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Abstract: Cardiovascular disease (CVD) is the most common cause of death in a global scale and significantly depends on the
elevated plasma levels of low-density lipoprotein cholesterol (LDL-C) and the subsequent formation of atherosclerotic plaques. While
physicians have several LDL-C-lowering agents with diverse mechanisms of action, including statins, ezetimibe, proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors and inclisiran, angiopoietin-like protein 3 (ANGPTL3) inhibitors have recently emerged as
a powerful addition in the armamentarium of lipid-lowering strategies, especially for patients with refractory hypercholesterolemia, as
in the case of patients with homozygous familial hypercholesterolemia (HoFH). ANGPTL3 protein is a glycoprotein secreted by liver
cells that is implicated in the metabolism of lipids along with other ANGPTL proteins. These proteins inhibit lipoprotein lipase (LPL)
and endothelial lipase (EL) in tissues. Loss-of-function mutations affecting the gene encoding ANGPTL3 are linked with lower total
cholesterol, LDL-C, and triglyceride (TG) levels. Evinacumab is a monoclonal antibody that targets, binds to, and pharmacologically
inhibits ANGPTL3, which was recently approved by the United States Food and Drug Administration (FDA) as a complementary
agent to other LDL-C lowering regimens for patients aged 12 or older with HoFH, based on clinical trial evidence that confirmed its
safety and efficacy in those patients. Antisense oligonucleotides (ASOs) also represent an interesting class of agents that target and
inhibit the mRNA derived from the transcription of ANGPTL3 gene. This review aims to present and discuss the current clinical and
scientific data pertaining to the role of ANGPTL3 inhibitors, a novel lipid-modifying class of agents capable of reducing LDL-C levels
via a mechanism independent of LDL receptors.
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Introduction

The modern human society has been making an ongoing, undeniable progress in the course of the past decades, regarding
optimization of the quality of life and ultimately longevity. Nonetheless, the leading cause of death in a global scale
seems to be a rather common, plausibly preventable and manageable medical condition: cardiovascular disease (CVD).
According to the WHO, about 17.9 million people departed this life due to cardiovascular events in 2019, representing
32% of global deaths, among which 85% were attributable to heart attack and stroke. CVD prevalence is high in the
United States, Central Europe, North Africa, and the Middle East. CVD is expected to account for over 22.2 million
deaths by 2030."* Heart attack, stroke and peripheral vascular disease constitute the three main clinical manifestations of
atherosclerotic cardiovascular disease (ASCVD). Atherosclerosis is an immunoinflammatory vascular condition in which
lipid plaques form in the vessel walls; when unstable, these plaques may rupture with ensuing superimposed thrombosis,
thus leading to CVD.® The plasma levels of low-density lipoprotein cholesterol (LDL-C) are a well-established
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independent factor in the pathogenesis of atherosclerotic plaques. The lower the levels of LDL-C, preferably below
100 mg/dl from a young age, the lower the risk of CVD.*?

Familial hypercholesterolemia (FH) is an inherited autosomal dominant disease, linked to remarkably high plasma
levels of LDL-C due to its impaired catabolism. The condition is mainly attributed to gene mutations affecting the quality
or quantity of LDL receptors (LDLR). More infrequent reported genetic determinants include Apolipoprotein B100
(ApoB100), proprotein convertase subtilisin/kexin type 9 (PCSK9) gain-of-function mutations, and LDL receptor adaptor
protein 1 (LDLRAP1), as well as other gene mutations with very low prevalence that generate an FH phenotype. If not
managed properly, the formation rate of lipid plaques increases and subsequently there is an excessive risk of premature
CVD and death. Heterozygous FH (HeFH) has a prevalence of approximately 1:300, whereas the prevalence of
homozygous FH (HoFH) is estimated to be 1:300.000.° Levels of LDL-C in patients with HeFH tend to fluctuate
between 190 and 500 mg/dl when untreated. Respectively, patients with HoFH have untreated LDL-C levels above
500 mg/dl.”

