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Abstract: Background: Low-density lipoprotein cholesterol (LDL), and especially its oxidized
form, renders the atherosclerotic plaque vulnerable to rupture in acute coronary syndromes (ACS).
On the other hand, high-density lipoprotein (HDL) is considered an anti-atherogenic molecule. The
more recent HDL-targeted drugs may prove to be superior to those used before. Indeed, delipidated
HDL and HDL mimetics are efficient in increasing HDL levels, while the apoA-I upregulation with
RVX-208 appears to offer a clinical benefit which is beyond the HDL related effects. HDL treat-
ment however has not shown a significant improvement in the outcomes of patients with ACS so
far, studies have therefore focused again on LDL. In addition to statins and ezetimibe, novel drugs
such as PSCK9 inhibitors and apolipoprotein B inhibitors appear to be both effective and safe for
patients with hyperlipidemia.

Conclusion: Data suggest these could potentially improve the cardiovascular outcomes of patient
with ACS. Yet, there is still research to be done, in order to confirm whether ACS patients would

benefit from LDL- or HDL-targeted therapies or a combination of both.

Keywords: High-density lipoprotein, low-density lipoprotein, acute coronary syndromes, outcomes, atherosclerosis, lipid-

lowering drugs, statins, ezetimibe.

1. INTRODUCTION

Over the last decades, the underlying mechanisms for
atherosclerosis have been thoroughly examined. In the effort
to improve prognosis in patients with acute coronary syn-
dromes (ACS), a variety of biomarkers have been proposed
as possible targets for intervention. It is widely known that
(low density lipoprotein) LDL levels are linked to coronary
artery disease (CAD), as the oxidative modification of LDL
is the initial step that leads to the formation of the nascent
atheroma (Fig. 1). Statins have long been considered an in-
dispensable part of the treatment of patients with ACS, ow-
ing to their hypolipidemic effect and to their numerous plei-
otropic properties that have a positive clinical impact. In-
deed, as many studies have reported, statins potently de-
crease LDL levels and, in tandem, cardiovascular disease
(CVD) risk [1].

Nevertheless, even when the LDL goal is achieved with
statin administration residual risk remains, which is mainly
attributed to the persistently decreased HDL levels [2].
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HDL, as opposed to LDL, has proved to be a potent cardio-
protective agent, as HDL levels are inversely linked to CAD
incidence [3]. Significant data have revealed that HDL-
related drugs may be effective in reducing cardiovascular
mortality; however they are not as encouraging or unani-
mous as expected. HDL is a complex particle (Fig. 2) in
terms of size and structure, and the associated molecules
present different properties in terms of CVD risk. Addition-
ally, it seems that the atheroprotective role of HDL turns into
atherogenic in states of increased inflammatory process [4].

Several treatment strategies have been tested so far, tar-
geting either the HDL or the LDL metabolism. In the present
review article, we aimed to compare the effects of the HDL-
vs. the LDL-targeted therapy on the outcomes of patients
with ACS.

2. THERAPIES WITH LOW-DENSITY LIPOPRO-
TEIN-LOWERING EFFECT

2.1. Statins

Early studies were in agreement that LDL level reduction
substantially decreases CVD risk even in patients with ACS
[1, 5, 6]. Nevertheless, the rate of cardiovascular (CV) mor-
tality remained high. Cannon et al. [7] compared the stan-
dard therapy of 40 mg pravastatin with 80 mg of atorvastatin
daily in patients with recent ACS. At a follow-up of 24
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Fig. (1). The atherogenic role of LDL vs. the atheroprotective properties of HDL. The deposition of the oxidized LDL in the intima media is
the first crucial step that leads to the formation of a nascent atheroma. Oxidized LDL particles promote the inflammatory process, as they
enhance the expression of adhesion molecules. Monocytes accumulate into the vessel wall, where they mature into tissue macrophages and
subsequently into lipid-laden foam cells. These processes cause endothelial dysfunction and exacerbate the thrombotic status. By contrast,
HDL mitigates the atherosclerotic process as it presents anti-inflammatory, anti-oxidative and anti-thrombotic properties, which enhance en-
dothelial integrity. HDL also promotes cholesterol efflux from the artery wall and prevents the increase of the necrotic core volume. LDL:
low-density lipoprotein; HDL: high-density lipoprotein; ox-LDL: oxidized LDL; NO: nitric oxide; PGI2: prostacyclin; SMCs: smooth muscle
cells; RBCs: red blood cells.
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Fig. (2). Differences in HDL and LDL structure. Lipoprotein particles consist of two basic components: an internal core — an aggregate of
cholesteryl esters and triglycerides — and an external phospholipid monolayer, which contains apolipoproteins and unesterified cholesterol.
The different lipoproteins are discriminated based on the quantity and specific class of apoliporoteins they contain. 50% of an HDL particle
is made up of protein, while the equivalent percentage for an LDL particle is 25%. Apo A-I and apo A-II make up 90% of the HDL’s protein
mass, while each LDL particle contains a single apo-B_joo molecule. HDL: high density lipoprotein; LDL: low-density lipoprotein; apo A-I:
apolipoprotein A-I.
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months, the intensive-treatment group demonstrated a de-
crease in the composite incidence of all-cause mortality,
myocardial infarction (MI), unstable angina (UA) requiring
hospitalization, revascularization and stroke, and a number
of patients needed to treat of 6.25 which was fairly promis-
ing as intervention. On further analysis of data, intensive
statin treatment also had a protective role against recurrence
of primary endpoint events [8]. Similarly, the A to Z trial [9]
reported that the intensification of statin treatment in ACS
patients (40 mg simvastatin for 1 month and afterwards 80
mg simvastatin daily) decreased the major adverse cardio-
vascular event (MACE) incidence, compared to the standard
treatment (placebo for 4 months, followed by 20 mg simvas-
tatin daily). Moreover, the IDEAL study [10], which en-
rolled patients with acute MI (AMI), demonstrated that the
high-dose atorvastatin regimen was superior to the usual-
dose simvastatin one in reducing the risk of recurrent nonfa-
tal MI although with a number needed to treat of 50 to bene-
fit from any coronary event. Nonetheless, no difference was
noted in the incidence of coronary death or cardiac arrest
with resuscitation. Of particular note, a large meta-analysis
of data from almost 170,000 subjects suggested that the more
intensive regimens caused an additional 15% reduction in the
rate of MACE [11]. This involved separate significant reduc-
tions in coronary death or nonfatal MI 13%, coronary revas-
cularization (19%) and ischaemic stroke (16%). The dose-
dependent benefit from the LDL lowering effect was demon-
strated with both standard and intensive statin regimens with
a reduction in all-cause mortality of 10% per 1.0 mmol/L
LDL reduction, mostly representing significant reductions in
deaths secondary to all cardiac causes without any signifi-
cant difference in stroke-related deaths. Of note, the adher-
ence to statin treatment is another significant parameter. As a
recent prospective cohort of ACS patients concluded, statin
non-adherence at a 23-month follow-up significantly in-
creases death rate [12].

