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Abstract Statins are the first-line therapy in LDL-
Cholesterol (LDL-C) reduction and its clinical use has con-
tributed to significant prevention and treatment of athero-
sclerotic vascular disease. Yet, a significant proportion of
patients remain at high risk. Recently, a number of new
therapies have been developed to further lower LDL-C.
These agents may provide clinical benefit on top of statin
therapy in patients with high residual risk, severe hypercho-
lesterolemia or as an alternative for patients who are intol-
erant to statins. We review four novel approaches based on
the inhibition of proprotein convertase subtilisin/kexin type
9 (PCSK9), apolipoprotein-B100 (apoB), Cholesteryl ester
transport protein (CETP) and microsomal triglyceride trans-
fer protein (MTP). ApoB and MTP inhibitors (Mipomersen
and Lomitapide) are indicated only for homozygous famil-
ial hypercholesterolemia patients. The results of ongoing
trials with CETP and PCSK9 inhibitors may warrant a wider
employment in different categories of patients at high risk
for cardiovascular disease.
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Introduction

Coronary artery disease (CAD) is the leading cause of death in
most countries and is associated with a significant economic
and health care burden [1]. Reduction in low-density lipopro-
tein cholesterol (LDL-C) levels has been shown to reduce the
risk of CAD and death. Currently, statins are the agents
primarily used to lower LDL-C.

Statin efficacy has been proven both in patients with car-
diovascular and cerebrovascular disease in secondary preven-
tion, and in high cardiovascular (CV) risk patients in primary
prevention [2, 3]. Despite the widespread use of statin therapy,
alone or in combination with other agents, many individuals
do not achieve LDL-C goals, and the rates of CV events and
mortality remain high [4]. Additional therapies, such as nico-
tinic acid, fenofibrate and ezetimibe, which also lower LDL-
C, often serve as adjunctive therapies. The role of nicotinic
acid and fenofibrates for the primary and secondary preven-
tion of cardiovascular diseases is limited although these agents
can improve a patient’s lipid profile, their effects on clinical
outcomes are often neutral or restricted to subgroups of sub-
jects [5, 6].

The IMPROVE-IT trial is scheduled for completion and
data collection in late 2014 and will compare simvastatin
monotherapy with simvastatin plus ezetimibe in high-risk
patients after an acute coronary syndrome [7, 8]. This trial
will provide the still lacking evidence regarding the efficacy
and safety of this drug on top of statin therapy for reducing
cardiovascular events in high-risk patients.

Among high-risk patients, particular care is required for
subjects with Familial Hypercholesterolemia (FH). In fact,
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patients affected by this common genetic disorder (one in 500
individuals in the heterozygous form) characterized by eleva-
tion of serum LDL-C, develop CAD that usually becomes
evident in the fourth or fifth decade of life [9].

Therefore, alternative therapies have been explored to low-
er LDL-C and to further reduce cardiovascular events in
patients with established coronary disease or at risk for car-
diovascular events.

Emerging Therapies

Recently, a number of new therapies have been developed that
rely on novel mechanisms to further lower LDL-cholesterol in
patients with high risk for CAD, including patients with
inherited disorder of lipid metabolism (FH). These therapies
include mipomersen, inhibitors of PCSK9 and cholesteryl
ester transfer protein (CETP), as well as lomitapide, a micro-
somal triglyceride transfer protein (MTP) inhibitor.

Mipomersen

Apolipoprotein B-100 (apoB-100) is one of most important
apolipoprotein and an essential component of all atherogenic
lipoproteins (VLDL, LDL, intermediate-density lipoprotein
(IDL), and Lp (a) [10, 11]. For this reason, the inhibition of
apoB-100 synthesis is a promising way to decrease circulating
levels of atherogenic lipoproteins.

The recent advances in the understanding of RNA biology
have opened new opportunities in developing strategies di-
rected to RNA targeting for therapeutic intervention.

Antisense oligonucleotides (ASOs) represent one of these
promising therapeutic approaches. ASOs are short (usually 20
nucleotides in length), single stranded analogues of nucleic
acids that can complementary bind directly to target mRNA
promoting its degradation and in turn prevent translation
[12].

Recent advances in the antisense technology have enabled
design and synthesis of highly specific ASOs that are chem-
ically modified to be stable against digestion by hydrolyzing
enzymes [13].

