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Abstract: Familial hypercholesterolemia (FH) is an inherited disorder. The level of low-density
lipoprotein cholesterol (LDL-C) in patients with homozygous FH can be twice as high as that
in patients with heterozygous FH. The inhibition of ANGPTL3 shows an important therapeutic
approach in reducing LDL-C and triglycerides (TG) levels and, thus, is a potentially effective strategy
in the treatment of FH. Evinacumab is a monoclonal antibody inhibiting circulating ANGPTL3,
available under the trade name Evkeeza® for the treatment of homozygous FH. It was reported
that evinacumab is effective and safe in patients with homozygous and heterozygous FH, as well as
resistant hypercholesterolemia and hypertriglyceridemia. This paper summarizes existing knowledge
on the role of ANGPTL3, 4, and 8 proteins in lipoprotein metabolism, the findings from clinical
trials with evinacumab, a fully human ANGPTL3 mAb, and the place for this new agent in lipid-
lowering therapy.
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1. Homozygous Familial Hypercholesterolemia

Homozygous familial hypercholesterolemia (HoFH) affects an average of 1 in 300,000 subjects.
It is a very rare genetic disorder of lipoprotein metabolism. It is caused by mutations in
both alleles of the LDL receptor (LDLR) gene and less often by mutations in APOB, the
ligand for LDLR and proprotein convertase subtilisin kexin type 9 (PCSK9), a protein
that degrades LDLR [1]. Higher levels of low-density lipoprotein cholesterol (LDL-C)
are characterized by genetic changes that show no expression of the LDL receptor (null
homozygotes), compared to changes with two non-zero alleles or one zero and one non-null
homozygotes, which only partially reduce the LDL receptor activity [2,3]. These mutations
impair the function of the liver to remove LDL-C from the bloodstream, resulting in high
total cholesterol and LDL-C [4]. In comparison, LDL particles that bind PCSK9 are targeted
for lysosomal degradation and destruction. Loss-of-function mutations of the PCSK9 gene
decrease the level of LDL-C and lower the risk of myocardial infarctions in white and black
persons and reduce the risk of stroke in black persons. It can be concluded that PCSK9
inhibitors prevent an atherosclerotic cardiovascular event [1].

Patients with HoFH have very high levels of LDL-C from birth, which result in high
risks of premature atherosclerosis and other cardiovascular diseases. Clinically, HoFH is
characterized by an LDL-C level > 500 mg/dL (>13 mmol/L). Statins and lipid-lowering
drugs are largely dependent on the activity of the LDL receptor; therefore, in patients
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with two null alleles, they may show diminished efficacy. Therefore, most patients with
HoFH do not achieve guideline-recommended levels of LDL-C despite treatment with
multiple agents [3]. Unfortunately, mutations in patients with familial hypercholesterolemia
are associated with an increased probability (up to 3.8 times) of myocardial infarctions
under the age of 55 years [5]. Early diagnosis of FH and follow-up, with comprehensive
longitudinal care and particular emphasis on aortic valve obstruction and stenosis, are
of key importance in the prevention of premature atherosclerotic cardiovascular disease
(ASCVD) [2].

According to the 2019 guidelines of the European Society of Cardiology (ESC) and the
European Society of Atherosclerosis (EAS), LDL-C levels should be below 1.42 mmol/L
(55 mg/dL) in patients at very high risk of ASCVD, below 1.81 mmol/L (70 mg/dL) in
patients at high risk, and below 2.59 mmol/L (100 mg/dL) in moderate-risk patients [5].

2. ANGPTL3, 4, and 8 Protein System-Characteristics and Role in Lipid Metabolism

The angiopoietin-like proteins (ANGPTLs) are a family of proteins consisting of
members 1-8 of the angiopoietins, which differ in terms of tissue expression and regulation.
They each consist of a common domain at the amino terminus (N-terminal), a coiled-
coil domain (CCD), a fibrinogen-like domain (FLD) at the C-terminus of the carboxyl,
and a linker region. Angiopoietin-8 differs from the other ANGPTLs in that it does not
contain a fibrinogen-like domain at the C-terminus [6]. ANGPTL proteins belong to the
vascular endothelial growth factor (VEGF) family and play various roles in biological and
pathological processes, including hormone regulation, glucose metabolism, and insulin
resistance [7].

ANGPTL3, ANGPTL4, and ANGPTLS are most important in lipoprotein metabolism
because they are responsible for the metabolism of triglycerides (TGs)—rich lipoproteins
(chylomicrons, VLDL)—by inhibiting the activities of lipoprotein lipase (LPL), VLDL, and
LDL mediated by the inhibition of endothelial lipase (EL) [6,8]. LPL activity is reduced by
changing the conformation from homodimeric, which is biologically active, to biologically
inactive, or monomeric. LPL is an enzyme produced in fat and muscle cells that limits the
rate of hydrolysis of TG-rich lipoproteins to free fatty acids (FFA). When this process is
disturbed, severe hypertriglyceridemia occurs in plasma [9]. The best-known ANGPTL
is ANGPTL3, which was discovered in 1999. ANGPTL3 is produced in the liver. In the
following year, 2000, ANGPTL4 was discovered, and it is produced in the liver, skeletal
muscle, adipose tissue, gut, brain, and heart. Additionally, ANGPTLS8 was discovered in
2012, and its main source is adipose tissue and the liver [10].

ANGPTL3, 4, and 8 control the availability of triglyceride-rich lipoproteins, LDL,
and high-density lipoprotein cholesterol (HDL-C), depending on the nutritional status of
the body, temperature, and physical activity, by regulating LPL secretion. LPL activity is
increased after a meal, and triglycerides are stored in the white adipose tissue of WAT.
In contrast, after a meal, LPL activity is reduced in the heart, brown adipose tissue, and
skeletal muscle by ANGPTL3 and 8 (ANGPTLS expression is especially increased). The
opposite occurs during fasting, where LPL activity increases in the heart, brown adipose
tissue, and skeletal muscle. In white adipose tissue, the activity of LPL during fasting is
reduced by ANGPTL4 [11-15] (Figure 1).

ANGPTLS3, apart from its effect on LPL, also reduces the activity of EL, which leads to
a slowdown in the metabolism of triglyceride-rich lipoproteins [16].
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Figure 1. Regulation of triglyceride metabolism in heart, muscle, brown adipose tissue, and
white adipose tissue by ANGPTL3, ANGPTL4, and ANGPTLS. Abbreviations: TG—triglyceride;
TLR—triglyceride-rich lipoprotein; LPL—lipoprotein lipase; ANGPTL3—angiopoietin-like protein 3;
ANGPTL4—angiopoietin-like protein 4, ANGPTL8—angiopoietin-like protein 8. The following was
used in the preparation of the figure: https://smart.servier.com (free-access; 20 October 2022).

3. ANGPTL3, 4, and 8 as Biomarkers of Cardiovascular Risk

Several publications have reported that ANGPTL3 deficiency protects against coronary
artery disease (CAD). According to the research of Stitziel et al., in subjects with complete
ANGPTL3 deficiency, the coronary arteries lacked atherosclerotic plaque [12]. Moreover,
healthy patients showed lower concentrations of ANGPTL3 compared to patients who
experienced myocardial infarctions (MIs) [12]. In patients with ANGPTL33 concentrations
of 18-271 ng/mlL, the risk of a heart attack was reduced by up to 29%. Researchers also
demonstrated an association of the loss-of-function (LOF) mutation in ANGPTL3 with the
risk of CAD. The levels of low-density lipoprotein LDL-C, high-density HDL-C, and TGs
are dependent on the LOF in ANGPTL3. Patients carrying the LOF mutation showed a 34%
reduction in the risk of CAD compared to patients who did not carry the LOF mutation. In
addition, patients with the LOF mutation showed 11% lower total cholesterol, 12% lower
LDL, and 17% lower TG levels compared to those without the mutation. In addition to
the fact that the loss of ANGPTL3 increases LPL activity, leading to a reduction in TGs
and LDL-rich lipoproteins, it may affect insulin sensitivity and play an important role in
glucose hemostasis [12].