Therefore, high-dose of statins has improved CVD out-
comes. Nevertheless, some high-risk patients do not reach
the target LDL levels, despite receiving intensive statin
treatment. At the same time statin intolerance (unable to con-
tinue statin, either because of the development of a side ef-
fect or because of evidence of abnormal blood markers)
might not allow the intensification of statin therapy. Thus,
the concomitant use of other regimens that target the LDL
metabolism is, in some cases, warranted [13].

Recently, visit-to-visit LDL variability has emerged as an
independent predictor of adverse outcomes in patients with
CAD [14]. It has been suggested that LDL variability is as-
sociated with unpredictable fibrous cap thickness resulting
and, hence, plaque vulnerability. Furthermore, erratic LDL
levels are more likely to be present in older and frail indi-
viduals or might even reflect reduced compliance to medica-
tion. It appears that LDL variability is more common with
the use of low dose statins compared to high doses.

2.2. Ezetimibe

A number of studies including patients with ACS have
suggested that the addition of ezetimibe to background statin
treatment increases the percentage of patients who achieve
target LDL levels [15]. In a randomized trial including pa-
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tients with acute MI (AMI), it was noted that 45% of the
patients treated with a combination regimen of 10 mg
ezetimibe and 40 mg simvastatin exhibited LDL levels be-
low 70 mg/dl by the fourth day of treatment; the equivalent
percentage in the group that received monotherapy with 40
mg simvastatin was only 5% [16]. Nevertheless, in patients
with a recent MI the statin-ezetimibe co-administration had
no effect on the mortality rate, when compared to standard
simvastatin monotherapy. In contrast, the intensification of
the statin treatment significantly reduced mortality at a 3.2-
year follow-up [17].

Importantly, the IMPROVE-IT trial [18] was a double-
blind, randomized trial involving 18,144 patients with a re-
cent ACS, that aimed to clarify the impact of ezetimibe-
statin co-administration on patients’ outcomes at a 7-year
follow-up. It appeared that co-administration of 10 mg
ezetimibe and 40 mg simvastatin decreased the rate of the
composite cardiovascular end-point (i.e. CV death, nonfatal
M1, UA requiring hospitalization, coronary revascularization
and nonfatal stroke) when compared to monotherapy with 40
mg simvastatin alone. Approximately 50 patients needed to
be treated to meet the primary endpoint. It was also noted
that the reduction of LDL cholesterol (LDL-C) to levels be-
low the previous target ones conveyed an additional benefit.
In a recent subsequent analysis of the same trial it was
shown that the addition of ezetimibe could reduce not only
the first adverse cardiovascular events, but also the subse-
quent ones. Indeed, when the subsequent events were also
taken into consideration, it was shown that ezetimibe could
reduce total CV events by 9%. The decrease was driven by
reductions in total nonfatal MI and total nonfatal stroke [19].
The benefit from ezetimibe addition to statin therapy was
stronger among patients with prior coronary artery bypass
graft (CABG) who experienced a significantly lower risk of
the primary endpoint [20]. Furthermore, a recent meta-
analysis showed that ezetimibe is the only add-on therapy
that conveys a clinical benefit [21]. In accordance, Savarese
et al. [22], in their meta-analysis, concluded that the addition
of ezetimibe could reduce the risk of MI and stroke by
13.5% and 16% respectively, even though all-cause mortal-
ity and the rates of CV death were unaffected. In complete
contrast to the above, Bataggia et al. [23], in their pooled
analysis, reported that ezetimibe co-administration, com-
pared to simvastatin monotherapy, increases the rate of all-
cause mortality, CV death, non-CV death, MI and stroke.

Despite the favorable results derived from either the in-
tensification of statin therapy or from the statin-ezetimibe
co-administration, the CVD risk was still not obliterated.
Thus, therapies that aimed to raise HDL seemed a promising
alternative.

3. THERAPEUTIC APPROACHES TO RAISE
PLASMA HDL

However, over the last decade it has become apparent
that the anti-athrosclerotic properties of HDL lie more in its
quality rather than absolute HDL levels. HDL appears to lose
its protective qualities in certain pathological conditions [24,
25] and with only 5% of the total HDL derived from actual
macrophage cholesterol efflux, the amount of HDL seems a
poor representative of the beneficial effects of HDL [26, 27].
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Over the last few years, several methods have been devel-
oped which can assess HDL function [28]. One of these
newer methods, macrophage cholesterol efflux appears to
more accurately predict cardiovascular events than actual
HDL levels [29, 30].

