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Abstract Lipoprotein (a) [Lp(a)] is a human plasma lipo-
protein with unique structural and functional characteristics.
Lp(a) is an assembly of two components: a central core with
apoB and an additional glycoprotein, called apo(a). Ever
since the strong association between elevated levels of Lp(a)
and an increased risk for CVD was recognized, interest in the
therapeutic modulation of Lp(a) levels has increased. Here,
the past and present therapies aiming to lower Lp(a) levels
will be reviewed, demonstrating that these agents have had
varying degrees of success. The next challenge will be to
prove that Lp(a) lowering also leads to cardiovascular benefit
in patients with elevated Lp(a) levels.ll Therefore, highly
specific and potent Lp(a)-lowering strategies are awaited ur-
gently—van Capelleveen, J. C., F. M. van der Valk, and E. S. G.
Stroes. Current therapies for lowering lipoprotein (a). J.
Lipid Res. 2016. 57: 1612-1618.
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Lipoprotein (a) [Lp(a)] is a unique plasma lipoprotein
first described half a century ago (1). Lp(a) consists of two
critical elements: a central LDL-like core containing a single
molecule of apoB linked by a disulfide bridge to a signature
protein called apo(a). Initial case-control studies showed a
strong association between Lp(a) and the risk of CVD (2, 3),
which was corroborated by recent genetic studies describing
Lp(a) as a causal risk factor for CVD (4-8). However, for
Lp(a) to reach an established modifiable CVD risk factor
status, it should also be demonstrated that lowering Lp(a)
levels leads to a reduction in CVD. In the present review, we
will describe the therapeutic approaches evaluated for their
ability to lower Lp(a) levels. Prior to discussing the available
therapeutic strategies, we will describe how to identify the
patients that are eligible for Lp(a)-lowering therapy.

WHAT PATIENT IS ELIGIBLE FOR
Lp (a)-LOWERING THERAPY?

Despite the strong genetic component underlying Lp(a)
levels in plasma, Lp(a) has not been fully acknowledged

Manuscript received 15 July 2014 and in revised form 17 November 2015.

Published, JLR Papers in Press, December 4, 2015
DOI 10.1194/jlr.R053066

1612 Journal of Lipid Research Volume 57, 2016

as a CVD risk factor in clinical practice. To improve the
awareness of Lp(a), expert panels of the National Cho-
lesterol Education Program Adult Treatment Panel, the
European Atherosclerosis Society, and the National Lipid
Association made an effort to advise clinicians on screen-
ing for and modulation of elevated Lp(a) (9-11). Whereas
screening for elevated Lp(a) in the general population is
not recommended at present, Lp(a) should be measured
at least once in subjects at intermediate to high risk of
CVD who present with: ¢) premature CVD; ) familial hy-
percholesterolemia (FH); zii) a positive family history of
elevated Lp(a) or premature CVD; iv) recurrent CVD de-
spite statin therapy; or v) high risk scores [according to
European guidelines =3% 10 year risk of fatal CVD; ac-
cording to the US guidelines =10% 10 year risk of (non)
fatal CHD]. In particular, if these subjects also lack signs of
the more established risk factors for CVD, screening for
Lp(a) level is warranted (9-11). Once identified, it has
been recommended to strive for a desirable level of Lp(a)
below the 80th percentile (less than 50 mg/dl for Cauca-
sians) (11). Target levels for therapy are based on level Ia
evidence obtained from meta-analysis of randomized con-
trolled trials, as has also been done in the case of LDL
cholesterol (LDL-C) (12, 13). At present, however, evi-
dence from Lp(a)-lowering trials is still very limited.
Hence, larger studies of longer duration of potent Lp(a)-
lowering therapeutics in high-risk individuals are war-
ranted to substantiate this advice. Below, we will discuss
past and present therapeutics that have achieved varying
levels of Lp(a) lowering (Table 1) and highlight the con-
comitant effects of these compounds on apoB and Lp(a)
levels. (Fig. 1).

Statins

Therapeutic options for Lp(a) arose alongside the de-
velopmental track for LDL-C-lowering drugs (Table 1).
Statins have been around for more than 20 years and exert
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TABLE 1.

