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ABSTRACT 

Homozygous familial hypercholesterolemia (HoFH) is a rare genetic disorder characterized by extremely elevated low-
density lipoprotein cholesterol (LDL-C) levels and a markedly increased risk of premature atherosclerotic cardiovascular 
disease. The aim of this review was to summarize current knowledge on the pathophysiology, diagnosis, and management 
of HoFH, with particular emphasis on angiopoietin-like protein 3 (ANGPTL3) inhibition and the clinical role of evinacumab. 
A comprehensive analysis of published clinical trials, guidelines, and observational studies was conducted to evaluate 
available diagnostic criteria and therapeutic strategies. Standard lipid-lowering therapies often fail to achieve recommended 
LDL-C targets in HoFH due to impaired LDL receptor function. Evinacumab, a fully human monoclonal antibody targeting 
ANGPTL3, has demonstrated substantial LDL-C reductions independent of LDL receptor activity in both adult and pediatric 
patients. Clinical studies report LDL-C reductions of approximately 45–50%, along with a favorable safety profile. In 
conclusion, ANGPTL3 inhibition with evinacumab represents a significant advancement in the treatment of HoFH, offering 
an effective therapeutic option for patients with inadequate response to conventional lipid-lowering therapies. 
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Abbreviations: 
AAV – adeno-associated virus 
ANGPTL3 - angiopoietin-like protein 3 
ANGPTL4 - angiopoietin-like protein 4 
ANGPTL8 - angiopoietin-like protein 8 
ApoA-I - apolipoprotein A-I 
ApoB - apolipoprotein B 
ApoE - Apolipoprotein E 
ASCVD - atherosclerotic cardiovascular disease 
CCD - coiled-coil domain 
CHO - Chinese hamster ovary 
CI - Confidence Interval 
CRISPR - clustered regularly interspaced short palindromic repeats 
CT - computed tomography 
CVD - cardiovascular disease 
DNA - Deoxyribonucleic Acid 
EAS - European Atherosclerosis Society 
ECG - echocardiogram 
EDTA - Ethylenediaminetetraacetic Acid 
EL - endothelial lipase 
EMA - European Medicines Agency 
ERK - extracellular signal- regulated kinase 
ESC - European Society of Cardiology 
FDA - Food and Drug Administration 
FFAs - free fatty acids 
FH - familial hypercholesterolaemia 
FLD - fibrinogen-like domain 
HDL - high-density lipoprotein 
HDL-C - high-density lipoprotein cholesterol 
HeFH - Heterozygous Familial Hypercholesterolemia 
HoFH - Homozygous Familial Hypercholesterolemia 
IgG4 - Immunoglobulin G4 
IV - intravenous 
LA - lipoprotein apheresis 
LDL - Low-Density Lippoprotein 
LDL-C - Low-Density Lippoprotein-Cholesterol 
LDLR - Low-Density Lippoprotein Receptor 
LDLRAP1 - Low-Density Lipoprotein Receptor Adaptor Protein 1 
LLT - lipid-lowering therapy 
LOF - loss-of-function 
Lp(a) - lipoprotein(a) 
LPL - lipoprotein lipase 
MAD - multiple ascending dose 
MAPK - mitogen-activated protein kinase 
MRI - magnetic resonance imaging 
MTP - microsomal triglyceride transfer protein 
OLTP - open-label treatment period 
PCSK9 - proprotein convertase subtilisin/kexin type 9 
SAD - single ascending dose 
sHTG - severe hypertriglyceridemia 
siRNA - small interfering RNA 
STAP1 - Signal-Transducing Adaptor Protein 1 
TC - Total Cholesterol 
TGs - triglycerides 
TRLs - triglyceride-rich lipoproteins 
VLDL - Very Low-Density Lippoprotein 
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1. Introduction 
Dyslipidemia can be perceived as a broad spectrum of metabolic disorders in which blood serum 

concentrations of lipids and lipoproteins exceed the desired levels [1]. The common Fredrickson classification 
of those pathologies is based on lipoprotein analysis by electrophoresis and ultracentrifugation, in which 
isolated LDL-C concentration elevation characterises class IIA [2]. Although in the ESC/EAS 2019 guidelines 
there has not been defined an explicit level of LDL-C above which hypercholesterolemia can be diagnosed, it 
is considered for LDL-C to be elevated if greater than or equal to 3 mmol/l (115 mg/dl) as lower values were 
considered target levels for those patients whose CVD risk is low [3]. In a NATPOL 2011 study LDL-C ≥ 3 
mmol/l has been found in 57,8% of adults aged 18 to 79 years with a domination of males (58,3%) over females 
(57,3%) [4]. Another study LIPIDOGRAM 2015 found the LDL-C concentration ≥ 3 mmol/l in 60% of Polish 
adults who sought medical care in primary health care practices [5]. Hypercholesterolemia can be further 
divided into primary (monogenic or polygenic) and secondary, mostly to other diseases or drug usage [1]. 

FH is a genetically determined class IIA dyslipidemia characterized by very high LDL-C concentration 
and development of atherosclerosis from early childhood [1,2]. The main causes of FH are pathogenic variants 
in the genes encoding the LDLR (>90%), its ligand - ApoB (5%) or PCSK9 (<1%), while rarer causes (<<1%) 
include variants in genes encoding ApoE and STAP1 [6,12]. These variants are associated with autosomal 
dominant inheritance with gene-dosage effect. Because of its autosomal dominant inheritance, there are two 
forms of the condition: HeFH and HoFH. HoFH is classified as a rare disease, occurring from 1 in 160,000 to 
1 in 300,000 cases [10]. The heterozygous form is much more common. According to prevalences between 
1/500 and 1/200 worldwide, between 14 and 34 million individuals around the world have FH [8]. Based on a 
meta-analysis of six extensive observational studies, the estimated prevalence of FH in Poland is approximately 
1 in 250 individuals between 20 and 79 years of age, with only 4–5% of affected individuals diagnosed [9]. A 
less common autosomal recessive form of FH is associated with biallelic pathogenic variants in LDLRAP1 
which encodes a protein required for clathrin-mediated internalization of the LDLR by liver cells [13]. In the 
remainder, a polygenic aetiology is most likely, due to the co-inheritance of common LDL-C-raising variants. 
Genetic testing is typically performed using DNA isolated from a peripheral blood sample collected in EDTA 
tubes. However, nucleic acids isolated from buccal swabs can also be used. While genetic testing is a 
dependable diagnostic method, it may not detect primary mutations in 20%-40% of FH cases [6,7]. The 
cardiovascular presentation and management of FH will differ between patients based on their underlying 
genetic factors [14]. The median LDL-C level is 206.3 mg/dl (5.4 mmol/l) and 558.6 mg/dl (14.7 mmol/l) in 
HeFH and HoFH individuals, respectively [11]. Xanthomas, most often found in Achilles tendons and finger 
extensors as well as corneal arcus, although rare, are characteristic clinical findings in FH. Other symptoms 
are indirect and include premature (<55 years in men and <60 years in women) signs of atherosclerosis, most 
often CVD [1]. During a study by Villa et al. [20] a CVD event rate ratio (FH patients versus non-FH patients) 
of 7.1 (95% CI: 5.7–8.7) was calculated. Thus, FH is often diagnosed late, frequently when clinical or 
subclinical atherosclerosis symptoms are already present. The average age of FH diagnosis in Poland is 
approximately 40 years for adults and around 9–10 years for children [15]. 

The most used diagnostic tools in the pediatric population are: the framework developed by the Simon 
Broome Register Group and the Dutch Criteria, shown in Tables 1. and 2. respectively. 

 
Table 1. Simon Broome Register Group Criteria as a diagnostic tool in FH [16]. 

 

Criterion A 

Total cholesterol levels > 290 mg/dl (> 7.5 mmol/l) in adults 
Total cholesterol levels > 260 mg/dl (> 6.7 mmol/l) in children aged less than 16 years 

or 
LDL-C > 190 mg/dl (> 4.9 mmol/l) in adults 

LDL-C >155 mg/dl (> 4.0 mmol/l) in children aged less than 16 years 

Criterion B Tendon xanthomas in the patient or tendon xanthomas in a first or second-degree relative 

Criterion C 
DNA-based evidence of an LDL-receptor mutation, familial defective Apo B-100, 

or a PCSK9 mutation 

Criterion D 
Family history of myocardial infarction before the age of 50 years in a second-degree relative 

or before the age of 60 years in a first-degree relative 

Criterion E 

Family history of elevated total cholesterol > 290 mg /dl (> 7.6 mmol/l) in an adult first 
or second-degree relative 

Family history of elevated total cholesterol > 260 mg/dl (> 6.7 mmol/l) in a child, brother, 
or sister aged 16 years or younger 
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Definite FH (criteria A and B or C met); possible FH (criteria A and D or A and E met). 

Abbreviations: DNA: Deoxyribonucleic Acid; LDL-C: Low-Density Lipoprotein Cholesterol; PCSK9: 

Proprotein Convertase Subtilisin/Kexin Type 9; ApoB: Apolipoprotein B 

 

Table 2. The Dutch Criteria as a diagnostic tool in FH [17]. 

 

1 point 
First-degree relative with premature cardiovascular disease or LDL-C >95th percentile, or personal history 

of premature peripheral or cerebrovascular disease, or LDL-C between 155 and 189 mg/dL 

2 points 
First-degree relative with tendinous xanthoma or corneal arcus, or first- degree relative child (<18 years) 

with LDL-C >95th percentile, or personal history of coronary artery disease 

3 points LDL-C between 190 and 249 mg/dL 

4 points Presence of corneal arcus in patient age <45 years 

5 points LDL-C between 250 and 329 mg/dL 

6 points Presence of a tendon xanthoma 

8 points LDL-C >330 mg/dL or functional mutation in the LDLR gene 

 

Premature: <55 years in men and <60 years in women 

Definite FH (≥8 points); probable FH (6–7 points); possible FH (3–5 points). 

Abbreviations: LDL-C: Low-Density Lipoprotein Cholesterol; LDLR: Low-Density Lipoprotein 

Receptor. 

These criteria do not account for clinical CVD symptoms in the patient, which rarely appear in children 

with HeFH. FH is diagnosed in children based on phenotypic criteria, including elevated LDL-C levels and a 

family history of elevated LDL-C, premature coronary artery disease, and/or positive results of molecular 

testing. Children with TC levels ≥240 mg/dl (≥ 6.21 mmol/l) and LDL-C levels ≥160 mg/dl (≥ 4.14 mmol/l) 

have an elevated likelihood of being diagnosed with heterozygous FH [18]. In families where a pathogenic 

variant has been identified, children should undergo testing even if their lipid profiles appear normal. 

