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Abstract: Atherosclerotic cardiovascular diseases (ASCVD) are still the leading cause of
morbidity and mortality in most developed countries and even more in developing countries.
Dyslipidemia is a well known main risk factor for ASCVD. Lipid-lowering treatment,
particularly lowering LDL-cholesterol (LDL-C), can decrease the risk for ASCVD. New
data and guidelines based upon them suggest that we should go with LDL-C levels as low as
we can. Therefore, conventional lipid lowering agents (statins and statins+ezetimibe) are not
enough mainly because of poor compliance and statin intolerance which is in the real world
mostly pseudo-intolerance. PCSK9 inhibitors provided a new hope to further decrease LDL-
C but are still expensive, they have to be injected subcutaneously twice a month and their
long-lasting adverse effects are not known. Therefore, there is a constant need to develop
novel, more potent, more safe, less expensive, more user friendly regimens of hypolipemic
agents (bempedoic acid, selective PPAR alpha receptor modulators etc). One of the ways to
overcome poor compliance and increase the potency of therapy with less adverse effects are
fixed combinations of established drugs (statint+ezetimibe). The future of hypolipemic agents
is based on antisense therapy, ie. the use of specific oligonucleotide sequences blocking the
translation of the selected protein (targeting apolipoprotein CIII, lipoprotein (a), apolipopro-
tein B) or RNA silencing technique (PCSK9 mRNA) and are in various stages of clinical
trials. Some of them are almost ready to use in everyday clinical practice. High risk and very
high risk patients (eg. familial hypercholesterolemia, familial severe chylomicronemia syn-
drome) will benefit most. The aim of this review is to inform about novel hypolipemic
agents — potent and safe drugs for dyslipidemia which should reduce the risk of ASCVD.
Keywords: dyslipidemia, novel hypolipemic drugs, cardiovascular risk, LDL-cholesterol,
triglycerides, inclisiran, PCSK9 inhibitors, pemafibrate, bempedoic acid, ANGPTL3,
pelacarsen

Introduction

Atherosclerotic cardiovascular diseases (ASCVD), mainly caused by poor lifestyle,
uncontrolled dyslipidemia, diabetes, smoking, and arterial hypertension, remain one
of the leading causes of morbidity and mortality in most of the developed countries
and even more in the developing countries.' Low-density lipoprotein cholesterol
(LDL-C) is a well established risk factor for development of ASCVD and for
After the discovery that
inhibition of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA) inter-

decades hypolipemic therapy was tailored to lower it.”

feres with cholesterol synthesis in hepatocytes, thus decreasing LDL-C in the
plasma, statins, as the first potent hypolipemic drugs, were developed.® Their
beneficial (not only lipid lowering but pleiotropic as well)* effects have been
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shown in a number of studies and meta-analyses. One of
the landmark studies was the Cholesterol Treatment
Trialists (CTT) study which pointed that for every 1
mmol/L LDL-C reduction there is a proportional reduction
of major vascular events (myocardial infarction, coronary
death, non-fatal myocardial infarction, stroke (MACE)) of
about 20%.° On the other hand there was always
a question of whether LDL-C lowering to very low con-
centrations might have potential adverse effects since cho-
lesterol is a necessary substance for cell membranes,
steroid hormones, and bile salts.® Nowadays it is quite
clear that even very low levels of LDL-C do not cause
any harm and none of the major safety concerns (cancer
and depression) were confirmed except for an increased
risk of new onset diabetes mellitus in patients with pre-
diabetes after long-lasting treatment, but the effect of
LDL-C lowering by far exceeds this adverse effect.
Moreover, a lipid lowering concept based on inhibition
of serin protease proprotein convertase subtilisin/kexin
type 9 (PCSK9) with monoclonal antibodies alirocumab
and evolocumab showed that very low LDL-C levels could
be achieved (even 0.5 mmol/L and lower) with an adverse
effect comparable to placebo’ '® but with great clinical
benefit and reduction of major cardiovascular adverse
events (MACE) and cardiovascular mortality.