Lp(a)-lowering strategies rated for the capacity to lower Lp(a)

Reduction in Reduction in

Strategy Mechanism Lp(a) (%) LDL-C (%) Reference

Statins Increased LDLR expression 0to+7 50 (14-20)

Niacin Reduced apo(a) transcription, or reduced apoB-100 secretion 20 13 (24-26)
via inhibition of TG synthesis

CETP inhibitor Attenuation of apoB-100 lipidation due to inhibited transfer of 24-36 36-42 (85-36)
TG and cholesterol esters between apoB-100 lipoproteins and HDL

apoB antisense Decrease hepatic apoB-100 synthesis through blockage 26-27 38-48 (39-42)
of mRNA translation of apoB-100

MTP inhibitor Interfering apoB-100 lipidation due to inhibition 17 30% (28)
of lipoprotein assembly in the liver

PCSK9 inhibitor Inhibition of LDLR degradation, decreased apoB-100 formation 25 40-59 (4648, 54)

Anti-IL6R IL6 responsive element on APOA promotor region 30-37 10 (61)

Apheresis Removal of circulating apoB-100 lipoproteins 70 £ 10 Upto 75 (56-57)

Apo(a) antisense Decrease hepatic apo(a) synthesis through blockage of mRNA Up to 78 No effect (70)

translation of apo(a)

the majority of their LDL-lowering capacity by upregulat-
ing LDL receptor (LDLR) expression, subsequently lead-
ing to increased LDL-C clearance. Due to the structural
similarities between Lp(a) and LDL, a hitchhiking-like
process was proposed whereby Lp(a) attached to LDL
could be removed by the LDLR pathway. Although statins
represent one of the beststudied compounds in clinical
research, there is no final answer to their effect on Lp(a)
levels. Most recent studies report that statins do not affect
Lp(a) levels [i.e., post hoc analysis of the Treating to New
Targets (TNT) (14) and Justification for the Use of Statins
in Prevention: An Intervention Trial Evaluating Rosuv-
astatin (JUPITER) trials (15)] or perhaps even increase
Lp(a) levels [Myocardial Ischemia Reduction with Aggres-
sive Cholesterol Lowering (MIRACLE) (16), Reversal of Ath-
erosclerosis with Aggressive Lipid Lowering (REVERSAL)
(17), and Aortic Stenosis Progression Observation: Mea-
suring Effects of Rosuvastatin (ASTRONOMER) (18) tri-
als]. In contrast, several smaller studies report decreases
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Fig. 1. Association of LDL-C and Lp(a)-lowering effect per drug
class. CETP is CETP inhibitors, PCSK9 is PCSK9 inhibition, apher-
esis is LA, MTP is microsomal TG transfer protein inhibitor, AS is
antisense treatment.

in Lp(a) levels (19, 20). Overall, there is no clear evidence
that statin treatment lowers Lp(a) levels. Hence, the LDLR
does not seem to be a major contributor to Lp(a) clear-
ance in humans (21). A detailed discussion of this topic
will be presented elsewhere in this review. The role of
LDLR in Lp(a) clearance will be co-discussed again in the
section on PCSK9 inhibition.

Niacin

Beyond the well-known capacity of niacin (nicotinic
acid) to favorably influence the levels of HDL cholesterol
(HDL-C), LDL-C, and TGs, niacin also decreases plasma
levels of Lp(a). Potential mechanisms by which niacin low-
ers Lp(a) comprise a reduced apo(a) transcription (22),
or a reduced apoB secretion via the inhibition of TG syn-
thesis (23). The inhibitory effect of niacin on Lp(a) pro-
duction was recently substantiated in vivo in an apo(a)
kinetic study investigating the effect of extended-release
niacin in eight obese male subjects with hypertriglyceride-
mia. Niacin resulted in a 50% reduction of newly synthe-
sized apo(a), which was partly compensated by decreased
catabolic clearance. The net effect was a 20% lowering of
Lp(a) levels by niacin in this study (24).