In another study on the effects of ANGPTL3 and 4 on CAD, the team of Sun et al.
presented the results of a study involving 305 patients. A high level of ANGPTL3 was
closely related to the severity of atherosclerotic lesions in the coronary vessels, while the
level of ANGPTL4 was reduced. The levels of these glycoproteins may have significant
impacts on the development of CAD [17]. Another study showed the relationship between
mutations inactivating the ANGPTL4 gene on the risk of ischemic heart disease. This study
included over 42,000 subjects. Dewey et al. in 2017 proved that the reductions in the levels
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of TGs, total cholesterol, and LDL-C were caused by the inactivation of ANGPTL4 through
the heterozygous mutation E40k. Patients with this ANGPTL4 mutation showed a 19%
lower risk of coronary heart disease [18]. In a similar study led by Stitziel et al., patients with
the E40K ANGPTL4 mutation showed about 35% lower TG concentration. Additionally, the
risk of coronary heart disease was 53% lower. However, no significant effect of ANGPTL4
p-E40K on LDL-C was observed [19]. The research team of Gusarova et al. showed the
effect of the E40K ANGPTL4 mutation on the reduction of the risk of type-2 diabetes by
12%. This study was conducted on 58,000 participants in the DiscovEHR Study [20]. Similar
results were presented by the team of Klarin et al. in a study of 310,000 subjects. The effect
of the loss-of-function (LOF) ANGPTL4 mutation on the risk of ischemic heart disease and
type-2 diabetes was assessed. It was shown that the risk of ischemic heart disease was
reduced by 16% and the risk of type 2 diabetes was reduced by 12% [21].

4. Evinacumab-Structure and the Mechanism of Action

Evinacumab (Evkeeza®; formerly RENG1500) is a fully human monoclonal antibody,
inhibiting circulating ANGPTL3, which was invented by Regeneron Pharmaceuticals
Inc. [3] and manufactured with the use of the cell culture method with genetically engi-
neered recombinant Chinese hamster ovary cells [22]. Evinacumab is an IgG4 monoclonal
antibody consisting of two disulfide-linked human heavy chains (453 amino acids each)
and human kappa light chains (214 amino acids). Heavy chains are covalently linked by
disulfide bonds to light chains [22].

Evinacumab was approved by the US Food and Drug Administration on February
2021 and the European Medicines Agency (EMA) in June 2021 and is now available on the
market under the trade name Evkeeza to treat adult and adolescent patients (>12 years)
with homozygous familial hypercholesterolemia [23]. The recommended dose of this
new drug is 15 mg/kg, administered by intravenous infusion (IV) over one hour once
monthly [23].

After administration, evinacumab binds its target, ANGPTL3, and inhibits its function,
leading to increased LPL and EL activities and lower TG, LDL-C, and HDL-C plasma
levels [24]. The mechanism associated with the reduction of LDL-C by evinacumab is not
fully known; however, this effect is independent of the LDL receptor and, thus, probably
due to the promotion of very-low-density lipoprotein (VLDL) processing and the upstream
clearance of LDL formation [12-15,24]. The mechanism of the action of evinacumab is
presented in Figure 2.

Clinical Trials and Scientific Research

In the first phase, phase 1, a randomized, placebo-controlled, double-blind clinical trial
with evinacumab (NCT01749878) was performed with subjects with hypertriglyceridemia
(HTG) to evaluate its safety, tolerability, and bioeffect. A total of 83 healthy volunteers
with fasting triglyceride levels of 150-450 mg/dL (1.7 < 5.1 mmol/L) or LDL-C levels of
>100 mg/dL (2.6 mmol/L) were enrolled in cohort A, and each received a single dose of
evinacumab administrated subcutaneously (SC) (75, 150, and 250 mg) or intravenously (IV)
(5 mg/kg, 10 mg/kg, and 20 mg/kg) versus placebo [18]. Participants (n = 7) allocated
to cohort B (moderate HTG) had TG levels of >150 and <450 mg/dL, and each received
evinacumab IV at a dose of 10 mg/kg or placebo [19]. Cohort C (severe HTG) participants
(n =9) had LPL pathway sequence variations and TG levels of >1000 mg/dL and received
evinacumab at a dose of 250 mg SC or 20 mg/kg IV versus placebo [18]. Evinacumab
caused a dose-dependent reduction in lipids levels. The greatest reductions of TG, LDL-C,
and HDL-C were 76.0% (day 4) (95% CIL: —97.29, —62.02; p < 0.0001); 23.2% (day 15) (95%
CIL: —7.59, —38.80; p = 0.0047); and 18.4% (day 15) (95% CI: —5.96, —30.77; p = 0.0049),
respectively, and these reductions were noted in cohort A participants who received a dose
of 20 mg/kg IV [18].



J. Clin. Med. 2023, 12, 168

50f13

LDL-R

A
——

q y)
ANGPTL3 \ /
~—~ EVINACUMAB
By enhancing VLDL
LPL remnant clearance,
- EL EVINACUMAB reduces

@ LDL-C levels in an
@ LDL-R-independent

VLDL secretion

LDL-R independent clerance

23 —
% Lipolysis
LDL

Figure 2. Evinacumab—mechanism of action. Abbreviations: ANGPTL3—angiopoietin-like pro-
tein 3; EL—endothelial lipase; IDL—intermediate-density lipoprotein (VLDL remnants); IDL-R—
intermediate-density lipoprotein receptor (VLDL remnant receptor); LDL—low-density lipoprotein;
LDL-C—low-density lipoprotein; LDL-R—low-density lipoprotein receptor; LPL—lipoprotein li-
pase; VLDL—very-low-density lipoprotein. The following was used in the preparation of the figure:
https:/ /smart.servier.com (free-access; 20 October 2022).

There were no treatment discontinuations due to adverse safety events in all cohorts
(A—C) [18,25]. Treatment-emergent adverse events occurred in 51.6% of cohort A (vs. 42.9%
placebo) and 100% of cohorts B—C (vs. 81.8% placebo) [18,25]. The most frequent adverse
events (AEs) observed in evinacumab-treated patients (cohort A) were headache (11% vs.
0% placebo), upper respiratory tract infection (6.5% vs. 4.0% placebo), increased alanine
aminotransferase (11.3% vs. 0% placebo), and increased aspartate aminotransferase (4.8%
vs. 0% placebo).

In cohort B, evinacumab caused a maximal reduction of TGs by 81.8% (vs. 20.6%
placebo) and VLDL-C by 82.2% (vs. 0.8% placebo) on day 4. Treatment with evinacumab-
induced wide-ranging responses in subjects with severe hypertriglyceridemia (cohort C)
showed a TG reduction of 0.9 to 93.2% on day 3 [25].

In cohort C, evinacumab IV at a dose of 20 mg/kg caused a maximum mean reduction
in VLDL-C of 64.9% (vs. 42.0% placebo) on day 22, while evinacumab SC at a dose of
250 mg resulted in a maximum reduction of 37.8% (vs. increase of 18.4% placebo) on
day 8. The levels of LDL-C after treatment with evinacumab increased in participants with
moderate and severe HTG (cohorts B and C), which was explained by the authors as a
reason for the enhanced conversion of VLDL and IDL to LDL [25].