Besides FH, other clinical entities, namely polygenic hypercholesterolemia and familial combined hyperlipidemia,
could lead to refractory hypercholesterolemia, defined as an LDL-C level of >70 mg/dl with ASCVD or >100 mg/dl
without ASCVD, despite background lipid-lowering therapy at maximum tolerated doses.” Familial combined hyperli-
pidemia (FCHL) is the most common form of dyslipidemia with an estimated prevalence of 1:100. Some of its features
are hypercholesterolemia, hypertriglyceridemia or a combination of both high LDL-C and triglyceride levels. FCHL is
a polygenic disorder with defects in multiple metabolic genetic loci, such as the lipoprotein lipase (LPL) gene and loci
implicated in the clearance of LDL particles.®

Traditionally, statins are first-line agents for the management of hypercholesterolemia. Their mechanism of action
involves competitive inhibition of 3-hydroxy-3 methylglutaryl-coenzyme A (HMG-CoA) reductase, an enzyme partici-
pating in the mevalonate pathway which converts HMG-CoA into mevalonic acid, a cholesterol precursor. Thence, the
reduction of intrahepatic cholesterol synthesis leads to upregulation of LDLR, consequently leading to increased
cholesterol uptake by the hepatocytes and lower plasma LDL-C levels.” Ezetimibe is a second-line agent, reducing the
absorption of cholesterol by the gastrointestinal tract via inhibition of the Niemann-Pick Cl-like 1 (NPCIL1) protein.'’
PCSKD9 inhibitors is a new class of agents that is also a valuable addition to lipid-lowering therapy, blocking the
lysosomal degradation of LDLR. When added to statin therapy, PCSK9 inhibitors cause LDL-C levels to plummet down
by 60%.”'" Furthermore, PCSK9 inhibitors have a favorable side effect profile and the adherence to treatment with
PCSK9 inhibitors appears to be excellent.'>'* Many patients with severe hyperlipidemia have already benefited from this
powerful LDL-C reduction, such as those with FH. In addition, inclisiran, a small interfering RNA (siRNA) molecule
that increases the number of LDLR in the hepatocyte membranes by halting the transcription of PCSK9, is another
promising LDL-C-lowering agent, which has been very recently approved by the European Medicines Agency (EMA)
and the United States Food and Drug Administration (FDA) for the treatment of patients with HeFH or clinical ASCVD
who require additional lowering of LDL-C. Inclisiran has been shown to cause significant LDL-C reductions, although its
impact on clinical outcomes has not yet been definitely ascertained.'*'® However, given its very infrequent, 6-monthly
dosing intervals, inclisiran is also expected to have an excellent patient adherence profile.'”

Notwithstanding, standard high-intensity lipid-lowering therapies, such as statins, ezetimibe or PCSK9 inhibitors,
might still fail to achieve target LDL-C plasma levels in patients with extremely high baseline LDL-C levels, such as
those with FH, especially HoFH. Thus, extensive research is being conducted for the identification of novel agents that
would be beneficial for patients who cannot respond desirably to maximally tolerated doses of the current lipid-lowering
therapy.

This review aims to present and discuss the current clinical and scientific data pertaining to the role of angiopoietin-
like protein 3 (ANGPTL3) inhibitors, a novel lipid-modifying class of agents capable of reducing LDL-C levels via
a mechanism independent of LDLR.

Angiopoietin-Like Protein 3 (ANGPTL3)
Before shedding light on ANGPTL3 inhibitors, a brief reference to ANGPTL3 protein structure, function and clinical
correlations ought to be made.
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Angiopoietin-like proteins (ANGPTL) compose a family of secreted glycoproteins (ANGPTL1-8) with high homol-
ogy to angiopoietins, which are implicated in the physiology of angiogenesis. In particular, the ANGPTL3-4-8 model is
characterized by high sequence homology and is implicated in the inhibition of LPL and endothelial lipase (EL) in
various tissues; ANGPTL3 requires to be bound with ANGPTLS in order for its function to be enhanced, though not
necessarily for the inhibition of EL. ANGPTLS3 is a 70 kDA, 460-amino acid secreted glycoprotein expressed in the liver
during embryonic and adult stage. A coiled-coil structure between N-terminal and C-terminal domain is required for the
protein’s main function, which is cleavage and inhibition of LPL and EL activity. Genome-wide association studies
(GWAS) have identified single-nucleotide polymorphisms (SNPs) near the locus of ANGPTL3 with strong effects on
lipid metabolism, thus confirming the vital role of ANGPTL3 in lipid metabolism.'”2° The final structure and function of
the glycoprotein is largely regulated by liver X receptors (LXR), as well as by a post-translational modulator named
GALNT2.""?"' LPL is located on the luminal side of the vascular endothelium, whereas EL is a secreted glycoprotein that
is active at the vascular endothelial surface. These enzymes catalyze the hydrolysis of triglycerides (TG) in chylomicrons
(CM), very low-density lipoproteins (VLDL) and, in the case of EL, phospholipids.*?

