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Lipoprotein(a)-Lowering Drugs: A Mini Review
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Abstract

Lipoprotein(a) (Lp(a)) is a type of lipoprotein consisting of low-
density lipoprotein with apoprotein(a) (apo(a)) and is a risk factor
for cardiovascular disease (CVD). Lowering Lp(a) levels may im-
prove CVD outcomes, but this has been challenging owing to the
unique structure and metabolic pathway of Lp(a). Recently, several
new treatments using apo(a)-targeting drugs have been developed
to reduce Lp(a) levels. Here, we briefly summarize the treatments,
including earlier attempts at reducing Lp(a). Some lipid-lowering
drugs can reduce Lp(a) levels in a non-targeted manner; while the
effect of statins varies, niacin and proprotein convertase subtilisin/
kexin type 9 inhibitors exhibit a reduction of over 20% in Lp(a)
levels. Estrogen-related drugs and certain supplements can reduce
Lp(a) levels, which may promote a deeper understanding of the
modulation of Lp(a) levels. An apo(a) antisense oligonucleotide,
small interfering RNAs, and a small molecule Lp(a)-formation in-
hibitor have recently been developed as promising drugs that spe-
cifically reduce Lp(a) levels by approximately 80%. The treatment
strategies for Lp(a) are set to be updated, although we are awaiting
clinical evidence on the reduction of CVD events by new treat-
ments and the effective threshold for Lp(a) levels for the prevention
of CVD.
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Introduction

Lipoprotein(a) (Lp(a)) is a unique type of lipoprotein consist-
ing of low-density lipoprotein (LDL) and an apoprotein(a)
(apo(a)) [1-5]. LDL, which carries apolipoprotein B (apoB),
is known to be involved in atherogenesis, and apo(a) is a
plasminogen-like protein that competes with plasminogen to
inhibit its anti-thrombotic activity [1-3]. Apo(a) also stimu-
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lates a platelet-activating factor, which initiates angiogenesis,
and binds to oxidized phospholipid (ox-PL)-rich LDL, which
participates in the development of atherosclerosis [1, 3, 6, 7].
With such characteristics, Lp(a) exhibits pathophysiological
relevance in cardiovascular disease (CVD) [8, 9].

Although the metabolism of Lp(a) is not completely un-
derstood, the majority of its synthesis and catabolism occurs
in the liver, with only a minor part of the synthesis occurring
in the intestine [10]. Apo(a) and apoB are produced in the nu-
cleus, and LDL assembly occurs in the endoplasmic reticulum.
Apo(a) binds to apoB of LDL on the cell surface [11], and
Lp(a) is secreted from the liver into the bloodstream. Multi-
ple pathways have been proposed for the catabolism of Lp(a),
such as the binding of apo(a) to the LDL receptor or very-low-
density lipoprotein receptor on hepatocytes and the binding of
Lp(a) with ox-PL to CD36 or type B scavenger receptor on
macrophages [12].

Blood Lp(a) levels show a skewed distribution towards
higher concentrations, and Lp(a) < 30 mg/dL is often consid-
ered normal [4]. The Lp(a) level is primarily determined by
genetic variations in apo(a) [3]. Genetic variation within the
LPA gene results in the presence of kringle-like repeats, and
a negative correlation has been observed between the length
of this region and Lp(a) levels [3]. Single nucleotide poly-
morphisms (SNP) in the LPA gene affect kringle-like repeats,
further affecting Lp(a) levels [13]. Lp(a) has also been posi-
tively associated with inflammation [4] because its expression
of LPA gene is regulated by interleukin-6, an inflammatory
molecule [14].

Even though cardiometabolic pathologies such as diabe-
tes mellitus [15], renal kidney disease [16], and familial hy-
percholesterolemia [17] can modify blood Lp(a) levels, Lp(a)
has been confirmed as an independent risk factor for CVD [8,
9]. In fact, guidelines recommend measuring Lp(a) levels to
assess the risk of CVD [18, 19]. Lowering Lp(a) levels may
reduce CVD risk [8, 9, 18, 19]. To meet this expectation, treat-
ments that specifically control Lp(a) have recently emerged
[20]. Such drugs greatly reduce Lp(a) levels using antisense
oligonucleotides (ASOs), small interfering RNAs (siRNAs),
or small molecule Lp(a)-formation inhibitors. To put this into
perspective, we briefly summarize the treatments, including
carlier attempts at reducing Lp(a).