According to the current guidelines from the American Academy of Pediatrics [19], it is recommended to 

conduct lipid profile screening in children over 2 years old whose parents have been diagnosed with FH and 

children over 2 years old with an unclear family history who present other risk factors, such as overweight, 

obesity, systolic and/or diastolic blood pressure readings between the 90th and 95th percentiles on three 

separate measurements, hypertension, diabetes, and low physical activity (<60 min daily). 

 

2. Guidelines for treating homozygous familial hypercholesterolaemia 

2.1 Management plan 

Every newly identified patient with HoFH (homozygous familial hypercholesterolaemia) should be 

referred to a specialist centre at the diagnosis [21]. Because of the disease’s severity, early testing needs to be 
extensive and should include Lp(a) (lipoprotein(a)) and comprehensive cardiovascular imaging [21,22]. 

In order to identify disease burden, an ECG (echocardiogram) and low-dose CT (computed tomography) 

angiography are recommended [21,23]. It is advised for HoFH patients to receive CT angiography at least once 

after the age of 3, as it is crucial in differentiating between coronary ostial stenosis and aortic stenosis [21]. 

Follow-up CT angiographies should be performed as clinically needed [21]. HoFH patients should also receive 

echocardiography at the diagnosis and then annually after that [21]. Alternatively, high-resolution MRI 

(magnetic resonance imaging) has been shown to be able to detect atherosclerotic burden of the aorta, as well 

as thrombosis and lipid-rich carotid plaques [21]. Nonetheless, diagnostic tools such as tendon imaging, stress 

ECG, and coronary calcium scoring are not routinely recommended [21]. 
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2.2 Treatment pathways 

Patients with familial hypercholesterolaemia (FH) are considered by the European Society of 

Cardiology (ESC) and the European Atherosclerosis Society (EAS) to be either high risk, if they have FH 

without other major risk factors, or very high risk, if they have FH and ASCVD (atherosclerotic cardiovascular 

disease) or another major risk factor [24]. Therefore, the recommended LDL-C (low-density lipoprotein 

cholesterol concentration) goals are LDL-C < 70 mg/dL for high-risk patients and LDL-C < 55 mg/dL for very 

high-risk patients [24]. For the paediatric patients with HoFH, the recommended LDL-C is < 115 mg/dL, 

however, a lower goal is advised for children with an already established ASCVD [24]. 

The ESC/EAS recommendations state that a combined lipid-lowering therapy comprising lifestyle 

modification, pharmacological therapy, and lipoprotein apheresis, should be started immediately after the 

diagnosis [21,25,26]. The ESC/EAS recommendations are described in Table 3 [21]. 

 

Table 3. Recommendation for treatment of patients with homozygous familial hypercholesterolaemia by the 

European Atherosclerosis Society (EAS) and the European Society of Cardiology (ESC) [21]. 

 

Recommendations for patients with homozygous familial hypercholesterolaemia 

Patients should be under multidisciplinary care in specialist centres incorporating imaging, treatment, and 

comprehensive support. 

It is recommended that patients should start lifestyle modifications and drug therapy combined with high-dose statin 

and ezetimibe at the diagnosis. 

It is recommended that within 8 weeks of such treatment, a PCSK9-directed therapy should be considered if 

available. If a > 15% additional LDL-C reduction is achieved, PCSK9-directed therapy may be continued, otherwise, 

it should be stopped. 

It is recommended that if LDL-C is above 115 mg/dL, novel therapies should be considered if available and 
affordable. 

It is recommended that if LDL-C continuously exceeds 300 mg/dL, lipoprotein apheresis should be considered. 

It is recommended that if novel therapies or lipoprotein apheresis are not available, liver transplantation should be 

considered. 

 

Abbreviations: LDL-C: low-density lipoprotein cholesterol; PCSK9: Proprotein Convertase 

Subtilisin/Kexin Type 9. 

Pharmacological therapy should be started as polytherapy, including high-dose statin and ezetimibe [21]. 

However, many patients may still require additional treatment [21]. Within the first 8 weeks of treatment, 

additional PCSK9 (proprotein convertase subtilisin/kexin type 9) therapy should be added if possible [21]. 

However, the efficacy of these interventions is determined by the patient's residual LDL (low-density 

lipoprotein cholesterol) receptor activity [27]. Yet, PCSK9 monoclonal antibodies such as evolocumab or 

alirocumab can still be very effective; if an HoFH patient shows an additional LDL-C reduction of over 15% 

after 1-2 doses, the PCSK9 therapy should be continued [21,28-32]. If the response to PCSK9 is poorer, the 

treatment may be stopped [21]. Nevertheless, for most HoFH patients, even with such polytherapy, the LDL-

C will exceed the recommended levels [21]. In such cases clinicians should consider LDL receptor–

independent therapies such as lipoprotein apheresis (LA), lomitapide, and angiopoietin-like protein 3 

(ANGPTL3)-directed therapy [21,27]. 
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2.3 Therapies independent of low-density lipoprotein receptor function 

2.3.1 Lipoprotein apheresis (LA) 

Lipoprotein apheresis is a procedure in which cholesterol is extracorporeally removed from the blood 

[33]. LA can lower LDL-C by over 50% and thus, delay the development of ASCVD [33-35]. However, LDL-

C returns to their previous levels in around 2 weeks after LA, which requires the patient to undergo the 

procedure very frequently [36,37]. LA is a crucial part of lipid-lowering therapy in patients with HoFH, mostly 

as an adjunctive [38]. The EAS and the ESC recommend that LA should be initiated promptly, in children by 

the age of 3, depending on appropriate venous access [21]. It is most vital in countries without access to newer 

types of treatment options [21]. Lipoprotein apheresis possesses a broad range of pleiotropic effects, it reduces 

the levels of pro-inflammatory mediators and improves myocardial perfusion [39,40]. Significantly, LA was 

found to be able to lower the levels of Lp(a), which is associated with a higher mortality rate in patients with 

HoFH [39,41]. Moreover, a study by Stefanutti et al. [41] has found that HoFH patients who received lipid-

lowering therapy, including lomitapide and LA, had improved survival rates and coronary disease outcomes 

in comparison to patients who received standard lipid-lowering therapies, excluding LA and lomitapide. It has 

also been found that new medications such as lomitapide and evinacumab can help reduce the frequency of 

required LA [21]. 

 
2.3.2 Lomitapide 

Lomitapide is a microsomal triglyceride transfer protein inhibitor that works by stopping the creation of 

apoB-containing lipoproteins in the liver and intestines [42]. Studies have shown that an addition of lomitapide 

to a standard lipid-lowering therapy results in lowering LDL-C levels by around 60% and Lp(a) levels by 

around 15% [43,44]. A study by D'Erasmo et al. [45] has shown that long-term lomitapide leads to a significant 

reduction in LDL-C levels and a lesser need for lipoprotein apheresis. However, variability in response to the 

lomitapide poses a difficulty [46]. Studies have shown that some patients can be characterized as “hyper-

responders” or “hypo-responders” depending on their gene mutation in microsomal triglyceride transfer 

protein (MTP), which is a protein that lomitapide directly binds to [46-48]. Moreover, another concern in long-

term use of lomitapide is hepatic fat steatosis, the incidence of which seems to be increased as a result of 

lomitapide treatment [49]. 

 

2.3.3 Evinacumab 

Evanicumab is an angiopoietin-like protein 3 (ANGPTL3) monoclonal antibody, its efficacy, safety, 

and other characteristics are a main point of this article and are explained below [21]. 

2.3.4 Liver transplantation 

Liver transplantation may be a radical treatment option for the HoFH patients who are most affected by 

the disease, particularly young children with bi-allelic null variants [21]. Studies have shown that LDL-C levels 

normalise a few weeks after the transplantation, coronary artery disease outcomes seem to improve as well 

[50-56]. The EAS and the ESC recommend it as a last resort option, after careful consideration of its risks and 

benefits [21]. 

 

2.4 Novel therapies for homozygous familial hypercholesterolaemia 

There is still a great need for new therapeutic approaches for managing HoFH, especially for young 

children [21]. Gene-therapy seems to be promising, but more trials assessing its efficacy and safety are [21]. 

Studies about inclisiran, a small interfering RNA (siRNA) that targets PCSK9, have shown some unclear 

results regarding its effectiveness [56,57]. Zodasiran, an siRNA aimed at ANGPTL3, is being studied in a 

phase II trial with some positive results [56,58,59]. Several other agents that work via CRISPR (clustered 

regularly interspaced short palindromic repeats)-based gene editing are also being studied [21]. VERVE-201 

is an agent targeting ANGPTL3, currently in preclinical studies, which has shown a 60% whole-liver editing 

and a 46% reduction in mean LDL-C in a study of non-human primates [56,60]. Another approach is adeno-

associated virus (AAV)-mediated gene transfer, for example, AAV8-guided LDL-C transgene directed to the 

liver has been showing promising results and is currently undergoing 5 years of follow-up trial [56,61]. 
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3. ANGLPT3 

Angioprotein-like protein 3 (ANGPTL-3) is a hepatic secretory glycoprotein belonging to the 

angioprotein-like family of proteins. It is encoded by the ANGPTL-3 gene on chromosome 1p31.3. It was 

originally identified in 1999 [62] and since then has been extensively studied. 

 

3.1 the structure of ANGPTL-3 

ANGPTL-3 is a 70-kDa glycoprotein comprising 460 amino acids. Its structure is characteristic for 

ANGPTLs family and includes a signal peptide, an N-terminal coiled-coil domain (CCD), a C-terminal 

fibrinogen-like domain (FLD) and a linker region. Each domain has separate specialized biological functions 

[63]. 

The signal peptide, located at the extreme N-terminus, ensures directing ANGPTL3 into the secretory 

pathway - thanks to this mature proteins are released from hepatocytes into the bloodstream where they can 

perform their functions. 

The N-terminal coiled-coil domain constitutes the main functional region responsible for the lipid 

metabolism as it inhibits lipoprotein lipase (LPL) and endothelial lipase (EL). This domain facilitates 

oligomerization, which is required for its full inhibitory activity and stability in circulation [64]. 

Linker region connects CCD with FLD and contains conserved proprotein convertase cleavage site, 
which is needed for full inhibition activity of ANGPTL-3 [65]. 

The FLD binds integrin αvβ3 on endothelial cells, activating signaling pathways that stimulate cell 

adhesion, migration, and blood vessel formation [66]. Furthermore, FLD takes part in lipolysis in adipocytes 

as it enhances the process without directly triggering lipolysis on its own. The effect is mediated by activation 

of the ERK/MAPK signaling pathway apart from the classical ꞵ-adrenergic signaling [67]. 