Another phase 1 clinical trial (NCT02107872) with subjects with triglycerides >150
and <500 mg/dL and LDL-C > 100 mg/dL was conducted to assess the effect of multi-
doses of evinacumab [26]. A total of 56 participants were enrolled, and each was assigned
to one of the six cohorts as follows: evinacumab SC at doses of 150, 300, or 450 mg
QW, 300 or 450 mg Q2W, or IV doses of 20 mg/kg Q4W up to day 56 versus placebo
with 183 days of follow-up [26]. Treatment-emergent adverse events occurred in 67.7% of
patients with evinacumab SC (vs. 75% placebo) and 85.7% of the subjects with evinacumab
IV (vs. 50% placebo). No serious treatment-emergent adverse events, events related to
death, or treatment discontinuation were reported. The most commonly reported adverse
events were headache (42.9% vs. 0% placebo) in the group with evinacumab IV and nausea
(13% vs. 0% placebo) in the group with evinacumab SC [26].

Dose-dependent reductions in triglycerides were observed, with a maximum reduction
at a dose of 20 mg/kg Q4W IV by 88.2% at day 2 (p = 0.0003). Other lipids such as non-HDL,
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apoB, LDL-C, and total cholesterol were maximally reduced at dose 20 mg/kg Q4W IV by
45.8% (day 36) (p < 0.0001), 30.7% (day 57) (p < 0.0001), 25.1% (day 57) (p = 0.0074), and
33.8% (day 57) (p < 0.0001), respectively [26].

The pharmacokinetics, tolerability, safety, and lipid-lowering effect of evinacumab
were evaluated in phase 1 with a randomized, double-blind, placebo-controlled clinical
trial (NCT03146416) with healthy Caucasian and Japanese volunteers with LDL-C concen-
trations between 100 and 160 mg/dL (2.6-4.1 mmol/L). A total of 96 enrolled participants
was divided into four cohorts: a single dose of 300 mg of evinacumab SC; 300 mg (SC) once
weekly for eight doses; 5 mg/kg IV once every 4 weeks for two doses; and 15 mg/kg IV
once every 4 weeks for two doses. Each cohort comprised 12 Japanese and 12 Caucasians,
who each received an investigational drug or placebo with a 24-week follow-up [3]. The
results of the study indicated that the safety of evinacumab treatment at all doses and
routes of administration in both ethnic groups was comparable with that of the placebo.
Observed adverse events related to the treatment were nausea, fatigue, nasopharyngitis,
upper respiratory infection, rhinitis, back pain, headache, and tension headache. In cohorts
with IV evinacumab administration, adverse events occurred in 15 subjects (41.7%) with
the drug versus 6 subjects (50%) in the placebo group. In cohorts with evinacumab SC,
adverse events were noted in 19 subjects (52.8%) with the drug versus 3 subjects (25.0%)
with a placebo. No severe or serious adverse event was observed. Moreover, the pharma-
cokinetic and pharmacodynamic profiles of evinacumab were similar in both ethnicities
in all treatment groups [4]. Evinacumab caused dose-dependent reductions in LDL-C,
TG, and apoB levels. The administration of evinacumab IV at a dose of 15 mg/kg every
4 weeks in two doses caused the greatest lipid-lowering power. In addition, the reductions
of LDL-C, triglycerides, non-HDL cholesterol, HDL cholesterol, total cholesterol, apoB,
apoA-l, apoC-1II, and Lp(a) in plasma after 8 weeks were 40.2%, 63.1%, 44.2%, 23.8%, 40.2%,
37.4%, 33.5%, 77.1%, and 22.2%, respectively [4].

The safety and efficacy of evinacumab in patients with refractory hypercholesterolemia
were assessed in the phase 2 clinical trial (NCT03175367) [5]. A total of 272 subjects with HeFH
or without HeFH with refractory hypercholesterolemia and who had LDL-C > 70 mg/dL
with ASCVD or LDL-C > 100 mg/dL without ASCVD were enrolled. Participants received
evinacumab SC in different doses of 450 mg QW, 300 mg QW, or 300 mg Q2W vs. placebo
or evinacumab IV in a dose of 15 mg/kg Q4W or 5 mg/kg Q4W versus placebo [5].

The most common side effects reported by the participants during the trial in the
group treated with SC evinacumab were urinary tract infections (11% vs. 8%), injection-site
erythema (6% vs. 3%), myalgia (5% vs. 0%), and arthralgia (5% vs. 3%), whereas the
group receiving IV evinacumab had nasopharyngitis (12% vs. 6%), dizziness (7% vs. 0%),
nausea (7% vs. 0%), abdominal pain (6% vs. 0%), back pain (7% vs. 6%), fatigue (7% vs.
6%), and arm or leg pain (7% vs. 6%). Serious adverse events were noted in 5-8% (8%
placebo) in the group with SC evinacumab and in 6-16% (versus 3% placebo) in the group
with IV evinacumab [5]. Treatment with evinacumab caused a reduction in the level of
LDL-C. In the group with SC administration, the reductions were between 38.5% (95% CI:
-56.5, -20.6; p < 0.001) and 56.0% (95% CI: -73.7, -38.3; p < 0.001), while the group with IV
administration had reductions from 24.2% (95% CI: —42.6, -5.7) to 50.5% (95% CI: —68.4,
-32.6; p < 0.001) depending on the dose used. The greatest decrease in LDL-C was observed
with a dose of 450 mg QW of evinacumab SC (56.0%) (95% CI: —73.7, —38.3; p < 0.001) [5].

Several clinical trials evaluating the efficacy and safety of evinacumab in patients with
homozygous familial hypercholesterolemia have been completed. A phase 2, open-label,
proof-of-concept clinical trial (NCT02265952) included nine HoFH participants receiving
maximume-tolerated lipid-lowering treatment. All subjects were administered evinacumab
at doses of 250 mg SC and 15 mg/kg IV after 2 weeks [27]. All participants reported at least
one adverse event, but no event led to treatment discontinuation. Injection-site reactions,
myalgia, hot flush, and epistaxis were reported as treatment-emergent AEs, and each of
these AE was observed by only one patient [27]. Evinacumab caused reductions in LDL-C,
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non-HDL cholesterol, triglycerides, apolipoprotein B, and HDL cholesterol by mean values
of 49 £ 23%, 49 £ 22%, 47 £ 17%, 46 = 18%, and 36 £ 16%, respectively [27].

Banerjee et al. analyzed the effects of evinacumab on LDLR activity in lymphocytes
drawn from participants in the above-mentioned study (NCT02265952). Obtained results
suggested that the inhibition of ANGPTL3 by evinacumab in humans lowers LDL-C
through a mechanism independent of the LDLR [28].

A small kinetic study (NCT04722068) with four subjects already participating in the
study (NCT02265952) was conducted to investigate the apolipoprotein B (apoB) contain-
ing lipoprotein kinetic parameters before and after treatment with evinacumab [29]. A
stable isotope of Leucine was measured in VLDL (very-low-density lipoprotein), IDL
(intermediate-density lipoprotein; VLDL remnants), and LDL before and after IV adminis-
tration of evinacumab at a dose of 15 mg/kg. Evinacumab decreased LDL-C by 59 £ 2%
and increased IDL-apoB and LDL-apoB fractional catabolic rates in all four HoFH partici-
pants by 616 &+ 504% and 113 £ 14%, respectively. The VLDL-apoB production rate was
reduced in two of the four subjects. These results suggest that the mechanism of lower-
ing LDL-C by evinacumab is associated with the increased clearance of apoB-containing
lipoprotein [29].