In recent years, two large randomized controlled trials
have studied the clinical effects of nicotinic acid deriva-
tives. In the Atherothrombosis Intervention in Metabolic
Syndrome with Low HDL/High Triglycerides: Impact on
Global Health Outcomes (AIM-HIGH) trial, the effect of
extended release niacin on a background of statin treat-
ment was tested in 3,414 patients with stable atheroscle-
rotic disease, low baseline HDL-C, and elevated TG levels,
and niacin treatment resulted in 21% Lp(a) reduction
compared with placebo (25). The larger Heart Protection
Study 2-Treatment of HDL to Reduce the Incidence of
Vascular Events (HPS2-THRIVE) trial had a similar ap-
proach and enrolled 25,773 high-risk patients with prior
CVD who were randomized to receive extended-release
niacin in combination with laropiprant or placebo, on top
of statin with or without ezetimibe background therapy
(26). The prostaglandin D2 antagonist, laropiprant, was
added to improve study adherence by reducing skin flush-
ing, a common side-effect of niacin treatment. In HPS2-
THRIVE, Lp(a) levels were only measured at 1 year in a
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randomly selected subset of 1,999 subjects and baseline
levels are lacking. However results (50.7 vs. 60.3 nmol/1 at
year 1, 17.8% difference) were comparable to AIM-HIGH.
Both studies did not show a reduction in cardiovascular
event rate, despite a potential beneficial effect on lipopro-
tein levels, including an average 20% reduction in Lp(a)
levels. Of greater concern was the increased rate of serious
adverse events in patients receiving niacin/laropiprant in
HPS2-THRIVE, including increased occurrence of dia-
betic complications and incidence, serious infections, seri-
ous bleeding, gastrointestinal complaints, and myopathy
(26). In AIM-HIGH, without the addition of laropiprant, a
similar profile of serious adverse event rates was observed,
although not statistically significant, which is likely a re-
flection of the smaller study size (27).

Patients enrolled in HPS2-THRIVE and AIM-HIGH had
very well-controlled baseline lipid profiles and the main
criticism on these studies is centered on the question of
whether these patients should have been treated at all, as
they already met the most stringent criteria for lipid control
at baseline (28). The same goes for Lp(a) levels in these
studies, no current guidelines advise treatment of baseline
levels of 36 nmol/1 (AIM-HIGH) or 60 nmol/l1 (HPS2-
THRIVE) (roughly equivalent to 15 mg/dl and 25 mg/dl)
(29), and it must be stressed that these studies were not spe-
cifically designed for patients with elevated Lp(a).

Apart from the average Lp(a) reduction of 20% by nia-
cin, the inter-individual response is variable and more po-
tent Lp(a) lowering by niacin has been reported in some
cases (30). Factors that determine Lp(a) response to nia-
cin treatment have not been fully elucidated; for instance,
apo(a) genotype status did not predict Lp(a) reduction
and high Lp(a) levels at baseline were associated with in-
creased response to niacin (31, 32).

One of the key questions is whether a selection of pa-
tients with high baseline Lp(a) levels benefitted from
niacin treatment. A post hoc analysis of AIM-HIGH (32)
showed that 30% of the study population had baseline
Lp(a) levels >100 nmol/1. In addition, response to niacin
was increased in the subgroups with higher Lp(a) levels:
20, 39, and 64% Lp(a) decrease in the 50th, 75th, and
90th percentile, respectively. There was no significant dif-
ference in event rate, however, between the niacin and
placebo group for any quartile of baseline Lp(a), indicat-
ing the highest quartile of Lp(a) (median 125 nmol/1) did
not benefit from the addition of niacin on top of statin
background therapy. As Lp(a) levels in HPS2-THRIVE were
only measured in a relatively small subset at year 1 and
not at baseline (26), it is unlikely that post hoc analysis
on high Lp(a) patients in HPS2-THRIVE will become
available soon. Apart from the lessons learned from the
impact of niacin on Lp(a), it should be realized that, while
it continues to be available in the US, niacin is no longer
available in the European market, in view of the unfavor-
able harm versus health balance of this compound.