 

3.2 Role of ANGPTL3 in lipid metabolism 

Studies have shown that loss-of-function (LOF) variants in the ANGPTL3 gene are associated with 

lower plasma levels of triglycerides (TGs), LDL cholesterol (LDL-C), and total cholesterol compared with 

non-carriers [68]. Individuals carrying such mutations present a phenotype called familial combined 

hypolipidemia which is characterized by panhypolipidemia (decreased level of TGs, LDL-C, HDL-C, apoB, 

and apoA-I) [69]. Moreover, LOF mutations in ANGPTL3 are associated with an approximately 34% 

reduction in the incidence of cardiovascular events among carriers [70]. 

The primary role of ANGPTL3 in lipid metabolism is the inhibition of lipoprotein lipase (LPL), an 

enzyme responsible for the hydrolysis of triglycerides carried in chylomicrons and VLDL into free fatty acids 

(FFAs) and monoacylglycerol. By suppressing LPL activity, ANGPTL3 reduces the clearance of triglyceride-

rich lipoproteins (TRLs), leading to increased plasma triglyceride concentrations [71]. 

In addition to LPL, ANGPTL3 also inhibits endothelial lipase (EL), an enzyme involved in the 

hydrolysis of phospholipids in HDL particles. ANGPTL3 suppresses EL activity through a related mechanism 

involving its N-terminal domain [72]. As a consequence, phospholipid-rich HDL particles and plasma HDL-

C levels are increased. ANGPTL3 has also been identified as a component of HDL, suggesting that it may 

modulate HDL function by influencing HDL protein composition [73]. 

 

3.3 The cooperation between ANGTL3, ANGPTL4, ANGPTL8 

ANGPTL-3 operates within the coordination with ANGPTL-4 and ANGPTL-8. The secretion of 

ANGPTL-4 and ANGPTL-8 depends on a nutritional state [74]. ANGPTL-8 is induced during the fed state. It 

works as a cofactor for ANGPTLL-3. Lacking the fibrinogen-like domain, in a liver it forms a complex with 

ANGPTL-3. Then the complex circulates and inhibits LPL in oxidative tissues such as heart and skeletal 

muscle, redirecting triglyceride-derived fatty acids toward adipose tissue for storage [75]. In adipose tissue, 

ANGPTL8 helps to regulate LPL activity by counteracting the inhibitory effects of ANGPTL4 and by reducing 

the influence of ANGPTL3–ANGPTL8–mediated LPL suppression in a tissue-specific manner. Studies show 

that loss of ANGPTL8 in the liver lowers plasma triglyceride levels, whereas loss of ANGPTL8 in adipose 

tissue increases triglycerides, indicating distinct roles of ANGPTL8 in different tissues [76]. 

ANGPTL4 production is strongly increased during fasting and physical exercise. In adipose tissue, 

ANGPTL4 inhibits LPL by promoting its degradation, which limits triglyceride uptake into fat cells. As a 

result, fatty acids are redirected toward oxidative tissues such as the heart and skeletal muscle, where they are 

used for energy [77]. 
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The coordinated organization of ANGPTL-3-4-8 regulates LPL activity to ensure efficient usage of 

triglycerides between energy storage and utilization according to the organism’s nutritional state. This 

interplay highlights the sophisticated molecular mechanisms underlying metabolic flexibility and overall 

energy homeostasis. 

 

3.4 Strategies for ANGPTL3 inhibition 

Since the therapeutic potential of blocking ANGPTL-3 was first recognized, several approaches have 

been explored. Our work focuses on Evinacumab, a monoclonal antibody, whose mechanism of action is 

discussed below. Apart from that, it is worth mentioning about RNA-based therapies that reduce ANGPTL-3 

synthesis in hepatocytes - small interfering RNA agents such as zodasiran and solbinsiran [78]. Another 

approach involves antisense oligonucleotides targeting ANGPTL-3, such as vupanorsen, although their 

development has been limited because of the safety reasons [79]. The other strategies are aiming for ANGPTL-

3-ANGPTL-8 complex instead of ANGPTL-3 expression alone [80] or gene-editing approach using 

CRISPR/Cas9 technology to permanently disrupt the ANGPTL-3 gene expression [81]. To sum up, there are 

ongoing efforts to translate ANGPTL‑3 inhibition into safe and effective therapies, with multiple strategies 

currently under preclinical and clinical investigation. Among these, the most established approach, and the 

focus of this review, is evinacumab. 
 

4. Characteristics of Evinacumab 

4.1 Mechanism of Action 

Angiopoietin-like protein 3 (ANGPTL3) is a key regulator of lipoprotein metabolism through inhibition 

of lipoprotein lipase (LPL) and endothelial lipase (EL) [82]. 

Evinacumab is a fully human monoclonal IgG4 antibody composed of two heavy chains and two kappa 

light chains [83]. Each heavy chain consists of 453 amino acids, while each kappa light chain contains 214 

amino acids [83]. The heavy chains are linked by disulfide bonds, and each light chain is covalently bound to 

a heavy chain via disulfide bridges [83]. 

Evinacumab exerts its therapeutic effect by binding to ANGPTL3, thereby preventing its inhibitory 

action on LPL and EL [84,85,86]. This results in reduced formation of remnant VLDL particles, which under 

physiological conditions are either cleared via the LDL receptor (LDLR) or converted into LDL particles 

during hydrolysis [84,85,86]. Newly formed LDL particles are subsequently removed through LDLR-mediated 

hepatic uptake [84,85,86]. In addition, evinacumab treatment leads to a reduction in plasma triglycerides (TG) 

and ApoB-containing lipoproteins [87]. 

Inhibition of ANGPTL3 also enhances VLDL processing, promoting the generation of remnant particles 

with lower lipid content, which accelerates their clearance from the circulation [84,85,86]. Genetic studies 

have demonstrated that individuals carrying loss-of-function mutations in the ANGPTL3 gene exhibit 

significantly lower levels of LDL-C, TG, and HDL-C, along with a substantially reduced risk of ASCVD [87]. 

In familial hypercholesterolemia (FH), impaired LDLR function results in defective hepatic clearance of LDL 

particles and elevated plasma LDL-C levels [82]. Importantly, because evinacumab indirectly reduces remnant 

VLDL particles, its lipid-lowering effect is independent of LDLR activity [84,88]. 

This LDLR-independent mechanism was investigated in a phase 2 trial (NCT02265952) involving 

lymphocytes isolated from patients with homozygous familial hypercholesterolemia (HoFH). Administration of 

evinacumab did not alter LDLR activity, confirming that its efficacy is not mediated through this receptor [89,90]. 

This mechanism provides a novel therapeutic approach for patients with HoFH, enabling not only reduction 

of LDL-C levels but also attenuation of LDL precursors [84,88]. In addition to its effect on LDL-C, evinacumab 

enhances triglyceride hydrolysis, leading to a further reduction in plasma TG concentrations [84,88]. 

Currently, evinacumab is commercially available as Evkeeza, manufactured by Ultragenyx [83]. 

 

4.2 Pharmacokinetics and Pharmacodynamics 

As a monoclonal antibody, evinacumab exhibits a characteristic concentration–time profile with both 

linear and nonlinear, target-mediated elimination [84]. This pharmacokinetic behavior has been observed in 

both healthy volunteers and patients with HoFH [84]. The primary efficacy endpoint guiding pharmacokinetic 

(PK) and pharmacodynamic (PD) analyses was the change in LDL-C concentration, while total ANGPTL3 

levels served as a biomarker of target engagement [84]. Following intravenous administration of evinacumab 

at a dose of 15 mg/kg every 4 weeks, steady-state minimum serum concentrations were achieved after four 
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doses, with an accumulation ratio of approximately 2.0 [84,91]. Population PK analyses estimated the steady-

state volume of distribution to be approximately 4.7 L [84,91]. 

A pooled analysis by Dingman et al. [84] demonstrated that systemic exposure to evinacumab decreased 

with increasing age across all age groups, consistent with lower body weight under weight-based dosing 

regimens. PK/PD simulations were conducted for IV dosing schedules of 5 mg/kg and 20 mg/kg administered 

every 4 weeks [84]. The 5 mg/kg regimen was associated with markedly reduced therapeutic efficacy, whereas 

the 20 mg/kg dose did not provide clinically meaningful benefits beyond those observed with 15 mg/kg [84]. 

Based on PK and PD findings, the optimal therapeutic dose of evinacumab for hypercholesterolemia 

was established as 15 mg/kg administered intravenously every 4 weeks [84]. 

Cytochrome P450 enzymes and hepatic transporters do not play a role in evinacumab metabolism, 

thereby limiting the potential for pharmacokinetic drug–drug interactions [87]. Consequently, evinacumab 

may be safely combined with other lipid-lowering agents, including statins, ezetimibe, and PCSK9 inhibitors 

[87]. However, interactions with immunosuppressive agents, antidiabetic drugs, and other monoclonal 

antibodies remain insufficiently characterized, and further studies are required [87]. 

 

4.3 Adverse Effects of Evinacumab 

Evinacumab has been well tolerated by patients with no particular differences between the use of the 
drug and placebo and contributed to a noticeable lowering drop in LDL-C level [82]. The most common 

adverse effects presented were nasopharyngitis, headache, influenzalike illness, urinary tract infection, nausea 

and dizziness [92,93]. During this randomized clinical trial investigation some serious side effects appeared 

such as carotid artery stenosis, coronavirus infection, chest pain, joint effusion, pulmonary embolism, 

gastrointestinal motility disorder, gallbladder polyp and atrial fibrillation, however, they have not been linked 

to the use of evinacumab. All of these symptoms occurred in only 9 of 94 patients, with each patient presenting 

only one adverse effect [82]. 

 

4.3 Clinical Efficacy 

4.3.1 Clinical trials and studies 

In clinical trials evaluating evinacumab, the primary efficacy endpoint was the percentage change in 

LDL-C concentration [84]. Baseline LDL-C values were compared with levels measured at week 24 of 

treatment [84]. 

In the phase 3 trial (NCT03399786), evinacumab was administered at a dose of 15 mg/kg intravenously 

every 4 weeks to both adults and adolescents aged ≥12 years. A total of 65 patients with HoFH were enrolled 

[84,94]. At week 24, LDL-C levels were reduced by 47.1% from baseline in the evinacumab group [84]. In 

contrast, patients receiving placebo experienced a 1.9% increase in LDL-C, resulting in a between-group 

difference of −49.0 percentage points (P < 0.001) [84,85]. LDL-C reduction was evident as early as week 2 

and was sustained throughout the 24-week treatment period [84]. 