Statins inhibit cholesterol synthesis in hepatocytes
which causes two major compensating mechanisms. The
first one is upregulation of a low-density lipoprotein recep-
tor (LDL-R) on the hepatic cells surface which increases
LDL-C uptake and decreases serum LDL-C levels, and
the second is an increase in cholesterol absorption in the
intestine. This later compensating mechanism is not favor-
able and therefore drugs which inhibit cholesterol absorp-
tion were developed. Ezetimibe is a drug that acts
primarily by blocking dietary cholesterol absorption in
the small intestine. It inhibits cholesterol transport protein
in enterocytes called Niemann-Pick Cl-likel (NPCIL1).
This action results in more potent LDL-R expression and
recirculation with greater LDL-C reduction when com-
bined with statins than statins alone can achieve.'
A landmark study that confirmed the beneficial effect of
ezetimibe combined with statin (simvastatin) was the
IMPROVE-IT (The
Outcomes: Vytorin Efficacy International Trail). This trial

trial Improved Reduction of
showed that ezetimibe, when added to statin therapy,
reduces more LDL-C than statin alone and improves car-
diovascular outcomes. These results positioned addition of
ezetimibe to statin treatment as “conditio sine qua non” in

therapy of high-risk patients in secondary prevention and
in patients that need LDL-C reduction up to 20% and do
not tolerate statin.'? In real life statins, despite proven
clear clinical benefits of their use, are mostly prescribed
in too low doses and there is a tendency to use less potent
statins like simvastatin and fluvastatin, despite evidence
that the more potent statins rosuvastatin and atorvastatin
are much more appropriate choices.”® Also, ezetimibe is
added to statin treatment much less frequently than it
should be, particularly in high risk and very high risk
patients.

A factor that is often used as an explanation (or better to
say, excuse) for using too low doses of statins is statin
associated myopathy and intolerance to statins in
general.'*'> However, in real life this is more often pseudo-
intolerance to statins, but it also has an impact on statin
prescription and compliance to treatment.'® Wood et al'’
have checked whether adverse effects would be induced by
a statin or placebo. A total of 60 patients were randomized.
They have concluded that in patients who had discontinued
statin therapy because of adverse effects, 90% of the symp-
tom burden elicited by a statin challenge was also elicited
by placebo. Half of the study patients were able to success-
fully restart statin therapy.

Monoclonal antibodies alirocumab and evolocumab,
inhibitors of PCSK9, further confirmed and underlined
the concept of safe lowering of LDL-C to very low levels,
achieving significant clinical benefit — reduction of MACE
and cardiovascular mortality. Nowadays we cannot call
them “novel therapies” because they have been in clinical
use for the last 3—4 years but unfortunately they are still
not available in all countries or are not reimbursed and
therefore are used much less than one would expect.'®!?
PCSK9 inhibitors brought additional hope and showed
a significant benefit for the patients with severe dyslipide-
mias, particularly those with familial hypercholesterolemia
(FH) (both homozygous and heterozygous). With evolocu-
mab and alirocumab above maximally tolerated statin
treatment with and/or without ezetimibe a vast majority
of FH patients were finally able to achieve target LDL-C
values in primary and secondary prevention.”’~' There is
clear evidence that lipid modifying therapy is more and
more potent with an excellent safety profile and achieving
favorable clinical outcomes.

Before we proceed with novel therapies that are on the
horizon we need to underline once again lifestyle measures
as a first tool in the treatment of dyslipidemias.”? For
example, there is a clear benefit of physical activity.
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Moreover, physical activity/exercise when compared with
the control group produced increased telomerase activity
and telomerase length which is important for healthy
aging. Smoking is also a very well known risk factor. Its
negative consequences were proven in many studies, from
the Framingham study to Seven countries study and in
a lot of more recent studies dealing with modifiable risk
factors.”*** Therefore it is difficult to understand why
a significant percentage of patients who have survived
a MACE do not give up smoking and do not have any
intention to give up smoking.*>*® This main aim of this
review is to present novel potential agents that beside
LDL-C lowering and ASCVD risk reduction might have
influence on other lipid parameters such as elevated trigly-
cerides or lipoprotein (a) [Lp (a)] which also have an
impact on ASCVD risk, particularly when they are com-
bined with other risk factors.