Lipid-Lowering Drugs

Lipid-lowering drugs used in clinical practice include statins,
fibrates, niacin, and other medications that mainly lower LDL-
cholesterol (LDL-C) levels (Table 1) [14, 20-30]. Although
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Table 1. Effects of Lipid-Lowering Drugs and Lp(a)-Specific Drugs on Lp(a)

sl et Lp(a) level Dose, mg Duration, Studied subjects Comments
erence week
Statins [21] 1 (+10.6%) 2 - 80/day 8-24 HC, CVD, T2DM Dose dependent effect

Fibrates [22] — (-1.76 mg/dL)

Niacin [23] 1 (-22.9%) 500 - 3,000/day 8-12
NPCIL1 1 (-7.1%) 10/day 12
inhibitor [24]

PCSK9 1 (-26.9%) 75 - 150/2weeks,

inhibitors [25] 420/4weeks

PCSK9 ASO [26] 1 (-21.9%) 284/12 or 24 weeks 77

MTTP inhibitor [27] | (-13.0%) 100 - 300/week 26

ApoB ASO [27] 1 (-32.0%) 50 - 400/week 26
Pelacarsen [20] 1 (-80.0%) 20/week 24
Olpasiran [28] 1 (-40.0%) 225/12 weeks 48
Zerlasiran [29] 1 (-80.0%) 300 - 450/24 weeks 60
Lp(a)-formation 1 (-65.0%) 30 - 800/day 2

inhibitor [30]

145 - 1,200/day 8-24

24 - 104

Increase of Lp(a) returned to the
baseline levels in long-term treatment.

Note: a study describing Lp(a)
reduction by atorvastatin (-0.20 mg/
dL) with duration independent [14]

HC, HT, T2DM
HC, CVD, T2DM
HC

Dose independent effect

HC

Severe HC
Severe HC
Severe HC

Severe HC, secondary
prevention of CVD

CVD Phase II study (continued)
CVD Phase II study (continued)
Healthy adults

Phase II study (continued)

Phase I study (continued)

Apo(a): apoprotein(a); ASO: antisense oligonucleotide; CVD: cardiovascular disease; HC: hypercholesterolemia; HT: heart transplant; LDL-C: low-
density lipoprotein cholesterol; Lp(a): lipoprotein(a); MTTP: microsomal triglyceride transfer protein; NPC1L1: Niemann-Pick C1-Like1; PCSKO:

proprotein convertase subtilisin kexin 9; T2DM: type 2 diabetes mellitus.

these lipid-lowering therapies do not always focus on reducing
Lp(a) levels, their effects on Lp(a) have been of interest. The
functions of the drugs are partly known (Fig. 1).

The effects of lipid-lowering drugs on Lp(a) levels depend
on the mechanism of cholesterol reduction. Statins, which con-
trol cholesterol synthesis in the liver and LDL receptor uptake
of LDL-C from the blood, are popular lipid-lowering drugs
[21, 31]. The effect of statins on Lp(a) levels is reported to
vary; basically, Lp(a) levels are not largely changed by statins.
Fibrates are generally used to reduce triglycerides, while some
associations are suggested between triglycerides and Lp(a) lev-
els; actually, Lp(a) levels are unchanged or slightly increased
by fibrates [22, 32]. Niemann-Pick C1-Likel inhibitors control
cholesterol absorption, which can reduce Lp(a) levels by ap-
proximately 7% [24, 34, 35].

Recently used LDL-specific drugs that inhibit LDL for-
mation or uptake are typically used in a condition such as se-
vere hypercholesterolemia. As proprotein convertase subtili-
sin/kexin type 9 (PCSK9) degrades LDL receptors and then
increases LDL in circulation, PCSK9 inhibitors protect LDL
receptors and accelerate the uptake of LDL with Lp(a) [36],
resulting in a > 20% reduction in Lp(a) levels [25, 26, 37].