Mutations located in the gene encoding ANGPTL3 alter its function and, consequently, a large aspect of the lipid
metabolism pathway. Dewey et al sequenced the exons of ANGPTL3 in 58,335 participants in the DiscovEHR human
genetics study and identified 13 distinct loss-of-function variants in ANGPTL3. The condition caused by ANGPTL3
loss-of-function mutations, namely familial combined hypolipidemia (FCH), is associated with a decreased risk of
coronary artery disease (CAD); in 13,102 patients with CAD and 40,430 controls, the presence of a loss-of-function
variant was associated with a 41% lower risk of coronary artery disease (adjusted OR 0.59, 95% CI 0.41-0.85;
P=0.004).>* Those findings are consistent with the findings of a meta-analysis of 19 studies involving 21,980 patients
with CAD and 158,200 control participants, demonstrating that carriers of an ANGPTL3 loss-of-function mutation
manifested a 34% lower risk of CAD,** along with lower total plasma cholesterol, LDL-C and TG levels, compared with
non-carriers.”> In particular, Dewey et al studied 45,226 individuals with documented serum lipid levels and determined
that carriers of a loss-of-function ANGPTL3 variant had 27% lower TG levels, 9% lower LDL-C levels, and 4% lower
HDL-cholesterol (HDL-C) levels than noncarriers.”> Ruhanen et al*® demonstrated that ANGPTL3 depletion precipitates
alterations on the lipidome of lipoproteins in human subjects. Moreover, mice studies suggest that the low LDL-C levels
in the presence of ANGPTL3 deficiency are attributed to reduced secretion and increased uptake of Apolipoprotein
B (ApoB)-containing lipoproteins®’ Interestingly though, a link between potential ANGPTL3 gain-of-function mutations
and dyslipidemia profile, specifically in FCHL, is yet to be found.*® The aforementioned observations have already laid
the foundations for the development of ANGPTL3 inhibitors.

ANGPTL3 Inhibitors — Evinacumab

As previously mentioned, ANGPTL3 inhibitors constitute novel medications, which inhibit ANGPTL3 activity or its
production from hepatocytes in an attempt to imitate the phenotype of loss-of-function mutations.*’

Evinacumab, available under the trade name Evkeeza'™, is a fully human monoclonal antibody invented by
Regeneron Pharmaceuticals Inc., using VelocImmune technology. VelocImmune relies on genetically engineered,
specifically modified mice with a humanized immune system, so as to produce fully humanized antibodies.>
Evinacumab is an IgG4-kappa antibody characterized by the standard Y morphology. It is composed of two gamma
heavy chains, measuring 453 amino acids each in length, and a pair of kappa light chains with a length of 214 amino
acids each. The heavy chains are interlinked with disulfide bonds at their hinge region.”' When administered subcuta-
neously (SC) or intravenously (IV), evinacumab binds to ANGPTL3, which, as we have mentioned above, prevents LPL
and EL from hydrolyzing lipids. Consequently, pharmacological inhibition of ANGPTL3 by evinacumab preserves the
function of LPL and EL with a subsequent decrement of TG, LDL-C and HDL-C plasma levels independently of LDLR
function. The mechanism of action of evinacumab is shown in Figure 1.