Novel but Almost Established

Therapies

Because of the big gap between available therapy, therapy
use, compliance, and cardiovascular outcomes in real life,2”
there is a persistent need to develop new drugs that will
overcome barriers and obstacles which interfere with current
problems. These drugs should be more effective than pla-
cebo (active therapy), they should be safe, easier to use by
medical personnel and patients, and finally not too expen-
sive. There are several hypolipemic drugs that are in the
stage II and III trials. LDL-C, triglycerides, and Lp (a) are
the main targets for these drugs. Old and novel agents and
their main characteristics are presented in Table 1.

Inclisiran
Since 2003 when it was noticed that gene variation on
PCSK9 (gain of function) resulted in inherited high cho-
lesterol levels, clinically manifested as FH, the concept of
PCSKD9 inhibition came into focus as a new and promising
concept of lipid lowering.”®

The concept of PCSK9 inhibition showed beneficial
results (in FOURIER and ODYSSEY OUTCOMES stu-
dies) and therefore other strategies of PCSK9 inhibition
were examined as well. Intracellular inhibition of PCSK9
by a small interfering RNA (siRNA) is currently in the
focus of clinical research. This way of PCSK9 inhibition is
specially tailored to hepatic intracellular PCSK9 inhibi-
tion. Specific N-acetylgalactosamine modification of the
double stranded inclisiran molecule ensures hepatic uptake

via asialoglycoprotein receptors expressed only on hepatic
cells. After uptake, inclisiran is bounded to RNA-induced
silencing complex in hepatocyte cytoplasm interfering
with the production of PCSK9.%” Inclisiran is along acting
siRNA targeting PCSK9 that is administered by subcuta-
neous injections in quite favorable schemes (0-90-180
days) which has an advantage when compared with
PSCK9 inhibition produced by monoclonal antibodies
(subcutaneous injections every 14 days or in some cases
as an option one injection per month). Efficacy and safety
of siRNA concept was proved by ORION trials. However,
the results of an ongoing outcome trail are still awaited.*
ORION 10 and —11 trials focused on patients with
ASCVD. More than 3,000 patients were enrolled (1,561
in ORION 10 and 1,617 in ORION 11) with mean LDL-C
levels at baseline 2.71+0.99 mmol/L (104.7+38.3 mg/dL)
and 2.73£1.01 mmol/L (105.5+£39.1 mg/dL), respectively.
Inclisiran reduced LDL-C levels by 49.2-53.8% compared
to placebo, respectively. Adverse events were generally
similar in the inclisiran and placebo groups in both trials.
The only difference were injection-site reactions that were
generally mild, and none were persistent when compared
with the placebo group (2.6% vs 0.9% in the ORION-10
trial and 4.7% vs 0.5% in the ORION-11 trial). The benefit
of this treatment when compared with PCSK9 inhibition
by monoclonal antibodies is that inclisiran is administered
subcutaneously every 6 months but, as already mentioned,
hard outcome data are still awaited. Inclisiran has been
submitted for FDA and EMA approval in adults with
ASCVD or heterozygous FH patients who have elevated
LDL-C.

Bempedoic Acid
Bempedoic acid is a prodrug that has a lipid lowering
effect by inhibition of adenosine triphosphate citrate
lyase in the liver.>' The research of bempedoic acid was
driven by the fact that a significant number of patients do
not tolerate statins (although in most of the cases it is
pseudo-intolerance). Nevertheless, there is a constant
urge to lower LDL-C in ways beyond traditional hypoli-
pemic drugs like statins, maybe to avoid the adverse
effects of statins.
Bempedoic acid’s chemical name is 8-hydroxy-
2,2,14,14-tetramethylpentadecanedioic acid. Adenosine tri-
phosphate-citrate lyase (ACL) is an enzyme upstream of
3-hydroxy-3-methyl-glutaryl-coenzyme A reductase.
Inhibiting ACL bempedoic acid creates less substrate for

cholesterol and fatty acid synthesis, thus decreasing liver
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Table | Summary of the Lipid Lowering Agents Mentioned in the Paper