A phase 3, double-blind, placebo-controlled clinical trial (ELIPSE HoFH, NCT03399786)
enrolled 65 subjects with HoFH on stable lipid-lowering therapy. Ninety-three percent of
the subjects were on statin therapy, and the majority of the patients were receiving high-
intensity statin (77%). Moreover, trial patients” background therapy also included PCSK9
inhibitor (77%), ezetimibe (75%), lomitapide (25%), and apheresis (34%). Of the patients,
63% used at least three different lipid-lowering drugs. Participants received evinacumab
IV 15 mg/kg every 4 weeks for 24 weeks or a placebo. Treatment with evinacumab caused
significant decreases in plasma levels of LDL-C, total cholesterol, non-HDL, HDL, triglyc-
erides, apoB, apoC-I1I, and Lp(a) by 47.1% (95% CI: —65.0, —33.1; p < 0.001), 47.4% (95%
CI: —58.7 to —38.1; p < 0.001), 49.7% (95% CI: —64.8 to —38.5; p < 0.001), 29.6%, 55.0%
(95% CI: —65.6, —35.2), 41.4% (95% CI: —48.6, —25.2; p < 0.001), 84.1% (95% CI: —103.5
to —76.5), and 5.5% (95% CI: —15.7, 12.0), respectively [3]. A 50% reduction in plasma
LDL-C concentration was achieved in 56% (p = 0.003) of patients; moreover, 28% of patients
had plasma LDL-C levels below 70 mg/dL. The efficacy of the LDL-C reduction with
evinacumab was independent of the type of LDL receptor gene mutations (non/null or
null/null). Adverse events were comparable in the group with evinacumab and the placebo
group. An influenza-like illness occurred in 5 of 44 patients (11%) vs. 0 in the placebo
group. No events related to death or treatment discontinuation were reported [3].

Additionally, the study of Reeskamp et al. analyzed whether intensive lipid-lowering
therapy with evinacumab might result in plaque regression. Using computed tomography
(CT) coronary angiography, soft plaque regression occurred in the coronary arteries of two
participants, ages 12 and 16, of a clinical trial (NCT03399786) with HoFH and null/null
LDLR variants. Total plaque volumes were reduced by 76% and 85%, respectively, after
6 months of evinacumab treatment [30].

Most of the completed clinical trials with evinacumab had small sample sizes. Jin
et al. conducted a meta-analysis of five randomized controlled trials with 568 participants
and revealed that treatment with evinacumab was safe and caused a reduction of LDL-C,
TG, and HDL cholesterol by 33.12% (95%: 248.639%, 217.606%, p < 0.0001), 50.96% (95%
CI: 256.555%, 245.362%; p < 0.0001), and 12.77% (95% CI: 216.359, 29.186%, p < 0.0001),
respectively [31]. The results of this meta-analysis found evinacumab as a possible valuable
therapeutic in the management of hypercholesterolemia.

The efficacy of evinacumab is under clinical trial phase 2 (NCT04863014) [32] and two
phase 3 studies (NCT03409744; NCT04233918) [33,34] (Table 1).
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Table 1. Summary of the results of clinical trials with evinacumab.

Clinical

NCT Identification

Phase/Status ~ Number Population/N Duration Dose/Treatment Arms Key Results Safety Ref.
Max reduction:
HTG Cohort A: TEAEs
Cohort A: 150 < TG < 450 mg/dL or At a dose of 20 mg/kg IV Cohort A
LDL-C > 100 mg/dL Single dose: TG: 76.0% 51.6% vs. 42.9% placebo
N=83 Cohort A: LDL-C: 23.2% Cohorts Band C
Phase 1 Cohort B: 75,150, 250 mg SC or 5, 10, 20 mg/kg IV HDL: 18.4% 100% vs. 81.8% placebo
Completed NCT01749878 450 < TG < 1500 mg/dL 126 days vs. placebo Cohort B Frequent AE (cohort A): [18,25,26]
P N=7 Cohort B: 10 mg/kg IV vs. placebo TG: 81.8% headache (11% vs. 0% placebo),
Cohort C: Cohort C: 250 mg SC or 20 mg/kg IV vs. VLDL-C: 82.2% upper respiratory tract infection (6.5% vs. 4.0%
LPL pathway sequence variations, placebo Cohort C placebo), increased alanine aminotransferase
TG > 1000 mg/dL TG: 0.9 to 93.2%, (11.3% vs. 0% placebo), increased aspartate
N=9 VLDL-C: 64.9% (IV 20 mg/kg), aminotransferase (4.8% vs. 0% placebo)
37.8% (SC 250 mg)
Max reduction at IV 20 mg/kg Q4W TEAEs
HIG: Multiple doses: o TG: 88.2% (day 2)(Cl ) SC: 51.6‘;A; vs. 42.9%1pla;ebo
: SC: 150, 300, 450 mg QW or 300, 450 mg non-HDL: 45.8% (day 36 IV: 85.7% vs. 50% placebo
g;fie llete 4 NCTo2107872 ;fgLTDGfgiO;gg{f L/ dL 183days QW apoB: 30.7% (day 57) Common AE: [26]
P N=56 = 8 IV: 20 mg/kg Q4W up to day 56 vs. LDL-C: 25.1% (day 57) SC: nausea (13% vs. 0% placebo)
placebo total cholesterol: IV: headache (42.9% vs. 0% placebo);
33.8% (day 57) No SAE
Max reduction (week 4):
Phase 2 HoFH Two doses: LDL_I?]SA{QS[ gft 2% ITEAES: (11%), myalgia (11%)
ase 0. non- -C: %o njection-site reactions (11%), myalgia (11%),
Completed NCT02265952 N=9 26 weeks 250 Ln;g SConday land 15 mg/kgIVon - 1m0/ hot flush (11%), epistaxis (11%); [27,28]
wee apo B: 46 + 18% No SAE
HDL-C: 36 & 16%
Max reduction, 15 mg/kg (IV) Q4W
o o s Gk
Cohorts: TG: 63.1% SC: 52.8% vs. 25.0% placebo
I: single dose of 300 mg (SC) noﬁ—Hij- 44.0% 1V: 41.7% vs. 50% placebo
Phase 1 NCT03146416 Healthy Japanese and Caucasian 24 weeks II: 300 mg (SC) QW for eight doses HDL: 23 8'% i Common TEAEs: 4]
Completed N =96 III: 5 mg/kg (IV) et nausea, fatigue, nasopharyngitis, upper

IV: 15 mg/kg (IV) Q4W for two doses
vs. placebo

total cholesterol: 40.2%
apoB: 37.4%

apoA-I: 33.5%
apoC-III: 77.1%

Lp(a): 22.2%

respiratory infection, rhinitis, back pain,
headache, tension headache;
No SAE
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Table 1. Cont.