CETP inhibitors

Originally developed as HDL-C raising agents, choles-
teryl ester transfer protein (CETP) inhibitors have also
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been shown to reduce LDL-C and Lp(a) levels. CETP is a
plasma glycoprotein that shuttles cholesterol esters be-
tween apoB-containing lipoproteins and HDL in exchange
for TGs. To date, five CETP inhibitors have been devel-
oped, of which two developmental programs have been
halted due to either off-target toxicity (torcetrapib) (33)
or futility (dalcetrapib) (34). Data on Lp(a) levels have
been reported for only two CETP inhibitors: anacetrapib
treatment resulted in 24% Lp(a) reduction from baseline
(35), and treatment with TA-8995 was associated with up
to 36.9% Lp(a) reduction from baseline (36). Unfortu-
nately, no data on Lp(a) levels have been released for dal-
cetrapib; this would be of great interest, as dalcetrapib is
the only CETP inhibitor without an LDL-C-lowering ef-
fect. Given the similarities in lipoprotein changes induced
by evacetrapib treatment compared with anacetrapib and
TA-8995 (LDL-C reduced by 35.9-45.3% and HDL-C in-
creased up to 128.8-157.1%) (35-37), it is likely that eva-
cetrapib also lowers Lp(a) levels by 20-40%. Recently, the
phase 3 outcome trial, Assessment of Clinical Effects of
Cholesteryl Ester Transfer Protein Inhibition With Evace-
trapib in Patients at a High Risk for Vascular Outcomes
(ACCELERATE), was terminated early for futility by the
data safety monitoring board (38), despite potent LDL-C
lowering in phase 2 trials and, thus, presumably also a
Lp(a)-lowering effect (37). Detailed study data from
ACCELERATE will have to be awaited for a final verdict.

apoB antisense and MTP inhibitors: targeting apoB
production

Targeting apoB in the process of gene translation can
block apoB-100 mRNA translation through the use of a
single-strand antisense oligonucleotide (ASO) that is com-
plementary to the mRNA. Mipomersen, an ASO-targeting
apoB, was shown to reduce apoB lipoproteins and Lp(a) in
a dose-dependent manner by 38-48% and 26-27%, respec-
tively (39, 40); whereas the results were slightly attenuated
at two years in the ongoing open label extension program
(41). A recent meta-analysis of four phase III trials found a
mean reduction of 26.4% (42). In line with other ASO ther-
apies, injection-site reactions and flu-like symptoms were
the most common adverse effects, whereas liver fat accumu-
lation was also observed. Awaiting CVD results from the
FOCUS FH study evaluating mipomersen in a larger num-
ber of patients, the European Medicines Agency (EMA)
Committee for Medicinal Products for Human Use has
issued a negative opinion for this drug; whereas, the U.S.
Food and Drug Administration (FDA) has approved the
use of this compound in patients with homozygous FH.
Last August, Isis Pharmaceuticals announced that the
FOCUS FH study had reached its primary efficacy end-
point, with similar LDL-C reduction to that observed in
earlier phase 3 studies (43). Detailed study data and Lp(a)
levels are expected to be presented in the near future.

apoB production and lipidation can also be attenuated
via inhibition of microsomal TG transfer protein (MTP),
which is an intracellular endoplasmic reticulum transfer
protein responsible for the assembly of lipoproteins in the
liver and the intestines. Treatment with the MTP inhibitor,



lomitapide, resulted in a reduction in Lp(a) levels of 17%
on top of a reduction in LDL-C of approximately 30% as
monotherapy (44). However, adverse effects, including el-
evated liver enzymes and hepatic fat accumulation, as well
as gastro-intestinal complaints, occur in the vast majority
of patients, which excludes the widespread use of this drug
for Lp(a) patients.

Currently, both apoB antisense and MTP inhibition ther-
apy are only approved for lowering LDL-C levels in homo-
zygous FH patients and, as noted, both of these agents
have side effects. Therefore, these agents are unlikely to
be approved for Lp(a) lowering in the near future.

PCSK9

Based on initial genetic studies, circulating proprotein
convertase subtilisin kexin type 9 (PSCK9) was identified
as a fundamental regulator of the LDLR and LDL-C levels,
which resulted in the swift development of anti-PCSK9
therapies. Indeed, PCSK9-specific monoclonal antibodies
have recently been shown to profoundly reduce LDL-C on
top of statin background therapy and in exploratory post
hoc analysis after 1 year of therapy, where shown to cause
areduction in cardiovascular event rates (45, 46). In addi-
tion to LDL-C lowering, PCSK9 inhibition was shown to
reduce Lp(a) levels, which might also contribute to the
anti-atherogenic potential of these drugs.