Agent Mechanism of Main Lipid | Administration | Side-Effects Comment
Action Lowering Scheme
Effect
Statin HMG-CoA inhibition | LDL - C Ix/day p.o. Myopathy, Side-effects are rare, novel statins like
increased liver rosuvastatin and atorvastatin can be taken in
enzymes the morning because of long t 1/2
Ezetimibe NPCILI protein LDL-C Ix/day p.o. Diarrhoea Side-effects are rare
inhibition
PCSK9i PCSK9 inhibition LDL-C 2x/month (Ix/ Injection site Side-effects are rare, not more than placebo
(alirocumab/ month) s.c. reactions
evolocumab)
Inclisiran siRNA targeting LDL-C 2x/year s.c. Injection site Side-effects are rare, not more than placebo
mRNA PCSK9 reactions (still under investigation)
Bempedoic Inhibiting ACL and LDL-C I/day p.o. Not greater than Alernative to SAMS?
acid AMPK placebo
Icosapent LPL? TGs I/day p.o. ? Benefit of long-term use of this agent still
ethyl needs to be proven; many pleiotropic effects
Volanesorsen | Antisense TGs 2x/year s.c. Thrombocytopenia | Treatment of ultra rare LPL deficiency
oligonucleotide to and injection-site
apo C-llI reactions
ANGPTL3 Monoclonal anti- TGs, LDL-C | 2x/year s.c.? Not yet fully Studies are ongoing
ANGPLT3 antibody determined
and ASO
Pemafibrate Peroxisome TGs I/day p.o. Liver enzymes? Clinical data as well as long-term efficacy
proliferator-activated and safety need to be investigated
receptor alpha
modulator
Pelacarsen ASO to Lp(a) 2x/year s.c.! ? The agent is in phase Il trial
apolipoprotein(a)

Abbreviations: HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A reductase; LDL-C, Low density lipoprotein cholesterol; NPCILI, Niemann-pick-Cl like-| protein;
PCSK9i, inhibitor of proprotein kexin serin convertase type 9; p.o., peroral therapy; s.c., subcutaneous therapy; ACL, Adenosine triphosphate-citrate lyase; AMPK, adenosine
monophosphate-activated protein kinase; SAMS, statin associated muscular symptoms; TGs, Triglycerides; LPL, lipoprotein-lipase; Apo-CllIl, Apolipoprotein Clll; ANGPTL3,

Angiopoietin-Like 3; ASO, anti sense oligonucleotide; Lp(a), lipoprotein (a).
Notes: ! indicates unknown side effects.

cholesterol synthesis and serum LDL-C levels via upregulat-
ing LDL-R.** Bempedoic acid also has effects on adenosine
monophosphate-activated protein kinase (AMPK). In
a manner complementary to the effects of ACL, the activa-
tion of AMPK results in inhibitory phosphorylation of acetyl-
CoA carboxylase and HMG-CoA reductase. Therefore, bem-
pedoic acid affects multiple phases of the lipid-synthesis
pathway, it inhibits sterol and fatty acid synthesis, and
increases mitochondrial long-chain fatty acid oxidation.*?
The effect of bempedoic acid can only be achieved if
activated by acyl-CoA synthetase I (ACSVL1) to ETC-1002-