Clinical

NCT Identification

Phase/Status ~ Number Population/N Duration Dose/Treatment Arms Key Results Safety Ref.
sC
AE: 68-82% vs. 54% placebo;
urinary tract infection (11% vs. 8%),
injection-site erythema (6% vs. 3%), arthralgia
. SC: (5% vs. 3%), myalgia (5% vs. 0%)
Hypercholesterolemia: HeFH or .5 Qo o
Phased non-HeFH with ASCVD if%&ng%;v%)ng %‘C]e,bO' LDL-C reduction: %‘;E' 5-8% vs. 8%
NCT03175367 ASCVD: LDL-C > 70 mg/dL or 16 weeks ; g P ' SC: 38.5% to 56.0%, ) N , ) [5]
Completed non-ASCVD: LDL-C > 100 me/dL Iv: V- 24.2% to 50.5% AE: 75-84% vs. 70% placebo;
N=27 . = g 15 mg/kg Q4W or 5 mg/kg Q4W e : abdominal pain (6% vs. 0%), back pain (7% vs.
vs. placebo 6%),
dizziness (7% vs. 0%), fatigue (7% vs. 6%),
pain in an arm or leg (7% vs. 6%), nausea
(7% vs. 0%), and nasopharyngitis (12% vs. 6%);
SAE: 6-16% vs. 3%
sHTG,
Ehase 2 NCT03452228 TG values > 500 mg/dL (56 24 weeks Evinacumab IV vs. placebo NA NA
ompleted mmol/L)
N =52
Reduction:
LDL-C: 47.1%,
total cholesterol: 47.4%,
HoFH . non-HDL: 49.7%, ro o
chase3 o NCT03399786 LDLC > 70mg/dL (L8 mmol/L) ~ 24wecks ~ LynacumabIVIsmg/kg QawWvs. HDL: 29.6%, AF:00% vs. 817 placebo, 3]
P N=65 P TG: 55.0%, o/ vs-Up
apoB: 41.4%,
apoC-III: 84.1%
Lp(a): 5.5%
Decrease:
HoFH LDL-C: 59 £ 2%,
Kinetics test NCT04722068 N=4 8 weeks Evinacumab IV 15 mg/kg Increase: NA [29]
IDL-ApoB: 616 £ 504%,
LDL-ApoB: 113 + 14%,
Phase 3 HoFH,
Ongoi NCT03409744 adolescent subjects (>12 years) 192 weeks Evinacumab IV Study completion date: January 2023 [23]
ngoing N=116
HoFH .
. . Part A: single IV dose;
ghase. 3 NCT04233918 pediatric subjects (5-11 years), 24 weeks Part B: IV §ose Q4W until week 20; Study completion date: May 2023 [23]
ngoing LDL-C > 130 mg/dL P )
art C: IV dose Q4W
N =20
sHTG,
Phase 2 adult subjects (18-80 years)
Ongoin NCT04863014 TG > 880 mg/dL (10 mmol/L) or 52 weeks IV Q4W vs. placebo Study completion date: February 2023 [23]
gomg >500 mg/dL (5.6 mmol/L);
N=21

ASCVD, atherosclerotic cardiovascular; AE, adverse event; CVD, cardiovascular disease; HoFH, homozygous familial hypercholesterolemia; HTG, Hypertriglyceridemia; IV, intravenous;
LPL, lipoprotein lipase; NA, no data are available; SAE, serious adverse event; SC, subcutaneous; sHTG, severe hypertriglyceridemia disease; QXW, once every X weeks; TEAEs,

treatment-emergent adverse events.
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A phase 2, double-blind clinical trial NCT04863014 started on July 2021, and the
estimated study completion date is February 2023. The study enrolled 21 adult participants
with severe hypertriglyceridemia and will assess the efficacy and safety of evinacumab for
the prevention of recurrent acute pancreatitis [32].

A phase 3, open-label clinical trial (NCT04233918) with 20 pediatric participants
(5-11 years) with HoFH aims to evaluate the efficacy and safety of evinacumab. The esti-
mated completion date is May 2023 [34]. A phase 3, open-label clinical trial (NCT03409744)
enrolled 116 adolescent participants (>12 years) with HoFH. The aim of the study is to
evaluate the long-term safety and efficacy of evinacumab. Initial results are expected in
January 2023 [30]. Completed and ongoing clinical trials with evinacumab are summarized
in Table 1.

5. Perspectives of Evinacumab in Clinical Lipidology

Guidelines of the Polish Lipid Association (PoLA) from 2021 regarding lipid-lowering
treatment place evinacumab in the group of drugs supporting the therapy of familial
hypercholesterolaemia [35]. In the guidelines of the European Society of Cardiology (ESC)
and the European Atherosclerotic Society (EAS) from 2019 regarding the management of
dyslipidemias, evinacumab is characterized in the context of new approaches to reduce
triglyceride-rich lipoproteins and their remnants [36]. There are currently no official
recommendations regarding evinacumab and its place in the treatment of lipid disorders.

Evinacumab may be of great help in lowering LDL-C levels in patients with HoFH in
whom the available treatment (statins, ezetimibe, PCSK9 inhibitors) did not achieve the
therapeutic goal [37]. Experts have also indicated that evinacumab may be an important
drug in the context of the reduction of triglycerides associated with ASCVD residual risk,
especially in patients with diabetes [38].

The future of evinacumab seems to be slightly different from that of other drugs in-
tended for severe hypercholesterolemia, such as PCSK9 inhibitors (alirocumab, evolocumab)
and inclisiran. These examples do not relate to hypertriglyceridemia. However, new clinical
trials are needed to expand our experience of combining evinacumab with ezetimibe, be-
mpedoic acid, or even PCSK9 modulators in patients currently treated with LDL apheresis.
The authors of this article pose some open questions about the future of evinacumab: (1) Will
evinacumab be a better choice in the future than the concept of PCSK9 blockade? (2) Will
this change the way we currently treat hypertriglyceridemia? (3) What will be the optimal
algorithm for introducing this drug to the family of old and new hypolipemic therapies?

The approval and availability of evinacumab in the lipid-lowering armamentarium
will undoubtedly constitute significant progress, providing a drug with high efficacy in
not only hypercholesterolaemia but also hypertriglyceridemia. The authors believe that,
in addition to the expected breakthrough therapies in the field of lowering lipoprotein
(a) concentrations, i.e., the intensively studied pelacarsen and olpasiran or SLN360, the entry
into the pharmaceutical armamentarium of evinacumab may become the most important
event of lipoprotein pharmacotherapy in the current decade. An antisense oligonucleotide
(ASO) that reduces ANGPTL3 synthesis in the liver-vupanorsen is also in clinical trials [39].
During the Congress of the European Atherosclerosis Society (EAS) in 2022, a liver-specific
treatment of the target protein ANGPTL4 was also presented [40]. Thus, the system of
proteins ANGPTL3, ANGPTL4, and ANGPTLS is currently a widely studied point of the
pharmacological action of lipid-lowering drugs.

6. Conclusions

The above-mentioned findings from clinical trials (Table 1) and scientific research
proved that evinacumab is effective and safe as an add-on treatment in the management of
HoFH. Evinacumab decreases the level of LDL cholesterol by approximately 50% in individ-
uals with maximally tolerated lipid-lowering therapy, and its mechanism is independent
of residual LDLR activity [3,27]. Moreover, it was indicated that evinacumab might also
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cause plaque regression; [30] however; this finding should be validated in randomized,
placebo-controlled trials in large groups of patients.

Traditional lipid-lowering therapies, such as statins and PCSK9 inhibitors [8,41-43],
which upregulate the LDLR pathway, are ineffective or less effective in individuals with
two null alleles present in HoFH [44]. In contrast, evinacumab lowers LDL-C levels
independent of LDLR activity, so it can be considered a major tool in the armamentarium
of patients with HoFH who failed to achieve their minimal guideline-recommended LDL-C
goals, despite receiving multiple classes of lipid-lowering therapies and LDL apheresis,
or as an alternative for patients who do not tolerate or have no access to apheresis or
lomitapide [45,46].

Unfortunately, access to evinacumab, similar to other newly approved potent lipid-
lowering therapeutics (PCSK9 inhibitors, lomitapide), is commonly restricted by regulatory
approval and high cost [47,48].