Mipomersen (mipomersen sodium, Kynamro™ ,
Genzyme, Cambridge, MA), developed under the name ISIS
301012, is a second-generation ASO complementary and
specific to human apoB-100 mRNA.

After its administration by subcutaneous injection in a
formulation with 0.9 % sodium chloride, mipomersen acts
mainly in the liver, where it binds to APOB mRNA causing
its cleavage by the action of RNase H and prevents the
synthesis of apoB-100 protein [14].

Mipomersen in Clinical Trials

In Phase I trials efficacy and tolerability of mipomersen was
tested in individuals with mild dyslipidemia [15].

In these trials mipomersen was administered at a weekly
dose of 50 to 400 mg for four weeks and rapid and dose-
dependent reductions in plasma apoB, LDL-C, total choles-
terol, and triglycerides (47 %, 40 %, 41 %, and 63 %, respec-
tively, with the highest dose of 400mg/wk) was observed. The
median dose (200mg/wk) was also associatedwith substantial
reductions in the above-mentioned lipid parameters (42 %,
27%, 34%, and 27%, respectively). Notably, reduced plasma
levels of apoB and LDL-C were sustained up to three months
after administration of the last dose. Subsequently
mipomersen has been evaluated in phase II and phase III trials
in different settings of patients.

Akdim et al. [16] evaluated in a phase II trial the efficacy of
subcutaneous administration (dose range, 50–400 mg/wk)
over a 13-week treatment period in subjects with mild to
moderate hyperlipidemia. The results showed dose-
dependent and prolonged reductions of apoB (46 % to
61 %) and LDL-C (45 % to 61 %). In addition, a median
reduction of 53% of plasma trygliceride was also observed. In
patients with Heterozygous Familial Hypercholesterolemia
(HeFH) on statin therapy, mipomersen (50–300 mg/wk) re-
sulted in a dose dependent 23 % to 33 % reduction in apoB
and a concomitant 21 % to 34 % reduction in LDL-C. The
effects were greater at the 200 and 300 mg/wk doses [16].

Consistently, Visser et al. [17] reported that mipomersen
therapy (200 mg/wk) for 13 weeks in HeFH patients reduced
apoB, LDL-C, and Lp(a) by 20 %, 22 %, and 20 %,
respectively.

In two recently published Phase III trials in HeFH patients
with coronary artery disease [18] and severe hyperlipidemia
[19], treatment with mipomersen (200 mg/wk) was associated
with significant decrements in plasma apoB (26 %–36 %),
LDL-C (28 %–36 %), total cholesterol (19 %-28 %) and
Lp(a) (21 % - 33%). HDL-C concentrations were not affected
in both trials.

Moreover, in statin-intolerant patients, including those with
HeFH, mono-therapy with mipomersen demonstrated a sig-
nificant reduction of LDL-C and apoB (47 % and 46 %,
respectively) [20].

In the Phase III setting, Raal et al., assessed the efficacy and
safety of 200 mg/week of mipomersen in patients with Ho-
mozygous Familial Hypercholesterolemia (HoFH) in a ran-
domized, double blind placebo controlled trial [21••]. In the
mipomersen group on maximum tolerated dose of a lipid-
lowering drug, except apheresis, a 25 % mean reduction of
LDL-C of was observed. However, there was considerable
broad range of variability in observed LDL-C changes (- 2 %
to - 82 %) that appeared to be independent of baseline LDL-C
levels, age, race, or gender.
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Finally, the first phase III study of mipomersen in non-FH
patients with high cardiovascular risk due to prior CAD events
and/or concurrent Type 2 Diabetes Mellitus (T2DM) demon-
strates a significant reduction of LDL-C, apoB and Lp(a) in
patients with hypercholesterolemia with, or at high risk for,
coronary heart disease not controlled by existing therapies
[22•].

An interesting finding from the studies with mipomersen is
the consistent observation that overall there is a significant
reduction of Lp(a) while triglycerides and HDL-cholesterol
levels were not significantly affected.

Tolerability

Mipomersen neither is metabolized by CYP450 nor inhibits
any of the major enzymes of this drug-metabolizing system
(CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4)
[23]. In addition, mipomersen does not exhibit relevant phar-
macokinetic interactions when coadministeredwith simvastat-
in or ezetimibe [23].