Long-term efficacy and safety were further evaluated in study NCT03409744, in which LDL-C 

reduction at week 24 reached −43.7% [84,95]. Similar results were observed in a pediatric HoFH population 

enrolled in trial NCT04233918, with a mean LDL-C reduction of −48.3% [84,96]. Evinacumab is currently 

approved for use in children aged 12 years and older [21]. Beyond lipid lowering, evinacumab has 

demonstrated potential cardiovascular benefits. In an analysis comparing event-free survival in patients with 

HoFH treated with evinacumab (OLE ELIPSE HoFH; n = 12) with an untreated HoFH cohort (REFERCHOL; 

n = 21), no cardiovascular events were reported during 3.5 years of follow-up in the evinacumab group [97]. 

In contrast, 13 cardiovascular events occurred in 5 patients in the control cohort over a 4-year observation 

period [97]. These events included myocardial infarction, unstable angina, acute coronary syndrome, 

percutaneous coronary intervention (PCI), and coronary artery bypass grafting (CABG) [97]. LDL-C levels in 

the evinacumab-treated group were reduced by 56% from baseline and remained consistently lowered 

throughout the study period [97]. 

Long-term efficacy and safety were also assessed in a phase 2 open-label trial (NCT03175367) 

conducted by Rosenson et al. [82,98]. During a 72-week open-label treatment period, 96 patients with 

refractory hypercholesterolemia received evinacumab at a dose of 15 mg/kg IV every 4 weeks [82]. Treatment 

resulted in mean reductions in total cholesterol (−42.6%), ApoB (−38%), and LDL-C (−48.4%), while the 

median reduction in fasting triglycerides reached −57.2% [82]. 
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4.3.2 Comparison within races – white and japanese 

A randomized study by Harada-Shiba et al. investigated the influence of ethnicity on the lipid-lowering 

effects of evinacumab, enrolling equal numbers of Caucasian and Japanese participants [99]. At week 8, LDL-

C reduction was greater in Caucasian participants than in Japanese participants at the 15 mg/kg dose, whereas 

no such difference was observed at the 5 mg/kg dose [99]. Similarly, triglyceride reduction was more 

pronounced in Caucasian participants compared with Japanese participants for both intravenous dosing 

regimens [99]. 

 

4.3.3 Effects on Triglycerides 

The triglyceride-lowering effects of evinacumab were evaluated in phase 1 SAD and MAD studies 

(NCT01749878 and NCT02107872) [100-102]. In the SAD cohorts, 83 participants received single ascending 

doses of evinacumab administered subcutaneously (75, 150, or 250 mg) or intravenously (5, 10, or 20 mg/kg). 

A dose-dependent reduction in triglyceride levels was observed, with a maximal reduction of 76.9% on day 3 

following IV administration of 10 mg/kg [100]. In the MAD cohorts, evinacumab was administered 

subcutaneously at doses of 150/300/450 mg weekly or 300/450 mg biweekly, or intravenously at 20 mg/kg 

every 4 weeks. The greatest triglyceride reduction (83.1%) was observed on day 2 following IV administration 

of 20 mg/kg every 4 weeks [100]. 
A randomized phase 2 trial (NCT03452228) evaluated evinacumab in patients with severe 

hypertriglyceridemia (sHTG) [93,103]. Patients were stratified into three cohorts based on the presence and 

type of mutations in the LPL pathway. The median percentage reduction in triglycerides at week 12 was 

significantly lower in patients with biallelic loss-of-function mutations (27.7%) compared with those with 

heterozygous mutations (64.8%) or no detectable LPL pathway mutations (81.7%) [93]. Treatment effects 

were sustained through week 24 [93]. 

 

4.4 Pregnancy and breastfeeding 

An important consideration in the clinical use of evinacumab is its administration in pregnant or 

breastfeeding women [91]. Preclinical studies in animal models have demonstrated potential fetal toxicity, 

including malformations occurring during organogenesis [91]. The risk associated with breastfeeding remains 

insufficiently characterized; however, due to the high molecular weight of evinacumab (146 kDa), its transfer 

into breast milk is expected to be minimal [91]. Furthermore, it is anticipated that the immunoglobulin may 

undergo degradation in the neonatal gastrointestinal tract, resulting in reduced absorption and limited systemic 

exposure in the infant [91]. Although data from human studies are currently unavailable, patients should be 

informed of the potential risks associated with the use of evinacumab during conception attempts and while 

breastfeeding [91]. 

 

4.5 Comparison with Other Lipid-Lowering Therapies 

In patients with HoFH receiving intensive lipid-lowering therapy (LLT) consisting of high-intensity 

statins, ezetimibe, and PCSK9 inhibitors, the introduction of evinacumab represents a significant therapeutic 

advance [86]. Due to dysfunctional LDLR activity in HoFH, conventional LLT agents often fail to achieve 

adequate LDL-C reduction, as their efficacy depends largely on intact LDLR function [86]. In contrast, 

evinacumab enables effective LDL-C lowering even in patients with null–null LDLR variants through its 

LDLR-independent mechanism of action [86]. 

Given the strong association between elevated LDL-C levels and cardiovascular morbidity and mortality, 

the use of evinacumab in patients with inadequately controlled hypercholesterolemia or HoFH may 

substantially reduce cardiovascular risk and improve long-term outcomes [86]. In an ongoing clinical trial 

(NCT03409744), mean changes in low-density lipoprotein cholesterol (LDL-C) concentrations at week 24 of 

therapy were evaluated according to age, sex, race, null versus non-null genetic variants, history of lipoprotein 

apheresis, concomitant use of ezetimibe, PCSK9 inhibitors, statins, and lomitapide, as well as baseline 

lipoprotein(a) [Lp(a)] levels [86]. Comparison of LDL-C percentage reduction by evicunamb depending on 

the subgroup is shown in Table 4. 
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Table 4. Comparison of LDL-C percentage reduction by evicunamb depending on the subgroup. 

 
 Subgroup  Category Mean LDL-C Change 

Age <18 years 55,4% 

  ≥18 years 41,7% 

Sex Male 37,1% 

  Female 51,2% 

Race White 41,8% 

  Non-white 48,0% 

LDLR variant Null-null 49,0% 

  Non-null 41,4% 

Lipoprotein apheresis Yes 39,0% 

  No 46,3% 

Ezetimib Yes 47,1% 

 No 27,5% 

PCSK9 inhibitor Yes 46,1% 

  No 39,5% 

Statin Yes 43,3% 

  No 48,1% 

Lomitapide Yes 52,3% 

  No 41,7% 

Baseline Lp(a) <75 nmol/l 45,0% 

  ≥75 nmol/l 42,2% 

 

Abbreviations: PCSK9: Proprotein Convertase Subtilisin/Kexin Type 9; Lp(a): Lipoprotein(a) 86]. 

A network meta-analysis conducted by Ling Zhang et al. evaluated the efficacy and safety of novel 

lipid-lowering agents, including alirocumab, evolocumab, inclisiran, and evinacumab, compared with placebo 

in patients with severe hypercholesterolemia [104]. Outcomes included reductions in LDL-C and total 

cholesterol, increases in HDL-C, and the incidence of adverse events [104]. The results are shown in Table 2. 

 

Table 5. Results of network meta-analysis evaluated the efficacy and safety of novel lipid-lowering agents. 

 

  LDL-C HDL-C Total Cholesterol Adverse Events 

Alirokumab 71,4% 68,2% 64,0% 26,2% 

Evinacumab 44,3% / / 98,9% 

Evolokumab 87,0% 81,8% 86,0% 15,2% 

Inclisiran 47,2% / / 59,6% 

Placebo 0,01% 0,03% 0,04% 50,0% 

 

Abbreviations: LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein 

Cholesterol [104]. 

The analysis demonstrated that evinacumab primarily reduced LDL-C without significantly affecting 

HDL-C or total cholesterol levels [104]. Although evolocumab provided the most pronounced improvements 

in lipid parameters, evinacumab exhibited a favorable safety profile. Nevertheless, substantial heterogeneity 

among the included studies underscores the need for large, multicenter randomized controlled trials to confirm 

these findings [104]. 
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Conclusions 

Familial hypercholesterolemia (FH) is a genetically determined dyslipidemia marked by very high LDL-

C levels and early-onset atherosclerosis. It is most often caused by pathogenic variants in LDLR (>90%), less 

commonly in ApoB or PCSK9, and is usually inherited in an autosomal dominant manner. FH occurs as 

heterozygous (HeFH) or the rarer homozygous form (HoFH), with HoFH affecting about 1 in 160,000–

300,000 individuals. In Poland, FH prevalence is estimated at about 1 in 250 adults, yet only 4–5% of cases 

are diagnosed. A rare autosomal recessive form is linked to LDLRAP1 variants, and many cases have a 

polygenic basis. Median LDL-C levels are about 206 mg/dl in HeFH and about 559 mg/dl in HoFH. Clinical 

signs such as tendon xanthomas and corneal arcus are characteristic but uncommon, while premature CVD is 

a major consequence. FH patients have a markedly increased risk of cardiovascular events and are often 

diagnosed late (around age 40 in Polish adults). Diagnosis in children relies mainly on phenotypic criteria and 

family history, as clinical cardiovascular symptoms are rare. The Simon Broome Register Group and Dutch 

Lipid Clinic Network criteria are the most commonly used diagnostic tools. Genetic testing supports diagnosis, 

but its sensitivity is low. Current guidelines recommend lipid screening in children over 2 years old with a 

family history of FH or with additional cardiovascular risk factors and cascade testing in families with known 

pathogenic variants. 

Patients with HoFH should be treated under multidisciplinary care in specialist centres. Treatment should be 
started immediately after the diagnosis and should include lifestyle modifications and drug polytherapy. Regarding 

medication, it is recommended that patients should be started on high-dose statin and ezetimibe therapy. Within 8 

weeks of such treatment, a PCSK9-directed therapy should be added, and if it results in a > 15% additional LDL-C 

reduction, it shall be continued long-term. If LDL-C goals are not achieved with standard therapy, an additional 

therapy in the form of lomitapide and angiopoietin-like protein 3 (ANGPTL3)-directed therapy should be 

considered. If LDL-C continuously exceeds 300 mg/dL, lipoprotein apheresis should be considered. Liver 

transplantation is a last resort treatment option for most affected HoFH patients. 

Current therapeutic options for homozygous familial hypercholesterolemia (HoFH) are limited due to 

its reliance on functional LDL receptors and are often associated with treatment burden and side effects. 

Evinacumab represents a new and promising therapeutic approach, leading to great LDL-C reduction through 

an LDL-receptor-independent mechanism. Evinacumab is a fully human monoclonal IgG4 antibody that exerts 

its therapeutic effect by binding to ANGPTL3. ANGPTL-3 is a hepatic secretory glycoprotein whose domain-

specific structure enables coordinated inhibition of lipoprotein lipase and endothelial lipase, thereby 

controlling plasma triglyceride levels and the metabolism of LDL and HDL particles. Evidence from studies 

of LOF (loss of function) mutations shows that reduced ANGPTL3 activity leads to a favorable lipid profile 

and lower cardiovascular risk, highlighting its pivotal role in lipid homeostasis and therapeutic potential. 