Microsomal triglyceride transfer protein (MTTP) inhibi-
tors and apoB ASO prevent LDL-formation, and the respective
drugs show 13% and 32% reduction in Lp(a) levels [27, 38-40].

Estrogen-Related Drugs and Supplements

In the period when Lp(a) levels are not specifically reduced,
estrogen-related drugs and certain supplements have been
considered to modulate these levels (Table 2) [41-46]. Under-
standing the mechanisms behind Lp(a) levels can enhance our
knowledge of how to modulate its levels effectively.

Estrogen-related drugs have been reported to significantly
reduce Lp(a) levels (Fig. 1). Hormone replacement therapy
(HRT) reduces Lp(a) levels by 20% [41]. The transcription
factor, estrogen receptor a, is upregulated by binding to es-
trogen response element sites near the LPA gene, leading to
the suppression of apo(a) synthesis [41]. Tibolone is known
for menopausal hormone therapy and also reduces Lp(a) levels
by 25% [42]. Among the anti-estrogen drugs, tamoxifen and
raloxifene reduced Lp(a) levels by 0.40 mg/dL in male patients
with hypercholesterolemia [43, 44].

Observing Lp(a) reduction in some supplements (Table 2)
[41-46], L-carnitine has been reported to reduce Lp(a) levels
by 8.82 mg/dL in patients with diabetes mellitus and hyper-
cholesterolemia [45]. L-carnitine may potentially reduce Lp(a)
by attenuating the stimulation of fatty acid breakdown, which
is necessary for bile acid production [45]. Coenzyme Q10 has
also been shown to reduce Lp(a) levels by 3.54 mg/dL in pa-
tients with both diabetes mellitus and hypercholesterolemia
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Figure 1. Lp(a) regulation by drugs; a simple schematic illustration. Bold arrow indicates acceleration; bold T-bar indicates inhibi-
tion. Since statins modulate both apoB synthesis and LDLR activation, resulting in a varied effect on Lp(a), they are not described
in the figure. Apo(a): apolipoprotein(a); apoB: apolipoprotein B; ASO: antisense oligonucleotide; LDL: low-density lipoprotein;
LDLR: low-density lipoprotein receptor; MTTP: microsomal triglyceride transfer protein; PCSK9: proprotein convertase subtilisin/

kexin type 9; Lp(a): lipoprotein(a).

[46]. The attenuation of inflammation by coenzyme Q10 can
lead to the reduction in Lp(a) [46].

Lp(a)-Specific Drugs

The studies by Lp(a)-specific drugs are described in Table

1 [20, 28-30]. ASOs targeting apo(a) are designed to reduce
apo(a) synthesis by inhibiting the silencing of apo(a) mRNA,
which specifically reduces Lp(a), but not LDL (Fig. 1) [47,
48]. In a clinical trial [20], pelacarsen, an ASO conjugated
with triantennary N-acetylgalactosamine specific to hepato-
cytes, using ligand-conjugated antisense technology, reduced
Lp(a) levels by up to 47% in patients with high Lp(a) levels of

Table 2. Effects of Estrogen-Related Drugs and Supplements on Lp(a)

Drug and reference  Lp(a) level Dose, mg 3::]2“0“’ Studied subjects Comments

Hormone replacement | (-20.4%) 0.025 - 0.175/ 12 -144 Postmenopausal women

therapy [41] day (dermal)

Tibolone [42] 1 (-25.3%) 0.3-2.5/day 12-240 Postmenopausal women Dose and duration
independent effect

Tamoxifen [43] 1 (-0.41 mg/dL) 10 - 40/day 8-260 Postmenopausal women, CVD men

Raloxifene [44] 1 (-0.42 mg/dL) 60 - 150/day 3 -24 Postmenopausal women with healthy, Negative association between

hysterectomies, HC, T2DM Lp(a) reduction and duration

L-carnitine [45] 1 (-8.82 mg/dL) 4 g/day 1-24 HC, T2DM Dose and duration
independent effect

