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Abstract
Despite the demonstrated benefits of statins and injectable biologics, there is a need for new and safe oral agents for
addressing classical lipid targets, low-density lipoprotein cholesterol (LDL-C), triglycerides and high-density lipoprotein
cholesterol (HDL-C). LDL-C is unquestionably causal in the development of atherogenesis and atherosclerotic cardiovascular disease, but new options are required to address triglyceride-rich lipoproteins and lipoprotein(a). For hypercholesterolaemia, pitavastatin provides a very low dose and potent statin that does not adversely affect glucose
metabolism; bempedoic acid acts at a biochemical step preceding hydroxymethylglutaryl-CoA reductase and is not
associated with muscular side effects. For hypertriglyceridaemia, pemafibrate displays a unique and selective agonist
activity on peroxisomal proliferator activated receptor-a that does not elevate homocysteine or creatinine. Although
omega-3 fatty acids supplementation is not effective in secondary prevention, high dose eicosapentaenoic ethyl ester can
lead to a remarkable fall in first and recurrent events in high risk patients with hypertriglyceridaemia/low HDL-C.
Gemcabene, a dicarboxylic acid regulating apolipoprotein B-100 is effective in reducing both cholesterol and triglycerides. Among cholesteryl ester transfer protein antagonists that elevate HDL-C, only anacetrapib reduces cardiovascular
events. Probucol stimulates reverse cholesteryl ester transport, lowers LDL-C stabilizing plaques and may lower incidence of cardiovascular events. These agents, which act through novel mechanisms, afford good and potentially safe
treatment choices that may increase adherence and the attainment of therapeutic targets.

Keywords
22, 22 [AQ3]
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Introduction
The availability of synthetic lipid lowering drugs for
cardiovascular prevention is comparatively narrow.
As of now, there are a little more than 10 synthetic
agents for use, in addition to the newer biosynthetic
agents, for example, monoclonal antibodies1 or antisense oligonucleotides.2 There is also a need for novel
agents that are more tolerable than statins with low risk
of myalgia and new-onset of diabetes.
The present review will investigate synthetic orally
administered pharmacotherapies, in advanced development or currently in use. These agents target plasma
cholesterol (pitavastatin and bempedoic acid), triglyceride (high dose eicosapentaenoic acid ethyl ester and
pemaﬁbrate), both cholesterol and triglyceride (gemcabene), and the regulation of high-density lipoprotein
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(HDL; cholesteryl ester transfer protein (CETP) inhibitors and probucol analogues). For this purpose, by
using Pubmed.gov, we revised available English-language studies published from January 1998 to March
2019 and relevant to the key clinical questions discussed
in this review. Search terms included pitavastatin, bempedoic acid, ETC-1002, pemaﬁbrate, K-877, omega-3
fatty acids, icosapent ethyl, gemcabene, CETP inhibitors and probucol.
Low-density lipoproteins (LDLs) are unquestionably causal for the development of atherosclerotic
cardiovascular disease (ASCVD). Recently, Silverman
et al. have evaluated the association between lowering
of LDL cholesterol (LDL-C) and cardiovascular risk
reduction across diﬀerent statin and non-statin trials.3
The relative risk reduction in major cardiovascular
events was similar for all drug classes (statins, bile
acid sequestrants, ezetimibe and ﬁbrates), and the
lower achieved LDL-C levels (not percentage
reductions) were associated with a reduced incidence
of events.
Although not within the remit of the present review,
it is noteworthy to mention that a major therapeutic
boost in the ﬁeld of lipidology has come from the
approval of two fully human monoclonal antibodies,
that is, alirocumab (IgG1) and evolocumab (IgG2),
against the proprotein convertase subtilisin/kexin type
9 (PCSK9), a key-player in the regulation of LDL-C.
These agents can reduce LDL-C by approximately
45–60% when used alone or in combination with a
statin.4 A recent meta-analysis including 54 trials with
97,910 patients showed that PCSK9 inhibitors signiﬁcantly reduced the risk of major adverse cardiac events
(MACEs) by 16%, non-fatal myocardial infarction
(MI) by 17% and stroke by 25%. No diﬀerences
between groups (PCSK9 inhibitors versus controls)
were found for all-cause mortality, cardiovascular
deaths,
heart
failure
or
unstable
angina.5
Interestingly, PCSK9 inhibitors and statins show similar eﬀects on cardiovascular risk reduction per mg/dL
reduction in LDL-C when the same duration of therapy
is considered, that is, 14% (0–1 year of treatment),
17% (1–2 years of treatment) and 20% (2–3 years of
treatment).6 [AQ4] [AQ5]
Beyond LDL-cholesterol alone and familial hypercholesterolaemia, ASCVD risk is also dependent on a
cluster of metabolic abnormalities, from familial combined hyperlipidaemia (most with elevated LDL-C and
triglyceride),7 familial hypertriglyceridaemia (elevated
very-low density lipoprotein (VLDL) levels),7 metabolic syndrome and related condition, such as type 2
diabetes (T2D), referred to as the atherogenic lipid
phenotype, which is characterized by elevated fasting
and post-prandial levels of triglyceride-rich lipoproteins
and their remnants, low levels of HDLs, accumulation
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of small dense LDL with elevated apolipoprotein B
(apoB) concentrations.8
Although the magnitude of contribution of triglyceride to cardiovascular risk is evident both from long-term
prospective studies9 and a recent Mendelian randomization analysis,10 the mechanisms by which triglyceriderich lipoproteins are atherogenic are still unclear.11
Triglyceride-rich lipoproteins may penetrate the arterial
wall and, due to the interaction between positively
charged residues on apoB and negatively charged
groups on the arterial wall proteoglycans, these lipoproteins are retained within the sub-endothelial space and
after oxidative modiﬁcation lead to the development of
atherosclerotic plaques and ASCVD.12 Moreover,
the lipolysis of triglyceride-rich lipoproteins rich in
cholesterol and apolipoprotein E (apoE) releases toxic
products, for example, oxidized free-fatty acids and
lysolecithin, inducing further endothelial cell inﬂammation and coagulation.13
Epidemiological and clinical studies link low levels
of HDL with an increased risk of cardiovascular disease, although a direct causal role for HDL remains
controversial.14 Therapeutic interventions aimed at
increasing HDL levels and reducing residual ASCVD
risk in optimally drug treated patients have not hitherto
provided convincing results. Among these therapeutic
strategies, the inhibition of CETP has provided dosedependent HDL-C elevations of 100% or more.15
CETP inhibitors have not oﬀered suﬃcient evidence
to underpin their clinical use,16 but the newer CETP
antagonist TA-8995 merits consideration.17 Probucol
provides a unique example of an agent that selectively
stimulates reverse cholesteryl ester transport and also
deserves review. These therapeutic agents oﬀer an
innovative strategy for managing patients with severe
and less severe dyslipidaemias (Figure 1).

LDL lowering
Pitavastatin
There is strong evidence that LDL-C lowering with statins reduces the risk of ASCVD in primary and secondary prevention, regardless of sex, age and diabetes.18,19
By inhibiting the biosynthesis of cell cholesterol, statins
result in an increased expression of LDL-receptors and
increased uptake of LDL-C from the circulation.
A meta-analysis on trials of statin therapy demonstrated a 22% reduction of major events over ﬁve
years, that is, coronary death, non-fatal MI, coronary
revascularization or stroke, for each 38.7 mg/dL
(1 mmol/L) fall in LDL-C.20 There is also evidence
that higher doses of the same statin result in a further
reduction in the risk of a cardiovascular disease (CVD)
event.21 Indeed, among trial participants treated with
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Figure 1. Mechanisms of action of the proposed synthetic drugs. Statins act by decreasing cell cholesterol by selectively inhibiting the
enzyme HMG-CoA reductase; ETC-1002 reduces the production of cytosolic acetyl-coenzyme A, precursor of the mevalonate
pathway of cholesterol biosynthesis; fibrates non-selectively bind two or more PPARs; CETP inhibitors decrease CE and triglyceride
exchange between lipoproteins; the probucol anti-atherogenic activity is attributable to different mechanisms. The stimulated cholesterol efflux is associated with an enhanced reverse cholesterol transport, consequent to the activation of CETP and raised scavenger
receptor class B type I. The apparent reduction of HDL cholesterol by probucol may be due to remodelling by an endothelial lipasemediated pathway: remodelled HDL has an increased preb1-HDL content, responsible for a raised cell lipid efflux. These mechanisms
can be responsible for the anti-atherogenic effects of probucol, in spite of the inhibitory activity on ABCA1-mediated cholesterol
efflux. The reduction of LDL cholesterol by probucol may be consequent to an enhanced LDL catabolism, independent of the LDL
receptor. The raised PON1 activity of HDL may protect LDL from peroxidation.
ABCA1: ATP-binding cassette transporter A1; ABCG1: ATP-binding cassette transporter G1; CE: cholesteryl ester; CETP: cholesteryl
ester transfer protein; EL: endothelial lipase; HL: hepatic lipase; IDL: intermediate density lipoprotein; HDL: high-density lipoprotein;
LCAT: lecithin:cholesterol acyltransferase; LDL: low-density lipoprotein; LDLR; 22; LPL: 22; PLPT: phospholipid transfer protein;
PON1: paraoxonase 1; PPAR: peroxisomal proliferator activated receptor; PPRE: 22; RXR: 22; SR-BI: scavenger receptor class B type
I; VLDL: very low-density lipoprotein [AQ32] [AQ33]