CoA and ESP15228-CoA. A very important fact is that
ACSVLI is present only in the liver but not in skeletal
muscles. This decreases the risk for muscle-related adverse
effects. Based on this potential advantage to statin therapy,
bempedoic acid was tested in several trials on animals and
humans as well as in clinical trials. The study on healthy
volunteers demonstrated a mean decrease in LDL-C levels of
36% when compared with placebo.** Many Phase II trials
with bempedoic acid monotherapy and combined therapy
regimes were followed by robust Phase III trials.
Thompson et al* reported that hs-CRP levels significantly
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decreased by 42% in patients treated with bempedoic acid.
The same authors treated patients with dyslipidemia who
were statin intolerant with bempedoic acid and concluded
that bempedoic acid monotherapy or in combination with
ezetimibe is effective and safe in patients with statin intoler-
ance (but also in patients without statin intolerance)*®
reported that hs-CRP levels significantly decreased by 42%
in patients treated with bempedoic acid. The same authors
treated patients with dyslipidemia who were statin intolerant
with bempedoic acid and concluded that bempedoic acid
monotherapy or in combination with ezetimibe is effective
and safe in patients with statin intolerance (but also in
patients without statin intolerance). The same authors
adverse events, particularly those muscle-related, and dis-
continuations of treatment because of adverse effects in
patients treated with bempedoic acid and statins were similar
to those treated with statins and placebo.’”

After promising results of CLEAR HARMONY,
WISDOM, SERENITY, and TRANQUILITY studies
(phase III, efficacy and safety of bempedoic acid alone
or in combination with ezetimibe and/or statin in patients
with ASCVD, heterozygous familial hypercholesterolemia
(HeFH)), FDA approved on February 21, 2020 bempedoic
acid in addition to statin therapy for adult patients with
HeFH or established HeFH and EMA approved it on
April 6, 2020 for the same types of patients.*® The
CLEAR OUTCOME study is a multicenter randomized
double-blind, placebo controlled study with the main aim
to provide an answer to the question of whether statin
intolerant patients with ASCVD can benefit in terms of
clinical outcomes when treated with bempedoic acid. The
study is ongoing and has enrolled 14,014 high risk
patients. The final results are expected to be published
about the same time as this article.’® An advantage or
disadvantage, depending upon the point of view, of bem-
pedoic acid is that it is taken orally.

Icosapent Ethyl
While the debate whether lowering of serum triglycerides

(TGs) does produce any benefits is still ongoing,***!

new
drugs are being developed that act on TGs. Namely, the
results of some authors clearly showed that in patients
with residual risk for ASCVD with elevated TGs levels,
TGs are at least an independent marker for an increased
risk of ischemic events as shown by Mendelian randomiza-
tion studies.*” One of these substances is icosapent ethyl,
a highly purified eicosapentaenoic acid ethyl ester, that low-

ers TGs levels, but the benefit of long-term use of this

substance still needs to be proven. Bhatt et al** performed
double-blind, placebo-
controlled trial involving patients with established
ASCVD or with diabetes and other risk factors. The trial
was named The Reduction of Cardiovascular Events with
Icosapent Ethyl-Intervention Trial (REDUCE-IT). Overall
8,179 patients were enrolled, as already mentioned these

a multicenter, randomized,

were mostly secondary prevention patients, and were fol-
lowed for a median of 4.9 years. They were also receiving
statin therapy. The patients were randomly assigned to
receive 2 g of icosapent ethyl twice daily (total daily dose
4 g) or placebo. Their fasting TGs levels were 135-499 mg/
dL (1.52-5.63 mmol/L) and LDL-C levels were 41-100 mg/
dL (1.06-2.59 mmol/L). A primary end-point event
occurred in 17.2% of the patients from the icosapent ethyl
group, as compared with 22.0% of the patients in the pla-
cebo group which was a significant difference.
Nevertheless, a larger percentage of patients in the icosapent
ethyl group than in the placebo group were hospitalized for
atrial fibrillation or flutter (3.1% vs 2.1%, P=0.004). Serious
bleeding events did not differ significantly between those
two groups. The conclusion was that in patients with ele-
vated TGs levels despite the use of statins, the risk of
ischaemic events, including cardiovascular death, was sig-
nificantly lower among those who received 2 g of icosapent
ethyl twice daily than among those who received placebo.
These significant cardiovascular mortality benefits of pur-
ified EPA ethyl ester, with a 25% relative risk reduction in
major cardiovascular events were the reason why it was
initially approved by FDA in 2012 for adults with severe
hypertriglyceridemia, but on December 13, 2019 it was
approved as an adjunctive therapy to reduce the risk of
cardiovascular events among adults with elevated TGs
levels and either established ASCVD or diabetes and two

or more additional risk factors for ASCVD.

