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The advent of effective pharmacologic therapies for cardiovascular
disease has resulted in marked reductions in cardiovascular morbidity
and mortality in industrialized nations. Statin drugs (HMG-CoA
reductase inhibitors) have played a major part in this success. By reducing
hepatocyte sterol synthesis, and thereby increasing hepatocyte uptake of
LDL, statins cause a lowering of circulating LDL cholesterol levels and
thus reduce the substrate for atherosclerotic plaque formation.

Although statins have been successful in reducing rates of
cardiovascular events in patient populations, there remains a large
burden of residual cardiovascular risk. Furthermore, statins are not
uniformly well tolerated or effective in every individual patient. Some
patients are not able to reach target lipid goals on statins or combination
therapies. Other patients have difficulty tolerating statins, usually because
of myalgias, their most common side effect. There continues to be a
search for additional safe and effective lipid-lowering drugs to modify
atherosclerotic disease and reduce cardiovascular events.

The cholesteryl ester transfer protein (CETP) inhibitors initially
seemed to be a promising class of drugs since they raised HDL cholesterol,
and higher levels of HDL have been associated with lower cardiovascular
risk. Unfortunately, clinical trial data have not supported their use.
Torcetrapib, the initial drug in this class, actually increased mortality
[1], possibly through increased angiotensin-aldosterone activation and
hypertension. Subsequent CETP inhibitors, dalcetrapib and anacetrapib,
did not have these effects. Nevertheless, in the recently published dal-
OUTCOMES trial [2], dalcetrapib failed to lower cardiovascular event
rates compared to placebo in patients on standard medical therapy for
recent acute coronary syndrome. Based on the available evidence thus
far, CETP inhibition does not appear to be a productive approach to
improving cardiovascular outcomes.

One of the novel classes of lipid-lowering drugs in development are
the PCSK-9 inhibitors. The PCSK9 enzyme is involved in the endocytosis
and degradation of the LDL receptor from the liver surface. Inhibition of
PCSKO9 increases the amount of LDL receptor available to remove LDL
from the bloodstream, thus lowering LDL cholesterol levels. A number of
phase 2 randomized trials of AMG 145, a human monoclonal antibody
to PCSK9, have been published recently [3-6]. A phase 2 randomized
trial of AMG 145 showed approximately 43-50% reductions in LDL
in hypercholesterolemic patients when used as monotherapy [3]. In
heterozygous familial hypercholesterolemic patients, who were already
on statins, the administration of AMG 145 resulted in up to 55% further
reductions in LDL levels [4]. A phase 2 trial of AMGI45 in stable
hypercholesterolemic patients on statins showed 42-50% reductions in
LDL when it was administered every 4 weeks [5]. In patients with statin
intolerance, AMG 145 lowered LDL by approximately 41-51%, and
lowered LDL by approximately 63% when administered at maximum
dose with the addition of ezetimibe [6]. AMG 145 has been delivered as
a subcutaneous injection every 4 weeks and appears to be well-tolerated,
with no significant difference in adverse event profile compared to
placebo. Another PCSK9 inhibitor is also undergoing clinical trial testing
with promising results [7,8].

Other novel lipid-lowering drugs under development (lomitapide,

mipomersen) have primarily been studied for use in patients with familial
hypercholesterolemia. Both lomitapide and mipomersen received
recommendations for homozygous familial hypercholesterolemia by
the drugs advisory committee of the FDA in October 2012, and both
are under FDA review. Lomitapide inhibits microsomal triglyceride
transfer protein, which drives the production and secretion of lipoprotein
particles. In a phase 3 study, lomitapide decreased LDL cholesterol
levels by ~40% in homozygous familial hypercholesterolemia patients
[9]. It also decreases triglyceride levels and will be studied for use in
familial hyperchylomicronemia patients. Lomitapide is administered
as a daily oral medication. Potential adverse events include GI side
effects, increased liver transaminases, and increased liver fat. On
the other hand, mipomersen is an apolipoprotein B-100 anti-sense
oligonucleotide, which allows it to bind to apolipoprotein B-100 mRNA,
induce its selective degradation, and thus decrease the secretion of apo-B
containing lipoproteins from the liver. It is administered as weekly
subcutaneous injections and lowers circulating LDL-cholesterol by ~25%
in homozygous familial hypercholesterolemia patients [10]. Possible side
effects include increased liver transaminases, increased liver fat, injection
site reactions, flu-like sytems, fatigue, and pyrexia.

In conclusion, several promising new lipid-lowering drugs have been
studied in recent years. LDL lowering, rather than HDL-raising, remains
the proven approach to modifying atherosclerotic disease and improving
cardiovascular outcomes. At this time, the PCSK9 inhibitors appear to
be the most promising novel drug class with the broadest potential for
application in various patient populations. More clinical trial outcomes
data is needed for the new lipid-lowering drugs. None of the novel
drugs are likely to replace statins, which are backed by an overwhelming
evidence base and tout a proven track record in reducing cardiovascular
events. Nonetheless, the new lipid-lowering drugs may become additional
valuable pharmacotherapeutic options, either as adjunctive therapy in
patients for whom statins are not effective enough or alternative therapy
in patients who cannot tolerate statins. As a consequence, there is hope
that more patients in the future will be able to reach lipid-lowering goals
to minimize their cardiovascular risk, and that this will translate into
further reductions in cardiovascular events around the world.
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