high-dose statin therapy, patients reaching very low
LDL-C levels have a lower risk of major cardiovascular
events than those achieving moderately low levels of
LDL-C.22 However, the clinical beneﬁt of using a
high compared with a low dose statin observed in
Caucasians remains unclear in Asians and African
populations. Recently, the REAL-CAD (Randomized
Evaluation of Aggressive or Moderate Lipid Lowering
Therapy with Pitavastatin in Coronary Artery Disease)
secondary prevention trial in Asians showed that highdose pitavastatin (4 mg/day) can signiﬁcantly reduce
cardiovascular events compared with a lower dose of
the agent (pitavastatin 1 mg/day).23
Compared with the other statins, pitavastatin contains a unique cyclopropyl group allowing avid interaction with the binding-site residues of HMG-CoA

reductase that protects the drug from metabolism by
the cytochrome P450 (CYP) enzymes. Pitavastatin is
modestly metabolized by CYP2C9 and CYP2C8 but
not by CYP3A4, being mainly excreted via biliary
secretion and subject to entero-hepatic circulation. By
this mechanism, pitavastatin has a reduced potential
for drug–drug interactions.24 This statin exhibits good
bioavailability (60%), being rapidly absorbed after oral
administration and reaching peak plasma concentrations within 1 h; it is highly bound to proteins in
human plasma, mainly to albumin, with a mean
volume of distribution of approximately 148 L.25
The eﬃcacy and safety of pitavastatin have been
conﬁrmed in a wide range of individuals (e.g. elderly26
and adolescents with familial hypercholesterolaemia,27
patients with a wide range of metabolic or
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auto-immune disease28 or HIV29); no apparent diabetogenic eﬀects were acknowledged.30,31 In the most recent
data from the REAL-CAD trial, 13,054 patients with
stable coronary artery disease were randomized to
either pitavastatin 1 mg or pitavastatin 4 mg daily
(Figure 2). LDL-C was reduced by a further 16% in
the high-dose group and although serum high-sensitivity
C-reactive protein (hs-CRP) levels were low at baseline
in both groups, pitavastatin 4 mg reduced these levels up
to 0.49 mg/dL. The eﬀect on clinical outcomes was more
robust in patients given 4 mg vs. 1 mg, with a 19% reduction in the primary endpoint, that is, the cumulative
four-year incidence of a composite of cardiovascular
death, non-fatal MI, non-fatal ischaemic stroke, or
unstable angina requiring emergency hospitalization
(Table 1). The absolute risk reduction was 1.1%, with
a number-needed-to-treat (NNT) of 63 over ﬁve years.
For the secondary key-endpoints, the absolute risk
reduction was 1.9% in favour of pitavastatin 4 mg,
with a NNT of 41 over ﬁve years. All-cause mortality
was reduced by 19%, MI by 43% and need for revascularization by 14%. Risk reduction was consistent across
sex, diabetes mellitus, baseline levels of LDL-C, triglyceride and body mass index. Adverse eﬀects, including
myalgia and rhabdomyolysis, were low with no betweengroup diﬀerences.32
Finally, in a head-to-head comparison between pitavastatin, atorvastatin and rosuvastatin in post-MI
patients, pitavastatin was associated with the lowest

cumulative incidence of new-onset diabetes (NOD),
that is, 3% vs. 8.4% atorvastatin and 10.4% (rosuvastatin), p ¼ 0.001 for both. In multivariate analysis, atorvastatin versus pitavastatin resulted in a hazard ratio of
2.54 (95% conﬁdence interval (CI): 1.1–5.7; p ¼ 0.02) and
rosuvastatin versus pitavastatin in a hazard ratio of 3.68
(95% CI: 1.6–8.3; p ¼ 0.0008).33 Indeed, while treatment
with statins reduces the risk of ASCVD event, including
those with T2D, statin treatment also increases the likelihood of NOD in patients with risk factors for diabetes,
for example, familial history of diabetes, female gender,
older age (especially with higher doses of statins), of
Asian origin and longer duration of use.34
Brief summary. Pitavastatin raises HDL phospholipids,
improves HDL-mediated eﬄux capacity and HDL antioxidant properties. Although the established cardiovascular beneﬁts of statin therapy far outweigh the risk of
adverse eﬀects, NOD with statins may be reduced by
the use of pitavastatin. This agent has neutral eﬀects on
glycaemic controls.34

Bempedoic acid
ETC-1002 (bempedoic acid), a small molecule that is
orally administered, is a prodrug rapidly metabolized
by an endogenous liver acyl-CoA-synthetase and converted to a coenzyme A derivate. ETC-1002-CoA is the
active metabolite responsible for the inhibition of ATP

REAL-CAD trial

Pitavastatin
1 mg/day

Pitavastatin 1 mg/day
Randomized

First occurrence of
MACEs

Pitavastatin 4 mg/day
LDL-C < 120 mg/dL
Run-in period (at least 1 month)

Follow-up period 5 years

REDUCE-IT trial
8179
statin-treated adults
for at least 4 weeks

Eicosapent ethyl 4 g/day
(n = 4089)
First occurrence of
MACEs

Randomized
Placebo
n = 4090

LDL-C > 40 ≤ 120 mg/dL
TGs: ≥ 135 < 499 mg/dL

Median trial follow-up duration was 4.9 years

Figure 2. Scheme of the two outcomes trials with pitavastatin (REAL-CAD) and eicosapent ethyl (REDUCE-IT).
MACE ¼ composite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, coronary revascularization, unstable
angina.
LDL-C: low-density lipoprotein cholesterol; MACE: major adverse cardiovascular event; TG: triglyceride
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Table 1. LDL lowering agents: pitavastatin and bempedoic acid.
Pitavastatin: outcomes trial
REAL-CAD
trial
OUTCOMES
study

Duration

Study description

LDL-C lowering (absolute changes)

Four years

13,054 patients with cardiovascular artery disease randomized
pitavastatin 1 mg or pitavastatin 4 mg daily

–14.7 mg/dL by pitavastatin 4 mg
–19% MACEs reduction by pitavastatin 4 mg with an NNT of 63
over five years

Bempedoic acid: phase 3 and outcomes clinical trials
CLEAR
trials

Duration
(weeks)

Tranquility

12

Serenity

24

Harmony

52

Wisdom

52

Outcomes

4.7 years

Study description

LDL-C lowering (absolute changes)

ASCVD patients with a history of statin intolerance requiring
additional LDL-C lowering (LDL-C  100 mg/dL); dose
180 mg
Statin intolerant patients with inadequately controlled
LDL-C; 180 mg
High-risk ASCVD and HeFH patients with LDL-C  70 mg/dL;
dose 180 mg
Patients at high CVD risk already at maximally tolerated
statin regimen requiring additional LDL-C lowering
(LDL-C  100 mg/dL); dose 180 mg
Enrolling about 12,600 ASCVD or at high CVD risk statin
intolerant patients

–28.5%

–22% (week 12)
–18.1% (week 12); 16.1 (week 24)
and 13.6 (week 52)
–17.4% (week 12) maintained for
52 weeks
2% reduction in MACEs (week 52)
Completion expected 2020

ASCVD: atherosclerotic cardiovascular disease; CLEAR: Cholesterol Lowering via BEmpedoic Acid, an ACL-inhibiting Regimen; CVD: cardiovascular;
HeFH: heterozygous familial hypercholesterolaemia; LDL-C: low-density lipoprotein cholesterol; MACE: major adverse cardiovascular event; NNT:
number-needed-to-treat; REAL-CAD: Randomized Evaluation of Aggressive or Moderate Lipid Lowering Therapy with Pitavastatin in Coronary Artery
Disease [AQ34]

citrate lyase (ACLY) reducing the production of cytosolic acetyl-coenzyme A, a precursor of the mevalonate
pathway of cholesterol biosynthesis.35 ACSVL1 is
absent in skeletal muscle and thus provides a mechanistic basis for ETC-1002 to potentially avoid the myotoxicity associated with statin therapy. Conversely, in
the liver expressing the converting enzyme, ETC-1002CoA suppresses cholesterol synthesis, with a compensatory upregulation of LDL.36 ETC-1002 also activates
the adenosine monophosphate-activated protein kinase
(AMPK) pathway, which controls the metabolic shift
from anabolic to catabolic processes, for example,
fatty acid b-oxidation. The ETC-1002 upregulated
LDL receptor, decreased plasma LDL-C and
attenuated experimental atherosclerosis independently
of AMPK.36
The safety and eﬃcacy of the long-term use of bempedoic acid, including the occurrence of muscle-related
adverse events, have been addressed in the following
phase 3 clinical trials: CLEAR (Cholesterol Lowering
via BEmpedoic Acid, an ACL-inhibiting Regimen)
Tranquility, CLEAR Serenity, CLEAR Wisdom and
CLEAR Harmony (Table 1).