Evinacumab inhibits ANGPTL3, thereby neutralizing its inhibitory action on lipoprotein lipase (LPL) 

and endothelial lipase (EL). As a result, evinacumab enhances triglyceride hydrolysis, reduces remnant very-

low-density lipoprotein (VLDL) particles, and leads to a significant reduction in low-density lipoprotein 

cholesterol (LDL-C). Importantly, its lipid-lowering effect is independent of low-density lipoprotein receptor 

(LDLR) activity, which distinguishes evinacumab from many existing lipid-lowering therapies. 

Based on pharmacokinetic and pharmacodynamic findings, the optimal therapeutic regimen of 

evinacumab has been established as 15 mg/kg administered intravenously every four weeks. Numerous clinical 

trials have consistently demonstrated its efficacy in lowering LDL-C levels and suggest a potential reduction 

in cardiovascular risk, particularly in patients with refractory hypercholesterolemia. Studies show that 

evinacumab is generally well-tolerated and represents an effective adjunctive treatment option for both adults 

and children with HoFH. Despite these promising results, further research is warranted to address unresolved 

issues, including the safety and efficacy of evinacumab during pregnancy and breastfeeding. As a relatively 

novel therapeutic agent, evinacumab represents a highly anticipated advancement in the management of 

resistant hypercholesterolemia, offering a modern treatment option for patients both with and without 

underlying LDLR disorders. 

 

 

 

 

 

 

 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 13 

 

Author’s Contributions: 

Conceptualization: Gabriela Majchrowicz, Szymon Litke, Mikołaj Jońca 

Formal analysis: Mikołaj Jońca, Szymon Litke, Weronika Piekarska 

Investigation: Natasza Kurys, Gabriela Majchrowicz 

Writing rough preparation: Weronika Piekarska, Natasza Kurys 

Writing review and editing: Szymon Litke, Gabriela Majchrowicz, Mikołaj Jońca, Weronika 

Piekarska, Natasza Kurys 

Supervision: Gabriela Majchrowicz, Natasza Kurys, Weronika Piekarska 

 

All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

 

REFERENCES 
 

1. Gajewski, P. (Ed.). (2022). Interna Szczeklika 2022 (pp. 163–164). Wydawnictwo Medycyna Praktyczna. 
2. Beaumont, J. L., Carlson, L. A., Cooper, G. R., Fejfar, Z., Fredrickson, D. S., & Strasser, T. (1970). Classification 

of hyperlipidaemias and hyperlipoproteinaemias. Bulletin of the World Health Organization, 43(6), 891–915. 
https://pmc.ncbi.nlm.nih.gov/articles/PMC2427808/ 

3. Mach, F., Baigent, C., Catapano, A. L., Koskinas, K. C., Casula, M., Badimon, L., Chapman, M. J., De Backer, G. 
G., Delgado, V., Ference, B. A., Graham, I. M., Halliday, A., Landmesser, U., Mihaylova, B., Pedersen, T. R., 
Riccardi, G., Richter, D. J., Sabatine, M. S., Taskinen, M.-R., Tokgozoglu, L., Wiklund, O., & ESC Scientific 
Document Group. (2020). 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid modification to 
reduce cardiovascular risk: The Task Force for the Management of Dyslipidaemias of the European Society of 
Cardiology (ESC) and European Atherosclerosis Society (EAS). European Heart Journal, 41(1), 111–188. 
https://doi.org/10.1093/eurheartj/ehz455 

4. Zdrojewski, T., Solnica, B., Cybulska, B., Bandosz, P., Rutkowski, M., Stokwiszewski, J., Gaciong, Z., Banach, M., 
Wojtyniak, B., Pencina, M., & Wyrzykowski, B. (2016). Prevalence of lipid abnormalities in Poland: The NATPOL 
2011 survey. Kardiologia Polska, 74(3), 213–223. https://doi.org/10.5603/KP.2016.0029 

5. Studziński, K., Tomasik, T., Windak, A., Banach, M., Wójtowicz, E., Mastej, M., Tomaszewski, M., Mikhailidis, 
D. P., Toth, P. P., Catapano, A., Ray, K. K., Howard, G., Lip, G. Y. H., Charchar, F. J., Sattar, N., Williams, B., 
MacDonald, T. M., Penson, P. E., Jóźwiak, J. J., & The Lipidogram Investigators. (2021). The differences in the 
prevalence of cardiovascular disease, its risk factors, and achievement of therapeutic goals among urban and rural 
primary care patients in Poland: Results from the LIPIDOGRAM 2015 study. Journal of Clinical Medicine, 10(23), 
Article 5656. https://doi.org/10.3390/jcm10235656 

6. Myśliwiec, M., Bandura, M., Wołoszyn-Durkiewicz, A., Hennig, M., Walczak, M., Peregud-Pogorzelski, J., Sykut-
Cegielska, J., Miszczak-Knecht, M., Chlebus, K., Wasąg, B., Zmysłowska, A., & Banach, M. (2024). 2024 Polish 
recommendations for the management of familial hypercholesterolemia in children and adolescents. Archives of 
Medical Science, 20(6), 1741–1753. https://doi.org/10.5114/aoms/196329 

7. Rogozik, J., Główczyńska, R., & Grabowski, M. (2024). Genetic backgrounds and diagnosis of familial 
hypercholesterolemia. Clinical Genetics, 105(1), 3–12. https://doi.org/10.1111/cge.14435 

8. Nordestgaard, B. G., Chapman, M. J., Humphries, S. E., Ginsberg, H. N., Masana, L., Descamps, O. S., Wiklund, 
O., Hegele, R. A., Raal, F. J., Defesche, J. C., Wiegman, A., Santos, R. D., Watts, G. F., Parhofer, K. G., Hovingh, 
G. K., Kovanen, P. T., Boileau, C., Averna, M., Borén, J., Bruckert, E., Catapano, A. L., Kuivenhoven, J. A., 
Pajukanta, P., Ray, K., Stalenhoef, A. F., Stroes, E., Taskinen, M.-R., & Tybjærg-Hansen, A. (2013). Familial 
hypercholesterolaemia is underdiagnosed and undertreated in the general population: Guidance for clinicians to 
prevent coronary heart disease: Consensus statement of the European Atherosclerosis Society. European Heart 
Journal, 34(45), 3478–3490a. https://doi.org/10.1093/eurheartj/eht273 

9. Pająk, A., Szafraniec, K., Polak, M., Drygas, W., Piotrowski, W., Zdrojewski, T., & Jankowski, P. (2016). 
Prevalence of familial hypercholesterolemia: A meta-analysis of six large, observational, population-based studies 
in Poland. Archives of Medical Science, 12(4), 687–696. https://doi.org/10.5114/aoms.2016.59700 

10. Anagnostis, P., Antza, C., Florentin, M., & Kotsis, V. (2023). Familial hypercholesterolemia and its manifestations: 
Practical considerations for general practitioners. Kardiologia Polska, 81(11), 1081–1088. 
https://doi.org/10.33963/v.kp.97845 

11. Cuchel, M., Raal, F. J., Hegele, R. A., Al-Rasadi, K., Arca, M., Averna, M., Bruckert, E., Freiberger, T., Gaudet, 
D., Harada-Shiba, M., Hudgins, L. C., Kayikcioglu, M., Masana, L., Parhofer, K. G., Roeters van Lennep, J. E., 
Santos, R. D., Stroes, E. S. G., Watts, G. F., Wiegman, A., Stock, J. K., Tokgözoğlu, L. S., Catapano, A. L., & Ray, 
K. K. (2023). 2023 update on European Atherosclerosis Society consensus statement on homozygous familial 
hypercholesterolaemia: New treatments and clinical guidance. European Heart Journal, 44(25), 2277–2291. 
https://doi.org/10.1093/eurheartj/ehad197 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 14 

 

12. Kronenberg, F., Mora, S., Stroes, E. S. G., Ference, B. A., Arsenault, B. J., Berglund, L., Dweck, M. R., Koschinsky, 
M., Lambert, G., Mach, F., McNeal, C. J., Moriarty, P. M., Natarajan, P., Nordestgaard, B. G., Parhofer, K. G., 
Virani, S. S., von Eckardstein, A., Watts, G. F., Stock, J. K., Ray, K. K., Tokgözoğlu, L. S., & Catapano, A. L. 
(2022). Lipoprotein(a) in atherosclerotic cardiovascular disease and aortic stenosis: A European Atherosclerosis 
Society consensus statement. European Heart Journal, 43(39), 3925–3946. 
https://doi.org/10.1093/eurheartj/ehac361 

13. Luirink, I. K., Kuipers, I. M., Hutten, B. A., Planken, R. N., Backx, A. P. C. M., Groothoff, J. W., & Wiegman, A. 
(2019). Coronary computed tomography angiography and echocardiography in children with homozygous familial 
hypercholesterolemia. Atherosclerosis, 285, 87–92. https://doi.org/10.1016/j.atherosclerosis.2019.04.219 

14. Mach, F., Koskinas, K. C., Roeters van Lennep, J. E., Tokgözoğlu, L., Badimon, L., Baigent, C., Benn, M., Binder, 
C. J., Catapano, A. L., De Backer, G. G., Delgado, V., Fabin, N., Ference, B. A., Graham, I. M., Landmesser, U., 
Laufs, U., Mihaylova, B., Nordestgaard, B. G., Richter, D. J., Sabatine, M. S., & ESC/EAS Scientific Document 
Group. (2025). 2025 focused update of the 2019 ESC/EAS guidelines for the management of dyslipidaemias. 
European Heart Journal, 46(42), 4359–4378. https://doi.org/10.1093/eurheartj/ehaf190 

15. Ray, K. K., Reeskamp, L. F., Laufs, U., Banach, M., Mach, F., Tokgözoğlu, L. S., Connolly, D. L., Gerrits, A. J., 
Stroes, E. S. G., Masana, L., & Kastelein, J. J. P. (2022). Combination lipid-lowering therapy as first-line strategy 
in very high-risk patients. European Heart Journal, 43(8), 830–833. https://doi.org/10.1093/eurheartj/ehab718 

16. Reijman, M. D., Kusters, D. M., & Wiegman, A. (2021). Advances in familial hypercholesterolaemia in children. 
The Lancet Child & Adolescent Health, 5(9), 652–661. https://doi.org/10.1016/S2352-4642(21)00095-X 