Safety, tolerability and pharmacokinetics of evinacumab were assessed in a randomized, double-blind, placebo-
controlled, Phase 1 clinical trial in 96 healthy Caucasian and Japanese volunteers with LDL-C levels between 100 and
160 mg/dl. Participants were randomly assigned (3:1) in four different cohorts: evinacumab SC 300 mg single dose, SC
300 mg once weekly for eight doses, IV 5 mg/kg, or IV 15 mg/kg once every 4 weeks for two doses. Each cohort
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Figure | Mechanism of action of evinacumab.

comprised 24 participants, 12 Japanese and 12 Caucasian, to receive evinacumab or placebo with a 24-week follow-up.
Evinacumab was found to be well tolerated at all dose regimens, including the highest administered doses of 15 mg/kg
IV every 4 weeks and 300 mg SC in a weekly basis. The safety profile of evinacumab in both ethnicities was similar to
that of placebo with no serious treatment-emergent adverse events or adverse events leading to study discontinuation. In
addition, the pharmacokinetic and pharmacodynamic profiles of evinacumab were similar in both ethnicities across all
dose regimens. Pertaining to pharmacodynamics, evinacumab injections produced significant dose-dependent reductions
in LDL-C, TG and ApoB levels both in Japanese and Caucasian subjects.’”

Several trials have attempted to assess the efficacy of evinacumab in lowering LDL-C plasma levels in cases of severe
and refractory hypercholesterolemia. A single-group, open-label, proof-of-concept, Phase 2 study was carried on nine
adult patients with HoFH on maximum tolerated aggressive lipid-lowering regimens. Evinacumab was administered to
the participants for a total of 4 weeks. At week 4, there was a mean reduction of LDL-C levels by 49+23% with an
absolute decrease from baseline of 157490 mg/dl. In addition, levels of ApoB, non-HDL-C, TG and HDL-C were
reduced by 46+18%, 49+:22%, 47% and 36+16%, respectively.”

A small, recently completed study, enrolled four subjects already participating in the above-mentioned study in order
to assess the catabolic rate of ApoB lipoproteins before and after receiving evinacumab. A stable leucine isotope was
administered and measured in VLDL, intermediate-density lipoprotein (IDL) and LDL before and after the IV admin-
istration of evinacumab 15 mg/kg. Evinacumab lowered LDL-C by 59+2% and increased IDL-ApoB and LDL-ApoB
fractional catabolic rate in all four HoFH subjects, by 616+504% and 113+14%, respectively. VLDL-ApoB production
rate decreased in two of the four subjects.>* Thus, increased clearance rate of ApoB may represent an interesting, worthy
to be further studied mechanism of lowering LDL-C levels when ANGPTL3 is pharmacologically inhibited.

In a double-blind, placebo-controlled, Phase 3 trial, 65 patients with HoFH who were receiving stable maximum
doses of lipid-lowering therapy were randomly assigned in a 2:1 ratio to receive an IV infusion of evinacumab (at a dose
of 15 mg/kg) every 4 weeks or placebo. The mean baseline LDL-C plasma level in both groups was 255.1 mg/dl. At
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week 24, patients receiving evinacumab marked significantly lower LDL-C levels with a mean reduction of 47,1%, in
comparison with an increase of 1.9% in the placebo group, resulting in a between-group least-squares mean difference of
—49.0%. Lower LDL-C levels were observed in the evinacumab group compared to the placebo group, both in patients
with absent or non-functional LDLR (null-null variants) and in those with partially impaired LDLR function (non-null
variants); —43.4% vs +16.2% and —49.1% vs —3.8%, respectively. Similar incidence of adverse events was observed in
both groups.*® From this pool of 65 people, two adolescents with null/null variants, aged 12 (patient A) and 16 years
(patient B), were chosen in order to assess whether evinacumab is capable of causing regression of atherosclerotic
plaques. Coronary computed tomography angiographies (CCTAs), before randomization and after 6 months of treatment
with evinacumab, showed that total plaque volumes were lowered by 76% and 85% in patients A and B, respectively.
Therefore, the study concluded that the formation of atherosclerotic plaques may be a potentially regressive process.”

Rosenson et al carried out a double-blind, placebo-controlled, phase 2 trial across 20 countries. This study enrolled
272 patients with hypercholesterolemia that was refractory to treatment with a PCSK9 inhibitor and a statin at
a maximum tolerated dose, with or without ezetimibe. The screening LDL-C level was 70 mg/dl or higher for patients
with clinical ASCVD and 100 mg/dl or higher for patients without clinical ASCVD. Patients were randomly assigned to
receive SC or IV evinacumab or placebo for 16 weeks. At week 16, the differences in the least-squares mean change from
baseline in the LDL-C level between the groups receiving SC evinacumab and placebo ranged from —38.5% to —56.0%
depending on the received dose regimen. The respective differences between the groups receiving IV evinacumab and
placebo ranged from —24.2% to —50.5% depending on the administered dose. Similar incidence of adverse events was
observed in both groups receiving SC and IV evinacumab, with serious adverse events during the treatment period
ranging from 3% to 16% across trial groups. Evinacumab significantly reduced LDL-C by more than 50% at the
maximum dose.*®

