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For more than a quarter century, evidence has accumulated
supporting the pivotal role of lowering levels of low-
density lipoprotein cholesterol (LDL-C). The benefits
of more intensive lipid lowering have been reflected in
treatment guidelines and increasing use of high intensity
statin therapy in patients at the highest risk of experiencing
a cardiovascular event. In more recent years, we have
observed incremental benefit from use of additional
lipid lowering agents, beyond statins, which have further
consolidated the LDL hypothesis in atherosclerotic
cardiovascular disease. Yet, there remains a substantial
residual risk of cardiovascular events, despite use of these
agents and achieving lower LDL-C levels. This suggests
that modifying additional targets may be required to achieve
more effective reductions in cardiovascular risk.

From a lipid perspective, the search to develop effective
strategies beyond LDL-C lowering has focused on two broad
areas: high-density lipoproteins (HDL) and triglyceride rich
lipoproteins (TRL). Despite convincing data of an inverse
relationship between HDL-C and cardiovascular risk in
population studies (1) and atheroprotective effects of HDL
based interventions in animal studies (2), clinical trials of
HDL raising therapies in contemporary clinical trials have
proven to be disappointing (3-6). To date, no such agent
has proven to substantially reduce cardiovascular events in
statin-treated patients. Given the lack of association between
genetic polymorphisms influencing HDL-C levels and
cardiovascular risk, this is not necessarily surprising (7,8). It is
of interest that ongoing efforts in the HDL therapeutic field
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are focusing primarily on enhancing its functional quality as
opposed to its quantity.

Triglyceride based therapeutics has presented a
considerable challenge with regard to guiding therapies.
Given the higher residual cardiovascular risk in statin-
treated patients with hypertriglyceridemia, the conventional
and guideline-based approach has advocated use of more
intensive LDL-C lowering in this setting. While a number
of therapies with triglyceride lowering properties have
been demonstrated to reduce cardiovascular events (9),
they typically have a multitude of functional properties and
triglyceride lowering has not been demonstrated to associate
with their benefit. Even with the observation that high dose
omega-3 fatty acids confer cardiovascular benefit, this may
result from effects beyond their triglyceride lowering (10).
In contrast to HDL, genetic studies do implicate TRLs and
factors that influence their metabolism in atherosclerotic
disease (11). Accordingly, a new wave of therapeutics
specifically targeting these remodelling factors have the
chance to initiate a new phase of cardiovascular outcomes
trials with triglyceride lowering being the primary focus.

Of all of the lipid species associated with cardiovascular
disease, lipoprotein (a) [Lp(a)] has proven to be the
most challenging. Once considered an elusive parameter
measured in patients with premature coronary heart disease
in the absence of conventional risk factors, accumulating
insights into the role of Lp(a) in a broader range of
atherosclerotic cardiovascular disease have brought into
the forefront of attempts to reducing cardiovascular risk in
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the post-statin era. Lp(a) comprises an LDL-like particle,
with apoB covalently bound by a disulfide bond to apo(a),
which bears considerable homology to plasminogen.
Apo(a) contains a number of kringles, with upwards of 40
copies of KIV,. This results in a range of isoforms, with
more than 80% of individuals carrying two different sized
isoforms. Preclinical studies have established that Lp(a)
possess a number of functional activities that implicates
its role in atherosclerotic cardiovascular disease. These
include upregulation of inflammatory mediators (12),
increase foam cell formation, plaque calcification, platelet
hyperresponsiveness and reduced fibrinolytic activity (13).
These properties suggest that Lp(a) plays a role at all stages
of atherosclerosis from its early formation through to the
consequences of plaque rupture.

Population studies have suggested that Lp(a) levels
independently associate with cardiovascular risk (14). This
is supported by genomic observations that implicate Lp(a)
as a causal factor in both atherosclerotic disease (15) and
calcific aortic valvular stenosis (16). These reports suggest
that Lp(a) may have emerged from a factor of interest in
patients, for whom no other factor seems to explain their
premature cardiovascular disease, to a potential role in risk
prediction and as a target for therapeutic modification (17).
"The ability to modify Lp(a) and subsequently cardiovascular
risk will be the next step required to continue to advance
the importance of Lp(a) in cardiovascular prevention. Lp(a)
targeted therapeutics has proven to be challenging to date.
Statins have no impact on Lp(a) levels (18). Agents that have
been demonstrated to reduce Lp(a) levels (niacin, oestrogen)
do not reduce cardiovascular events (4,19). Lp(a) apheresis
presents an opportunity to treat patients with extremely
high levels (20). The emergence of proprotein convertase
subtilisin kexin type 9 (PCSK9) inhibitors provides an
additional option, by virtue of their ability to lower Lp(a) by
approximately 30% (21). Given the robust LDL cholesterol
lowering achieved with these agents, it will be difficult to
truly elucidate to what degree Lp(a) lowering contributes
to their benefits on progression of coronary atherosclerosis
and cardiovascular events. More recently, apo(a) antisense
therapy has been developed, with dose dependent lowering
by up to 90% and a reassuring safety profile (22).

With the emergence of Lp(a) lowering therapies, there
will be considerable interest in determining the optimal
clinical setting to target these agents. Increasing use of
Mendelian randomization may provide insights into the
degree of Lp(a) lowering required to achieve effective
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reductions in cardiovascular risk. While the Lp(a) reduction
required for benefit may be considerable, this may be
modified in the setting of additional cardiovascular risk
factors. The question also arises to what degree intensive
LDL cholesterol lowering may attenuate such benefits.
Confusion in this area is supported by reports that Lp(a)
continues to associate with cardiovascular risk in the setting
of low LDL cholesterol levels in some reports (23), but
not others (24). Additional work is required in this space
to clarify whether Lp(a) continues to be an important risk
factor in patients with low LDL cholesterol levels.

In a recent issue of the European Heart Fournal, Verbeek
and colleagues have attempted to address the relationship
between Lp(a) and cardiovascular risk across a range
of LDL cholesterol levels in asymptomatic individuals
participating in the EPIC-Norfolk and Copenhagen
City Heart Studies (25). Given that a proportion of LDL
cholesterol is carried on Lp(a) particles, they calculated
a corrected LDL cholesterol for each individual. The
findings were of interest. Those patients with the highest
Lp(a) levels demonstrated a greater risk of cardiovascular
events at all corrected LDL cholesterol levels greater than
2.5 mmol/L, but not in individuals with lower levels of LDL
cholesterol. The findings of this study continue to suggest
that, even in the primary prevention setting, intensive LDL
cholesterol lowering continues to be the major focus of
efforts to reduce cardiovascular risk.

How such findings influence clinical development of
novel Lp(a) therapies remains uncertain. Given that these
agents are more likely to be evaluated in higher risk patients
with established atherosclerotic cardiovascular disease,
treatment guidelines will mandate maximally tolerated
statin therapy and achieving low LDL cholesterol levels at
baseline. However, many patients fail to achieve effective
LDL cholesterol lowering despite such therapy. It is likely
that these patients, with Lp(a) elevation in the presence
or absence of additional cardiovascular risk factors, will
form the cohort to ultimately test the hypothesis that Lp(a)
lowering will result in cardiovascular protection. Such
findings will be pivotal to determine whether Lp(a) will step
and deliver as a pharmacological target or whether it will
continue play a role as an occasionally tested risk factor.
The time has arrived to answer the question.
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