CLEAR Tranquility enrolled ASCVD patients on
very low dose statins, with a history of intolerance to
these agents and who required additional LDL-C lowering (LDL-C  100 mg/dL). In the run-in phase,
patients were given open-label ezetimibe 10 mg daily
in a single-blind fashion, or placebo, to conﬁrm tolerance to ezetimibe. Background lipid-modifying therapy
was allowed for the duration of the trial. Twelve-week
treatment with bempedoic acid led to a 28.5% LDL-C
reduction, allowing the majority of patients to reach
values 100 mg/dL (from a mean of 129.8 mg/dL at
baseline to 96.2 mg/dL at week 12). LDL-C lowering
was much stronger among those on no-statin or no
background therapy (–34.7%) versus those receiving
very low-dose statin (–20.5%). A remarkable 32.5%
reduction in hs-CRP level from baseline was found in
the bempedoic acid arm. Muscle-related adverse events
occurred equally across treatment groups.37
Over a period of 52 weeks, the safety and eﬃcacy
were tested in the CLEAR Harmony controlled trial,
enrolling 2230 ASCVD and/or heterozygous familial
hypercholesterolaemia (HeFH) patients with LDLC  70 mg/dL on a guideline-based statin regimen.38,39

6
Mild-to-moderate adverse events were reported in
78.5% of patients who received bempedoic acid compared with 78.7% in the placebo group. Adverse events
classiﬁed as cardiac disorders (e.g. death from cardiovascular or non-cardiovascular causes, non-fatal MI)
occurred in 10.6% in the bempedoic vs. 11.6% in the
placebo. Finally, a higher rate of discontinuation was
recorded in the bempedoic acid arm, that is, 10.9%
vs.7.1%. Although a greater number of deaths was
found in patients given bempedoic acid (0.9% vs.
0.3%), no between-group diﬀerences were found in
the incidence of cardiovascular events or mortality.40
As a secondary endpoint, bempedoic acid, added to a
moderate-intensity or high-intensity statin regimen,
reduced LDL-C by 18.1% (week 12), 16.1% (week
24) and 13.6% (week 52). In the intent-to-treat analysis
at week 12, these reductions were maintained whether or
not LDL was 100 or <100 mg/dL. Overall, these decrements in LDL-C were associated with an incidence in
diabetes mellitus of 3.3% in the bempedoic acid versus
5.4% (placebo). Over the 52-week study period, median
basal hs-CRP levels (1.49 mg/L) were reduced by
22.4% (week 12), 16.4% (week 24) and 14.4%
(week 52) over placebo.40
The CLEAR Wisdom trial evaluated the eﬃcacy and
safety of bempedoic acid in patients with pre-existing
ASCVD risk and/or HeFH, already at maximally tolerated statin doses and requiring additional LDL-C
lowering. Bempedoic acid led to an absolute 17.4%
reduction on LDL-C, maintained for 52 weeks; at week
12, hs-CRP fell by 19% from baseline (–9.3% vs. placebo). Concerning clinical endpoints: three-point
MACEs were 8.2% (bempedoic acid) vs. 10.1 (placebo);
four-point MACEs were 5.7% (bempedoic acid) vs. 7.8
(placebo); ﬁve-point MACEs 6.1% (bempedoic acid)
vs. 8.2% in placebo. No worsening in glycaemic control
was reported in patients with a history of diabetes.41
The CLEAR Serenity trial evaluated the LDL lowering activity and tolerability of bempedoic acid in 354
statin intolerant patients with ASCVD and inadequately
controlled LDL-C over a period of 24 weeks.42 After a
12-week treatment, in patients on very low dose statin,
other lipid-modifying therapy or no therapy LDL-C,
non-HDL-C and hs-CRP fell by 22%, 19% and 28%,
respectively. These eﬀects were maintained at week 24.
Myalgia occurred in 4.7% of patients given bempedoic
acid and in 7.2% of those on placebo.43
A large outcome study is ongoing, that is, CLEAR
Outcomes, which is enrolling 12,600 patients at high
risk of ASCVD who can tolerate less than the lowest
approved daily starting dose of statin. Completion is
expected in 2020.
Brief summary. Bempedoic acid, besides eﬃciently lowering LDL-C, has shown excellent tolerability without
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occurrence of myalgia. This relates to a non-skeletal
muscle mediated conversion of inactive to active drug.
Bempedoic acid lowers hs-CRP to the same extent as
statins.44 Considering that statin discontinuation leads
to a 50% higher risk of coronary events,45 bempedoic
acid may be chosen as a statin replacement (eventually
in combination with ezetimibe) for patients needing
LDL-C lowering and experiencing muscular side
eﬀects. Moreover, the additional LDL lowering of bempedoic acid when added to moderate-intensity statins
or maximally tolerated dosages is greater than the 6%
reduction expected from doubling the dose of statins.46
While awaiting the results of the CLEAR Outcomes
study, an important contribution was provided by a
Mendelian randomization analysis in which inherited
variants in the ACLY locus that mimic the eﬀect of
an ACLY inhibitor were associated with a signiﬁcant
reduction in major cardiovascular events. Speciﬁcally,
for each decrement of 10 mg/dL in LDL-C, the ACLY
score was associated with a 17.7% and 19.4% reduction
in major cardiovascular events and MI, respectively.
The combination of both ACLY and HMGCR and
ACLY and NPC1L1 scores were associated with a
dose-dependent decrease in LDL-C and apoB and
major cardiovascular events.47 There was no genetic
association with an increased risk of cancer. Approval
for bempedoic acid monotherapy and the combination
bempedoic acid/ezetimibe is currently being sought
from the Food and Drug Administration and the
European Medicines Agency.

TG lowering
High-dose eicosapentaenoic acid
n-3 polyunsaturated fatty acids (PUFAs) are available
in a variety of formulations, ranging from triglycerides,
modiﬁed phospholipids, ethyl esters of the major
omega-3 s, that is, of eicosapentenoic acid (EPA), docosahexaenoic acid (DHA), docosapentenoic acid, in
diﬀerent combinations. Daily doses of 1 g of
EPA:DHA in 1.5:1 to 3:1 ratios are the most frequently
used regimen,48 whereas monotherapy with single n-3
PUFAs is gaining interest.
The use of omega-3 fatty acids in cardiovascular prevention has had limited success, although some reports
indicate eﬃcacy, that is, the GISSI Study with 1 g of the
combination, but the most recent meta-analysis of this
therapeutic strategy did not, however, report positive
outcomes.49 Omega-3 fatty acids, particularly EPA,
activate the peroxisomal oxidative system in preference
to the mitochondrial system, because of the weaker recognition
by
carnitine
palmitoyl
transferase.
Accordingly, omega-3 fatty acids act as ‘fraudulent
fatty acids’,50 leading to the classical morphological
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changes exerted by peroxisomal proliferator activated
receptor a (PPAR-a) agonists.
In the JELIS (Japan eicosapentaenoic acid (EPA)
Lipid Intervention Study) trial, hypercholesterolaemic
patients (25% with a history of CVD) on stable statin
treatment – mainly pravastatin – were randomized to
1.8 g/day high-purity EPA vs. placebo.51 This dose of
EPA signiﬁcantly reduced the relative risk of major coronary events: 19% over a 4.6-year-mean follow-up.52
The ﬁndings of this study suggested that the use of
EPA versus a standard EPA/DHA mixture had
improved eﬃcacy in decreasing cardiovascular events.
In the USA, therefore, a formulation of high purity prescription EPA ethyl ester was approved at a daily dose of
4 g daily as an adjunct to diet for the reduction of triglyceride levels in adults with triglyceride levels
500 mg/dL. The daily icosapent ethyl 4 g/day increased
serum EPA levels in a Western population to a similar
extent as in the Japanese patients in the JELIS study.52
Most cardiovascular outcome trials have been carried
out with the classical EPA/DHA formulation, generally
with low daily dosing, that is, 1 g/day. Such is the
case in two recently completed cardiovascular outcome
trials, that is, the ASCEND (A Study of Cardiovascular
Events iN Diabetes) in diabetics (1 g/day of n-3
PUFA ethyl esters with an EPA/DHA ratio of 1.2)53
and the VITAL (Vitamin D and Omega-3 Trial)
in a general population (with similar dose and
EPA/DHA ratio) also assessing the eﬀects of vitamin
D supplementation.54 Neither of these two studies
provided evidence for a lower incidence of cardiovascular events in the group assigned to n-3 PUFAs.
The ongoing STRENGTH (Outcomes Study to
Assess Statin Residual Risk Reduction with Epanova
in High Cardiovascular Risk Patients with
Hypertriglyceridemia) study is instead based on
EpanovaR, a new formulation of puriﬁed (non-ethylester) combination of EPA and DHA at a dose per
capsule of 850 mg (15–25% EPA, 50–60% DHA).
The pharmacokinetics of omega-3 free fatty acids formulation was tested in the ECLIPSE study comparing
EpanovaÕ with LovazaÕ in a single-dose evaluation;
the non-ethyl-ester formulation appears to have greater
bioavailability than the omega-3 ethyl ester
formulation.55
After 2–4 g daily of Epanova in the EVOLVE study,
levels of EPA and DHA increased respectively by
267–406% and by 57–72%. Lowering of triglyceride
was 26% to 31% and of non-HDL-C 7.5% to
9.6% versus baseline.56 In the STRENGTH Study
4 g/day of Epanova or a corresponding placebo will
be added to a statin regimen in order to assess a beneﬁcial cardiovascular risk reduction.57 [AQ6]
The eﬃcacy and safety of icosapent ethyl (formerly
AMR101) were evaluated in the MARINE
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(Multi-Center, PlAcebo-Controlled, Randomized,
Double-BlINd, 12-week study with an open-label
Extension) study. In 229 patients with very high triglyceride (500 and <2000 mg/dL), with or without statin
therapy, a 12-week administration of icosapent ethyl 4
or 2 g/day was superior to placebo (capsule of light
liquid paraﬃn) in reducing baseline triglyceride. This
eﬀect was dose-dependent with absolute changes of
33% and 19.7% in patients on 4 or 2 g, respectively
(Table 2 58). Restricting analysis to patients with triglyceride 750 mg/dL, the drop was more signiﬁcant, that
is, 45.4% and 32.9%, respectively. Of note, a synergistic eﬀect was found in patients on a statin background, that is, 65% with 4 g and 40.7% with 2 g
icosapent ethyl.59 Improvements were also found in
lipoprotein particle concentration and size, for example, large VLDL (–27%), total LDL (–16%), small
LDL (–26%) and total HDL (–7%), with no changes
in overall sizes of LDL or HDL particles.60 The 4 g
dose also reduced hs-CRP by 36%,61, a paramount
eﬀect reached in patients with a statin background and
metabolic syndrome (–78%).62 No changes in oxidizedLDL, ICAM-1 and interleukin (IL)-6 levels were
seen.61 Similar results were obtained in the ANCHOR
(Eﬀect of AMR101 (4 g) on Triglyceride Levels in
Patients on Statins With High TG Levels (200 and
<500 mg/dL)) study, in which nuclear magnetic resonance spectroscopy was used to measure lipoprotein particle concentration and size.63 Compliance was carried
out by analysis of red blood cell (RBC) fatty acids and
it allowed the detection of a possible relationship with
biological activity. After 12 weeks, the RBC EPA content rose by 792% in the 4 g/day group and by 402% in
the 2 g/day group; arachidonic/EPA ratio was reduced
respectively 99% and 88%, thus underlining the
remarkable prevalence of anti-inﬂammatory versus
pro-inﬂammatory fatty acids.64 [AQ7] [AQ8] [AQ9]
The REDUCE-IT (Reduction of Cardiovascular
Events with Icosapent Ethyl–Intervention) trial was
aimed to test the hypothesis of cardiovascular risk
reduction by icosapent ethyl administration. A total
of 8179 patients, 70.7% in secondary prevention, with
fasting triglyceride 135–499 mg/dL and LDL-C
41–100 mg/dL, were randomized to either icosapent
ethyl 2 g b.i.d. or placebo containing mineral oil, in
order to mimic colour and consistency of icosapent
ethyl (Figure 2). A total of 4 g icosapent ethyl led to a
mean of 183 mg/mL of plasma EPA, that is, very close
to that reported in the JELIS study.65 After a median
follow-up of 4.9 years, a composite of cardiovascular
death, non-fatal MI, non-fatal stroke, coronary revascularization or unstable angina was reduced by 25% in
the icosapent ethyl group versus placebo. The absolute
between-group reduction was 4.8% with a NNT of 21
over 4.9 years. Key secondary endpoints were also
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Table 2. Triglyceride lowering agents: n-3 fatty acids.
Clinic study
High-dose icosapent ethyl
Phase 3
MARINE (Multi-Center, PlAcebo-Controlled, Randomized,
Double-BlINd, 12-week study with an open-label
Extension)
Follow-up: 12 weeks
Subjects: 229
Phase 3
REDUCE-IT (Reduction of Cardiovascular Events with
Icosapent Ethyl–Intervention)
Follow-up: 4.9 years
Subjects: 8179