Furthermore, in a meta-analysis of five randomized controlled trials (RCTs) with a total of 568 subjects, treatment
with evinacumab, as compared with placebo, significantly reduced LDL-C, TG, and HDL-C by 33.123%, 50.959%, and
12.773%, respectively (P < 0.0001 for all comparisons). The incidence of at least 1 treatment emergent adverse event was
not significantly different between evinacumab and placebo groups. Thus, the findings of this meta-analysis indicate that
evinacumab may be a valuable therapeutic choice in the management of hypercholesterolemia.®’

As of ongoing trials, an open-label, single-group clinical trial, being conducted at 38 sites across 12 countries, will
assess by January 2023 the long-term safety and efficacy of evinacumab in 116 adult and adolescent patients with
HoFH.*® Last but not least, another currently conducted three-part, single-arm, open-label clinical trial with an estimated
completion in April 2023 will evaluate the efficacy, safety, and pharmacokinetics of evinacumab in 20 pediatric patients
with HoFH.”

Evinacumab is currently approved in the United States since February 11, 2021, as a complementary agent to other
LDL-C lowering regimens for patients aged 12 or older with HoFH.*’

Antisense Oligonucleotides (ASOs)

ANGPTL3-Lg, constitutes an alternative, promising pharmacological agent to treat dyslipidemias. Otherwise known as
vupanorsen, ANGPTL3-Ly, is a second-generation ligand-conjugated antisense oligonucleotide (ASO) targeting the
ANGPTL3 gene mRNA coding sequence in liver cells, ultimately inactivating its translation to ANGPTL3 protein. ASOs
are relatively short molecules of 15-20 nucleotides in length, capable of binding precisely with complementary mRNA
sequences, and act via RNA cleavage or blockage.*'

Several experimental and clinical studies have assessed the role of ANGPTL3-Lg, in dyslipidemia. In 2017, Graham
et al demonstrated that use of ANGPTL3-Ly, in mice effectively lowers levels of liver ANGPTL3 mRNA, ANGPTL3
protein, TG and LDL-C in a dose-dependent manner, along with reductions in hepatic TG content and atherosclerosis
progression. Following this, they properly designed a randomized, double-blind, placebo-controlled, phase 1 clinical trial,
enrolling 44 adult participants with an age ranging from 18 to 65, randomly assigned in a 3:1 ratio to receive
ANGPTL3-Lg, or placebo. The aim of the trial was to assess the safety, possible adverse events, pharmacokinetics
and pharmacodynamics of single and multiple ascending doses of ANGPTL3-Lg,. Findings were consistent with the
preclinical mice trial, as at day 43, ANGPTL3-Lg, reduced the levels of ANGPTL3 protein, TG, LDL-C, ApoB and non-
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HDL-C by up to 84.5%, 63.1%, 32.9%, 25.7%, and 36.6%, respectively, as compared with placebo. With the exception
of headache and dizziness, reported by three participants who received the antisense oligonucleotide and three who
received placebo, no serious adverse events were noted.**

Another randomized, double-blind, placebo-controlled, multicenter, dose-ranging, phase 2 study was conducted,
enrolling 105 patients with elevated fasting plasma TG levels (>150 mg/dl), diabetes mellitus type 2, hepatic steatosis
and a body mass index between 27 and 40 kg/m?. Subjects were randomized in a 3:1 ratio to receive SC vupanorsen or
placebo for 6 months at doses of 40 or 80 mg every 4 weeks or 20 mg every week. The mean reduction of fasting TG
levels from baseline in patients receiving vupanorsen reached a maximum of 53%, with 35-58% of the patients
(depending on the administered dose regimen) achieving normal levels of plasma TGs. ANGPTL3 protein was markedly
reduced by up to 62%. In addition, vupanorsen, as compared with placebo, reduced apolipoprotein C-III, remnant
cholesterol, total cholesterol, non-HDL-C, HDL-C, LDL-C, and ApoB by 58%, 38%, 19%, 18%, 24%, 12%, and 9%,
respectively. The above data indicate that vupanorsen, a second-generation N-acetyl galactosamine (GalNAc;)-modified
ASO targeting hepatic ANGPTL3 mRNA, appears to be capable of decreasing the plasma levels of atherogenic particles
and thus potentially reducing residual cardiovascular risk. Once again, no serious adverse events were reported in this
study besides injection-site pruritus and injection-site erythema.*