Although evinacumab is approved for use by the FDA and EMA, the long-term effect
of its action still needs to be studied. Currently, the long-term effect of evinacumab is being
studied in an ongoing clinical trial, and the first results are expected in 2023.

Author Contributions: Conceptualization, M.B.; writing—original draft preparation, B.S., W.A. and
S.S.; writing—review and editing, M.B. and R.S.R.; visualization, S.S.; supervision, M.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: B.S., W.A., S.5.—no conflict of interest; R.S.R.—receives research grants to his
institution from Amgen, Arrowhead, Eli Lilly, Novartis, and Regeneron; consulting fees from Amgen,
Arrowhead, CRISPR Therapeutics, Eli Lilly, Precision BioSciences, Regeneron, and Ultragenyx; and
royalties from Wolters Kluwer (UpToDate) and has stock holdings in MediMergent, LLC; M.B.—
speakers bureau: Amgen, Herbapol, Kogen, KRKA, Polpharma, Mylan/ Viatris, Novartis, Novo-
Nordisk, Sanofi-Aventis, Teva, and Zentiva; consultant to Abbott Vascular, Amgen, Daichii Sankyo,
Esperion, Freia Pharmaceuticals, NewAmsterdam, Novartis, Polfarmex, and Sanofi-Aventis; grants
from Amgen, Mylan/ Viatris, Sanofi, and Valeant; and CMO at the Nomi Biotech Corporation.

References

1.  Rosenson, R.S. Existing and emerging therapies for the treatment of familial hypercholesterolemia. J. Lipid Res. 2021, 62, 100060.
[CrossRef] [PubMed]

2. Cuchel, M,; Bruckert, E.; Ginsberg, H.N.; Raal, FEJ.; Santos, R.D.; Hegele, R.A.; Kuivenhoven, J.A.; Nordestgaard, B.G.;
Descamps, O.S.; Steinhagen-Thiessen, E.; et al. Homozygous familial hypercholesterolaemia: New insights and guidance
for clinicians to improve detection and clinical management. A position paper from the Consensus Panel on Familial Hyperc-
holesterolaemia of the European Atherosclerosis Society. Eur. Heart |. 2014, 35, 2146-2157. [CrossRef] [PubMed]

3. Raal, FJ.; Rosenson, R.S.; Reeskamp, L.F; Hovingh, G.K.; Kastelein, J.].P; Rubba, P; Ali, S.; Banerjee, P.; Chan, K.C,;
Gipe, D.A; et al. Evinacumab for Homozygous Familial Hypercholesterolemia. N. Engl. . Med. 2020, 383, 711-720. [CrossRef]
[PubMed]

4.  Harada-Shiba, M.; Ali, S.; Gipe, D.A.; Gasparino, E.; Son, V.; Zhang, Y.; Pordy, R.; Catapano, A.L. A randomized study
investigating the safety, tolerability, and pharmacokinetics of evinacumab, an ANGPTL3 inhibitor, in healthy Japanese and
Caucasian subjects. Atherosclerosis 2020, 314, 33-40. [CrossRef] [PubMed]

5. Rosenson, R.S.; Burgess, L.J.; Ebenbichler, C.E; Baum, S.J.; Stroes, E.S.G.; Ali, S.; Khilla, N.; Hamlin, R.; Pordy, R.; Dong, Y.; et al.
Evinacumab in Patients with Refractory Hypercholesterolemia. N. Engl. |. Med. 2020, 383, 2307-2319. [CrossRef] [PubMed]

6. Dijk, W,; Kersten, S. Regulation of lipid metabolism by angiopoietin-like proteins. Curr. Opin. Lipidol. 2016, 27, 249-256. [CrossRef]

7. Abu-Farha, M.; Ghosh, A.; Al-Khairi, I.; Madiraju, S.R.M.; Abubaker, J.; Prentki, M. The multi-faces of Angptl8 in health and
disease: Novel functions beyond lipoprotein lipase modulation. Prog. Lipid Res. 2020, 80, 101067. [CrossRef]

8.  Solnica, B.; Sygitowicz, G.; Sitkiewicz, D.; Cybulska, B.; J6zwiak, J.; Odrowaz-Sypniewska, G.; Banach, M. 2020 Guidelines of

the Polish Society of Laboratory Diagnostics (PSLD) and the Polish Lipid Association (PoLA) on laboratory diagnostics of lipid
metabolism disorders. Arch. Med. Sci. 2020, 16, 237-252. [CrossRef]


http://doi.org/10.1016/j.jlr.2021.100060
http://www.ncbi.nlm.nih.gov/pubmed/33716107
http://doi.org/10.1093/eurheartj/ehu274
http://www.ncbi.nlm.nih.gov/pubmed/25053660
http://doi.org/10.1056/NEJMoa2004215
http://www.ncbi.nlm.nih.gov/pubmed/32813947
http://doi.org/10.1016/j.atherosclerosis.2020.10.013
http://www.ncbi.nlm.nih.gov/pubmed/33130482
http://doi.org/10.1056/NEJMoa2031049
http://www.ncbi.nlm.nih.gov/pubmed/33196153
http://doi.org/10.1097/MOL.0000000000000290
http://doi.org/10.1016/j.plipres.2020.101067
http://doi.org/10.5114/aoms.2020.93253

J. Clin. Med. 2023, 12, 168 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

Li,J; Li, L.; Guo, D,; Li, S.; Zeng, Y.; Liu, C.; Fu, R,; Huang, M.; Xie, W. Triglyceride metabolism and angiopoietin-like proteins in
lipoprotein lipase regulation. Clin. Chim. Acta 2020, 503, 19-34. [CrossRef]

Morelli, M.B.; Chavez, C.; Santulli, G. Angiopoietin-like proteins as therapeutic targets for cardiovascular disease: Focus on lipid
disorders. Expert Opin. Ther. Targets 2020, 24, 79-88. [CrossRef]

Zhang, R. The ANGPTL3-4-8 model, a molecular mechanism for triglyceride trafficking. Open Biol. 2016, 6, 150272. [CrossRef]
[PubMed]

Stitziel, N.O.; Khera, A.V.; Wang, X.; Bierhals, A J.; Vourakis, A.C.; Sperry, A.E.; Natarajan, P; Klarin, D.; Emdin, C.A.; Zekavat,
S.M.; et al. ANGPTL3 Deficiency and Protection Against Coronary Artery Disease. J. Am. Coll. Cardiol. 2017, 69, 2054-2063.
[CrossRef] [PubMed]

Surma, S.; Romanczyk, M.; Filipiak, K.J. Angiopoietin-like proteins inhibitors: New horizons in the treatment of atherogenic
dyslipidemia and familial hypercholesterolemia. Cardiol. J. 2021. [CrossRef] [PubMed]

Surma, S.; Romariczyk, M.; Filipiak, K.J. Evinacumab—The new kid on the block. Is it important for cardiovascular prevention?
Int. |. Cardiol. Cardiovasc. Risk Prev. 2021, 11, 200107. [CrossRef] [PubMed]

Surma, S.; Romanczyk, M; Filipiak, K.J. Evinacumab—An ANGPTL3 inhibitor; a new drug in the treatment of lipid disorders.
Review on the literature and clinical studies. Folia Cardiol. 2021, 16, 30-39. [CrossRef]

Khetarpal, S.A.; Vitali, C.; Levin, M.G.; Klarin, D.; Park, J.; Pampana, A.; Millar, J.S.; Kuwano, T.; Sugasini, D.; Subbaiah, P.V,; et al.
Endothelial lipase mediates efficient lipolysis of triglyceride-rich lipoproteins. PLoS Genet. 2021, 17, €1009802. [CrossRef]
[PubMed]