Phase II and Phase III studies have shown a satisfactory
safety profile of mipomersen. The most common adverse
event was the injection site reactions, seen in a substantial
number of patients. The erythematous lesions occur within
24 hours of drug injection [15–20, 21••, 22•]. Although injec-
tion site reactions are not considered to be serious adverse
events they may affect patient compliance. Flu-like symptoms
have been observed in 30 % to 50 % of treated patients with
mipomersen [16, 18, 19, 21••].

Finally one of the concerns is that in some individuals
mipomersen increases hepatic fat [17, 18], and there are no
data about the progression of hepatic steatosis to a more
advanced chronic liver disease.

Fatty liver observed in patients treated with mipomersen
could parallel the hepatic fat accumulation naturally occurring
in familial hypobetalipoproteinemia (FHBL) due to mutations
of the APOB gene in which the development of hepatic
complications is rarely observed [24].

However the recent description of a family carrying a
nonsense mutation of APOB gene causing FHBL with a
massive history of severe steatosis associated with develop-
ment of hepatocellular carcinoma in carriers of this mutation
[25] may raise some concerns.

PCSK9 Inhibitors

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a
serine protease which is expressed in hepatocytes, kidney
mesenchymal cells, intestine as well as in embryonic brain
telencephalon neurons [26]. PCSK9 has a central role in
regulation of cholesterol homeostasis by enhancing the

endosomal and lysosomal degradation of hepatic low-
density lipoprotein receptor (LDLR) [27].

Dominant gain of function mutations in the PCSK9 gene
cause a phenotype similar to familial hypercholesterolemia
(FH) [28], while loss of function variants are associated with
hypocholesterolemia and protection against coronary artery
disease [29–31].

After the observation by Dubuc et al., that PCSK9 expres-
sion is up-regulated in vitro in isolated hepatocytes treated
with different statins [32], a similar significant increase in
plasma PCSK9 has been described in both in mice [33] and
in humans [34•] treated with statins. Statins, and also
ezetimibe [27], increase simultaneously the cell membrane
LDL- receptor numbers and also their PCSK9-mediated
degradation.

It has been shown that these effects are mediated via the
SREBP-2- related transcriptional activation that regulates both
LDLR and PCSK9 [21••, 33].

These data support the rationale that a combination therapy
with statins and a PCSK9 inhibitor could potentiate the statin
cholesterol lowering efficacy.

Although several approaches to inhibit PCSK9 have been
pursued for the treatment of hypercholesterolemia, to date the
use of fully humanized human monoclonal antibodies (mAbs)
targeting PCSK9 seems to be the more successful [34•].

The effective and sustained reduction of LDL-C mediated
by the intravenous injection of fully humanized PCSK9mAbs
was first reported by two proof-of-concept studies in nonhu-
man primates [35, 36] and these results kicked off testing the
efficacy in Phase I and Phase II trials in humans.

Clinical Trials with PCSK9 mAbs

The fully humanized monoclonal antibody SAR236553/
REGN727 (Sanofi/Regeneron, Alirocumab) has been shown
to reduce effectively LDL-C in healthy individuals (33-46 %)
[37, 39] as well as in patients with HeFH and individuals with
polygenic hypercholesterolemia in conjunction with statins
(40-72 % and 38-66 %, respectively) [38, 40].

Moreover, treatment with SAR236553/REGN727 has been
able to show a substantial reduction of apoB [38], Lp(a) [40]
and triglycerides [38] of 56 %, 34 %, and 19 %, respectively,
and a small increase of HDL-C concentrations (by a maxi-
mum of 8.5 %) [38].

Similar reductions in LDL-C have also been observed with
AMG145 (Amgen), another fully humanized antibody (up to
64 % relative to placebo in healthy individuals) [41]. The
administration of 140 mg of AMG145 antibody every two
weeks reduced LDL-C by 51 % in patients with FH [42],
while in patients treated with statins with or without ezetimibe,
AMG145 decreased LDL-C levels in a dose dependent fash-
ion by up to 66 % [43, 44].
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Besides LDL-C reduction, AMG145 decreased Lp(a) con-
centrations by 9 % to 27 % and modestly elevated HDL-C by
5 % to 12 % [42–44].

Thus, both the SAR236553/REGN727 and AMG145
mAbs injected every two weeks appear to display similar
efficacies in terms of LDL-C reduction both as monotherapy
or in conjunction with statins. Moreover, anti-PSCK9 mAbs
treatment resulted in the achievement of optimal target levels
of LDL-C (<70 mg/dl) in the majority of the heterozygous
familial hypercholesterolemia patients enrolled in these stud-
ies [37, 42].