17. Mohamed, F., Seedat, F., & Raal, F. J. (2021). Novel therapies for familial hypercholesterolemia. Current Opinion 
in Endocrinology, Diabetes and Obesity, 28(2), 188–195. https://doi.org/10.1097/MED.0000000000000590 

18. Raal, F. J., Honarpour, N., Blom, D. J., Hovingh, G. K., Xu, F., Scott, R., Wasserman, S. M., & TESLA Investigators. 
(2015). Inhibition of PCSK9 with evolocumab in homozygous familial hypercholesterolaemia (TESLA Part B): A 
randomised, double-blind, placebo-controlled trial. The Lancet, 385(9965), 341–350. 
https://doi.org/10.1016/S0140-6736(14)61374-X 

19. Blom, D. J., Harada-Shiba, M., Rubba, P., Gaudet, D., Kastelein, J. J. P., Charng, M. J., Pordy, R., Donahue, S., Ali, 
S., Dong, Y., Khilla, N., Banerjee, P., Baccara-Dinet, M., & Rosenson, R. S. (2020). Efficacy and safety of 
alirocumab in adults with homozygous familial hypercholesterolemia: The ODYSSEY HoFH trial. Journal of the 
American College of Cardiology, 76(2), 131–142. https://doi.org/10.1016/j.jacc.2020.05.027 

20. Santos, R. D., Stein, E. A., Hovingh, G. K., Blom, D. J., Soran, H., Watts, G. F., López, J. A. G., Bray, S., Kurtz, C. 
E., Hamer, A. W., & Raal, F. J. (2020). Long-term evolocumab in patients with familial hypercholesterolemia. 
Journal of the American College of Cardiology, 75(6), 565–574. https://doi.org/10.1016/j.jacc.2019.12.020 

21. Raal, F. J., Hovingh, G. K., Blom, D., Santos, R. D., Harada-Shiba, M., Bruckert, E., Couture, P., Soran, H., Watts, 
G. F., Kurtz, C., Honarpour, N., Tang, L., Kasichayanula, S., Wasserman, S. M., & Stein, E. A. (2017). Long-term 
treatment with evolocumab added to conventional drug therapy, with or without apheresis, in patients with 
homozygous familial hypercholesterolaemia: An interim subset analysis of the open-label TAUSSIG study. The 
Lancet Diabetes & Endocrinology, 5(4), 280–290. https://doi.org/10.1016/S2213-8587(17)30044-X 

22. Stein, E. A., Honarpour, N., Wasserman, S. M., Xu, F., Scott, R., & Raal, F. J. (2013). Effect of the proprotein 
convertase subtilisin/kexin 9 monoclonal antibody, AMG 145, in homozygous familial hypercholesterolemia. 
Circulation, 128(19), 2113–2120. https://doi.org/10.1161/CIRCULATIONAHA.113.004678 

23. Stefanutti, C., & Thompson, G. R. (2015). Lipoprotein apheresis in the management of familial 
hypercholesterolaemia: Historical perspective and recent advances. Current Atherosclerosis Reports, 17(1), Article 
465. https://doi.org/10.1007/s11883-014-0465-6 

24. Hudgins, L. C., Kleinman, B., Scheuer, A., White, S., & Gordon, B. R. (2008). Long-term safety and efficacy of 
low-density lipoprotein apheresis in childhood for homozygous familial hypercholesterolemia. The American 
Journal of Cardiology, 102(9), 1199–1204. https://doi.org/10.1016/j.amjcard.2008.06.049 

25. Thompson, G. R., Barbir, M., Davies, D., Dobral, P., Gesinde, M., Livingston, M., Mandry, P., Marais, A. D., 
Matthews, S., Neuwirth, C., Pottle, A., le Roux, C., Scullard, D., Tyler, C., & Watkins, S. (2010). Efficacy criteria 
and cholesterol targets for LDL apheresis. Atherosclerosis, 208(2), 317–321. 
https://doi.org/10.1016/j.atherosclerosis.2009.06.010 

26. Kroon, A. A., van't Hof, M. A., Demacker, P. N., & Stalenhoef, A. F. (2000). The rebound of lipoproteins after 
LDL-apheresis: Kinetics and estimation of mean lipoprotein levels. Atherosclerosis, 152(2), 519–526. 
https://doi.org/10.1016/S0021-9150(00)00371-3 

27. Thompson, G. R., Catapano, A., Saheb, S., Atassi-Dumont, M., Barbir, M., Eriksson, M., Paulweber, B., Sijbrands, 
E., Stalenhoef, A. F., & Parhofer, K. G. (2010). Severe hypercholesterolaemia: Therapeutic goals and eligibility 
criteria for LDL apheresis in Europe. Current Opinion in Lipidology, 21(6), 492–498. 
https://doi.org/10.1097/MOL.0b013e3283402f53 

28. Stefanutti, C., Julius, U., Watts, G. F., Harada-Shiba, M., Cossu, M., Schettler, V. J., De Silvestro, G., Soran, H., 
van Lennep, J. R., Pisciotta, L., Klör, H. U., Widhalm, K., Moriarty, P. M., & MIGHTY MEDIC Multinational 
Society. (2017). Toward an international consensus—Integrating lipoprotein apheresis and new lipid-lowering drugs. 
Journal of Clinical Lipidology, 11(4), 858–871.e3. https://doi.org/10.1016/j.jacl.2017.04.114 

29. Stefanutti, C., Morozzi, C., & Petta, A. (2011). Lipid and low-density-lipoprotein apheresis: Effects on plasma 
inflammatory profile and on cytokine pattern in patients with severe dyslipidemia. Cytokine, 56(3), 842–849. 
https://doi.org/10.1016/j.cyto.2011.08.027 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 15 

 

30. Aengevaeren, W. R., Kroon, A. A., Stalenhoef, A. F., Uijen, G. J., & van der Werf, T. (1996). Low density 
lipoprotein apheresis improves regional myocardial perfusion in patients with hypercholesterolemia and extensive 
coronary artery disease: LDL-Apheresis Atherosclerosis Regression Study (LAARS). Journal of the American 
College of Cardiology, 28(7), 1696–1704. https://doi.org/10.1016/S0735-1097(96)00388-9 

31. Stefanutti, C., Pang, J., Di Giacomo, S., Wu, X., Wang, X., Morozzi, C., Watts, G. F., & Lin, J. (2019). A cross-
national investigation of cardiovascular survival in homozygous familial hypercholesterolemia: The Sino-Roman 
study. Journal of Clinical Lipidology, 13(4), 608–617. https://doi.org/10.1016/j.jacl.2019.05.002 

32. Cuchel, M., Bloedon, L. T., Szapary, P. O., Kolansky, D. M., Wolfe, M. L., Sarkis, A., Millar, J. S., Ikewaki, K., 
Siegelman, E. S., Gregg, R. E., & Rader, D. J. (2007). Inhibition of microsomal triglyceride transfer protein in 
familial hypercholesterolemia. The New England Journal of Medicine, 356(2), 148–156. 
https://doi.org/10.1056/NEJMoa061189 

33. D’Erasmo, L., Cefalù, A. B., Noto, D., Giammanco, A., Averna, M., Pintus, P., Medde, P., Vigna, G. B., Sirtori, C., 
Calabresi, L., Pavanello, C., Bucci, M., Sabbà, C., Suppressa, P., Natale, F., Calabrò, P., Sampietro, T., Bigazzi, F., 
Sbrana, F., Bonomo, K., Sileo, F., & Arca, M. (2017). Efficacy of lomitapide in the treatment of familial 
homozygous hypercholesterolemia: Results of a real-world clinical experience in Italy. Advances in Therapy, 34(5), 
1200–1210. https://doi.org/10.1007/s12325-017-0531-x 

34. Cuchel, M., Meagher, E. A., du Toit Theron, H., Blom, D. J., Marais, A. D., Hegele, R. A., Averna, M. R., Sirtori, 
C. R., Shah, P. K., Gaudet, D., Stefanutti, C., Vigna, G. B., Du Plessis, A. M., Propert, K. J., Sasiela, W. J., Bloedon, 
L. T., Rader, D. J., & Phase 3 HoFH Lomitapide Study Investigators. (2013). Efficacy and safety of a microsomal 
triglyceride transfer protein inhibitor in patients with homozygous familial hypercholesterolaemia: A single-arm, 
open-label, phase 3 study. The Lancet, 381(9860), 40–46. https://doi.org/10.1016/S0140-6736(12)61731-0 

35. D’Erasmo, L., Steward, K., Cefalù, A. B., Di Costanzo, A., Boersma, E., Bini, S., Arca, M., van Lennep, J. R., & 
Italian and European Working Group on Lomitapide in HoFH. (2022). Efficacy and safety of lomitapide in 
homozygous familial hypercholesterolaemia: The pan-European retrospective observational study. European 
Journal of Preventive Cardiology, 29(5), 832–841. https://doi.org/10.1093/eurjpc/zwab229 

36. Alonso, R., Cuevas, A., & Mata, P. (2019). Lomitapide: A review of its clinical use, efficacy, and tolerability. Core 
Evidence, 14, 19–30. https://doi.org/10.2147/CE.S174169 

37. Gordon, D. A. (1997). Recent advances in elucidating the role of the microsomal triglyceride transfer protein in 
apolipoprotein B lipoprotein assembly. Current Opinion in Lipidology, 8(3), 131–137. 
https://doi.org/10.1097/00041433-199706000-00002 

38. Stefanutti, C. (2020). Lomitapide—A microsomal triglyceride transfer protein inhibitor for homozygous familial 
hypercholesterolemia. Current Atherosclerosis Reports, 22(8), Article 38. https://doi.org/10.1007/s11883-020-
00858-4 

39. Blom, D. J., Averna, M. R., Meagher, E. A., du Toit Theron, H., Sirtori, C. R., Hegele, R. A., Shah, P. K., Gaudet, 
D., Stefanutti, C., Vigna, G. B., Larrey, D., Bloedon, L. T., Foulds, P., Rader, D. J., & Cuchel, M. (2017). Long-
term efficacy and safety of the microsomal triglyceride transfer protein inhibitor lomitapide in patients with 
homozygous familial hypercholesterolemia. Circulation, 136(3), 332–335. 
https://doi.org/10.1161/CIRCULATIONAHA.117.028208 

40. El-Rassi, I., Chehab, G., Saliba, Z., Alawe, A., & Jebara, V. (2011). Fatal cardiac atherosclerosis in a child 10 years 
after liver transplantation: A case report and a review. Journal of Clinical Lipidology, 5(4), 329–332. 
https://doi.org/10.1016/j.jacl.2011.05.002 