3.1. Niacin

Niacin, a vitamin B, has long been used to increase HDL
[31-33]. In the Coronary Drug Project [34], that enrolled
men with a history of MI, it was demonstrated that niacin
reduced the rate of recurrent non-fatal MI and decreased 15-
year total mortality by 11%. The FATS trial [35] investi-
gated the results of intensive lipid-lowering therapy in men
with high CVD risk burden and documented CAD. Adverse
clinical events, such as death, MI or deteriorating symptoms,
were noted only in 2 of 48 patients who were administered
niacin and colestipol, as opposed to 10 out of 52 assigned to
conventional treatment with placebo or colestipol. Of par-
ticular interest are data derived from recent meta-analyses.
Phan et al. demonstrated that niacin treatment for 3 years
significantly reduced the major CV events risk (8% vs. 21%,
p=0.001), interestingly with a number needed to treat of 7.7
and, even though it induced an unfavorable modification of
glucose levels, did not cause diabetes mellitus [36].

Most of the studies that investigated the results of niacin
administration in statin-naive patients raised questions
whether the effects would persist on top statin administra-
tion. In this light, the ARBITER 2 trial [37] assessed the
effect of extended-release niacin in patients with known
CAD that were already on statin therapy. Niacin treatment
significantly decreased the progression rate of the common
carotid intima-media thickness (IMT) in patients without
insulin resistance. However, the reduction in the rate of sub-
sequent coronary events was not found to be significant. Fur-
thermore, the AIM-HIGH trial [38] assigned patients with
CVD treated with simvastatin plus ezetimibe to randomly
receive either niacin or placebo. Niacin administration in-
duced a favorable alteration in the lipid profile. However, the
trial was forced to stop at 3 years, since the rates of death,
nonfatal MI, ischemic stroke, hospitalization for ACS and
coronary or cerebral revascularization, were not affected.
Additionally, all patients included had reached the LDL goal
of <80 mg/dl, due to the combination of statin and ezetimibe
[39]. The HPS2-THRIVE trial [40] was the most recent trial
to address this issue. In this study, 25,673 patients with CVD
were randomized to receive either a regimen of 2 g niacin
and 40 mg laropiprant or placebo, after the baseline therapy
with 40 mg simvastatin with or without 10 mg ezetimibe was
standardized so as to achieve the recommended LDL goal.
Laropiprant, a selective antagonist of PGD2-receptor sub-
type-1, was added in order to prevent the prostaglandin-
mediated flushing, so that patients’ compliance to niacin
would improve [40]. However, the incidence of major ad-
verse vascular events was not affected by the addition of
niacin plus laropiprant, which was associated with a higher
rate of adverse events [41]. Whether the latter is attributable
to niacin per se or laropiprant, cannot be determined but with
a 2-by-2 factorial design study [42]. It should be noted that
knockout mice lacking the prostaglandin D2 receptor DP1
(inhibited by laropiprant) present increased atherogenesis
and thrombogenesis [43].
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In a recent meta-regression analysis of data from 35,723
participants which also included the unfavourable results
from AIM-HIGH [44] and HPS-THRIVE?2 [40] trials, niacin
treatment significantly reduced all CV events, major coro-
nary events and any revascularization [45]. However, it ap-
peared that this beneficial effect was related to reductions in
total cholesterol, non-HDL and triglyceride levels rather an
improvement in HDL.

Overall, niacin has long been used to increase HDL. Con-
troversial data exist with regards to its ability to alter major
CV risk. A recent meta-analysis of randomized data showed
that niacin treatment significantly reduced all CV events,
major coronary events and any revascularization though
these effects were likely related to reductions in lipid profile.

3.2. Fibrates

Fibrates are synthetic ligands for peroxisome proliferator
activated receptor (PPAR)-a that induce a 5 to 15% increase
in HDL levels. Clofibrate was the first fibrate designed and a
series of trials have studied its potential benefit on cardio-
vascular outcomes, but the results were controversial.
Goldenberg et al. [46] reported that the mortality rate and the
non-fatal MI incidence were significantly reduced among
patients with ischemic heart disease treated with clofibrate.
However, the reduction was greater for the population with a
history of angina rather than ACS. Notably, the impact of
clofibrate administration on the mortality rate was independ-
ent of its lipid-modifying effect. The combination of clofi-
brate and niacin seemed to have had more encouraging re-
sults. The Stockholm Ischaemic Heart Disease Secondary
Prevention Study that involved 555 MI survivors, showed
that both total and ischemic heart disease mortality were
decreased in the intervention group. Of note, this study noted
that the beneficial impact of clofibrate on mortality should
be attributed to its lipid-lowering effect [47].

While the results concerning the use of clofibrate contin-
ued to be ambiguous, two randomized S-year trials investi-
gated the impact of gemfibrozil administration on CAD inci-
dence. The Helsinki Heart Study showed that gemfibrozil
reduced the incidence of a cardiac end point among 4,081
asymptomatic, dyslipidemic middle-aged men, but did not
affect the total death rate [48]. Nonetheless, the analysis of
600 individuals who were previously symptomatic and were
excluded from the primary trial, concluded that the incidence
of fatal and non-fatal MI and cardiac death were not reduced
by gemfibrozil administration [49]. A subsequent trial that
concerned men with clinically overt CAD reported a 24%
decrease in the combined hazard of cardiovascular mortality,
nonfatal MI and stroke with gemfibrozil therapy. Of note,
the LDL levels between the intervention and placebo group
were similar, while HDL increased by 6% and triglycerides
decreased by 31% in the intervention group. This evidence
suggested that the rate of MACE was reduced due to the
improvement in HDL and triglycerides (TG) levels, regard-
less of the LDL invariability [50].