Very recently, a pooled analysis of data from 1,359 patients
in four phase II trials assessed the effects of AMG145
(evolocumab) on Lp(a) levels, the relationships between
Lp(a) and lowering of LDL-C and apoB, and finally the
influence of background statin therapy [45].

AMG145 treatment for 12 weeks resulted in significant
mean dose-related reductions in Lp(a) of 29.5 % and 24.5 %
with 140 mg and 420 mg every two and four weeks, respec-
tively. Lipoprotein (a) reductions were significantly correlated
with percentage reductions in LDL-C and apoB. Moreover, a
trend toward a major reduction was observed in patients
treated in combination with statins.

Finally, the TESLA proof-of-concept study (Trial Evaluat-
ing PCSK9 Antibody in Subjects With LDL Receptor Abnor-
malities) was designed to evaluate the safety, tolerability and
efficacy of AMG 145 in a particular setting of subjects with
HoFH in which it was unknown if PCSK9 inhibition could
work [46].

Eight HoFH patients with null or defective mutations if the
LDL-receptor were recruited and treated with AMG145
(420 mg every four weeks for ≥12 weeks, followed by every
two weeks for an additional 12 weeks) [46].

After 12 weeks treatment, a 16.5 % of LDL-C mean
reduction from baseline was observed in the treated patients.
However the patients who experienced significant reduction
of LDL-C (up to 43.6 % from baseline) were carriers of
defective mutations in the LDLR gene while no significant
changes from baseline were observed in HoFH patients car-
riers of null mutations (receptor negative patients) [46].

These results suggest for the first time that PCSK9 mAbs
may be useful in the lowering LDL-C in HoFH carriers of
defective mutations in LDLR gene.

Tolerability of PCSK9 mAbs

Phase I/II trials have shown that both REGN727 and
AMG145 were well tolerated and not associated with serious
adverse events.

The most frequent complaints were mild injection-site
reactions. There have been only sporadic reports of increase
of serum levels of creatininekinase [37], generalized pruritus

due to hypersensitivity [39], and one case of leukocytoclastic
vasculitis [38].

Although the efficacy and safety results of these studies are
promising, the ongoing phase III PCSK9 mAbs clinical trials
will provide more information on efficacy and safety includ-
ing the risk of immune complex-mediated disorders related to
the long-term administration of monoclonal antibodies.

Currently, a number of Phase III trials of PCSK9 mAbs are
underway or were recently completed including two clinical
outcomes trials, ODYSSEY Outcomes (NCT01663402) with
REGN727 and FOURIER (NCT01764633) with AMG145.

Other Approaches to PCSK9 Inhibition

Along with mAbs, other approaches for PCSK9 inhibition are
under consideration.

These include the use of mimetic peptides and ASOs.
Mimetic peptides are structurally similar to the EGF-A do-
main of LDLR and compete with endogenous PCSK9 for
receptor binding [47–50]. Other types of mimetic peptides
are also under development, including truncated forms of
PCSK9 that contain the receptor binding C-terminal domain
but that lack the functional segment [51]. Data regarding the
clinical efficacy and tolerability of these agents are not avail-
able. With ASOs, experimental findings have shown up-
regulation of LDLR expression by 2 to 3 fold and a 40 % to
50 % reduction in LDL-C concentrations following treatment
[52–54].

CETP Inhibitors

Low HDL cholesterol is a risk factor for CV disease [55•].
Nevertheless, the lack of specific HDL-cholesterol-raising
drugs has prevented the possibility of proving that the CV
risk can be reduced by increasing HDL cholesterol. HDLs are
the main effectors of the reverse cholesterol transport (RCT), a
physiological mechanism responsible for cholesterol removal
from periphery (including atheroma) and its transport to the
liver. Liver cholesterol is either excreted into bile or it is
packed into nascent lipoproteins [56]. Cholesteryl ester trans-
port protein (CETP), one of the key enzymes of RCT, was
identified about fifteen years ago [57]. CETP transfers
cholesteryl esters (CE) from HDLs to LDLs in exchange with
triglycerides. LDL-CE is then removed by the blood stream by
the LDL receptor mediated pathway. CETP deficiency in-
crease HDL-C by inhibiting CETP function [58]. The first
cases of CETP gene deficiency have been discovered in a
cluster of Japanese subjects with very high HDL-C levels [57]
but several CETP deficiency cases have been detected world-
wide [59]. Survival CV curves according to plasma HDL-C
levels showed that subjects with CETP deficiency are at CV
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risk [60], suggesting that CETP function is athero-protective.
Based on the assumption that partial CETP inhibition could be
beneficial in low HDL-C patients, drug companies have iden-
tified CETP as a suitable drug target. Up to date, four CETP
inhibitors have been synthesized and tested in humans:
torcetrapib, dalcetrapib, and more recently anacetrapib and
evacetrapib.