Sun, T.; Zhan, W.; Wei, L.; Xu, Z.; Fan, L.; Zhuo, Y.; Wang, C.; Zhang, J. Circulating ANGPTL3 and ANGPTL4 levels predict
coronary artery atherosclerosis severity. Lipids Health Dis. 2021, 20, 154. [CrossRef]

Dewey, EE.; Gusarova, V.; Dunbar, R.L.; O’Dushlaine, C.; Schurmann, C.; Gottesman, O.; McCarthy, S.; Van Hout, C.V.; Bruse, S.;
Dansky, H.M.; et al. Genetic and Pharmacologic Inactivation of ANGPTL3 and Cardiovascular Disease. N. Engl. . Med. 2017,
377,211-221. [CrossRef]

Stitziel, N.O.; Stirrups, K.E.; Masca, N.G.; Erdmann, J.; Ferrario, P.G.; Konig, I.R.; Weeke, PE.; Webb, T.R.; Auer, P.L;
Schick, U.M.; et al. Coding Variation in ANGPTL4, LPL, and SVEP1 and the Risk of Coronary Disease. N. Engl. |. Med. 2016, 374,
1134-1144.

Gusarova, V.; O'Dushlaine, C.; Teslovich, T.M.; Benotti, PN.; Mirshahi, T.; Gottesman, O.; Van Hout, C.V.; Murray, M.E; Mahajan,
A.; Nielsen, J.B.; et al. Genetic inactivation of ANGPTL4 improves glucose homeostasis and is associated with reduced risk of
diabetes. Nat. Commun. 2018, 9, 2252. [CrossRef]

Klarin, D.; Damrauer, S.M.; Cho, K,; Sun, Y.V,; Teslovich, T.M.; Honerlaw, J.; Gagnon, D.R.; DuVall, S.L.; Li, ].; Peloso, G.M.; et al.
Genetics of blood lipids among ~300,000 multi-ethnic participants of the Million Veteran Program. Nat. Genet. 2018, 50, 1514-1523.
[CrossRef] [PubMed]

Evkeeza. EMA /250315/2021, 22 April 2021, Assesment Report. Procedure No. EMEA /H/C/005449/000. Available online: https:
/ /www.ema.europa.eu/en/documents/assessment-report/evkeeza-h-c-5449-0000-epar-assessment-report_en.pdf. (accessed on
20 October 2022).

Evkeeza. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/evkeeza (accessed on 31 October 2022).
Gusarova, V.; Banfi, S.; Alexa-Braun, C.A.; Shihanian, L.M.; Mintah, L].; Lee, J.S.; Xin, Y.; Su, Q.; Kamat, V.; Cohen, J.C.; et al.
ANGPTLS Blockade With a Monoclonal Antibody Promotes Triglyceride Clearance, Energy Expenditure, and Weight Loss in
Mice. Endocrinology 2017, 158, 1252-1259. [CrossRef] [PubMed]

Ahmad, Z.; Pordy, R.; Rader, D.J.; Gaudet, D.; Ali, S.; Gonzaga-Jauregui, C.; Ponda, M.P.; Shumel, B.; Banerjee, P.; Dunbar, R.L.
Inhibition of Angiopoietin-Like Protein 3 With Evinacumab in Subjects With High and Severe Hypertriglyceridemia. . Am. Coll.
Cardiol. 2021, 78, 193-195. [CrossRef] [PubMed]

Ahmad, Z.; Banerjee, P.; Hamon, S.; Chan, K.C.; Bouzelmat, A.; Sasiela, W.]J.; Pordy, R.; Mellis, S.; Dansky, H.; Gipe, D.A.; et al.
Inhibition of Angiopoietin-Like Protein 3 With a Monoclonal Antibody Reduces Triglycerides in Hypertriglyceridemia. Circulation
2021, 140, 470-486, Erratum in Circulation 2021, 143, €799. [CrossRef]

Gaudet, D.; Gipe, D.A,; Pordy, R.; Ahmad, Z.; Cuchel, M.; Shah, PK.; Chyu, K.Y,; Sasiela, W.J.; Chan, K.C.; Brisson, D.; et al.
ANGPTL3 Inhibition in Homozygous Familial Hypercholesterolemia. N. Engl. J. Med. 2017, 377, 296-297. [CrossRef]

Banerjee, P.; Chan, K.C.; Tarabocchia, M.; Benito-Vicente, A.; Alves, A.C.; Uribe, K.B.; Bourbon, M.; Skiba, PJ.; Pordy, R,;
Gipe, D.A; et al. 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. Arterioscler.
Thromb. Vasc. Biol. 2019, 39, 2248-2260. [CrossRef]

Reeskamp, L.F,; Millar, ].S.; Wu, L.; Jansen, H.; van Harskamp, D.; Schierbeek, H.; Gipe, D.A.; Rader, D.].; Dallinga-Thie, G.M.;
Hovingh, G.K; et al. ANGPTL3 Inhibition With Evinacumab Results in Faster Clearance of IDL and LDL apoB in Patients With
Homozygous Familial Hypercholesterolemia-Brief Report. Arterioscler. Thromb. Vasc. Biol. 2021, 41, 1753-1759. [CrossRef]
Reeskamp, L.F.; Nurmohamed, N.S.; Bom, M.].; Planken, R.N.; Driessen, R.S.; van Diemen, P.A.; Luirink, LK.; Groothoff, JW.,;
Kuipers, LM.; Knaapen, P; et al. Marked plaque regression in homozygous familial hypercholesterolemia. Atherosclerosis 2021,
327,13-17. [CrossRef]

Jin, M.; Meng, F; Yang, W.; Liang, L.; Wang, H.; Fu, Z. Efficacy and Safety of Evinacumab for the Treatment of Hypercholes-
terolemia: A Meta-Analysis. J. Cardiovasc. Pharmacol. 2021, 78, 394-402. [CrossRef]


http://doi.org/10.1016/j.cca.2019.12.029
http://doi.org/10.1080/14728222.2020.1707806
http://doi.org/10.1098/rsob.150272
http://www.ncbi.nlm.nih.gov/pubmed/27053679
http://doi.org/10.1016/j.jacc.2017.02.030
http://www.ncbi.nlm.nih.gov/pubmed/28385496
http://doi.org/10.5603/CJ.a2021.0006
http://www.ncbi.nlm.nih.gov/pubmed/33470417
http://doi.org/10.1016/j.ijcrp.2021.200107
http://www.ncbi.nlm.nih.gov/pubmed/34988554
http://doi.org/10.5603/FC.2021.0005
http://doi.org/10.1371/journal.pgen.1009802
http://www.ncbi.nlm.nih.gov/pubmed/34543263
http://doi.org/10.1186/s12944-021-01580-z
http://doi.org/10.1056/NEJMoa1612790
http://doi.org/10.1038/s41467-018-04611-z
http://doi.org/10.1038/s41588-018-0222-9
http://www.ncbi.nlm.nih.gov/pubmed/30275531
https://www.ema.europa.eu/en/documents/assessment-report/evkeeza-h-c-5449-0000-epar-assessment-report_en.pdf.
https://www.ema.europa.eu/en/documents/assessment-report/evkeeza-h-c-5449-0000-epar-assessment-report_en.pdf.
https://www.ema.europa.eu/en/medicines/human/EPAR/evkeeza
http://doi.org/10.1210/en.2016-1894
http://www.ncbi.nlm.nih.gov/pubmed/28204173
http://doi.org/10.1016/j.jacc.2021.04.091
http://www.ncbi.nlm.nih.gov/pubmed/34238441
http://doi.org/10.1161/CIRCULATIONAHA.118.039107
http://doi.org/10.1056/NEJMc1705994
http://doi.org/10.1161/ATVBAHA.119.313051
http://doi.org/10.1161/ATVBAHA.120.315204
http://doi.org/10.1016/j.atherosclerosis.2021.04.014
http://doi.org/10.1097/FJC.0000000000001073