Major findings
1. TG reduction in the whole cohort: 19.7% (2 g) and 33% (4 g)
2. TG reduction in patients with TG  750 mg/dL: 32.9% (2 g)
and 45.4% (4 g)

1. MACEs reduction: 25%
2. The occurrence of first and all recurrent major CV events were
reduced by 30%: first events fall by 25%, the second ones by
32%, the third ones by 31% and the fourth ones or more by
48%
3. hs-CRP reduction: 37.9%
EPA/DHA formulation, generally with low daily dosing, i.e. 1 g/day
Supplementation with n-3 fatty acids did not result in a lower
Phase 3
incidence of major cardiovascular events
VITAL (Vitamin D and Omega-3 Trial)
Follow-up: 5.3 years
Subjects: 25,871
In diabetic patients without evidence of cardiovascular disease, n-3
Phase 4
fatty acids supplementation was not superior to placebo in
ASCEND (A Study of Cardiovascular Events in Diabetes)
preventing the risk of serious vascular events
Follow-up: 7.4 years
Subjects: 15,480
Ongoing studies
Expected completion 2022 (Japan). Patients with chronic coronary
RESPECT-EPA (Randomized Trial for Evaluation in
artery disease receiving statins are randomized to either a
Secondary Prevention Efficacy and Combination)
control group (standard treatment) or EPA group
EPA: 1.8 g/day
Primary endpoint: first occurrence of MACEs
Follow-up: five years
Subjects: about 3900
Expected completion 2020 (Norway). To investigate the possible
OMEMI (Omega-3 Fatty Acids in Elderly Patients With
effects of supplementation with 1.8 g/day of n-3 polyunsaturAcute Myocardial Infarction)
ated fatty acids on cardiovascular morbidity and mortality in
EPA 1.8 g/day þ DHA
stable post myocardial infarction patients
Follow-up: 2–4 years
Primary endpoint: first occurrence of combined total mortality,
Subjects: 1400
first event of non-fatal myocardial infarction, stroke and
NCT01841944
revascularization
Adapted from Botta et al.58
CV: cardiovascular; DHA: docosahexaenoic acid; EPA: eicosapentenoic acid; hs-CRP: high-sensitivity C-reactive protein; MACE: major adverse cardiovascular event; TG: triglyceride

reduced by 26% with a NNT of 28 (Table 2). These
changes were associated with an 18.3% fall in triglyceride from baseline to one year with an LDL-C rise of
3.1%. Changes in hs-CRP were also found, with a
between-group diﬀerence, at the last visit, of 37.9%.
Subgroup analyses showed that, for primary and secondary endpoints, the superiority of icosapent ethyl
was consistent, irrespective of triglyceride lowering,
thus leaving open questions on some possible pleiotropic eﬀects.66 Icosapent ethyl reduced total events,
that is, the occurrence of ﬁrst and all recurrent major
cardiovascular events, by 30%. Speciﬁcally, ﬁrst events
fall by 25%, the second ones by 32%, the third ones by
31% and the fourth ones or more by 48%.67

Interestingly, a secondary analysis based on baseline
triglyceride tertiles showed that icosapent ethyl reduced
ischaemic events regardless of triglyceride basal levels,
that is, 21% (triglyceride levels 81 to 190 mg/dl),
20% (>190 to 250 mg/dL) and 32% (>250 to
<1401 mg/dL).68
Concerning safety, the rate of atrial ﬁbrillation was
higher in the icosapent ethyl group versus placebo
(5.3% vs. 3.9%), as was the percentage of peripheral
oedema (6.5% vs. 5.0%).66 These data are of great
value considering that in a real-world analysis, the average total healthcare cost per patient per month and rate
of occurrence of in-patient hospital stay are higher for
patients with high triglyceride.69
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Finally, in the context of atherosclerosis, the
ongoing EVAPORATE (Eﬀect of Vascepa on
Progression of Coronary Atherosclerosis in Persons
with Elevated Triglycerides (200-499) on Statin
Therapy) study will determine progression rates of
low attenuation unstable plaques under the inﬂuence
of Vascepa versus placebo (NCT02926027).
Brief summary. In epidemiological, genetic and clinical
studies, elevated triglyceride levels have been consistently associated with raised ASCVD risk.70 However,
there is a paucity of triglyceride lowering drugs. The
signiﬁcant cardiovascular risk reduction following
high-dose EPA (4 g/day) in the REDUCE-IT study66
was unexpected. Indeed, although omega-3 fatty acids
lower triglyceride levels and may have pleiotropic
eﬀects such as reducing plaque instability and proinﬂammatory mediators of atherogenesis, clinical outcome data before REDUCE-IT were inconsistent.
REDUCE-IT partially conﬁrmed the earlier JELIS
study in Japan,51 indicating high-dose EPA as a novel
agent for the prevention of ASCVD in hypertriglyceridaemic patients. Translating the impact of REDUCEIT ﬁndings into clinical practice, a real-world study
showed that 17.1% of patients with T2D and acute
coronary syndrome may beneﬁt from icosapent ethyl
therapy for the risk of residual hypertriglyceridaemia.71 Another clinical implication is that the favourable eﬀects of icosapent ethyl were partly independent
of triglyceride reduction, thus allowing the notion of
pleiotropic eﬀects.72 The possible eﬃcacy of n-3
PUFA supplementation on cardiovascular risk is
being tested in the ongoing RESPECT-EPA
(Randomized trial for Evaluation in Secondary
Prevention Eﬃcacy of Combination Therapy – Statin
and Eicosapentaenoic Acid) and OMEMI (Omega-3
Fatty Acids in Elderly Patients With Acute
Myocardial Infarction) studies.73