The studies assessing the impact of bezafibrate and fen-
ofibrate were more enlightening, even though they mainly
addressed diabetic population. The beneficial impact of
bezafibrate was confirmed in the Bezafibrate Infarction Pre-
vention study concerning patients with a previous history of
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MI or angina. Bezafibrate administration tended to decrease
the risk of fatal or non-fatal MI and sudden death [51]. In the
subsequent 16-year follow-up of the patients enrolled in the
study, bezafibrate therapy was shown to reduce long-term
mortality by 11%. Of note, the long-term mortality decrease
correlated with the degree of the HDL response to treatment
[52]. A recent study showed that the administration of
bezafibrate on top of statin treatment in diabetic patients
with ACS decreased the incidence of 30-day MACE [53]. A
similar reduction in the rate of 30-day MACE was also found
in smokers with ACS after a combination of bezafibrate and
statin [54]. On the contrary, the ACCORD trial [55], which
included diabetic patients that received simvastatin on study
on admission, showed that the addition of fenofibrate did not
add a further clinical benefit to that of statins. Examining a
population with diabetes (n=9,795) with less than one third
(n=2,131) having established CV disease, the Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) study
showed that fenofibrate did not reduce the primary outcome
of major coronary events; however, it reduced total CV
events mainly by reducing non-fatal MIs and coronary re-
vascularization, however with a quite high number needed to
treat of 100 patients [56]. Despite more favorable changes in
lipoprotein profile in women, the effect on CV outcomes was
consistent in both males and females [57]. Nevertheless, the
interpretation of FIELD findings is limited by factors such as
significantly more frequent statin treatment in the placebo
group and fenofibrate effect on non-lipid biochemical profile
(HbAlc, homocysteine, creatinine). Overall, it appears that
patients with triglycerides level above 200 mg/dl benefit
most from fibrate treatment with consistent reductions in CV
events in the larger studies. Therefore, this subgroup might
be the one that should receive fibrate treatment.

In summary, clofibrate was the first fibrate designed and
a series of trials have studied its potential benefit on CV out-
comes, but the results were controversial. More consistent
results were derived from gemfibrozil and bezafibrate in
terms of MACE reduction. Also, fibrates have consistently
reduced CV events in the subgroup of patients with HDL
200mg/dL and that this subgroup is the one that probably
should receive fibrate treatment.

3.3. Glitazones

Thiazolidinediones consist an antidiabetic drug class
which is less frequently used nowadays. They exert their
effects via activation of peroxisome proliferator-activated
receptors (PPAR)-y. Their use has been associated with nu-
merical increases in HDL levels with the evidence regarding
their effect on HDL functional qualities being less clear [58-
62]. Overall, there is evidence suggesting that pioglitazone
decreases the atheroma burden and MI rate [63, 64]. Never-
theless, rosiglitazone has been mostly associated with unfa-
vorable CV outcomes namely increased the risk of MI and
heart failure [65-68].

3.4. Glitazars

Glitazars are agonists with dual action for PPAR o and v,
which were developed with a view to treat different aspects
of the metabolic syndrome. The first attempts to show that
glitazars might convey a clinical benefit were disappointing,
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due to the serious adverse effects of muraglitazar and tesagli-
tazar. Aleglitazar on the other hand, showed advantageous
impact on the laboratory profiles in clinical studies [69], but
a positive clinical effect was not announced. The AleCardio
randomized clinical trial was a phase 3, multicenter, random-
ized, double-blind, placebo-controlled trial that enrolled
7,226 patients diabetic hospitalized for ACS. Aleglitazar
failed to reduce the rate of adverse CV events at a 104-week
follow-up and also increased the probability of serious ad-
verse events [70, 71].

3.5. Cholesteryl Ester Transfer Protein Inhibitors

Torcetrapib (Table 1) was the first cholesteryl ester trans-
fer protein (CETP) inhibitor, whose clinical manifestations
were assessed by a large-scale randomized, double-blind
study that involved subjects with high CVD risk. At a 12-
month follow-up, the addition of torcetrapib to atorvastatin
treatment increased the rate of adverse CV events, as well as
all-cause mortality, even though a 72.1% increase in HDL
and a 24.9% decrease in LDL were noted [72]. Thus, the
administration of torcetrapib was not further encouraged.
The results concerning dalcetrapib were not favorable either.
In a large randomized trial, which assigned 15,871 patients
with a recent ACS to either dalcetrapib or placebo as add-on
therapy, no impact was evident on the cumulative risk of the
primary end point (i.e. death from cardiovascular causes,
nonfatal MI, ischemic stroke, UA and cardiac arrest with
resuscitation) and no significant change was observed in the
rates of each separate components [73]. Despite promising
initial data [74, 75] evacetrapib did not reduce CV events
despite a 130% increase in HDL [76].

Meanwhile, the DEFINE study [77] concluded that
anacetrapib potently increases HDL and reduces LDL levels,
with no apparent serious side-effects in patients with CAD or
at high risk for CAD. The REVEAL trial, another ongoing
phase III clinical study expected by 2017, has been designed
to determine whether anacetrapib can reduce the rate of
MACE in patients with CVD and low LDL.

3.6. Reconstituted High-density Lipoprotein

Given the positive results of recombinant proapolipopro-
tein A-I infusion on cholesterol excretion, it was proposed
the infusion of recombinant HDL (rHDL) as a direct method
to raise HDL levels. Several animal models had already sup-
ported this idea, as HDL administration proved able to hin-
der the atherosclerosis progression and to minimize the es-
tablished atheromatic lesions in cholesterol-fed rabbits [78].