J. Clin. Med. 2023, 12, 168 13 of 13

32.
33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

NCT04863014. Available online: https:/ /www.clinicaltrials.gov/ct2/show /NCT04863014 (accessed on 24 October 2022).
NCT03409744. Available online: https:/ /www.clinicaltrials.gov/ct2/show /NCT03409744 (accessed on 24 October 2022).
NCT04233918. Available online: https:/ /www.clinicaltrials.gov/ct2/show /NCT04233918 (accessed on 24 October 2022).
Banach, M.; Burchardt, P.; Chlebus, K.; Dobrowolski, P.; Dudek, D.; Dyrbus, K.; Gasior, M.; Jankowski, P.; J6zwiak, J.; Klosiewicz-
Latoszek, L.; et al. PoLA /CFPiP/PCS/PSLD/PSD/PSH guidelines on diagnosis and therapy of lipid disorders in Poland 2021.
Arch. Med. Sci. 2021, 17, 1447-1547. [CrossRef]

Mach, E; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.].; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular
risk. Atherosclerosis 2019, 290, 140-205. [CrossRef] [PubMed]

Pirillo, A.; Catapano, A.L. Evinacumab: A new option in the treatment of homozygous familial hypercholesterolemia. Expert
Opin. Biol. Ther. 2022, 22, 813-820. [CrossRef]

Banach, M.; Surma, S.; Reiner, Z.; Katsiki, N.; Penson, P.E.; Fras, Z.; Sahebkar, A.; Paneni, F.; Rizzo, M.; Kastelein, J. Personalized
Management of Dyslipidemias in Patients with Diabetes—It Is Time for a New Approach (2022). Cardiovasc. Diabetol. 2022,
21, 263. [CrossRef] [PubMed]

Surma, S.; Romanczyk, M.; Filipiak, K.J. Evinacumab—A new drug in the treatment of severe lipid disorders. Up-to-date review
of the literature and clinical studies. Kardiol. Inwaz. 2022, 17, 8-18.

Deng, M.; Kutrolli, E.; Sadewasser, A.; Michel, S.; Joibari, M.M.; Jaschinski, F.; Olivecrona, G.; Nilsson, S.K.; Kersten, S. ANGPTL4
silencing via antisense oligonucleotides reduces plasma triglycerides and glucose in mice without causing lymphadenopathy.
J. Lipid Res. 2022, 63, 100237. [CrossRef] [PubMed]

Banach, M.; Lépez-Sendon, J.L.; Averna, M.; Cariou, B.; Loy, M.; Manvelian, G.; Batsu, I.; Poulouin, Y.; Gaudet, D. Treatment
adherence and effect of concurrent statin intensity on the efficacy and safety of alirocumab in a real-life setting: Results from
ODYSSEY APPRISE. Arch. Med. Sci. 2021, 18, 285-292. [CrossRef]

Momtazi-Borojeni, A.A.; Jaafari, M.R.; Afshar, M.; Banach, M.; Sahebkar, A. PCSK9 immunization using nanoliposomes:
Preventive efficacy against hypercholesterolemia and atherosclerosis. Arch. Med. Sci. 2021, 17, 1365-1377. [CrossRef]

Banach, M.; Kazmierczak, J.; Mitkowski, P.; Wita, K.; Broncel, M.; Gasior, M.; Gierlotka, M.; Gil, R.; Jankowski, P;
Niewada, M.; et al. Which patients at risk of cardiovascular disease might benefit the most from inclisiran? Polish experts’
opinion. The compromise between EBM and possibilities in healthcare. Arch. Med. Sci. 2022, 18, 569-576. [CrossRef]

Gupta, S. LDL cholesterol, statins and PCSK 9 inhibitors. Indian Heart J. 2015, 67, 419-424. [CrossRef]

D’Erasmo, L.; Gallo, A.; Cefalu, A.B.; Di Costanzo, A.; Saheb, S.; Giammanco, A.; Averna, M.; Buonaiuto, A.; lannuzzo, G.;
Fortunato, G.; et al. Long-term efficacy of lipoprotein apheresis and lomitapide in the treatment of homozygous familial
hypercholesterolemia (HoFH): A cross-national retrospective survey. Orphanet |. Rare Dis. 2021, 16, 381. [CrossRef]

D’Erasmo, L.; Steward, K.; Cefalt1, A.B.; Di Costanzo, A.; Boersma, E.; Bini, S.; Arca, M.; van Lennep, J.R. Italian and European
Working Group on Lomitapide in HoFH. Efficacy and safety of lomitapide in homozygous familial hypercholesterolaemia: The
pan-European retrospective observational study. Eur. |. Prev. Cardiol. 2022, 29, 832-841, Erratum in Eur. J. Prev. Cardiol. 2022,
29, 1812. [CrossRef] [PubMed]

Kuehn, B.M. Evinacumab Approval Adds a New Option for Homozygous Familial Hypercholesterolemia with a Hefty Price Tag.
Circulation 2021, 143, 2494-2496. [CrossRef] [PubMed]

Kosmas, C.E.; Bousvarou, M.D.; Sourlas, A.; Papakonstantinou, E.J.; Pefia Genao, E.; Echavarria Uceta, R.; Guzman, E.
Angiopoietin-Like Protein 3 (ANGPTL3) Inhibitors in the Management of Refractory Hypercholesterolemia. Clin. Pharma-
col. 2022, 14, 49-59. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.clinicaltrials.gov/ct2/show/NCT04863014
https://www.clinicaltrials.gov/ct2/show/NCT03409744
https://www.clinicaltrials.gov/ct2/show/NCT04233918
http://doi.org/10.5114/aoms/141941
http://doi.org/10.1016/j.atherosclerosis.2019.08.014
http://www.ncbi.nlm.nih.gov/pubmed/31591002
http://doi.org/10.1080/14712598.2022.2090242
http://doi.org/10.1186/s12933-022-01684-5
http://www.ncbi.nlm.nih.gov/pubmed/36443827
http://doi.org/10.1016/j.jlr.2022.100237
http://www.ncbi.nlm.nih.gov/pubmed/35667416
http://doi.org/10.5114/aoms/143476
http://doi.org/10.5114/aoms/133885
http://doi.org/10.5114/aoms/147435
http://doi.org/10.1016/j.ihj.2015.05.020
http://doi.org/10.1186/s13023-021-01999-8
http://doi.org/10.1093/eurjpc/zwab229
http://www.ncbi.nlm.nih.gov/pubmed/34971394
http://doi.org/10.1161/CIRCULATIONAHA.121.055463
http://www.ncbi.nlm.nih.gov/pubmed/34152800
http://doi.org/10.2147/CPAA.S345072
http://www.ncbi.nlm.nih.gov/pubmed/35873366

	Homozygous Familial Hypercholesterolemia 
	ANGPTL3, 4, and 8 Protein System-Characteristics and Role in Lipid Metabolism 
	ANGPTL3, 4, and 8 as Biomarkers of Cardiovascular Risk 
	Evinacumab-Structure and the Mechanism of Action 
	Perspectives of Evinacumab in Clinical Lipidology 
	Conclusions 
	References