Volanesorsen

Volanesorsen is an antisense oligonucleotide to apolipo-
protein C-IIT (Apo-CIII).** Apo-CIII is a multifunctional
protein which participates in the metabolism of TGs, and
is responsible for various pleiotropic actions like endothe-
lial cell dysfunction and inflammation, dysfunction of
pancreatic beta cells, and counteraction of potential anti-
atherogenic effect of HDL particle components. The levels
of TGs can be lowered using antisense oligonucleotides
directed against Apo-CIII messenger RNA and this
approach resulted in developing a new drug — volanesor-
sen. Its efficacy in lowering TGs has been shown in
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various experimental models and later in clinical studies.
Volanesorsen was granted a conditional marketing author-
isation by EMA in May 2019 for ultra-rare familial chy-
lomicronaemia syndrome (FCS).*> Witztum et al*
recently published data from a phase III trial including
66 patients with FCS who were treated and followed for
52 weeks. At 3 months, 77% of the patients in the vola-
nesorsen group, as compared with 10% of patients in the
placebo group, had TGs levels less than 8.5 mmol/L.
However, thrombocytopenia and injection-site reactions
were common adverse events. Thrombocytopenia as
a potentially serious adverse effect raised questions about
volanesorsen safety.’” Nevertheless, volanesorsen has
a specific role in the treatment of the ultra rare patients
with FCS.

Lipid Lowering Drugs Which are
Not Yet on the Market
Angiopoietin-Like 3 (ANGPTL3)

Recent genetic studies revealed yet another gene and its pro-
duct that have a significant role in the lipoprotein mechanism.
Angiopoietin-like 3 gene loss-of-function is associated with
decreased plasma levels of TGs, LDL-C, and elevated high-
density lipoprotein cholesterol (HDL-C). Therefore, it was
that blocking ANGPLT3 might
a beneficial effect on cardiovascular risk and future outcomes.

proposed produce
Xu et al*® performed RNAi-mediated gene silencing of
ANGPTL3 in five mouse models and in human hepatoma
cells. The authors validated results by deleting ANGPTL3
gene using the CRISPR/Cas9 genome editing system and
have concluded that reduced secretion and increased uptake
of ApoB-containing lipoproteins may contribute to the low
LDL-C observed in mice and humans with genetic
ANGPTL3 deficiency. Evinacumab, a monoclonal anti-
ANGPLT3 antibody and anti-sense oligonucleotide (ASO),
plays a pivotal role in ANGPLT3 inhibition. ANGPLT3 was
discovered in 1999 by Conklin et al*’ as a potent modulator of
lipoprotein metabolism. Carriers of loss-of-function gene var-
iation were associated with a 34% decrease in cardiovascular
events, as was reported by Stitziel et al.’® The main action of
ANGPLT3 after its secretion is that it targets the adipose tissue
and muscles by activating lipolysis, increasing the release of
glycerol and free fatty acids from adipocytes, and inhibiting the
enzyme lipoprotein lipase (LPL), thus increasing TGs-rich
lipoproteins.”’ Aiming at this pathway several possibilities of
ANGPLT3 inhibition were developed. The first concept with
monoclonal antibody evinacumab showed a promising effect

on lipid metabolism in mice. In vivo studies showed dose-
dependent reduction of TGs, total cholesterol (TC), LDL-C,
and elevation of HDL-C after subcutaneous injection of evi-
nacumab. The same effect was seen with an antisense oligo-
nucleotide (ASO).>> Gaudet et al>* showed similar effects on
high risk patients (patients with HoFH), in which administra-
tion of evinacumab resulted in a nearly 50% reduction of LDL-
C, which was promising, especially for this type of patients.
There are indications that ANGPLT3 antagonists lower LDL-
C by a mechanism which is independent of LDL-R, which
might explain, at least partially, a strong effect in HoFH
patients. As already mentioned above the interference with
ANGPLT3 promises exciting effects on lipid parameters and
for sure it will be in the focus of the research in the next years.
Moreover, besides the effects of ANGPTL3 on lipid metabo-
lism, the analysis of its specific protein structure has suggested
possible additional effects such as an anti-inflammatory and
anti-angiogenic, as well as an increase of macrophage choles-
terol efflux which all could be a useful addition to its anti-
atherosclerotic effect.