Currently, there are three monoclonal antibody-based
compounds in development: evolocumab (Amgen), ali-
rocumab (Sanofi and Regeneron Pharmaceuticals), and
bococizumab (Pfizer). A meta-analysis of phase II trials
investigating the effects of evolocumab showed that treat-
ment resulted in an average 29.5% Lp(a) reduction com-
pared with placebo (47). This is in line with the open label
extension data from phase 2 and 3 studies with evo-
locumab, which showed a 25.5% Lp(a) lowering (46). In
the Long-term Safety and Tolerability of Alirocumab in
High Cardiovascular Risk Patients with Hypercholester-
olemia not Adequately Controlled with Their Lipid Modi-
fying Therapy (ODYSSEY LONG TERM) study, Lp(a)
levels were reduced by 25.6% compared with placebo
(45). Finally, the third compound in clinical development,
bococizumab, lowered Lp(a) by 27%, whereas Lp(a) was
decreased by 12% in the placebo arm (48). Overall, PCSK9
inhibition results in a Lp(a) reduction of approximately
25%.

The obvious mechanistic link would be that increased
hepatic LDLR expression, induced by PCSK9 inhibition,
results in increased clearance of Lp(a) via this receptor,
and this view is supported by in vitro data (49). However,
the in vitro data contrasts with the clinical observation that
statin treatment does not affect Lp(a) levels [and might
even increase Lp(a)], whereas both treatment modalities
exert their effect primarily by upregulation of the LDLR.
In homozygous FH patients, characterized by a severe dis-
ruption of LDLR functionality, PCSK9 inhibition still re-
duced Lp(a) levels, albeit to a lesser extent (11-20%) (50,
51). Interestingly, these studies included three homozy-
gous FH patients with complete absence of LDLR expres-
sion, in whom Lp(a) levels clearly went down in two

patients, in the absence of a significant LDL-C lowering
effect. In accordance, one of the rare Lp(a) kinetics stud-
ies performed in humans showed that the Lp(a) clearance
rate was not affected in five homozygous FH patients when
compared with wild-type family controls (21). Altogether,
the clinical data support a minor role, at best, for Lp(a)
clearance via the LDLR.

An alternative explanation is the direct impact of PCSK9
on apoB synthesis rate and MTP activity, as has been
reported recently (52). This is in line with the afore-
mentioned Lp(a)-lowering effect of apoB antisense ther-
apy and MTP inhibition, both key processes in apoB
synthesis.

The intriguing observation that PCSK9 and LDLR are
regulated in a reciprocal fashion and that statin therapy
results in PCSK9 upregulation, might explain part of
the discrepancy between statin and PCSK9 inhibition on
Lp(a) levels (53). If one is to assume that a (minor) part of
Lp(a) is cleared via LDLR, any increased Lp(a) clearance
might be counteracted by increased Lp(a) production via
increased PCSK9 expression. Finally, it has been suggested
that the relevance of LDLR-mediated Lp(a) clearance is
increased in the situation of supraphysiological concentra-
tions of LDLR, as is the case in the combination of statin
treatment with PCSK9 inhibition (49). This would imply
more effective Lp(a) lowering by PCSK9 inhibition in
combination therapy with statins as compared with PCSK9
inhibitor monotherapy. However, this has not been sub-
stantiated. PCSK9 inhibition in statin-intolerant patients is
equally effective in lowering Lp(a) (up to 27%) (54). In
summary, clinical observations do not support a dominant
role for the LDLR in Lp(a) clearance. To unravel the ex-
act effects of anti-PCSK9 (and statin) therapy, the results
from ongoing Lp(a) kinetic studies are needed.