PPAR- modulator – pemafibrate
Pemaﬁbrate (formerly K-877) is the newest member of
selective PPAR-a modulators. It stimulates the PPARa activity selectivity by introducing a 2-aminobenzoxazole ring and phenoxyalkyl chain into the ﬁbric acid
structure. It activates PPAR-a with a greater potency
compared with other ﬁbrates, with a lower EC50 and a
higher degree of selectivity, being >2000-fold more
selective for PPAR-a versus either PPAR-g or PPARd (delta).74 The selectivity of pemaﬁbrate as a PPAR-a
modulator was demonstrated in primary human hepatocytes in which the genes beyond the PPAR-a cascade, for example, those of fatty acid b-oxidation, were
up- or down-regulated more robustly compared with
fenoﬁbrate.74
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The unique structural feature of this new drug relies
on its Y-shaped frame allowing pemaﬁbrate to occupy
all areas of the ligand-binding pocket of the human
PPAR-a complex. In particular, compared with fenoﬁbrate, the presence of two additional pharmacophores,
that is, aminobenzoxazole and dimethoxybenzene,
allows pemaﬁbrate to strongly interact with PPAR-a;
this leads to a diﬀerent size of the ligand-binding
pocket, that is, 828Å3 in pemaﬁbrate-bound and
1163Å3 in fenoﬁbrate-bound.75
The clear deﬁnition of eﬃcacy of pemaﬁbrate on the
lipid proﬁle, that is, triglyceride reduction and HDL-C
increment, in preclinical studies as well as in phase 1
and phase 2 clinical trials, has been previously
reviewed.76 Pemaﬁbrate has been approved in Japan
for the treatment of hyperlipidaemias, including the
familial phenotypes.
The pharmacokinetic proﬁle is characterized by a
slow steady state attainment, stable concentrations
being reached on day 2 of repeated administrations
(0.1 mg/day), with an absolute bioavailability of
61.5%. After the administration of radiolabelled pemaﬁbrate, 14.5% of radioactivity was recovered in urines
and 73.3% in faeces. It is a substrate of a number of
cytochromes, mainly CYP2C8, CYP2C9 and CYP3A4,
as well as of several eﬄux and uptake transporters, for
example, P-glycoprotein and OATP1B1. It is primarily
liver eliminated, whereas fenoﬁbrate, gemﬁbrozil and
bezaﬁbrate have a predominant kidney elimination.77
Phase 2 studies. The eﬀectiveness of pemaﬁbrate was
evaluated in patients on statins (JapicCTI-121837 and
JapicCTI-132067). In patients with residual dyslipidaemia (fasting triglyceride 347–382 mg/dL) and LDL-C
levels (116–125 mg/dL) on pitavastatin, pemaﬁbrate
(0.1, 0.2 and 0.4 mg/day) led to an absolute triglyceride
reduction in the range of 46.1% to 53.4%.
Furthermore, pemaﬁbrate, as an add-on therapy, signiﬁcantly raised HDL-C (range: þ12.7% to þ19.7%)
and apoA-I (range: þ1.5% to þ6.6%) and lowered
non-HDL-C (range: 10.7% to 13.1%) and ApoB
(range: 7.9% to 8.6%). Similar percentage changes
in triglyceride, that is, 50%, were found when pemaﬁbrate was given in combination with any statin. The
incidence of adverse events was similar across all
groups. The proportion of patients experiencing elevated alanine aminotransferase (ALT), creatine kinase
and serum creatinine were comparable.78 The above
described studies reported an increment in the levels
of ﬁbroblast growth factor 21, a metabolic regulator
of blood glucose and lipid homeostasis, upon pemaﬁbrate treatment.78
Phase 3 studies. Pemaﬁbrate was more eﬀective than placebo in reducing fasting triglyceride among 167 eligible

10
participants with T2D (glycated haemoglobin (HbA1c)
6.2% and fasting triglyceride 150 mg/dL) enrolled in
the JapicCTI-142412 trial. Twenty-four weeks of
pemaﬁbrate treatment (0.2 or 0.4 mg daily) led to a
signiﬁcant 45% triglyceride reduction, with no dosedependent eﬀect. Fasting triglyceride 150 mg/dL was
achieved by 81.5% and 70.9% of patients on the
0.2 and 0.4 mg doses, respectively. In addition, nonHDL-C, remnant lipoprotein cholesterol, apoB-100,
apoB-48, and apoCIII levels were reduced with a concomitant rise of HDL-C and apoA-I. In particular,
pemaﬁbrate raised the cholesterol content of medium,
small and very small HDL particles relative to very
large and large particles. While plasma LDL-C concentration was not signiﬁcantly altered, pemaﬁbrate was
associated with signiﬁcant increments of large LDL
and drop of small and very small particles. Modest
and non-statistically signiﬁcant changes were found
for fasting glucose, insulin, glycated albumin and
HbA1c. All groups displayed comparable rates of
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adverse events, for example, increases in serum creatinine and liver enzymes79 (Table 3). The long-term safety
and eﬃcacy of pemaﬁbrate were the aim of the
PROVIDE study (PemaﬁbRate study tO Validate a
52-week eﬃcacy and safety In patients with type 2
Diabetes comorbid with Elevated triglyceride levels),
representing the extension of the above described
trial. Patients originally allocated to placebo were
switched to pemaﬁbrate 0.2. mg and over 52 weeks of
treatment triglyceride levels fell by 48.2% in the placebo/fenoﬁbrate group, by 42.3% with pemaﬁbrate
0.2 mg and by 46.4% with pemaﬁbrate 0.4 mg.
HDL-C and non-HDL-C as well as total cholesterol
were improved by drug administration.80
The non-inferiority of pemaﬁbrate as monotherapy,
relative to micronized fenoﬁbrate was tested in the
JapicCTI-121764 trial, randomizing 526 patients (489
completed the study) with triglyceride 200 mg/dL
and HDL-C <50 mg/dL for men or <55 mg/dL for
women. A 12-week treatment with pemaﬁbrate reduced

Table 3. Triglyceride lowering agents: fibrates.
Pemafibrate
Clinic study

Major findings

Phase 2
Follow-up: 12 weeks
Subjects: 188
Phase 2
Follow-up: 24 weeks
Subjects: 423
Phase 3 (JapicCTI-142412; clinicaltrials.jp)
Follow-up: 24 weeks
Subjects: 167 with T2D
Phase 3
PROVIDE (PemafibRate study tO Validate a 52-week
efficacy and safety In patients with type 2 Diabetes
comorbid with Elevated triglyceride levels)
Follow-up: 52 weeks
Subjects: 166 with T2D
Phase 3 (JapicCTI-121764; clinicaltrials.jp)
Follow-up: 12 weeks
Subjects: 489
Phase 3 (JapicCTI-142620; clinicaltrials.jp)
Follow-up: 24 weeks
Subjects: 225
On-going phase 3 trial
PROMINENT (Pemafibrate to Reduce Cardiovascular
OutcoMes by Reducing Triglycerides IN patiENts
With diabeTes) – NCT03071692

1. TG reduction: range 46.1% to 53.4%

1. TG reduction: range 46.8% to 50.8%

1.
2.
3.
1.

TG reduction: 45%
Reduced non-HDL-C
Raised HDL-C
TG reduction: 48.2% (placebo up to week 24 and
thereafter switched to pemafibrate 0.2 mg up to week
52)
2. TG reduction: 42.3% (pemafibrate 0.2 mg) and 46.4%
(pemafibrate 0.4 mg)

1. TG: 46.3% (0.1 mg/day), 46.7% (0.2 mg/day) and
51.8% (0.4 mg/day) vs. 38.3% (fenofibrate 100 mg/day)
and 51.5% (fenofibrate 200 mg/day)
1. TG reduction: 46.2%
2. A further 6.5% TG reduction compared with
fenofibrate
Outcomes: first occurrence of non-fatal myocardial infarction, non-fatal ischaemic stroke, hospitalization for
unstable angina requiring unplanned coronary revascularization, and CV death