Pemafibrate

Pemafibrate is a novel selective peroxisome proliferator-
activated receptor alpha modulator that has a beneficial role
in patients with dyslipidemia. Its main effect is TGs lowering
and according to recently published studies it shows better
results than therapy with fenofibrate.”* It is well known that
patients who have LDL-C levels are under control still have
a substantially increased cardiovascular risk. Therefore,
a constant need to deal with so called “residual risk” is
basis of a conceptual framework and discussion about new
therapeutic potentials elaborated in a consensus statement by
IAS and R3i Foundation.”> Among other strategies this con-
sensus paper underlines the potential benefits of a new drug —
pemafibrate, which is a PPARa modulator (SPPARMa) with
extremely high selectivity to PPARs subtypes. The main
potential advantage of this drug is to reduce the occurrence
of adverse effects associated with fibrate-type drugs.
Moreover, pemafibrate showed fewer restrictions for use in
patients with renal disease than other fibrates (it is excreted
by liver) and a better safety profile when combined with
statins. Pemafibrate does not only have lipid-improving
effects similar to those of existing fibrate-type drugs but it
has pleiotropic effects such as anti-inflammatory effects, it
has beneficial effects on animal models of NASH, and causes
no increase in liver enzymes (ALT, AST) and serum
creatinine.”® Ida et al,>® in a meta-analysis of seven rando-
mized controlled trials (RCTs), showed that with respect to
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efficacy, TGs, HDL-C, and non-HDL-C levels as well as
HOMA-IR improved in the pemafibrate group when com-
pared with the placebo group. When PPARGa is activated in
the liver, the expression of apolipoprotein C-III, which inhi-
bits the activity of the TG-hydrolyzing lipoprotein lipase
(LPL), decreases thereby causing increased LPL activity
which causes decreased blood TGs levels.”’ Furthermore,
the activation of PPARa induces the expression of apolipo-
protein A-I and apolipoprotein A-II, which are the main
apolipoproteins of HDL, and therefore the HDL-C level
increases. It increases macrophage cholesterol efflux to
HDL as well. It also improves HOMA index but it is still
not clear to explain the improvement of insulin resistance as
a response to pemafibrate.

The only unfavorable effect of pemafibrate is slight
elevation of LDL-C. Therefore, although the increase of
LDL-C levels following pemafibrate administration is
expected to be safe, further studies are required to explain
the clinical significance of this side-effect. Because of
everything mentioned before, the results of a large-scale
[entitled Reduce
Cardiovascular Outcomes by Reducing Triglycerides in
Patients with Diabetes (PROMINENT)”] aiming to assess
the effect of pemafibrate on cardiovascular outcomes

clinical trial “Pemafibrate  to

which is ongoing, are eagerly awaited.”® At the moment
pemafibrate has marketing authorization only in Japan.

Pelacarsen

Pelacarsen or ISIS 681,257, or IONIS APO (a)-LRx, or
AKCEA-APO (a)-LRx or TQJ230 is hepatocyte-directed
antisense oligonucleotide to apolipoprotein (a) [Apo (a)]
developed to decrease Lp (a) targeting the LPA4 gene messen-
ger RNA, in patients with ASCVD. Lp (a) is a highly athero-
genic, LDL-like lipoprotein containing Apo B linked by
a disulphide bridge to Apo (a).>® Pelacarsen safely and dose-
dependently decreased Lp (a) levels by 35-80% and a Phase
3 trial [Lp(a) HORIZON] is ongoing starting from 2020 and
is planned to end in 2024.°° In this trial 7,680 patients with
established ASCVD are included and randomized to receive
80 mg TQJ230 injected monthly or placebo. Major inclusion
criteria are Lp(a) levels >70 mg/dL and myocardial infarction
or stroke (> 3 months from screening and randomization to
<10 years prior to the screening visit) or clinically significant
symptomatic PAD. The study has been designed to compare
TQJ230 vs placebo in reducing the risk of expanded MACE
(cardiovascular death, non-fatal MI, non-fatal stroke, and
urgent coronary re-vascularization requiring hospitalization)
while the second primary outcome measure is the same as