Based on the above, and to further evaluate the role of vupanorsen in cardiovascular risk reduction and in severe
hypertriglyceridemia, a phase 2b, multicenter, randomized, double-blind, placebo-controlled, dose-ranging, 8-arm paral-
lel-group study of vupanorsen (TRANSLATE-TIMI 70), which enrolled 286 statin-treated participants with dyslipidemia,
was started on September 28, 2020. Its primary endpoint was the percent change from baseline in non-HDL-C, with
secondary endpoints being reduction of ANGPTL3, LDL-C, ApoB and TG levels at weeks 16 and 24.** Although the
study met its primary endpoint, achieving a statistically significant reduction in non-HDL-C, as well as statistically
significant reductions in TG and ANGPTL3, the magnitude of the reduction of non-HDL-C and TG levels observed did
not encourage the continuation of the study. In addition, a dose-dependent elevation in hepatic fat, as well as in liver
enzymes alanine aminotransferase (ALT) and aspartic aminotransferase (AST) was observed. These events led Pfizer Inc.
and Jonis Pharmaceuticals to discontinue the clinical development program of vupanorsen, as both parties announced on
January 31, 2022, according to Pfizer’s official press release statement.*’

Further clinical studies are indispensable to fully comprehend and determine the potential of ASOs as a therapeutic
strategy for the management of dyslipidemias.

A summary of the results of the main trials discussed in this review is shown in Table 1.

Cost-Effectiveness of Evinacumab

Undeniably, the above discussed clinical and scientific data provide firm evidence that evinacumab would attain
remarkable clinical results in terms of routine pharmacological management of HoFH, should it be widely available.
However, the question arises if that would actually be feasible in the near future, given the nature of the drug pricing
market.

Evinacumab belongs to a class of medications known as orphan drugs, which are defined as drugs used to treat rare
diseases. The term “orphan” rises from prior abandoned or “orphaned” attempts to design such drugs due to inadequate
funding or absence of interest in development. In an effort to incentivize the interest and initiative of the pharmaceutical
companies in developing drugs for rare diseases, the United States Congress passed the Orphan Drug Law Act (ODA) in
1983, which offers several attractive tax credits, a waiver of the Prescription Drug User Fee, and extended market
exclusivity options to participating drug developers. In the US, about 6000-8000 diseases, including HoFH, are classified
as rare, affecting 25 million people. The ODA seems to achieve its purpose, as the number of secondary indication
approvals has more than doubled in proportion since the 1980s, from 19% to 47% in the 2010s.*®

The recent approval of evinacumab renders it the latest addition in the armamentarium of lipid-lowering agents;
however, the expenditures from the patient’s perspective are by no means negligible. Regeneron stated that the annual
wholesale cost of evinacumab will be $450,000 on average, raising serious concerns about its affordability. Given that
HoFH is excessively difficult to be managed with the traditional drugs, this high price could set an obstacle in the
treatment of patients who are most in need of evinacumab (especially those with null-null variants). However, this does
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Table 1 Summary of the Results of the Clinical Studies Pertaining to ANGPTL3 Inhibitors

Trial

Design

Intervention

Results

Harada-Shiba M et al*?

Double-blind, placebo-controlled, phase
I randomized clinical trial involving 96
healthy Caucasian and Japanese

participants

Evinacumab SC or IV, in 4 different
regimens each, versus placebo for
24 weeks.

Similar safety profile of evinacumab and
placebo with no serious adverse effects.
Similar pharmacokinetic and
pharmacodynamic profiles of
evinacumab in both ethnicities across all
dose regimens.
Evinacumab injections produced
significant, dose-dependent reductions
in LDL-C, TG and ApoB levels both in
Japanese and Caucasian subjects.