Lipoprotein apheresis

Currently available interventions targeting the apoB
component of Lp(a) only effectuate a modest (10-40%)
reduction in Lp(a) levels, which is expected to be insuffi-
cient to attenuate the pro-atherogenic potential of strongly
elevated Lp(a) levels. A more effective Lp(a)-lowering
strategy is lipoprotein apheresis (LA). LA removes apoB-
containing lipoproteins, as well as the levels of associated
oxidized phospholipids (55). In a cohort study of 120 pa-
tients with elevated Lp(a) plasma levels (117.9 +42.0 mg/dl),
but otherwise well-controlled risk factors, the mean an-
nual major adverse coronary events rate per patient was
reduced significantly from 1.06 to 0.14 after LA (56). In a
recent prospective study performed in 170 patients (104.9 =
45.7 mg/dl), the major adverse coronary events rate also
declined from 0.41 for 2 years before LA to 0.09 for 2 years
during LA (57). Whereas these small-scaled studies hint
toward clinical benefit from lowering Lp(a) levels, the
interpretation is hampered by the concomitant lowering
of other atherogenic apoB-containing particles, including
LDL-C, up to 75%. Obviously, the invasive nature and high
costs also preclude wider use of this technique in large
numbers of patients. Finally, one important caveat is the
intermittent nature of the therapy. Lp(a) levels tend to
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rebound to 80% of baseline levels before the next apher-
esis session (57). The resulting saw-tooth pattern in lipid
levels is likely to decrease any beneficial impact of Lp(a)
reduction. Thus, in vitro studies suggest a rapid detrimen-
tal effect, within minutes, of elevated Lp(a) (58), indicat-
ing that the short rebound spikes in Lp(a) levels before
apheresis might pose a repetitive pro-atherogenic chal-
lenge, supporting the need for therapies that result in sta-
ble and potent Lp(a) reduction.

Non-apoB-directed therapies

It is of interest that chronic inflammatory conditions,
such as rheumatoid arthritis and Crohn’s disease, are associ-
ated with elevated Lp(a) levels, indicating a key regulatory
role for the innate immune system (59, 60). Clinical studies
in rheumatoid arthritis patients with tocilizumab, a specific
monoclonal antibody against the interleukin 6 (IL6) recep-
tor, resulted in a 30-37% reduction in Lp(a) levels, while
total cholesterol and LDL-C levels were slightly increased
(61). This is one of the few interventions that lower Lp(a)
without concomitant LDL-C lowering. Recently, it was
shown that this effect is likely mediated via an IL6 respon-
sive element in the promoter region of the LPA gene (62).
Other treatment modalities for rheumatoid arthritis, like
TNF-a inhibitors, did not affect Lp(a) metabolism.

Given the emerging role of the innate immune system
in relation to CVD risk, especially in the postmyocardial
infarction window, it is interesting to note that IL6 is up-
regulated in acute myocardial infarction and levels remain
elevated up to 12 weeks postmyocardial infarction (63).
Additional studies are needed to support a role of IL6 in-
hibition in Lp(a) metabolism in patients without rheuma-
toid arthritis.

Other agents reported to decrease Lp(a) include: 7)
hormonal therapy with thyroxine replacement via eproti-
rome (20-40%), estrogen (24%) in combination with pro-
gestagens (up to 34%), the estrogen replacer tibolone
(39%), and the anti-estrogen tamoxifen (23%); i) supple-
ments including L-carnitine (—8%) and ascorbic acid com-
bined with L-ysine (—8 to 20%); and finally i) drugs with
anti-inflammatory effects, such as angiotensin-converting
enzyme inhibitors (18%) and aspirin (20%). Others have
reviewed these compounds previously (64-67).

FUTURE PERSPECTIVE: GOING FROM
apoB TO apo(a)

Given the crucial role of apo(a) genotype in determin-
ing the plasma concentration of Lp(a), targeting apo(a)
may provide a more selective and attractive therapeutic
target. ASO therapies directed at apo(a) synthesis hold
great promise as a future therapeutic strategy (68, 69). Re-
cently, data from a phase 1 study was published indicating
that Lp(a) lowering up to 78% could be reached (70).
Such agents with specific Lp(a)-lowering efficacy will pave
the way to establish the role of Lp(a) lowering in CVD pre-
vention. These options will be discussed in another review
article in this Thematic Review series.
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CONCLUDING REMARKS

Whereas the Mendelian randomization approaches have
firmly established the causality of Lp(a) in atherosclerosis
and CVD risk, the next challenge will be to prove that
Lp(a) lowering also leads to cardiovascular benefit in pa-
tients with elevated Lp(a) levels. Clearly, detailed studies
of the metabolism of Lp(a) are required to aid in the
design and development of selective and potent therapies
to lower Lp(a). Given the critical role of apo(a) synthesis
in determining the plasma concentration of Lp(a), target-
ing the synthesis of apo(a) would be most suitable. Such
highly specific and potent Lp(a)-lowering strategies would
provide us with the unique opportunity to resolve this
missing criterion of Koch’s postulates. i
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