above in patients with Lp(a)>90 mg/dL. However, the ques-
tion whether Lp(a) lowering against other LDL-C lowering
therapy does really reduce the risk of ASCVD is still open.®*

Stickema et al®' reported that pro-inflammatory activa-
tion of circulating monocytes is a potential mechanism by
which Lp(a) can also influence ASCVD. Data on 32 patients
with ASCVD indicate that patients receiving Apo(a) anti-
sense (AKCEA-APO(a)-LRx) (NCT03070782), due to ele-
vated Lp(a) have a greater effect of Lp(a)-lowering on gene
expression and function of monocytes than the patients who
received PCSK9 inhibitors. AKCEA-APO(a)-LRx lowered
Lp(a) by 47% and reduced the pro-inflammatory gene
expression in monocytes of patients with ASCVD who had
elevated Lp(a), which coincided with a functional reduction
in transendothelial migration capacity of monocytes ex vivo.
This effect was superior than the effect of currently available
PCSKO9 inhibitors which did not alter neither transcriptome
nor functional properties of monocytes but showed only
a significant LDL-C reduction.

Some New Promising Approaches

It has been shown that clustered regularly interspaced short
palindromic repeats (CRISPR)-Cas-mediated genome editing
that relies on Cas9/sgRNA ribonucleoprotein complexes
(RNPs) to target and edit DNA as well as CRISPR-Cas12a
might be promising in dyslipidemia treatment. Most recently
a new methodology based upon Cas9/sgRNA has been devel-
oped using modified lipid nanoparticles to efficiently deliver
RNPs into cells and edit tissues. The developed carriers were
also able to deliver RNPs to restore dystrophin expression in
DMD mice and significantly decrease serum PCSK9 level.**
When PCSK9 was selected as the target gene based upon
CRISPR-Cas12a genome editing, an efficient PCSK9 disrup-
tion occurred in vivo (~48%), significantly reducing the
expression of PCSK9 and a 45% reduction of serum
cholesterol.®> Chadwick et al®® used the third generation base
editor (BE3) delivered via adenoviral vectors and have pro-
duced a generation of ANGPTL3 loss-of-function mutations in
mice. Serum TGs and total cholesterol levels were significantly
reduced in the BE3-ANGPTL3 group when compared with the
controls.

Conclusion

Atherosclerosis is the disease which causes clinical ASCVD.
ASCVD is caused by the multifactorial interaction of various
conditions (modifiable but also non-modifiable). Dyslipidemia
is widely recognized as one of the most important risk factors
in this process. In most cases dyslipidemia can be effectively
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treated if an adequate dose of hypolipemic drugs are used and
if adherence and compliance are adequate. Statins, which have
been available for almost four decades, decrease LDL-C and
ASCVD morbidity as well as mortality and are therefore
pivotal in ASCVD prevention, both primary and secondary.
Ezetimibe is a complementary drug to statins acting by inhi-
biting cholesterol intestinal absorption and should be used in
combination with a statin. Fixed combination of both drugs in
adequate doses will achieve better adherence and a better lipid
lowering effect. However, ASCVD still remains the leading
cause of mortality worldwide, which suggests that additional
lipid-lowering therapies are needed. This review discusses
only agents that have ether just appeared on some markets or
are “ante portas” and that will for sure improve and revolutio-
nize anti-atherosclerotic drug therapy. There are many other
substances in the pipelines of drug industries which might
prove in the future to be useful, but for the sake of space we
have not discussed those which are in Phase I or II.
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