Adapted from Botta et al.58
CV: cardiovascular; HDL-C: high-density lipoprotein cholesterol; MACE: major adverse cardiovascular event; T2D: type 2 diabetes; TG: triglyceride
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triglyceride levels in a dose-dependent manner by
46.3% (0.1 mg/day), 46.7% (0.2 mg/day) and 51.8%
(0.4 mg/day). Reductions after fenoﬁbrate were 38.3%
(100 mg/day) and 51.5% (200 mg/day). At all doses,
pemaﬁbrate was more eﬀective versus fenoﬁbrate
100 mg/day, whereas at the daily doses of 0.2 mg and
0.4 mg, pemaﬁbrate was equivalent to fenoﬁbrate
200 mg/day. Adverse events, including liver and
kidney laboratory changes, were less frequent than
with fenoﬁbrate 200 mg/day.81 Finally, it is worth mentioning that fenoﬁbrate raised homocysteine levels,82
whereas pemaﬁbrate had a neutral eﬀect83 (Table 3).
These ﬁndings have been conﬁrmed in the JapicCTI142620 trial, enrolling 225 patients with triglyceride
between 150 and 500 mg/dL and HDL-C <50 mg/dL
in men or < 55 mg/dL in women, allocated to a daily
dose of 0.2 or 0.4 mg pemaﬁbrate versus fenoﬁbrate.
Compared with fenoﬁbrate, pemaﬁbrate treatments,
at both doses, reduced triglyceride to a signiﬁcantly
larger extent, that is, 6.5% and 6.2%, respectively.
No superiority of pemaﬁbrate versus fenoﬁbrate was
found when triglyceride, non-HDL-C, apoB, VLDL
cholesterol, HDL-C and apoA-I levels were considered.
The apoA-II rises with pemaﬁbrate (0.2 mg/day and
0.4 mg/day) were signiﬁcantly larger versus fenoﬁbrate.
The incidence of adverse reactions in the pemaﬁbrate
groups was 2.7% and 6.8%, respectively, versus 23.7%
with fenoﬁbrate84 (Table 3).
Outcome study. The eﬀectiveness of pemaﬁbrate is being
evaluated in the on-going cardiovascular outcomes trial
PROMINENT (Pemaﬁbrate to Reduce Cardiovascular
Outcomes by Reducing Triglycerides in Patients with
Diabetes). This study will enrol close to 10,000 patients
with T2D (two-thirds in secondary prevention and onethird in primary prevention), fasting triglyceride 200
to <500 mg/dL, HDL-C  40 mg/dL on moderate/high
intensity statin (atorvastatin 40 mg, rosuvastatin
20 mg, simvastatin 40 mg or pitavastatin 4 mg) or
with LDL-C  70 mg/dL. For statin intolerant patients
an LDL-C  100 mg/dL is allowed. The objective will
be that of evaluating the superiority of pemaﬁbrate
(0.4 mg/day) in raising time to the ﬁrst occurrence of
non-fatal MI, non-fatal ischaemic stroke, hospitalization for unstable angina requiring unplanned coronary
revascularization, and cardiovascular death. Changes
in lipid end-points including apoA-I, apoCIII, apoE
and non-fasting remnant cholesterol are listed as secondary outcomes. Considering that the PROMINENT
study will continue until 1092 participants, of whom at
least 200 are women, will experience an event, an average follow-up of 3.5 years is expected.85
The rationale of this study lies on the evidence that,
despite LDL-C86 being unquestionably the main
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arterial disease risk factor, inﬂammation87 and hypertriglyceridaemia88 have garnered increasing attention.
The cholesterol content of triglyceride-rich lipoproteins, that is, that of remnant cholesterol, would
appear to be the cause of atherosclerosis and CVD
rather than raised triglyceride per se. Smaller remnant
lipoproteins undergoing triglyceride hydrolysis by lipoprotein lipase can enter the sub-intimal space, being
taken up directly by macrophages, leading to foam
cell formation.88
The eﬃcacy of ﬁbrates on cardiovascular prevention
have been disputed, mainly based on the lack of appropriately selected patients.89 Long-term re-evaluation of
the ACCORD (Action to Control Cardiovascular Risk
in Diabetes) study conﬁrmed that fenoﬁbrate eﬃciently
reduced CVD in carriers of dyslipidaemia, deﬁned as
triglyceride >204 mg/dL and HDL-C < 34 mg/dL,
whereas neutral eﬀects were found when the entire
patient cohort was considered (hazard ratio: 0.93;
95% CI: 0.83–1.05).90 The same conclusion was
reached in the FIELD (Fenoﬁbrate Intervention and
Event Lowering in Diabetes) trial, reporting that subjects with marked dyslipidaemia, that is, triglyceride
204 mg/dL and low HDL-C, were those who beneﬁtted the most by fenoﬁbrate, with a 27% relative
risk reduction (NNT ¼ 23).91
Finally, in an eﬀort to understand possible cardioprotective eﬀects of pemaﬁbrate, a recent study demonstrated that the drug improves the cholesterol eﬄux
capacity of HDLs obtained from fasting blood samples
of patients with dyslipidaemia, deﬁned as fasting triglyceride >150 mg/dL and HDL-C < 50 mg/dL (men) and
<55 mg/dL (women). HDL-C, apoA-I, HDL3-C and
pre-b1 HDL levels were also raised.92
Brief summary. Pemaﬁbrate is a novel addition to the
ﬁeld of TG regulating agents. This agent oﬀers the
novelties of the selective PPAR-a modulator concept,
that is, of a selective activity on PPAR-a, diﬀerent
from available ﬁbrates, non-selectively acting on two
or more PPARs,77 as well as of very daily low doses
(0.2–0.4 mg).75 The HDL-C rise after pemaﬁbrate goes
together with increases of medium, small and very small
HDL particles, with a more powerful cholesterol mobilizing activity.92 Concerning safety, in a head-to-head
comparison with fenoﬁbrate, pemaﬁbrate decreased alanine aminotransferase and gamma-glutamyltransferase
levels, whereas fenoﬁbrate raised both enzymes. The
increments of serum creatinine were smaller in patients
on pemaﬁbrate compared with those on fenoﬁbrate;84
this trend was similar for changes in plasma homocysteine.83 A large ongoing study in appropriately selected
individuals will most likely provide better data, addressing the issue of clinical cardiovascular prevention.85
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A wide spectrum of lipid regulating agents
Gemcabene
Gemcabene calcium is the monocalcium salt of a dialkyl
ether dicarboxylic acid and represents a new class of
lipid regulating compounds, having two terminal gemdimethyl carboxylate moieties. In studies in rats, gemcabene reduced LDL-C, triglyceride and apoC-III levels,
raised HDL-C and showed increased hepatic peroxisomal enzyme activities.93 However, the apparent mechanism of action, with regard to direct PPAR activation,
was surprisingly dissimilar from ﬁbrates, known to directly activate PPAR-a, when assessed in mouse, rat or
human PPAR transactivation assays. Indeed, compared
with classical ﬁbrates or PPAR-a agonists, gemcabene
exerted little or no PPAR-a activation at the highest
concentration tested (300 mM), and essentially no
PPAR-g agonist activity at this same concentration.
These investigations used known comparative reference
PPAR agonists that showed expected results.93
The earliest study also indicated that gemcabene
accelerates 125I-labelled VLDL apoB disappearance,
reducing triglyceride production and elevating the
ratio of post-heparin hepatic to lipoprotein lipase activities.94 These earlier and more recent investigations
have provided limited information on mechanism/s,
suggesting that these are most likely related to a general
activity on de novo cholesterol and triglyceride synthesis, associated with reduced hepatic apoC-III mRNA
levels. This may result in increased VLDL remnant
uptake and consequently lower LDL-C levels.
Additional studies clearly demonstrated an anti-inﬂammatory proﬁle, associated with a lowered expression of
the hs-CRP gene regulating mechanisms.95
In view of the signiﬁcant activity of gemcabene on
liver lipids and inﬂammation, a speciﬁc study addressed
the anti-inﬂammatory, lipid altering and cell signalling
genes in an animal model of non-alcoholic fatty liver
disease (NAFLD). In the STAMTM murine model of
NAFLD, gemcabene signiﬁcantly down-regulated liver
mRNA markers of inﬂammation, lipogenesis, lipid
modulation and ﬁbrosis, thus presenting this agent as
of potential interest in the management of this very
frequent human disease.96
Gemcabene thus oﬀers an eﬀective treatment for a
wide range of hyperlipidaemias, exerting both a cholesterol and triglyceride reduction, with an additional
apparent eﬀectiveness against NALFD, a disorder
occurring in more than 25% of the adult population
in the Western world.97 Combined activity on plasma
and liver lipid levels and inﬂammatory markers makes
the potential eﬃcacy proﬁle of this agent of interest in a
variety of clinical conditions.
The drug, initially developed by Parke-Davis/
Warner-Lambert, then by Pﬁzer, was licensed to
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Gemphire Therapeutics Inc. for further development
in 2011. Gemcabene has been tested clinically since
the early 2000s and 10 phase II studies (six in dyslipidaemias) have been conducted. During this time, gemcabene has been administered to over 1100 healthy
subjects and patients and has been well tolerated at
doses up to 900 mg daily for up to 12 weeks.
The eﬃcacy of gemcabene was tested in a phase 2
double-blind, randomized, dose–response (placebo,
150, 300, 600 or 900 mg) study enrolling 161 patients
with HDL-C < 35 mg/dL and triglyceride 200 or
<200 mg/dL. Within the 200 mg/dL triglyceride stratum, the lowest doses, that is, 150 and 300 mg, reduced
triglyceride by 27% and 39%, respectively and apoCIII
by 23% and 31%; HDL-C was raised by 18% and
12%, respectively. LDL-C dropped by 15–25% only
at the highest doses, that is, 600 and 900 mg, irrespective of basal triglyceride levels. Of note, the only dose
dependent eﬀect was on non-HDL-C, leading to a stepwise decrement of 1.6% (150 mg), 9.4% (300 mg),
10.9% (600 mg) and 16.3% (900 mg) in the triglyceride <200 mg/dL stratum, with slightly greater dose
dependent reductions of non-HDL-C in the triglyceride
200 mg/dL stratum.98
In an eight-week double blind, placebo controlled,
randomized trial in men and post-menopausal women
with LDL-C >130 mg/dL, on stable high intensity statins, a mean LDL-C reduction of 27.7  4.23%
(p < 0.001) with 900 mg/day was reported. There was
a modest activity on triglyceride (–14.6%, p < 0.09)
and apoB was reduced by 17.2%. The most remarkable
ﬁnding was a dramatic reduction of hs-CRP levels, that
is, 26.1% and 53.9% in the 300 mg and 900 mg
treatment groups, respectively.99
An investigator initiated, phase 2, proof-of-concept
study, testing the preliminary eﬃcacy and safety of
gemcabene (300 mg) in children with established
NAFLD incompletely treated by lifestyle changes, has
been stopped early. The ﬁrst three patients who underwent 12 weeks of treatment had increasing weight and a
rise in liver fat content, with increased ALT noted in
two subjects (NCT03436420).
Another phase 2a study (NCT03508687) is still
ongoing with the aim to assess the eﬃcacy and safety
of two dosing regimens (300 and 600 mg) of gemcabene
in patients with familial partial lipodystrophy, elevated
triglyceride and non-alcoholic steatohepatitis. To date,
there have been no safety concerns.
Gemcabene has been also tested in homozygous
familial hypercholesterolaemia (HoFH) patients
(COBALT-1 phase 2 trial) on a variety of background
lipid lowering therapies, including the highest statin
and/or ezetimibe doses and/or PCSK9 inhibitors.
Patients were followed with dosages escalating from
300 mg to 600 mg and then 900 mg daily, for a total
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duration of 12 weeks. Optimal results were observed
with gemcabene 600 mg daily, that is, mean LDL-C
reduction of 93 mg/dL for a population with baseline
levels of 351 mg/dL. At this same dose, gemcabene lowered non-HDL by 27.2%, apoB by 24.8%, and
apoE by 23.0%.100 Further ongoing trials will evaluate (i) the LDL lowering activity of gemcabene as
add-on therapy on top of high- and moderate-intensity
statins in HeFH and ASCVD patients (ROYAL-1
study) and (ii) the triglyceride reduction in severely
hypertriglyceridaemic patients (INGIGO-1 trial).
Overall, the mechanism of gemcabene for LDL-C
reduction is not completely understood. However,
preclinical studies have shown that gemcabene reduces
acetate incorporation into cholesterol, lowers apoC-III
hepatic mRNA and plasma levels and hepatic
sulphatase 2 mRNA levels and raises VLDL clearance.94,96,101,102 The reduction in sulphatase 2 may
enhance hepatic Syndecan-1, also known as the
VLDL remnant receptor, activity.103,104 The reduction
in plasma triglyceride in diabetic mice correlates to the
inhibition of both sulphatase 2 and apoC-III mRNA
levels.101 Gemcabene’s enhanced clearance of VLDL
remnants may reduce systemic LDL production and
partly lower LDL-C levels.
Brief summary. Patients with combined forms of dyslipidaemia are most frequently treated with drug combinations, which increased the potential occurrence of
adverse interactions.105 Gemcabene lowers both cholesterol and triglyceride by a mechanism of action not
linked to agonist or antagonist activity on the PPAR-a
receptors.93 Gemcabene has a potent eﬀect in lowering
hs-CRP by a complex mechanism, primarily by inhibiting IL-6 and IL-1b induced production of CRP.95