41. Martinez, M., Brodlie, S., Griesemer, A., Kato, T., Harren, P., Gordon, B., Parker, T., Levine, D., Tyberg, T., Starc, 
T., Cho, I., Min, J., Elmore, K., Lobritto, S., & Hudgins, L. C. (2016). Effects of liver transplantation on lipids and 
cardiovascular disease in children with homozygous familial hypercholesterolemia. The American Journal of 
Cardiology, 118(4), 504–510. https://doi.org/10.1016/j.amjcard.2016.05.042 

42. Al Dubayee, M., Kayikcioglu, M., van Lennep, J. R., Hergli, N., & Mata, P. (2022). Is liver transplant curative in 
homozygous familial hypercholesterolemia? A review of nine global cases. Advances in Therapy, 39(6), 3042–3057. 
https://doi.org/10.1007/s12325-022-02131-3 

43. Ishigaki, Y., Kawagishi, N., Hasegawa, Y., Sawada, S., Katagiri, H., Satomi, S., & Oikawa, S. (2019). Liver 
transplantation for homozygous familial hypercholesterolemia. Journal of Atherosclerosis and Thrombosis, 26(2), 
121–127. https://doi.org/10.5551/jat.RV17029 

44. Cephus, C. E., Qureshi, A. M., Sexson Tejtel, S. K., Alam, M., & Moodie, D. S. (2019). Coronary artery disease in 
a child with homozygous familial hypercholesterolemia: Regression after liver transplantation. Journal of Clinical 
Lipidology, 13(6), 880–886. https://doi.org/10.1016/j.jacl.2019.09.007 

45. Schmidt, H. H., Tietge, U. J., Buettner, J., Barg-Hock, H., Offner, G., Schweitzer, S., Dedoussis, G. V., Rodeck, B., 
Kallfelz, H. C., Schlitt, H. J., Oldhafer, K., & Klempnauer, J. (2008). Liver transplantation in a subject with familial 
hypercholesterolemia carrying the homozygous p.W577R LDL-receptor gene mutation. Clinical Transplantation, 
22(2), 180–184. https://doi.org/10.1111/j.1399-0012.2007.00764.x 

46. Damase, T. R., Sukhovershin, R., Godin, B., Nasir, K., & Cooke, J. P. (2024). Established and emerging nucleic 

acid therapies for familial hypercholesterolemia. Circulation, 150(9), 724–735. 

https://doi.org/10.1161/CIRCULATIONAHA.123.067957 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 16 

 

47. Gaine, S. P., Quispe, R., Patel, J., & Michos, E. D. (2022). New strategies for lowering low-density lipoprotein 

cholesterol for cardiovascular disease prevention. Current Cardiovascular Risk Reports, 16(9), 69–78. 

https://doi.org/10.1007/s12170-022-00694-y 

48. Dimmeler, S., Ferri, L., Nioi, P., O’Donnell, C. J., Damy, T., Gómez-Outes, A., Giacca, M., Guo, W., Kavousi, M., 

Kupatt, C., Landmesser, U., Schunkert, H., Zouridakis, E., & Elliott, P. M. (2025). Translation of genomics into 

routine cardiological practice: Insights from a European Society of Cardiology Cardiovascular Round Table. 

European Heart Journal, 46(15), 1384–1393. https://doi.org/10.1093/eurheartj/ehaf041 

49. Watts, G. F., & Chan, D. C. (2023). RNA interference therapy for targeting ANGPTL3 and atherogenic lipoproteins: 

Findings and implications of a recent phase I study. Clinical and Translational Medicine, 13(11), e1484. 

https://doi.org/10.1002/ctm2.1484 

50. Mak, M. C. E., Gurung, R., & Foo, R. S. Y. (2023). Applications of genome editing technologies in CAD research 

and therapy with a focus on atherosclerosis. International Journal of Molecular Sciences, 24(18), Article 14057. 

https://doi.org/10.3390/ijms241814057 

51. Conklin, D., Gilbertson, D., Taft, D. W., Maurer, M. F., Whitmore, T. E., Smith, D. L., Walker, K. M., Chen, L. H., 

Wattler, S., Nehls, M., & Lewis, K. B. (1999). Identification of a mammalian angiopoietin-related protein expressed 

specifically in liver. Genomics, 62(3), 477–482. https://doi.org/10.1006/geno.1999.6041 

52. Santulli, G. (2014). Angiopoietin-like proteins: A comprehensive look. Frontiers in Endocrinology, 5, Article 4. 

https://doi.org/10.3389/fendo.2014.00004 

53. Walker, S. G., Chen, Y. Q., Sylvers-Davie, K. L., Dou, A., Zhen, E. Y., Qian, Y., Wen, Y., Ehsani, M., Smith, S., 

Thapa, R., et al. (2025). Angiopoietin-like 3 monomers are abundant in human plasma but are unable to inhibit 

endothelial lipase. JCI Insight, 10(23), e197827. https://doi.org/10.1172/jci.insight.197827 

54. Li, X., Zhang, Y., Zhang, M., et al. (2020). GALNT2 regulates ANGPTL3 cleavage in cells and in vivo of mice. 

Scientific Reports, 10, Article 16168. https://doi.org/10.1038/s41598-020-73388-3 

55. Camenisch, G., Pisabarro, M. T., Sherman, D., Kowalski, J., Nagel, M., Hass, P., Xie, M. H., Gurney, A., Bodary, 

S., Liang, X. H., Clark, K., Beresini, M., Ferrara, N., & Gerber, H. P. (2002). ANGPTL3 stimulates endothelial cell 
adhesion and migration via integrin αvβ3 and induces blood vessel formation in vivo. Journal of Biological 

Chemistry, 277(19), 17281–17290. https://doi.org/10.1074/jbc.M109768200 

56. Bini, S., Pecce, V., Di Costanzo, A., Polito, L., Ghadiri, A., Minicocci, I., Tambaro, F., Covino, S., Arca, M., & 

D’Erasmo, L. (2022). The fibrinogen-like domain of ANGPTL3 facilitates lipolysis in 3T3-L1 cells by activating 

the intracellular ERK pathway. Biomolecules, 12(4), Article 585. https://doi.org/10.3390/biom12040585 

57. Chen, P.-Y., Gao, W.-Y., Liou, J.-W., Lin, C.-Y., Wu, M.-J., & Yen, J.-H. (2021). Angiopoietin-like protein 3 

(ANGPTL3) modulates lipoprotein metabolism and dyslipidemia. International Journal of Molecular Sciences, 

22(14), Article 7310. https://doi.org/10.3390/ijms22147310 

58. Arca, M., D’Erasmo, L., & Minicocci, I. (2020). Familial combined hypolipidemia: Angiopoietin-like protein-3 

deficiency. Current Opinion in Lipidology, 31(2), 41–48. https://doi.org/10.1097/MOL.0000000000000668 

59. Dewey, F. E., Gusarova, V., Dunbar, R. L., O'Dushlaine, C., Schurmann, C., Gottesman, O., McCarthy, S., Van 

Hout, C. V., Bruse, S., Dansky, H. M., Leader, J. B., Murray, M. F., Ritchie, M. D., Kirchner, H. L., Habegger, L., 

Lopez, A., Penn, J., Zhao, A., Shao, W., Stahl, N., Murphy, A. J., Hamon, S., Bouzelmat, A., Zhang, R., Shumel, 

B., Pordy, R., Gipe, D., Herman, G. A., Sheu, W. H. H., Lee, I. T., Liang, K. W., Guo, X., Rotter, J. I., Chen, Y. I., 

Kraus, W. E., Shah, S. H., Damrauer, S., Small, A., Rader, D. J., Wulff, A. B., Nordestgaard, B. G., Tybjærg-Hansen, 

A., van den Hoek, A. M., Princen, H. M. G., Ledbetter, D. H., Carey, D. J., Overton, J. D., Reid, J. G., Sasiela, W. 

J., Banerjee, P., Shuldiner, A. R., Borecki, I. B., Teslovich, T. M., Yancopoulos, G. D., Mellis, S. J., Gromada, J., 

& Baras, A. (2017). Genetic and pharmacologic inactivation of ANGPTL3 and cardiovascular disease. The New 

England Journal of Medicine, 377(3), 211–221. https://doi.org/10.1056/NEJMoa1612790 

60. Lupo, M. G., & Ferri, N. (2018). Angiopoietin-like 3 (ANGPTL3) and atherosclerosis: Lipid and non-lipid related 

effects. Journal of Cardiovascular Development and Disease, 5(3), Article 39. https://doi.org/10.3390/jcdd5030039 

61. Montavoci, L., Ben Mariem, O., Saporiti, S., Laurenzi, T., Palazzolo, L., Ossoli, A. F., Guerrini, U., Calabresi, L., 

& Eberini, I. (2024). In silico description of the direct inhibition mechanism of endothelial lipase by ANGPTL3. 

International Journal of Molecular Sciences, 25(6), Article 3555. https://doi.org/10.3390/ijms25063555 

62. Yang, L., Wang, Y., Xu, Y., Li, K., Yin, R., Zhang, L., Wang, D., Wei, L., Lang, J., Cheng, Y., Wang, L., Ke, J., & 

Zhao, D. (2024). ANGPTL3 is a novel HDL component that regulates HDL function. Journal of Translational 

Medicine, 22(1), Article 263. https://doi.org/10.1186/s12967-024-05032-x 

63. Sylvers-Davie, K. L., & Davies, B. S. J. (2021). Regulation of lipoprotein metabolism by ANGPTL3, ANGPTL4, 

and ANGPTL8. American Journal of Physiology-Endocrinology and Metabolism, 321(4), E493–E508. 

https://doi.org/10.1152/ajpendo.00195.2021 

64. Zhang, R. (2016). The ANGPTL3-4-8 model, a molecular mechanism for triglyceride trafficking. Open Biology, 

6(4), Article 150272. https://doi.org/10.1098/rsob.150272 

65. Zhang, R., & Zhang, K. (2022). An updated ANGPTL3-4-8 model as a mechanism of triglyceride partitioning 

between fat and oxidative tissues. Progress in Lipid Research, 85, Article 101140. 

https://doi.org/10.1016/j.plipres.2021.101140 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 17 

 

66. Cushing, E. M., Chi, X., Sylvers, K. L., Shetty, S. K., Potthoff, M. J., & Davies, B. S. J. (2017). Angiopoietin-like 

4 directs uptake of dietary fat away from adipose during fasting. Molecular Metabolism, 6(8), 809–818. 

https://doi.org/10.1016/j.molmet.2017.06.007 

67. Kosmas, C. E., Bousvarou, M. D., Tsamoulis, D., Gianniou, M., Papakonstantinou, E. J., & Rallidis, L. S. (2025). 

Novel RNA-based therapies in the management of dyslipidemias. International Journal of Molecular Sciences, 

26(3), Article 1026. https://doi.org/10.3390/ijms26031026 

68. Zimerman, A., Wiviott, S. D., Park, J. G., Murphy, S. A., Ran, X., Bramson, C. R., Curto, M., Ramos, V., Jevne, A., 

Kuder, J. F., Verma, S., Wojakowski, W., Terra, S. G., Sabatine, M. S., Bergmark, B. A., & Marston, N. A. (2024). 