Torcetrabib was the first compound to be subjected to
preclinical studies. Torcetrapib is a potent CETP inhibitor able
to increase HDL cholesterol in humans [61]. The largest trial
with torcetrapib was the “Investigation of Lipid Level Man-
agement to Understand its Impact in Atherosclerotic Events”
(ILLUMINATE) trial. This trial included 15,067 subjects
followed for 1.5 years [62]. Torcetrapib was administred on
top of atorvastatin treatment and it was able to raise HDL-C by
72 % while LDL-C was reduced by 25 %. In spite of the
improvement of the lipid profile, torcetrapib significantly
increased the composite primary CV endpoint occurrence,
i.e., CV-related death and hospitalization for CV events and
these results caused the premature termination of the trial. The
causes of the CV events excess were attributed mainly to the
rise of blood pressure observed in the trial. The post-hoc
analyses showed that torcetrapib caused a sustained increase
in aldosterone levels [63], with negative effects on water and
salt body balance and a consequential increase in blood pres-
sure. The ILLUSTRATE trial [64] showed that atheroma
extension was not affected by torcetrapib by intravascular
ultrasonography (IVUS), confirming that torcetrapib is not
beneficial in high risk CV patients.

Dalcetrapib was the second CETP inhibitor tested in
humans. It is an irreversible low-potency CETP antagonist
[65]. Tough dalcetrapib was not able to increase blood pres-
sure or aldosterone levels [65], it failed to show improvement
of the CV endpoint in the phase III trials. The Dal-
OUTCOMES trial [66] included 15,981 patients with recent
history of acute coronary syndrome. Dalcetrapib was admin-
istered against placebo resulting in a 40% increase of HDL-C.
However, no difference in the composite CV endpoint was
observed over the 2.6 years mean observation period. Dal-
PLAQUE [67] and Dal-VESSEL [68] failed to demonstrate
respective improvements of atheroma volume investigated by
MRI and surrogate markers of endothelial dysfunction as
CRP, plasma selectins and adhesion molecules. In conclusion,
the use of dalcetrabip does not seem beneficial in high CVrisk
patients.

Anacetrapib is a powerful CETP inhibitor, similar to
torcetrapib. The effects of anacetrapib were tested in the
“Determining the Efficacy and Tolerability of CETP Inhibi-
tion with Anacetrapib” (DEFINE) trial [69]. A total of 1,623
high CV risk patients on statin therapy were randomized to
receive anacetrapib vs. placebo. The CV endpoint was a
composite endpoint that included CV death and events, plus
hospitalization for angina. Patients LDL-C levels at baseline

were below 100 mg/dL on statin therapy. Anacetrabip deter-
mined a further 40 % LDL-C levels reduction and a 138 %
increase of HDL-C levels over the 18 months observation
period. Composite CV endpoint was not improved, but
anacetrapib was shown not to be harmful to the patients. The
trial was followed by a study evaluating the safety profile of
the patients that discontinued anacetrapib after the DEFINE
trial [70•]. Anacetrapib plasma concentration reached 40 % of
the trial plasma levels after 12 weeks of drug discontinuation,
while traces of anacetrapib were detected in the plasma after
two years of discontinuation in a small cohort. Neither liver
enzymes elevations nor significant adverse events were ob-
served in the discontinuation period. The ambitious “ Ran-
domized Evaluation of the Effects of Anacetrapib Through
Lipid-modification” (REVEAL) trial will evaluate the effect
of anacetrapib on hard CV endopoints, including CV death
and events [71]. The investigators plan to enroll over 30,000
high CV risk subjects and to follow them for about five years.