HDL regulators
The potential role of HDL in the prevention and treatment of ASCVD has been extensively investigated in
recent years. The failure of HDL elevations, from
niacin to CETP inhibitors, as well as the uncertainties
on the genetic link between HDL-C levels and cardiovascular risk, have not given support to the HDL raising hypothesis.106 The availability of a newer CETP
antagonist and the unique approach provided by probucol as a stimulator of reverse cholesterol transport
are, however, worthy of consideration.

CETP inhibition
For many years, the pharmacological inhibition of
CETP has been pursued as a therapeutic tool to raise
HDL-C. Several pharmacological strategies have been
designed to antagonize the activity of CETP, including
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antisense DNA technology, monoclonal antibodies,
anti-CETP vaccines and small molecule inhibitors.107
While CETP antagonism has resulted in signiﬁcant,
albeit moderate, reductions of cardiovascular events
in at least one major long-term study (REVEAL
Study),15 other inhibitors, that is, torcetrapib, dalcetrapib and evacetrapib, have not led to a similar conclusion.15 In particular, a major drawback for the clinical
use of anacetrapib may be the unique pharmacokinetic
proﬁle. Detectable concentrations of anacetrapib were
found in plasma 2.5–4 years after the last drug dose,
associated with modest HDL-C elevations. This ﬁnding
is likely a consequence of a long-term accumulation of
drug in adipose tissue after one year of treatment, as
also reported in mice.16
The last survivor of this class of drugs is the CETP
inhibitor TA-8995 (formerly AMG-8995), a less lipophilic compound. The phase 2 trial NCT01970215, evaluating the eﬃcacy of TA-8995 on HDL and LDL-C,
enrolled 337 patients with LDL-C between 2.5 mmol/L
and 4.5 mmol/L, HDL-C between 0.8 mmol/L and
1.8 mmol/L and triglyceride levels < 4.5 mmol/L.
Patients were randomly assigned to diﬀerent doses of
TA-8995, that is, 1, 2.5, 5 and 10 mg/day, alone or on
top of statins, that is, 20 mg atorvastatin or 10 mg rosuvastatin. In the group receiving TA-8995 monotherapy,
the 12-week treatment resulted in a 45.3% LDL-C lowering, reaching 68.2% in patients given 10 mg TA-8995
plus atorvastatin 20 mg. A similar trend was found in the
arm receiving 10 mg TA-8995 plus rosuvastatin 10 mg
(63.3%). HDL-C levels were raised in a dose-dependent manner, that is, þ75.8% (1 mg), þ124.3% (2.5 mg),
þ157.1% (5 mg) and þ179.0% in those on 10 mg monotherapy, no further improvement occurring with statin
addition. No serious adverse events were observed.17
When the major antiatherogenic eﬀects of HDL-C
were evaluated, that is, the ability to remove excess cholesterol from arterial wall macrophages, TA-8995 raised
total, non-ATP-binding cassette transporter (ABCA1)and ABCA1-speciﬁc cholesterol eﬄux capacity as well
as preb-1 HDL.108 A cardiovascular clinical outcomes
trial will be needed to determine whether these eﬀects
will translate into a reduction of ASCVD events.
Brief summary. Although epidemiological and clinical
studies link low levels of HDL with an increased cardiovascular risk, a direct causal role of HDL in cardiovascular disease remains controversial. While inhibition
of the reverse cholesteryl ester transfer system, controlled by CETP, potently raises plasma HDL-C
levels, the clinical outcome trials reported have been
negative.109 The one exception was with anacetrapib,
which provided a signiﬁcant, albeit limited (–9%),
reduction in cardiovascular events in a secondary prevention setting against optimal statin therapy.110
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Finally, in the era of genome-wide association study,
data from the Dal-GenE trial, testing the cardiovascular preventive eﬀect of dalcetrapib in acute coronary
syndrome patients – carriers of the AA genotype at
rs1967309 in the ADCY9 gene – are eagerly awaited16
also in consideration of the failure of the same genotype
in demonstrating any beneﬁcial eﬀect upon evacetrapib111 or anacetrapib treatment.112