Franceschini et al. [79] reported 3 cases with hyper-
triglyceridemia and a marked decrease in HDL levels, but no
concomitant CVD. The phenomenon was attributed to a
point mutation in the apo-A-I gene, with the resultant lipo-
protein molecule known as HDL Milano. In the clinical set-
ting, data concerning the rHDL-Milano is derived mainly
from imaging studies that report a regression of coronary
atherosclerosis. Still, the impact on outcomes has not been
assessed yet [80]. CSL-111, a rHDL that contained ApoA-I
derived from human plasma, failed to demonstrate reduction
in atheroma plaque by IVUS. Higher doses were accused of
raising liver enzymes and thus it was forced to discontinua-
tion [81]. However, the recently designed CER-001
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Table 1. Novel therapeutic approaches targeting HDL: evidence from randomized controlled studies.
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Delipidated HDL dated HDL P . 14 days 79.1%; the total atheroma
al. [85] ACS (14/14) . . apheresis/
infusions . . | alpha-HDL from | volume assessed by
reinfusions
92.8% t0 20.9% IVUS
A single dose of )
Unformulated D-| 30, 100, 300 or  The HDL anti-
Bloedon et . Patients with 40 inflammatory index
4F (HDL mi- 500 mg of Placebo 4 hours no effect L. .
al. [87] metic) CHD (32/8) unformulated significantly improved
(P<0.05)
D-4F
TapoA-I levels
dose-dependently
up to 5.6%
Nicholls of Statin treated RVX-208 at 50, (P=0.035);
lcl ngs]e RVX-208 patients with 299 1000r 150mg |  Placebo |12 weeks | 1 HDL from 3.2% -
al.
CAD twice daily to 8.3% (P=0.02);
1 large HDL from
11.1%t0 21.1%
(P=0.003)

Abbreviations: HDL: high-density lipoprotein, MI: myocardial infarction, RR: relative ratio, CHF: congestive heart failure, TIA: transient ischemic attack, N/A: not available,
HblAc: glycated hemoglobin; TG: triglycerides; ACS: acute coronary syndromes; CV: cardiovascular, MACE: major adverse cardiovascular events; CHD: coronary heart disease;
SBP: systolic blood pressure; CRP: C-reactive protein; LDL; low-density lipoprotein; UA: unstable angina; IVUS : intravascular ultrasound; QCA: quantitative coronary angiogra-
phy; CAD: coronary artery disease; +/-: plus/minus; 1: increased; |:decreased; No: number.

presented a safer profile. Tardif et al., enrolled 507 ACS
patients in an attempt to investigate the possible impact of
different doses of CER-001 on several imaging parameters,
but noticed no significant differences. The major CV events
incidence was not significantly affected either [82]. So far,
this is the only study to assess the impact of rHDL adminis-
trationon the outcomes of ACS patients. Chenevard et al.
[83] showed that rHDL fails to improve vascular function
in ACS patients, despite having a favorable impact on the
lipid profile. Given the production cost and administration
limitations, the trials assessing its clinical safety and effi-
cacy remain limited, despite the initial encouraging evi-
dence.

3.7. Delipidated HDL

Selective delipidation of plasma HDL transforms large
HDL particles to small, nascent ones that are necessary for
the reverse cholesterol transport and, thereby, facilitates
this athero-protective process [84]. Waksman ef al. investi-
gated the impact of autologous infusions of delipidated
HDL in 28 patients with ACS. A favorable alteration of the
HDL subgroups’ concentration was noted, as prebeta-like
HDL and alpha HDL diverted from 5.6% to 79.1% and
from 92.8% to 20.9%, respectively. The atheroma’s volume
was decreased and the administration was well-tolerated
[85]. However, the efficacy of the above method in de-
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creasing the incidence of clinical coronary events remains
to be seen. Nevertheless, given the production cost and
administration limitations the clinical data regarding to
these regimens are still sparse.

3.8. HDL Mimetics

HDL mimetics are characterized by a number of interest-
ing properties, as several studies using experimental models
demonstrated. The 4F peptide hinders the sphingomyelinase-
mediated LDL aggregation [86] and exhibits remarkable
anti-inflammatory functions [87], while the D-4F peptide
significantly reduced atherosclerotic lesions in the aorta of
diabetic mice [88], which was also noted with the SA peptide
in another animal model [89]. However, the clinical trials
that will address their impact on patients’ outcomes are a
distant future, while the emerging evidence is controversial.
Bloedon et al. [87] in a study assessing the effect of different
single doses of D-4F administration in patients at high CV
risk, concluded that the regimen is safe at a single dose and
showed potentially improvement of the HDL anti-
inflammatory index. However, a 28-day administration of L-
4F failed to ameliorate HDL functional biomarkers in pa-
tients with CAD [90].

3.9. Stimulation of Apolipoprotein A-I Transcription

The ApoA-I upregulation is another mechanism of en-
hancing HDL function that generates nascent HDL particles.
Nicholls et al. [91] assigned 299 statin-treated patients with
stable CAD to receive either placebo or different doses of
RVX-208, an oral ApoA-I inducer. The concentrations of
HDL and particularly of the large HDL particles increased at
12 weeks. This was declarative of enhanced cholesterol mo-
bilization. The ASSURE and SUSTAIN trials showed that
RVX-208 significantly increased apoA-I and HDL levels in
patients with low HDL and cardiovascular disease, while it
induced a significant decrease in the rate of MACE [92, 93].
Nevertheless, it was only recently shown that the administra-
tion of RVX-208 failed to increase the apoA-I or HDL levels
or to regress the atherosclerotic process in those patients
[92].