Gaudet D et al*

Single-group, open-label, proof-of-
concept phase 2 study including 9
patients with HoFH on aggressive lipid-

lowering regimens

Evinacumab for 4 weeks.

At week 4, a mean reduction of LDL-C

levels by 49+23%, with an absolute
decrease from baseline of 157+90 mg/dlI.
At week 4, evinacumab reduced ApoB,
non-HDL-C, TG and HDL-C levels by
a mean of 46+ 18%, 49+22%, 47% and 36

+16%, respectively.

Reeskamp LF et al®*

Single-group, open-label clinical trial
enrolling 4 patients already participating
in the above trial designed by Gaudet

et al”’

Stable leucine isotope
administered and measured in
VLDL before and after the

administration of evinacumab.

Evinacumab lowered LDL-C by 59+2%
and increased IDL-ApoB and LDL-ApoB
fractional catabolic rate in all 4 HoFH
subjects, by 616+504% and |13+14%,

respectively.

Raal FJ et al*®

Double-blind, placebo-controlled, phase
3 trial enrolling 60 patients with HoFH

on stable lipid-lowering regimen

Evinacumab vs placebo every 4

weeks, for 24 weeks.

In the evinacumab group, reduction of

LDL-C levels by an average of 47.1% vs

increase of LDL-C levels by 1.9% in the
placebo group.

Evinacumab reduced LDL-C in both
patients with null-null variants and
patients with non-null variants, as
compared to placebo (—43.4% vs

+16.2% and —49.1% vs.-3.8%,
respectively).

Similar incidence of adverse effects.

Reeskamp LF et al*®

2 HoFH patients with null/null LDLR
variants on statin, ezetimibe and weekly
apheresis, who participated in the

aforementioned study of Raal FJ et al*’

Coronary computed tomography
angiography (CCTA) before
randomization and after 6 months

of treatment with evinacumab.

from 1.45 + 0.26 and 1.37 £ 0.39 mmol/

Decreased mean pre-apheresis LDL-C
levels from 5.51 + 0.75 and 5.07 + 1.45
mmol/l to 2.48 + 0.31 and 2.20 + 0.13

mmol/l and post-apheresis LDL-C levels

| to 0.80 + 0.16 and 0.78 + 0.13 mmol/l
in patients A and B, respectively.

Total plaque volumes reduced by 76%

and 85% after 6 months of evinacumab
treatment in patients A and B,

respectively.

(Continued)
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Table | (Continued).

Trial Design Intervention Results
Rosenson RS et al*® Double-blind, placebo-controlled, Evinacumab vs placebo SC or IV At week |6, the differences in the least-
multicenter; randomized phase 3 trial until observation at week 16. squares mean change from baseline in
including 272 patients with refractory the LDL-C levels between the groups
hypercholesterolemia (LDL-C270mg/dI receiving SC evinacumab and placebo
with atherosclerosis or LDL-C2100mg ranged from —38.5% to —56.0%,
/dl without atherosclerosis), resistant to depending on the received dose
PCSK9 inhibitor and a maximum regimen.
tolerated dose statin regimen The respective differences between the

groups receiving IV evinacumab and
placebo ranged from —24.2% to —50.5%,
depending on the administered dose.
Incidence of serious adverse events
during the treatment period ranged
from 3% to 16%.

Jin M et al®’ Meta-analysis of 5 RCTs with a total of Evinacumab vs placebo. Evinacumab, as compared with placebo,
568 subjects significantly reduced LDL-C, TG, and
HDL-C by 33.123%, 50.959%, and
12.773%, respectively (P < 0.0001 for all
comparisons).
Incidence of at least | treatment
emergent adverse event was not
significantly different between
evinacumab and placebo groups.
ClinicalTrials.gov Ongoing open-label, single-group, IV administration of Evinacumab | The trial will assess the long-term safety
Identifier: multicenter clinical trial across 12 for 192 weeks. and efficacy of evinacumab in patients
NCT03409744% countries, involving 116 adult and with HoFH.
adolescent patients with HoFH
ClinicalTrials.gov Ongoing three-part, single-arm, open- | |V administration of evinacumab in | The study will assess the safety, efficacy
Identifier: label clinical trial including 20 pediatric | three parts: single IV dose (part A) | and pharmacokinetics of evinacumab in
NCT04233918°° participants with HoFH and IV dose Q4W (parts B and C), pediatric patients with HoFH.

up to week 24.

not necessarily imply that the drug is overpriced in terms of its actual cost-effectiveness.*’ Notwithstanding, one could
assume that evinacumab might possibly eventually follow the example of PSCK9 inhibitors, the price of which was
ultimately significantly reduced by the manufacturing companies from $14,100 per annum to $5850 per annum (a 60%
price drop) in October 2018 and February 2019."