Coenzyme Q10 [46] 1 (-3.54 mg/dL) 0.1-0.3 g/ 4-12 HC, T2DM, CVD Inverse association between

week

reduction of Lp(a) and dosage

Lp(a): lipoprotein(a); CVD: cardiovascular disease; HC: hypercholesterolemia; T2DM: type 2 diabetes mellitus.
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> 29 mg/dL (median: 82 mg/dL). Moreover, CVD risk reduc-
tion is assumed to be mediated by proinflammatory activation,
as observed by a reduction in circulating monocytes [49]. Re-
cently, a phase II study was conducted, and pelacarsen (20 mg
per week) reduced Lp(a) levels by up to 80% over a 27-week
period in CVD patients with high Lp(a) levels of > 50 mg/dL
(median: 87 mg/dL) [20]. The CVD outcomes, including the
events and deaths, were not significantly affected by drug in-
tervention because the intervention period was only 6 months,
which appeared to be too short to observe the outcomes [20].
The clinical trial turned into a phase III study focusing on
CVD outcomes over a period of several years. Similar apo(a)-
targeting drugs using siRNAs are also being clinically tested.
Olpasiran reduced Lp(a) levels by 40% in a phase II trial with
high Lp(a) levels of > 60 mg/dL (median: 104 mg/dL) [28].
The pre-clinical assessment of zerlasiran has been completed
[50], showing a reduced Lp(a) levels by 90% in a phase II trial
with high Lp(a) levels of > 50 mg/dL (median: 85 mg/dL) [29].

Muvalaplin, a chemical compound, makes apo(a) non-
functional [30] (Fig. 1). It binds the interaction site of apo(a) to
apoB and inhibits the formation of Lp(a) [30, 51]. Muvalaplin
was shown to reduce Lp(a) levels by 63-65% relative to pla-
cebo with high Lp(a) levels of > 30 mg/dL (median: 58 mg/dL)
[30]. The LDL-C level was not altered by muvalaplin treat-
ment. Although this was only a phase I trial and did not reveal
significantly lower Lp(a) levels, it is still of concern because it
is the only oral Lp(a)-specific drug.

Overview

The overall summary of the treatments for Lp(a) reduction
is listed in Table 1 (lipid-lowering drugs and Lp(a)-specific
drugs) [14, 20-30] and Table 2 (estrogen-related drugs and
supplements) [41-46]. In summary, recently developed Lp(a)-
specific drugs, such as an apo(a) ASO, siRNAs, and Lp(a)-for-
mation inhibitor, can have a greater effect on Lp(a) reduction.
The fact that their effects are independent of LDL-C levels has
received attention. Each 5-mg/dL reduction in Lp(a) levels is
associated with a 2.5% relative CVD risk reduction [17, 52].
A great effect of Lp(a)-specific drugs to reduce CVD has been
estimated, although up to now, a preceding trial using those
drugs with a small population has not demonstrated their effect
on CVD outcomes [20, 28, 29].

The threshold levels of Lp(a) for the development of CVD
are also debatable [4]. Although Lp(a)-specific drugs have been
used for patients with high Lp(a) levels [20, 28-30], the thresh-
old (target) levels of Lp(a) for the prevention of CVD should be
defined in the future. This would lead to a discussion regarding
which patients are most likely to benefit from treatment and/or
to whom treatments should be appropriately applied.

Conclusions

Here, an earlier attempt at lowering Lp(a) levels using lipid-
lowering drugs, as well as estrogen-related drugs and supple-
ments, has been reviewed. Recently developed Lp(a)-specific

drugs, such as apo(a) ASO, siRNAs, and an Lp(a)-formation
inhibitor, can have a greater effect on Lp(a) reduction. The
effect of Lp(a) reduction on CVD outcomes is expected but
remains unknown. Clinical trials using Lp(a)-specific drugs
are ongoing, and additional data from such trials are needed to
establish the benefits of treatment on CVD outcomes.
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