Despite the aforementioned promising results, further
studies of HDL-targeted therapies have not moved forward
as expected probably because of the complexity of produc-
tion, the formulation currently available (for some no oral
formulation) and the production costs [94].

4. FUTURE PERSPECTIVES IN LIPID THERAPY

As the results from studies focused on HDL therapy were
not totally encouraging (Table 1), novel therapies that ad-
dress the LDL-C metabolism were designed.

4.1. Other HDL-targeted Therapies

Several new regimens are under vigorous investigation,
but the evidence is, so far, derived mainly from experimental
animal models. Liver X receptors (LXR) agonists are
thought to facilitate reverse cholesterol transport and in-
crease HDL levels [95], while a novel scavenger receptor
class B type I (SR-BI) inhibitor was recently shown to in-
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crease HDL concentration by 20% in hypertriglyceridemic
patients [96]. Further trials are warranted before any safe
clinical conclusions can be drawn.

However, over the last decade it has become apparent
that the anti-athrosclerotic properties of HDL lie more in its
quality rather than absolute HDL levels. HDL appears to lose
its protective qualities in certain pathological conditions [24,
25] and with only 5% of the total HDL derived from actual
macrophage cholesterol efflux, the amount of HDL seems a
poor representative of the beneficial effects of HDL [26, 27].
Over the last few years, several methods have been devel-
oped which can assess HDL function [28]. One of these
newer methods, macrophage cholesterol efflux appears to
more accurately predict cardiovascular events than actual
HDL levels [29, 30] .

4.2. PCSK9 Inhibitors

The proprotein convertase subtilisin/kexin type 9 serine
protease gene (PCSK9) mediates the degradation of the he-
patic LDL receptor and thus inhibits LDL sequestration and
increases LDL levels. Consequently, its loss of function
would result in a reduction in LDL levels [97]. Human anti-
bodies have been lately designed to target PCSK9 inhibition
and have showed promising results in clinical trials.

Evolocumab (AMG 145) was one of the first anti-PCSK9
monoclonal antibodies that showed efficacy in decreasing
the LDL plasma levels. The MENDEL trial, including hy-
percholesterolemic patients, reported that monotherapy with
evolocumab at various doses decreased LDL plasma levels
by approximately 50% [98]. This was confirmed in the sub-
sequent phase 3 trial. Evolocumab decreased LDL by 55 to
57% compared to placebo and by 38 to 40% compared to
ezetimibe [99]. Evolocumab has been also shown to decrease
the levels of Apo B, triglycerides and lipoprotein (a) (LP(a)),
while it increases HDL [100]. This is of particular signifi-
cance for the group of patients that are statin intolerant. The
GAUSS-2 trial investigated the impact of evolocumab ad-
ministration in statin-intolerant patients and concluded that
evolocumab was well-tolerated for a 12-month administra-
tion [101]. The short-term tolerability of evolocumab in
statin-intolerant patients had previously been confirmed by
Sullivan et al. [102]. All in all, the OSLER trial [103] was
the largest trial to assess the regimen’s efficacy and tolerabil-
ity and concluded that the beneficial impact of evolocumab
continued to exist after 1 year of administration, while the
therapy was well-tolerated compared to standard treatment.
Indeed, the 24-month follow up of the patients enrolled in
the GAUSS-2 trial showed equally promising results. The
modifying lipid effect persisted at 24-months [104]. Thus,
evolocumab could be an alternative in the case of statin in-
tolerance. Nevertheless, evolocumab also showed efficacy as
an add-on therapy. Particularly in high-risk patients that fail
to reach the LDL-C goal with intensive statin treatment, the
addition of evolocumab has proved to be advantageous. The
LAPLACE-TIMI 57 trial included patients who received
intensive statin treatment and had plasma LDL levels of
>70mg/dl. It was reported that 90% of the patients assigned
to evolocumab achieved the LDL-C goal of <70 mg/dl at a
12-week follow-up whereas the rate of high-risk patients that
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achieve this goal with statin treatment only was 35% [105].
The DESCARTES trial [106] which enrolled patients with
increased CV risk, concluded that the addition of evolo-
cumab yielded an additional overall reduction of 57% in the
LDL-C levels at a 52-week follow-up. As Raal et al. [107]
recently confirmed, the addition of evolocumab is advanta-
geous even in the challenging case of homozygous familial
hypercholesterolemia. Evolocumab further reduced LDL-C
by 30.9% at a 12 week follow-up when added to stable lipid-
lowering background therapy.

The results from alirocumab administration were
equally promising. McKenney et al. [108] investigated the
effects of alirocumab administration in hypercholes-
terolemic patients that followed background atorvastatin
therapy. Alirocumab as add-on therapy could further de-
crease LDL-C by 40% to 72%. Roth et al. [109] demon-
strated that 90% of dyslipidemic patients treated with aliro-
cumab reach the LDL-C goal of <70 mg/dl. By contrast,
only 17% of those treated with intensive atorvastatin mono-
therapy had LDL-C levels below 70 mg/dl. In fact, as Can-
non et al. [110] recently demonstrated, alirocumab is supe-
rior to ezetimibe in reducing LDL-C. In patients with high
CV risk and persistently high LDL levels, despite optimal
statin treatment, the addition of alirocumab decreased
LDL-C by 50.6% at a 24-week follow-up. The reduction
achieved with the addition of ezetimibe was only 20.7%.
The results of the ODYSSEY ALTERNATIVE trial [111]
were equally favorable for alirocumab. Among 36 statin-
intorelant patients, alirocumab decreased LDL more than
ezetimibe and caused fewer muscle adverse events (muscle
pain or spasm). Of note, a recent analysis showed that, in
patients receiving statins, alirocumab can decrease further
triglycerides, apolipoproteins CII and CIII and the choles-
terol content of LDL1, LDL2 and LDL3+4 subfractions
[112]. Last but not least, bococizumab can significantly
decrease LDL as add-on treatment as well and its most ef-
ficacious dose of 150 mg every 14 days is under further
evaluation in phase 3 clinical trials [113].