Probucol raises reverse cholesterol ester transport:
clinical evidence of cardiovascular protection
Probucol, a bisphenol compound, providing a still
unique approach to cardiovascular prevention, was
synthesized as an antioxidant.113 After the description
of its cholesterol lowering properties, probucol has
been used for patients with hypercholesterolaemia in
Japan since 1985. Owing to reduced serum HDL-C
levels and to possible -QT interval prolongation or
occurrence of ventricular arrhythmias, in 1995, probucol was withdrawn in the USA. However, the clinical
beneﬁt of probucol has been supported by a signiﬁcant
number of scientiﬁc ﬁndings in more recent years, leading to the development of some analogues. Probucol
activity is characterized by a 20% reduction of
LDL-C,114 by a mechanism independent of the LDL
receptor,115 and a reduction of HDL-C by 30%.114 In
spite of this paradoxical eﬀect on HDL in patients with
familial hypercholesterolaemia probucol enhances
the regression of Achilles tendon xanthomas and
xanthelasmas. These eﬀects were positively related to
probucol-induced decrease in HDL-C.116 Thus, probucol may exert its anti-atherogenic properties by raising
lipid-poor preb1-HDL formation, involved in cellular
cholesterol eﬄux, and by the activation of hepatic
CETP and scavenger receptor class B type I with a
consequent stimulating reverse cholesterol transport.117–119 Although probucol blocks ABCA1
mediated cell cholesterol eﬄux, most likely the end
result in vivo may not be a deﬁnite reduction of
ABCA1 functionality, being compensated by a rise in
hepatic endothelial lipase expression120 and in ABCA1
protein expression, a mechanism mediated by probucol
metabolites.
Clinical studies on the eﬀects of probucol on xanthomas, restenosis after percutaneous coronary intervention (PCI) and atherosclerosis have been recently
reviewed.121 Brieﬂy, in the PQRST (Probucol
Quantitative Regression Swedish Trial)122 probucol led
to a reduction of both LDL-C and HDL-C by 12% and
24%, respectively. In these hypercholesterolaemic
patients either symptomatic or asymptomatic for femoral atherosclerosis, no signiﬁcant changes in lumen
volume were found. This result can be probably
explained today by the fact that changes in atheroma
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volume may occur without changes in lumen due to
vessel remodelling. The MVP (MultiVitamins and
Probucol) trial123,124 tested the anti-restenotic eﬀects of
probucol after PCI. LDL-C was lowered by 17.6% in
patients on probucol, by 16.8% in those on
probucol þ multivitamins and by 14.8% in the placebo
group. HDL-C dropped by 17.6% upon probucol
administration and by 31.3% in probucol þ multivitamins versus þ0.9% in the placebo arm. The stenosis
rates per segment were 20.7% in the probucol group,
28.9% in the combined-treatment group and 38.9% in
the placebo. The FAST (Fukuoka Atherosclerosis Trial)
investigated the eﬀects of probucol on the reduction of
carotid intima-media thickness (IMT) and incidence of
cardiovascular events in asymptomatic patients with
hypercholesterolaemia.125 In a head-to-head comparison with pravastatin (10 mg), LDL-C fell by 36% with
pravastatin and by 29% with probucol, together with a
HDL-C reduction of 30% with this latter. Both treatments led to a similar reduction rate in carotid IMT
(13.9%) and a signiﬁcantly lower incidence of cardiovascular events was observed in the probucol group
(2.4% vs. 4.8% in the pravastatin group, p < 0.001).
The eﬀect of probucol on coronary atherosclerosis
associated events in HeFH patients was tested in the
POSITIVE
(Probucol
Observational
Study
Illuminating Therapeutic Impact on Vascular Events)
study. In this prospective study, the incidence of cardiovascular events in secondary prevention was 27.0% in
the probucol group and 64.3% in patients who were not
exposed. No diﬀerences were found in primary prevention because the LDL-C levels were nearly 30 mg/dL
higher in the probucol-treated arm versus control.126
Similar results were reported in patients who underwent
complete revascularization (PCI and/or bypass surgery).127 The PICASSO (Prevention of Cardiovascular
Events in Asian patients with Ischemic Stroke at High
risk of Cerebral Haemorrhage) study evaluated eﬃcacy
and safety of cilostazol versus aspirin, with and without
probucol, in patients with ischaemic stroke and a high
risk of haemorrhage.128 Patients were randomized to
oral cilostazol, aspirin, cilostazol plus probucol, or
aspirin plus probucol. In the probucol groups the incidence of vascular events was reduced by 31% (hazard
ratio: 0.69; 95% CI: 0.50–0.97). No statistical diﬀerences
were found for cerebral haemorrhages: hazard ratio:
0.65; 97.5% CI: 0.27–1.57; p ¼ 0.55 (probucol versus
non-probucol groups).
Concerning probucol analogues, experimental work
shows that elsibucol has antioxidant, anti-inﬂammatory
and antiproliferative properties and reduced proliferation of vascular smooth muscle cells, oxidative stress,
VCAM-1 expression and macrophage inﬁltration into
injured arteries. No clinical data are available.129
Succinobucol, which possesses anti-inﬂammatory and
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antioxidative activities, was tested in the CART-1
(Canadian Antioxidant Restenosis Trial) study versus
probucol.130 Both drugs reduced restenosis after PCI,
although prolongation of the QTc interval was more
frequent with probucol. In the following CART-2
study, regression of coronary atherosclerosis by succinobucol was demonstrated.131 The ARISE (Aggressive
Reduction of Inﬂammation Stops Events) trial, enrolling 6144 patients with recent onset of acute coronary
syndrome, showed no signiﬁcant eﬀects of succinobucol
on MACEs; conversely, the composite secondary endpoints of cardiovascular death, cardiac arrest, MI or
stroke occurred less frequently versus placebo (hazard
ratio: 0.81; 95% CI: 0.68–0.98). Succinobucol raised
LDL-C and systolic blood pressure, and decreased
HDL-C and glycated haemoglobin. An elevation of
new-onset atrial ﬁbrillation (hazard ratio: 1.87; 95%
CI: 1.67–2.09) led to discontinuation of clinical
development.132
Brief summary. The regulation of HDL-C remains an
enigmatic therapeutic target.121 Therapeutic increase
in HDL ﬂux has a greater anti-atherogenic eﬀect than
increasing HDL concentration alone.133 Data from the
PROSPECTIVE (Probucol Trial for Secondary
Prevention of Atherosclerotic Events in Patients with
Prior Coronary Heart Disease) study will answer the
hypothesis whether or not the addition of probucol
to other lipid lowering drugs could prevent cerebrovascular and cardiovascular events in patients with
prior coronary events and high LDL-C levels.134 In
the meantime, in patients with ischaemic stroke, the
addition of probucol to aspirin or cilostazol could be
beneﬁcial in reducing the incidence of cardiovascular
events.128
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indication for a chemical series as yet not proven
to be associated with cardiovascular beneﬁt.49 The
REDUCE-IT study further conﬁrmed that an inappropriate selection of cases with hypertriglyceridaemia
or metabolic syndrome may have led to the nonconvincing activity of triglyceride lowering medications
in secondary prevention trials (FIELD, ACCORD
studies). Patients with hypertriglyceridaemia/low
HDL may derive greater cardiovascular beneﬁt from
triglyceride lowering agents, as suggested by the fenoﬁbrate studies.90,136
The elusive target of HDL-cholesterol has been
poorly addressed by present day lipid lowering medications and HDL function rather than levels appears to
be a most appropriate target.137 In this area, antagonists of the CETP system have led to dramatic HDL-C
elevation, albeit with no clear evidence of improved
cardiovascular outcomes.107 Anacetrapib reduced
major vascular events by 9%, but was found to accumulate in adipose tissue, and regulatory approval was
not requested. Thus, despite considerable initial promise, CETP inhibition provides insuﬃcient cardiovascular beneﬁt for routine use.106 Conversely, probucol and
derivatives, while lowering HDL levels, appear to
improve HDL function and reduce inﬂammation.121
The new agents reviewed aﬀord further options for
treating patients with dyslipidaemias in a ﬁeld plagued
with problems of poor adherence/low achievement of
targets.138,139 For these agents, cost-eﬀectiveness analysis is certainly more favourable140 compared with
agents of biosynthetic origin, for example, the case of
PCSK9 inhibitors, for which the recent American
guidelines support use in high-risk patients only if the
cost/beneﬁt ratio is favourable.19

Limitations in the real-world
Conclusions
The newer drug approaches reviewed oﬀer patients and
clinicians wider choices for managing dyslipidaemias
with hypercholesterolaemias, where beneﬁts may be
clouded by insuﬃcient clinical responses or side eﬀects
leading to discontinuation and reduced cardiovascular
beneﬁts,135 the novel cholesterol lowering medications
pitavastatin and bempedoic acid have provided clear
diﬀerential eﬀects compared with available agents.
Elevated triglyceride levels, a common ﬁnding in
daily clinical practice, identify individuals at higher
ASCVD risk, related to a cluster of abnormalities
referred to as the metabolic syndrome. Thus, in the
context of hypertriglyceridaemia associated residual
risk, availability of pemaﬁbrate oﬀers a unique mode
of action as a selective PPAR-a activator. Another triglyceride lowering pharmacological approach is the use
of the omega-3 icosapent ethyl66 providing a novel

As of today, the use of pitavastatin has had limited
impact on the European market.141 Use has been limited owing to the low-cost availability of generic statins.
In view of the low dose and reduced drug–drug interaction risk, use may be of interest for patients with
multiple drug treatments. Despite the well-recognized
triglyceride lowering eﬀect, the European Medicine
Agency has not recommended use of omega-3 PUFAs
in the secondary prevention of CVD,142 reversing the
authorizations granted over the last two decades permitting these products to be marketed at a dose of 1 g
per day for reducing cardiovascular disease. The positive results of the REDUCE-IT trial with EPA may
lead to a renewed approval. Pemaﬁbrate is approved
only in Japan143 and, at present, probucol is available
only in Eastern nations (Japan, China, Taiwan, Korea
and the Philippines), having been withdrawn in the
USA and other Western nations.
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Future directions
The degree of advantage that the new analysis of
REDUCE-IT reveals is quite large, especially considering that this is an additional beneﬁt on top of what statin
and other therapies have already provided. Moreover,
owing to a ﬁnding that icosapent ethyl also reduces
ischaemic events in patients with triglyceride 81 to
190 mg/dL will possibly redeﬁne the meaning of
‘normal’ triglyceride values.68 Thus, clinicians may consider treating high-risk patients with diabetes and dyslipidaemia with high-dose EPA, although cost
implications need to be considered.71 In this context, a
cost-eﬀectiveness analysis of the JELIS study showed
that EPA þ statin combination therapy has an acceptable cost-eﬀectiveness for secondary prevention, but not
primary prevention, of CVD patients with hypercholesterolaemia in Japan.144 This approach might merit consideration also in HIVþ patients often displaying
hypertriglyceridaemia with reduced HDL-C and frequently diﬃcult drug handling in daily practice.145
Finally, in order to achieve LDL-C target levels in
high risk ASCVD patients, adding new drugs like bempedoic acid, more cost-eﬀective than PCSK9 inhibitors,
may be envisioned as an adjunct to existing management
algorithms, as second- or third-line agents, similar to
ezetimibe and bile acid sequestrants.146
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