Evacetrapid is the last CETP inhibitor to be developed. In a
small trial including 156 subjects evacetrapib significantly
decreased LDL-C and increased HDL-C without any increase
of plasma aldosterone or blood pressure [72]. The “A Study of
Eva c e t r a p i b i n H igh -R i s k Va s cu l a r D i s e a s e ”
(ACCELERATE) trial is to randomize more than 11,000 high
CV-risk patients to receive evacetrapib vs. placebo [73]. The
trial will show the effect of evecetrapib on hard CVendpoints
(CV death and event, CAD hospitalization) after the study
completion, expected in 2015.

MTP Inhibitors

Microsomal triglyceride transfer protein (MTP) is an intracel-
lular lipid-transfer protein essential for the assembly and se-
cretion of very-low-density lipoprotein (VLDL) particles in
hepatocytes and chylomicron particles in enterocytes. MTP
initiates the incorporation of lipids into apoB and acts as a
chaperone to assist in the proper folding of the apoB protein
[74]. The role of MTP in lipid transport and metabolism was
revealed by studies demonstrating that a genetic defect in
MTP gene causes abetalipoproteinemia, an autosomal reces-
sive disorder characterized by lack of production of ApoB
containing lipoproteins (chylomicrons and VLDL).

Studies demonstrating that defects in MTP cause
abetalipoproteinemia suggested that inhibition of MTP could
be a novel new mechanism to lower plasma lipid levels. One
would predict that MTP inhibitors would be capable of
inhibiting the production of both VLDL and chylomicrons.

Pharmacological inhibition of MTP represents a novel
therapeutic strategy to treat severe forms of hyperlipidemia
[75].

Research efforts led to the development of a compound
named BMS-201038/AEGR-733, a synthetic small molecule
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benzimidazole-based analogue, that was recently approved by
FDA and EMA (Juxtapid® in the US and Lojuxta® in the EU)
as adjunctive treatment of Homozygous Familial
Hypercholesterolemia.

Clinical Trials with Lomitapide

Lomitapide was administered alone or in combination with
ezetimibe 10 mg daily in a phase II double-blind placebo-
controlled trial in 85 hypercholesterolemic patients at moder-
ate or high CV risk [76]. In patients who were treated with
lomitapide alone, a significant reduction of LDL-C and apoB
(30 % and 24 %, respectively) was observed at a dose of
10 mg/day. Combination therapy produced similar but larger
dose-dependent decreases of LDL-C levels (46 % at 10 mg/
day of both lomitapide and ezetimibe).

Further, the efficacy of lomitapide was tested in the severe
forms of familial hypercholesterolemia (homozygous FH -
HoFH).

HoFH is a rare inherited disease, which has a prevalence
worldwide of 1: 1,000,000, though recent studies suggest that
the prevalence of HoFH may be higher than previously
thought [77, 78].

The biochemical phenotype of HoFH is expressed at birth
and clinical manifestations of coronary heart disease due to
chronic exposure (since birth) to very high cholesterol levels,
occur in the 1st-2nd decade of life.

After a proof-of-concept phase II trial [79], lomitapide has
been tested in a multinational single-arm, open-label, 78-
week, phase 3 trial [80••].

Lomitapide effectively reducedmean plasma LDL-C levels
by 50% from baseline in 23 adults with HoFH over a 26 week
treatment period and this reduction was sustained for an
additional 52 weeks of lomitapide treatment.

The phase III trial also demonstrated that 46% patients (six
of 13) patients interrupted or reduced the frequency of aphe-
resis treatments because of an important and stable reduction
of LDL-C.

Tolerability of Lomitapide

Lomitapide Phase II studies [76, 79] have shown that a high
dose of the drug was associated with severe and frequent
hepatic and gastrointestinal side effects, both due to the drug
mechanism of action. The Phase III trial results at the safety
end point (week 78) indicate that overall lomitapide is safe and
well tolerated. The adverse events (AE) were mainly gastro-
intestinal (GI) including nausea, heartburn, flatulence, diar-
rhea and fecal urgency. The majority of the patients in the
efficacy phase experienced GI AEs of mild or moderate
intensity. Interestingly, a decrease in the frequency and inten-
sity of GI AEs was observed over time, maybe due to an
intestinal adaptation to the drug or to a better self-management
of the dietary fat intake. The transaminases (ALTand/or AST)

Table 1 Comparison of main characteristics of mipomersen, PCSK9 mAbs, CETP inhibitors and lomitapide

Drug Mechanism of
action

Route of
administration

Adverse effects Comments

Mipomersen ApoB synthesis inhibition Subcutaneous
injection

Injection site reactions
Flu-like symptoms
Elevation of liver function tests
Hepatic fat accumulation

