,91]. Several miRNAs, such as miRNA-122, miRNA-185, and miRNA-182 seem to play a role in lipids metabolism by regulating the cholesterol synthesis in the hepatocyte and the LDL-R activity [92]. In a predictive study, miRNA-552-3p seems to be a potent PCSK-9 inhibitor both in vivo and in vitro, by direct targeting the PCSK-9 mRNA and protein, consequently [93]. Therefore, in the new clinical context of RNA-based therapeutics, it holds the promise of being investigated as a possible future siRNA-based therapy.



More and more approaches are being developed for new classes of drugs that influence the reduction in LDL-C through the novel mechanism and are under evaluation due to the high cost of PCSK-9 inhibitors. CRISPR-based gene editing is a technology that can modulate PCSK-9 expression through genome editing [94,95]. Other therapeutic options are adnectins and anticalins that inhibit the interaction between the PCSK-9 protein and LDL-R [95,96,97]. Small molecules used as PCSK-9 inhibitors are meant to be a cheaper option than the PCSK-9 inhibitors, which will play a role in reducing the PCSK-9 protein secretion and interaction with LDL-R. There are several natural or synthetic small molecules such as berberine and guanidine derivates and amino-thiazole that seem to have a direct effect on the PCSK-9 mechanism [95,98]. Even though promising, these drugs require more research and clinical trials to prove their efficacy in clinical use.




8. Conclusions


Hyperlipidemia and atherosclerotic plaques represent an increased risk factor for AIS and its recurrence. However, various therapeutic options available nowadays are very efficacious in decreasing LDL-C levels and stabilizing atherosclerotic plaques. The PCSK-9 inhibitors favor the LDL-C reduction by more than 50%, and its effect is not influenced by sex or age [57,58,59,60,61,62,63,64,65,66,99]. As an add-on to standard therapy, they showed an important effect in reducing the incidence rate of AIS or its recurrence [48,53,67,73]. They also had an impact in decreasing the non-fatal CV and fatal events in a short-term follow-up (almost 3 years) [54]. The well-known syntagm “the lower the better” was proven in several studies, and it was found that patients with a lower level of LDL-C had fewer MI, AIS, and fatal events [73]. There seems to be a direct correlation between the low level of cholesterol and a reduction in AIS or AIS recurrence [34,100], justifying the indication for an LDL level < 55 mg/dL for this population [101]. Regarding the safety of PCSK-9 inhibitors, several studies and meta-analyses did not find an increased risk of hemorrhage correlated with a low level of LDL-C [15,23,34,73]. On the other hand, regarding the neurocognitive adverse effects, the data present discrepancies; however, in the pooled analysis, no correlation between the two was found [78,80,81,82,83,84,85].



In conclusion, PCSK-9 inhibitors play an important role in decreasing the rate of fatal and non-fatal CV events through the reduction in LDL-C levels, and their effect is even more potent than statins’ effect. Therefore, PCSK-9 inhibitors represent a viable option when the LDL-C goal is not achieved.
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Figure 1. The main mechanisms of the LDL-C-lowering therapies. Statins directly inhibit the HMG-CoA reductase, thus inhibiting the transformation of HMG-CoA to mevalonate. Those are the precursors of cholesterols in its cascade of biosynthesis. By decreasing the cholesterol availability, more LDL-R will be recycled to the surface of hepatocyte, favoring the bind to LDL-C, thus reducing the LDL-C in the blood circulation. Ezetimibe inhibits the NPC1L1 protein, at the level of jejunal margin, thus the absorption of cholesterol will decrease. The cholesterol transported to the liver will also decrease. This will decrease the storage of cholesterol in the liver. Consequently, more LDL-R will be available to bind with LDL-C, decreasing again its level in the blood circulation. PCSK-9 inhibitors inhibit the binding of PCSK-9 protein to LDL-R. Consequently, the complex PCSK-9 protein-LDL-R will not form, and the LDL-R will not be degraded. Therefore, PCSK-9 inhibitors favor the recirculation of the LDL-R on the hepatocyte surface. Inclisiran prevents the formation of PCSK-9 protein, its mechanism is detailed in Figure 2. 
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Figure 2. The mechanism of inclisiran, the first synthetic siRNA. After conjugation to GalNac, it binds the ASGPR receptor and is internalized into the cell. PCSK-9 mRNA is produced in the nucleus and then released into the cell. The internalized inclisiran binds the PCSK-9 mRNA, which leads to its degradation. Consequently, less PCSK-9 protein is synthesized and less will be available to bind the LDL-R. With an increased LDL-R available the LDL-C uptake will increase and the level of LDL-C in the blood circulation will decrease. 
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Table 1. The representative drugs of the PCSK-9 inhibitors’ class and their characteristics.
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	Name
	Indication
	Administration
	Benefit
	Common Adverse

Reactions
	Ref.





	Evolocumab
	Primary and secondary hypercholesterolemia

HoFH *

Established ASCVD *
	140 mg every 2 weeks subcutaneous

or

420 mg once monthly
	LDL-C level reduction by 61%

Reduced CV events
	Local injection site reaction

Pruritus

Upper respiratory tract symptoms
	[47,48]



	Alirocumab
	Primary and secondary hypercholesterolemia

Establish ASCVD *
	75 mg every 2 weeks subcutaneous

or

300 mg once monthly
	LDL-C * level reduction by 62%

decreased the rate of MACE *
	Local injection site reaction

Pruritus

Upper respiratory tract symptoms
	[23,49]



	Inclisiran
	Primary and secondary hypercholesterolemia
	284 mg single administration subcutaneous, then repeated at 3 months, followed by every 6 months
	LDL-C level reduction between 27% and 53%, depending on the number of doses
	Local injection site reaction
	[50,51]







* LDL-C = low-density lipoprotein cholesterol, ASCVD = atherosclerotic cardiovascular disease, MACE = major adverse cardiovascular events, HoFH = homozygous familial hypercholesterolemia.
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Table 2. Ongoing trials on PCSK-9 inhibitors.
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	Nr. Crt.
	Study Name
	Number
	Drug
	Aim





	1
	EVOCAR-1 study
	NCT03931161
	Evolocumab
	Determine the efficacy of evolocumab on carotid plaque morphology and composition in asymptomatic patients with >50% carotid artery stenosis.



	2
	CARUSO study
	NCT04730973
	Evolocumab
	Determine the efficacy of evolocumab in promoting carotid plaque morphological stabilization and regression compared to traditional lipid-lowering therapy.



	3
	TOPICAL-MRI
	NCT05001984
	Alirocumab
	Determine the efficacy and safety of alirocumab on patients with intracranial atherosclerotic plaque.



	4
	INSIST-HRMRI
	NCT03753555
	Evolocumab
	Determine the effectiveness of intensive hypolipemic drug (statins vs. evolocumab, probucol) on patients with AIS and intracranial atherosclerotic plaque.



	5
	Study of Predictive Factors Related to Prognosis of Patients with Ischemic Stroke due to Large-artery Atherosclerosis
	NCT04847752
	PCSK-9 inhibitor
	Determine the in-hospital factors that could predict the outcome of AIS patients and provide more evidence-based suggestions in the treatment and prognosis of atherosclerotic ischemic cerebrovascular disease.



	6
	sICASBLM
	NCT05397405
	PCSK-9 Inhibitors
	Assess the impact of improving blood lipid management on clinical outcome of moderate to severe symptomatic intracranial atherosclerotic stenosis patients (LDL-C > 1.8 mmol/L) without endovascular therapy.
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