Hepatic fat changes with antisense oligonucleotide therapy targeting ANGPTL3. Journal of Clinical Lipidology, 

18(2), e261–e268. https://doi.org/10.1016/j.jacl.2023.12.001 

69. Gaudet, D., Gonciarz, M., Shen, X., Leohr, J. K., Beyer, T. P., Day, J. W., Mullins, G. R., Zhen, E. Y., Hartley, M., 

Larouche, M., Konrad, R. J., Benichou, O., & Ruotolo, G. (2025). Targeting the angiopoietin-like protein 3/8 

complex with a monoclonal antibody in patients with mixed hyperlipidemia: A phase 1 trial. Nature Medicine, 31(8), 

2632–2639. https://doi.org/10.1038/s41591-025-03830-4 

70. Qiu, M., Glass, Z., Chen, J., Haas, M., Jin, X., Zhao, X., Rui, X., Ye, Z., Li, Y., Zhang, F., & Xu, Q. (2021). Lipid 

nanoparticle-mediated codelivery of Cas9 mRNA and single-guide RNA achieves liver-specific in vivo genome 

editing of Angptl3. Proceedings of the National Academy of Sciences of the United States of America, 118(10), 

e2020401118. https://doi.org/10.1073/pnas.2020401118 

71. Rosenson, R. S., Burgess, L. J., Ebenbichler, C. F., Baum, S. J., Stroes, E. S. G., Ali, S., Khilla, N., McGinniss, J., 

Gaudet, D., & Pordy, R. (2023). Longer-term efficacy and safety of evinacumab in patients with refractory 

hypercholesterolemia. JAMA Cardiology, 8(11), 1070–1076. https://doi.org/10.1001/jamacardio.2023.2921 

72. Sosnowska, B., Adach, W., Surma, S., Rosenson, R. S., & Banach, M. (2023). Evinacumab, an ANGPTL3 inhibitor, 

in the treatment of dyslipidemia. Journal of Clinical Medicine, 12(1), Article 168. 

https://doi.org/10.3390/jcm12010168 

73. Dingman, R., Bihorel, S., Gusarova, V., Mendell, J., & Pordy, R. (2024). Evinacumab: Mechanism of action, clinical, 
and translational science. Clinical and Translational Science, 17(6), e13836. https://doi.org/10.1111/cts.13836 

74. Rosenson, R. S., Burgess, L. J., Ebenbichler, C. F., Baum, S. J., Stroes, E. S. G., Ali, S., Khilla, N., Hamlin, R., 

Pordy, R., Dong, Y., Son, V., & Gaudet, D. (2020). Evinacumab in patients with refractory hypercholesterolemia. 

The New England Journal of Medicine, 383(24), 2307–2319. https://doi.org/10.1056/NEJMoa2031049 

75. Gaudet, D., Greber-Platzer, S., Reeskamp, L. F., Iannuzzo, G., Rosenson, R. S., Saheb, S., Stefanutti, C., Stroes, E., 

Wiegman, A., Turner, T., Ali, S., Banerjee, P., Drewery, T., McGinniss, J., Waldron, A., George, R. T., Zhao, X. 

Q., Pordy, R., Zhao, J., Bruckert, E., & Raal, F. J. (2024). Evinacumab in homozygous familial 

hypercholesterolaemia: Long-term safety and efficacy. European Heart Journal, 45(27), 2422–2434. 

https://doi.org/10.1093/eurheartj/ehae325 

76. Jianu, N., Nițu, E. T., Merlan, C., Nour, A., Buda, S., Suciu, M., Luca, S. A., Sbârcea, L., Andor, M., & Buda, V. 

(2025). A comprehensive review of the latest approaches to managing hypercholesterolemia: A comparative analysis 

of conventional and novel treatments: Part II. Pharmaceuticals, 18(8), Article 1150. 

https://doi.org/10.3390/ph18081150 

77. Olatunji, G., Kokori, E., Moradeyo, A. A., et al. (2024). A mini-review of efficacy, safety, and influence of novel 

evinacumab on familial hypercholesterolemia. The Egyptian Journal of Internal Medicine, 36, Article 69. 

https://doi.org/10.1186/s43162-024-00335-3 

78. Banerjee, P., Chan, K. C., Tarabocchia, M., Benito-Vicente, A., Alves, A. C., Uribe, K. B., Bourbon, M., Skiba, P. 

J., Pordy, R., Gipe, D. A., Gaudet, D., & Martin, C. (2019). Functional analysis of LDLR (low-density lipoprotein 

receptor) variants in patient lymphocytes to assess the effect of evinacumab in homozygous familial 

hypercholesterolemia patients with a spectrum of LDLR activity. Arteriosclerosis, Thrombosis, and Vascular 

Biology, 39(11), 2248–2260. https://doi.org/10.1161/ATVBAHA.119.313051 

79. Regeneron Pharmaceuticals. (2019). Study of REGN1500 (evinacumab) in participants with homozygous familial 

hypercholesterolemia (ClinicalTrials.gov Identifier NCT02265952). ClinicalTrials.gov. 

https://clinicaltrials.gov/study/NCT02265952 

80. Patel, N. T., Parmar, M., & Patel, P. (2025). Evinacumab. In StatPearls. StatPearls Publishing. 

https://www.ncbi.nlm.nih.gov/books/ 

81. Raal, F. J., Rosenson, R. S., Reeskamp, L. F., Kastelein, J. J. P., Rubba, P., Duell, P. B., Koseki, M., Stroes, E., Ali, 

S., Banerjee, P., Chan, K. C., Khilla, N., McGinniss, J., Pordy, R., Zhang, Y., & Gaudet, D. (2023). The long-term 

efficacy and safety of evinacumab in patients with homozygous familial hypercholesterolemia. JACC: Advances, 

2(9), Article 100648. https://doi.org/10.1016/j.jacadv.2023.100648 

82. Rosenson, R. S., Gaudet, D., Ballantyne, C. M., Baum, S. J., Bergeron, J., Kershaw, E. E., Moriarty, P. M., Rubba, 

P., Whitcomb, D. C., Banerjee, P., Gewitz, A., Gonzaga-Jauregui, C., McGinniss, J., Ponda, M. P., Pordy, R., Zhao, 

J., & Rader, D. J. (2023). Evinacumab in severe hypertriglyceridemia with or without lipoprotein lipase pathway 

mutations: A phase 2 randomized trial. Nature Medicine, 29(3), 729–737. https://doi.org/10.1038/s41591-023-

02222-w 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 18 

 

83. Regeneron Pharmaceuticals. (2021). A randomized, double-blind, placebo-controlled, parallel-group study to 

evaluate the efficacy and safety of evinacumab in patients with homozygous familial hypercholesterolemia 

(ClinicalTrials.gov Identifier NCT03399786). ClinicalTrials.gov. https://clinicaltrials.gov/study/NCT03399786 

84. Regeneron Pharmaceuticals. (2025). An open-label study to evaluate the long-term safety and efficacy of evinacumab 

in patients with homozygous familial hypercholesterolemia (ClinicalTrials.gov Identifier NCT03409744). 

ClinicalTrials.gov. https://clinicaltrials.gov/study/NCT03409744 

85. Regeneron Pharmaceuticals. (2024). A three-part, single-arm, open-label study to evaluate the efficacy, safety, and 

pharmacokinetics of evinacumab in pediatric patients with homozygous familial hypercholesterolemia 

(ClinicalTrials.gov Identifier NCT04233918). ClinicalTrials.gov. https://clinicaltrials.gov/study/NCT04233918 

86. Béliard, S., Saheb, S., Litzler-Renault, S., Vimont, A., Valero, R., Bruckert, É., Farnier, M., & Gallo, A. (2024). 

Evinacumab and cardiovascular outcome in patients with homozygous familial hypercholesterolemia. 

Arteriosclerosis, Thrombosis, and Vascular Biology, 44(6), 1447–1454. 

https://doi.org/10.1161/ATVBAHA.123.320609 

87. Regeneron Pharmaceuticals. (2023). Study of evinacumab (REGN1500) in participants with persistent 

hypercholesterolemia (ClinicalTrials.gov Identifier NCT03175367). ClinicalTrials.gov. 

https://clinicaltrials.gov/study/NCT03175367 

88. Harada-Shiba, M., Ali, S., Gipe, D. A., Gasparino, E., Son, V., Zhang, Y., Pordy, R., & Catapano, A. L. (2020). A 

randomized study investigating the safety, tolerability, and pharmacokinetics of evinacumab, an ANGPTL3 inhibitor, 

in healthy Japanese and Caucasian subjects. Atherosclerosis, 314, 33–40. 

https://doi.org/10.1016/j.atherosclerosis.2020.10.013 

89. Ahmad, Z., Banerjee, P., Hamon, S., Chan, K. C., Bouzelmat, A., Sasiela, W. J., Pordy, R., Mellis, S., Dansky, H., 

Gipe, D. A., & Dunbar, R. L. (2019). Inhibition of angiopoietin-like protein 3 with a monoclonal antibody reduces 

triglycerides in hypertriglyceridemia. Circulation, 140(6), 470–486. 

https://doi.org/10.1161/CIRCULATIONAHA.118.039107 

90. Regeneron Pharmaceuticals. (2016). Study to assess the safety and tolerability of single doses of REGN1500 
(evinacumab) (ClinicalTrials.gov Identifier NCT01749878). ClinicalTrials.gov. 

https://clinicaltrials.gov/study/NCT01749878 

91. Regeneron Pharmaceuticals. (2015). Study to assess the safety and tolerability of multiple doses of REGN1500 

(evinacumab) (ClinicalTrials.gov Identifier NCT02107872). ClinicalTrials.gov. 

https://clinicaltrials.gov/study/NCT02107872 

92. Regeneron Pharmaceuticals. (2023). Safety and efficacy following repeat-dose of evinacumab (anti-ANGPTL3) in 

patients with severe hypertriglyceridemia (sHTG) at risk for acute pancreatitis (ClinicalTrials.gov Identifier 

NCT03452228). ClinicalTrials.gov. https://clinicaltrials.gov/study/NCT03452228 

93. Zhang, L., Li, B., Chen, W., Li, W., Yang, H., & Pan, D. (2025). Effects of inclisiran, alirocumab, evolocumab, and 

evinacumab on lipids: A network meta-analysis. Reviews in Cardiovascular Medicine, 26(2), Article 25248. 

https://doi.org/10.31083/RCM25248 