Whether the above mentioned favorable lipid-altering
effects will be translated in an improvement of the patients’
outcomes are yet to be determined. Robinson et al. [114]
recently concluded that the addition of alirocumab to inten-
sive statin treatment can reduce the rate of major adverse
CV events in high-risk patients at a follow-up period of 78
weeks. Similarly, the addition of evolocumab reduced the
rate of 1-year CV events in high risk patients [115]. Never-
theless, the evidence regarding the vulnerable group of pa-
tients with ACS is limited. The ODYSSEY outcomes trial
[116] is an ongoing phase 3 study that promised to shed
light to this question. It will be investigated whether the
addition of alirocumab to intensive statin treatment de-
creases CV mortality and the rate of nonfatal adverse car-
diovascular events in 18.000 patients recently hospitalized
for ACS.

There is ongoing debate with regards to the cost-
effectiveness of these agents as well as which subgroups of
patients would benefit the most. Alirocumab and evolo-
cumab are estimated to cost approximately $14,350 per
patient for a one-year in the United States, or approxi-
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mately $1,200 per month. When used in patients with fa-
milial hypercholesterolemia or atherosclerotic CVD who
are unable to control LDL-C levels with maximally toler-
ated statins and who remain at high risk, addition of evolo-
cumab has been shown to be cost effective [117]. More
data are expected from ongoing trials currently being con-
ducted.

4.3. Apolipoprotein B inhibitors: Mipomersen - Lomitap-
ide

Mipomersen is an antisense oligonucleotide inhibitor of
apolipoprotein B that has been reported to induce a maxi-
mum of 50% decrease in LDL-C levels [118]. As Stein et al.
[119] concluded in their trial which involved 124 patients
with heterozygous familial hypercholesterolemia and CAD,
mipomersen, as add-on therapy to the maximum tolerated
statin treatment, can further reduce LDL by 28% in 4 weeks.
A 36.9% reduction at the 28" week of treatment was later
reported in patients with severe hypercholesterolemia or at
high risk for CAD, who were also receiving maximal statin
therapy [120]. In high-risk statin-intolerant patients, LDL
reduction induced by mipomersen monotherapy reached the
rate of 47 £ 18% [121]. Of note, mipomersen has been
shown to decrease the small LDL particles to a greater extent
than the larger ones [122]. At the same time, lomitapide, an
oral microsomal triglyceride transfer protein inhibitor that
reduces the apolipoprotein B production has also shown effi-
cacy in decreasing LDL levels by 50.9% in homozygous
familial hypercholesterolemia patients [123]. However, the
impact of these agents on the CV outcomes in these patients
complicated with ACS in particular has not been evaluated
yet (Table 2).

CONCLUSION

The observed anti-atherosclerotic properties of HDL
have triggered research aiming to improve cardiovascular
outcomes of patients with ACS. Nevertheless, the results of
these therapies have not been that encouraging so far. The
administration of niacin failed to reduce the incidence of
MACE, while the data regarding fibrates, glitazones and
glitazars were, in some studies, alarming: several of these
agents had a negative effect on those patients’ prognosis.
The more recent HDL-targeted drugs may prove to be more
effective than those used before. Delipidated HDL and HDL
mimetics are efficient in increasing HDL levels, while the
apoA-I upregulation with RVX-208 has been recently shown
to decrease the rate of MACE. Nevertheless, given the pro-
duction cost and administration limitations, the clinical data
regarding to these regimens are still sparse. On the other
hand, the newly designed LDL-targeted drugs seem more
likely to enter clinical practice. Indeed, LDL reduction, even
below the previous target levels, has been shown to convey a
clinical benefit. The intensification of statin treatment and
the addition of ezetimibe have been proved clinically benefi-
cial. Importantly, the recently designed PSCK9 inhibitors
appear to be safe and efficacious in patients with familial
hypercholesterolemia, but there is still ongoing debate with
regards to possible broader indications and their cost effec-
tiveness.
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Table2. Novel therapeutic approaches targeting LDL: evidence from randomized controlled studies.
. Fol- ..
Study Treatment Population No Treatment Arms low/ Impact on Lipid Parameters CV Outcomes
ow/up
Raal et al. Patients with Evol b 420 mg Q4W 12
aTer At | Eyolocumab | homozygous | 49 volocumab 28 me o |LDL by 30.9% (P<0.0001) N/A
[107] placebo weeks
FCH
Evolocumab at doses of 280
Sullivan Patients with mg, 350 mg or 420 mg; or 12
etal. Evolocumab statin intoler- 160 evolocumab at 420 mg + K |LDL by 15 to 63% (P<0.001) N/A
weeks
[102] ance ezetimibe at 10 mg (SC Q4W);
or 10 mg ezetimibe +placebo
Evolocumab 140 mg Q2W
Hypercholes- ILDL by 53 to 56% from base-
Stroes et terolemic or evolocumab 420 mg QM ;
I . - 12 line and by 37 to 39% compared
al. Evolocumab pan‘en.ts with 307 + oral placebo or weeks o ezetimibe (P<0.001) N/A
[101] statin intoler- SC placebo Q2W or QM +
ance daily oral ezetimibe 10 mg
Oral placebo and SC placebo
Q2W;
Patients with oral placebo alr\lﬁ SC placebo
fasting LDL QM; |LDL by 55 to 57% compared to
Koren et >100 and <190 ezetimibe and SC placebo 12 placebo and by 38 to 40% com-
al. Evolocumab mg/dl and 614 Q2W; weeks pared to ezetimibe (P<0.001); N/A
[103] Framingham ezetimibe and SC placebo QM; favorably altered other lipopro-
r151<< sc;)res oral placebo and evolocumab teins
<10% 140 mg Q2W;
or oral placebo and evolocumab
420 mg QM
|LDL by 57% compared to pla-
Background lipid-lowering cebo (P<0.001); reductions were
therapy with diez al.one or diet 55.7% in the diet-alone group,
plus atorvastatin 10 mg daily, 61.6% in the 10 mg atorvastatin
Blom ef Patients with a atorvastatin 80 mg daily, or . group, 56.8% in the 80 mg
ome Evolocumab range of CV 901 atorvastatin 80 mg daily plus atorvastatin group and 48.5% in N/A
al. [106] . L. . weeks -
risks ezetimibe 10 mg daily, evolo- the combination of 80 mg
cumab 420 mg daily or placebo atorvastatin and 10 mg ezetimibe
every 4 weeks if LDL >75 group;
mg/dl lapo-b, non-HDL, Lp(a) and TG
levels
SC placebo Q2W; alirocumab
50, 100, or 150 mg Q2W;
Mcken- ) |LDL by 40% to 72% when
. LDL-C >100 or alirocumab 200 or 300 mg 12 added to atorvastatin; the reduc-
ney etal. | Alirocumab 183 | Q4W, alternating with placebo; : N/A
mg/dl > > weeks tion was dose- and frequency-
[108] patients were on stable-dose d
ependent
atorvastatin 10, 20, or 40 mg
for >6 weeks
All patient li b had
LDL 2100 80 mg atorvastatin daily plus patients o afirocuman d
mg/dl after . LDL cholesterol level <100
alirocumab once every 2 weeks,
treatment with . . mg/dl and at least 90% of those
Roth et al. ) 10 mg of atorvastatin daily plus 10 had LDL < 70 me/dl:
[109] Alirocumab 10 mg .Of 92 alirocumab Q2W weeks a mg/dl; N/A
atorvastatin for N the equivalent percentages for
or 80 mg of atorvastatin daily .
at least 7 patients on placebo were 52%
weeks plus placebo Q2W