Conclusions and Future Directions

Taking into consideration the clinical evidence provided above, ANGPTL3 targeting seems a tempting, efficient strategy
to manage cases of severe and refractory hypercholesterolemia when other available treatment options appear to be, more
or less, inadequate. By inhibiting either ANGPTL3 mRNA or its derivative protein, a significant reduction in LDL-C,
non-HDL-C and TG levels is feasible, independently of LDLR function. This claim is supported by yet another proof-of-
concept study, focusing on the effects of evinacumab in the LDLR activity of lymphocytes obtained by patients with
HoFH, before and after treatment with evinacumab, and versus lymphocytes carrying wild-type LDLR, and also in an
LDLR-defective Chinese hamster ovary cell line (CHO-/dIA7) transfected with plasmids encoding the LDLR variant. In
that study, the researchers again clearly demonstrated that the inhibition of ANGPTL3 by evinacumab in humans lowers
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Table 2 Summary of the Main Scientific and Clinical Attributes of ANGPTL3 Inhibitors

ANGPTL3 protein is implicated in the metabolism of lipids by inhibiting lipoprotein lipase (LPL) and endothelial lipase (EL) in tissues.

Carriers of ANGPTL3 loss-of-function mutations have decreased plasma levels of TG, LDL-C and HDL-C and enjoy a lower risk of CAD by

34-41% compared to non-carriers.

ANGPTL3 inhibitors is a novel lipid-modifying class of agents, capable of reducing circulating LDL-C levels via a mechanism independent of LDL

receptors.

Evinacumab is a fully human monoclonal antibody targeting ANGPTL3, which was recently approved by the FDA as a complementary agent to other

LDL-C lowering regimens for patients aged 12 or older with HoFH.

In primary studies, evinacumab possesses a favorable safety and tolerability profile, as no serious adverse events were observed.

Evinacumab, administered in patients with hypercholesterolemia, has been shown to significantly reduce LDL-C, TG, and HDL-C by an average of
33.123%, 50.959%, and 12.773%, respectively, as compared with placebo.

ASOs targeting the ANGPTL3 gene mRNA coding sequence may represent an alternative therapeutic strategy for the management of dyslipidemias.

LDL-C in a mechanism independent of the LDLR.*® As discussed earlier, there is even proof that atherosclerotic plaques
may regress with the administration of evinacumab.?> Thus, with its capability of reduction of LDL-C plasma levels and
the potential regression of the atherosclerotic process being combined, evinacumab emerges as a very promising
therapeutic strategy to lower the exceptionally high risk of CVD in patients with HoFH. Moreover, evinacumab appears
to have a benign side-effect profile, as the same mild adverse events were reported in patients receiving evinacumab and
placebo in most of the trials mentioned above with no reported serious adverse events leading to early termination of
studies, thus validating the safety of the drug.

One ought to bear in mind that several issues are yet to be fully elucidated. The independent of LDLR function
mechanism of action of ANGPTL3 inhibitors is very promising and may represent an important field of research. The
improvement of CVD risk with the administration of evinacumab could be better defined with the conduction of carefully
designed clinical trials in the near future. Efforts should be also made to study the effects of evinacumab on clinical
outcomes in patients with HoFH, as well as in patients with refractory hypercholesterolemia attributed to different
multifactorial causes, so as to broaden its indications. Results of two ongoing studies are eagerly awaited, concerning the
effect and long-term safety and tolerability of evinacumab in adults and adolescents, as well as the outcomes of its
administration in pediatric patients with HoFH.*®** Administration of evinacumab in pregnant and lactating women is
another interesting field of research. Lastly, the potential role of ASOs as a therapeutic strategy for the management of
refractory dyslipidemias may still require further investigation.

A summary of the main scientific and clinical attributes of ANGPTL3 inhibitors is shown in Table 2.
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