FDA approval for HoFH
Has been used in primary hypercholesterolemia and
HeFH patients on top of conventional LLT or in
primary hypercholesterolemia patients intolerant to
LLT

PCSK9
mAbs

Blockade of PCSK9
interaction with LDLR via
mAbs

Subcutaneous
injection

Injection site reactions
Sporadic increase of serum
levels of creatininekinase
Sporadic hypersensitivity
reaction

1 case of leukocytoclastic
vasculitis

Phase III and outcomes trials ongoing

CETP
inhibitors

Inhibition of CETP Oral Increase of plasma aldosterone
and blood pressure
(torcetrapib)

Phase III and outcomes trials ongoing

Lomitapide Reduced secretion of ApoB
containing lipoproteins
from liver by MTP
inhibition

Oral Hepatic fat accumulation
Gastrointestinal side effects

Elevation of liver function tests

FDA and EMA approval for HoFH
Has been used in primary hypercholesterolemia
patients on top of conventional LLT or in primary
hypercholesterolemia patients intolerant to LLT

Abbreviations: ApoB, Apolipoprotein B; CETP, Cholesteryl ester transport protein; HeFH, Heterozygous familial hypercholesterolemia; HoFH,
Homozygous Familial Hypercholesterolemia; LDLR, low-density lipoprotein receptor; mAbs, monoclonal antibodies; MTP, microsomal triglyceride
transfer protein; TG, triglycerides; LLT, Lipid Lowering Therapy; FDA, Food and Drug Administration; EMA, European Medicines Agency
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levels in the majority of patients remained <2× ULN; only
three patients had ALT and/or AST levels >5× ULN - ≤10×
ULN and one patient >10× ULN - ≤20×ULN. No patients
showed changes in bilirubin and alkaline phosphatase levels.
Lomitapide, by inhibiting MTP, reduces the hepatic triglycer-
ides export leading to fatty liver. In the Phase III trial, hepatic
fat accumulation was monitored by nuclear magnetic reso-
nance spectroscopy (NMRS). In the trial period, the hepatic
fat content increased from 1 % at baseline to 8.6 % at end of
the efficacy end point (week 26), remaining stable at the end
of safety endpoint (week 78). During the entire trial only one
patient showed a hepatic fat content >20 % to ≤25 % and two
patients >25 %.

At this time, lomitapide is indicated only in adult patients
with HoFH in addition to a low-fat diet, other lipid-lowering
medications and with or without LDL-apheresis treatment.
Treatment should be initiated and monitored by a physician
experienced in the treatment of lipid disorders.

In order to minimize gastrointestinal adverse reactions
associated with the use lomitapide, patients should follow a
low fat diet (less than 20 % of energy from fat) and dietary
counseling should be provided.

It is reasonable to expect that in the future an increasing
number of HoFH patients will be treated with lomitapide and
that more evidence on long-term safety will be available.
Evidence is needed on the possible benefits of an early start
of the lomitapide treatment in HoFH pediatric patients. The
ultimate long-term challenge for lomitapide will be to show a
reduction of cardiovascular events and mortality in
HoFH [81].

Conclusions

We have reviewed the clinical and safety data regarding new
therapies for lowering plasma LDL-C. levels. In Table 1 the
main characteristics of the reviewed compounds are summa-
rized. All of the described agents produce potent reductions in
plasma LDL-C and apoB on top of statin and/or other lipid
lowering therapies in high-risk individuals with hypercholes-
terolemia, and in FH patients.

At this time Mipomersen and Lomitapide are indicated
only for HoFH and in the future could beneficially affect the
natural history of this severe and rare disease.

Anti-PCSK9mAbs show a good efficacy associated with an
excellent safety profile; and this could warrant a wider employ-
ment in the future in different categories of patients at high risk
for CVD as patients with: a- LDL-C levels not at target on
maximal doses of statins; b-high residual risk on statins; c-
intolerance to statins; and d- familial hypercholesterolemia.

The results of ongoing trials with CETP inhibitors may
warrant and support their use especially when statins are not
tolerated or statin therapy fails to achieve adequate reductions

in LDL-cholesterol level, or for patients with low HDL-
cholesterol and high triglyceride levels.

Overall, longer term efficacy, tolerability and impact of all
these compounds on reducing cardiovascular events are cur-
rently being investigated in large-scale end point trials and all
end-points need to be fulfilled.
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