and 17%

(Table 2) Contd....
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Fol-
Study Treatment Population No Treatment Arms I 0/ Impact on Lipid Parameters CV Outcomes
ow/up
SC alirocumab 75 mg Q2W | LDL by 50(;6% in the al{rot
Cannon ef High CV and +oral placebo cumab vs. 20.7% in the ezetimibe
. elevated LDL-C L . 104 group (P<0.0001);
al. Alirocumab . . 720 or oral ezetimibe 10 mg daily N/A
110 despite maximal weeks 77% of alirocumab and 45.9% of
[110] doses of statins +SC placebo .on a background ezetimibe group achieved
of statin therapy LDL<1.8 mmol/L (P<0.0001)
High CV and
. LDL >70 mg/dl
Robinson d b_k e d Alirocumab 150 mg or placebo 7 LDL by 62% dto ol | rate of
etal. Alirocumab | 2"¢ P3¢ grour% 2341 as a 1-ml subcutaneous injec- ! Y =70 compared fo pa- MACE(HR:0.5
treatment despite . weeks cebo (p<0.001)
[114] maximal doses tion Q2W 2,p=0.02)
of statins
Patients who had
Sabatine completed 1 of Evolocumab (140 mg Q2W or | rate of
+ 9 -
et al Evolocumab 12 p‘hase 2or3 4465 420 mg monthly) + standard 11,1 |LDL by 61% compared to stan MACE
studies ("parent therapy or standard therapy months dard therapy alone (p<0.001) (HR:0.47%,
[115] trials") of evolo- alone. P=0.003)
cumab
|LDL-C by 28.0% compared
with 5.2%
Het .
Stein et . crerozygous mipomersen 200 mg SC, QW 28 [-0.5% to 10.9%)] increase with
Mipomersen | familial hyper- 114 N/A
al [119] . or placebo weeks placebo (P<0.001);
cholesterolemia
lapo-lipoprotein-B, total choles-
terol, lipoprotein(a) (P<0.001)
| LDL by 36.9% compared with
High CV and placebo at -4.5% (p < 0.001);
Thomas et LDL 2100 mg/dl mipomersen 200 mg SC, QW target LDL <100 mg/dl in 76% of
al. Mipomersen and backgrour%d 158 or placebo 24 mipomersen and 38% of placebo N/A
treatment despite weeks atients:
[120] maximal doses for 26 weeks P K
of statins lapo-B and Lp(a)
(P<0.001)
Cuchel e? Homozygous Lomitapide at 0.03, 0.1, 0.3, 4 LDL 50.9% and B level
al. Lomitapide | familial hyper- 6 and 1.0 mg/kg per day ! 9% and apo- B levels N/A
. weeks by 55.6% (P<0.001)
[122] cholesterolemia for 4 weeks

Abbreviations: HDL: high-density lipoprotein; SC: subcutaneous; MI: myocardial infarction, HR: hazard ratio, CHF: congestive heart failure, TIA: transient ischemic attack, NR: not
reported; TG: triglycerides; ACS: acute coronary syndromes; CV: cardiovascular, MACE: major adverse cardiovascular events; CHD: coronary heart disease; LDL; low-density
lipoprotein; UA: unstable angina; CAD: coronary artery disease; FCH: familial hypercholesterolemia; +: plus; |: decrease; Q2W: every two weeks; QM: once monthly; Q4W: every
four weeks; QW: weekly; No: number.
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