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Abstract

Elevated plasmalipoprotein(a) [Lp(a)] levels, which occurin as many as 1.5 bil-
lion people worldwide, are an independent and causal risk factor for ath-
erosclerotic cardiovascular disease and calcific aortic valve disease. Unlike
low-density lipoprotein cholesterol, Lp(a) levels are approximately 70-90%
genetically determined. Currently, no approved pharmacological therapies
specifically target lowering Lp(a) concentrations. Several drugs, mainly RNA-
based therapies, that specifically and potently lower Lp(a), are under in-
vestigation. Three of these new therapeutic agents are advancing through
clinical development to evaluate whether reducing Lp(a) levels can decrease
cardiovascular risk. The outcomes of these trials could potentially transform
cardiovascular disease prevention strategies; however, once approved, the
drugs will likely be used for secondary prevention, and ongoing strategies
for managing elevated Lp(a) in primary prevention will be important. Lipo-
protein(a) research is a rapidly evolving field, but unanswered questions
remain concerning the physiological function of Lp(a) and its true pathogen-
ic mechanisms. This review of Lp(a) research focuses on new findings and
clinical trial results that appeared in 2024.

Key words: aortic valve calcification, atherosclerosis, cardiovascular
disease, lipoprotein(a), apo(a) isoforms, RNA therapeutics, outcomes,
variability.

Introduction

Elevated lipoprotein(a) [Lp(a)] accounts for a significant component
of residual cardiovascular disease risk (CVD) [1]. Globally, elevated Lp(a)
levels (> 50 mg/dl or > 125 nmol/l) are estimated to affect over 1.5 billion
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people [2]. The contribution of Lp(a) to cardiovas-
cular risk varies, ranging from 13.5% in relatively
healthy patients to 20% in patients at high and
very high CVD risk, which suggests that Lp(a) may
contribute to the baseline risk [3-5]. Individuals
with the highest Lp(a) levels face as much as a
31% increased risk of CVD and a 42% greater
likelihood of experiencing an atherosclerotic car-
diovascular disease (ASCVD) event [6]. Moreover,
Lp(a) concentrations exceeding 180 mg/dl are as-
sociated with a cardiovascular risk comparable to
that in patients with heterozygous familial hyper-
cholesterolemia (heFH) [7].

Apolipoprotein B100 (apoB), which is present
as a single copy per particle in both Lp(a) and
low-density lipoprotein (LDL), has been used to di-
rectly compare the relative atherogenicity of these
two kinds of lipoproteins [1]. In the UK Biobank
cohort, it was found that the Lp(a) particle has a
more than 6-fold stronger association with CVD
risk than the LDL particle [8]. The results of this
genetic analysis were similar to the epidemiolog-
ical study of Marston et al. [9]. It is important to
note, however, that in most people LDL particles
are present in greater amounts than Lp(a) parti-
cles; thus, the overall CVD risk associated with LDL
is higher [10]. Another important issue is that ex-
posure to high levels of Lp(a) starts in very early
life — according to the Baby Copenhagen substudy,
as early as 15 months of age [11]. On the other
hand, Lp(a) appears to play a more pronounced
role in promoting atheroma development and pro-
gression, particularly during the advanced stages
of the disease, whereas LDL-C contributes consis-
tently throughout the entire time course of athero-
genesis [12, 13].

Unlike LDL-C, Lp(a) levels are not generally
modifiable through lifestyle changes (although
there is ongoing discussion on Lp(a) level variabil-
ity), as they are primarily determined by genetic
factors [14]. Thus, developing novel therapies is
crucial for addressing residual cardiovascular risk,
with Lp(a) emerging as a key target for advancing
cardiovascular disease prevention. Earlier esti-
mates indicated that lowering Lp(a) by more than
100 mg/dl was necessary to reduce the associat-
ed risk of CVD [15]. More recent analyses suggest
that a reduction of just 65.7 mg/dl may achieve a
comparable decrease in CVD risk to that seen with
a 38.7 mg/dl reduction in LDL-C [16].

This review highlights the physiology and
pathophysiology of Lp(a), its association with car-
diovascular risk, challenges in its measurement,
and emerging therapeutics aimed at lowering
Lp(a) levels, with a particular focus on the latest
findings from 2024. We also explore some of long
lingering questions about Lp(a) and its role in car-
diovascular disease.

Lipoprotein(A) structure, physiology,
and pathophysiology

Lipoprotein(a) is similar to an LDL particle, but
it has apolipoprotein(a) [apo(a)] attached to it by
both covalent and non-covalent bonding. Apo(a)
is a large protein that is primarily synthesized in
the liver [17]. A non-covalent bond attaches apo(a)
kringle IV domains 7 and 8 to apoB lysine residues;
in addition, apo(a) is attached covalently to apoB
via a cysteine residue (Cys4057) in the KIV9 do-
main [18]. Apo(a) is structurally similar to plasmin-
ogen, a protein involved in fibrinolysis. Due to this
structural similarity, apo(a) may compete with plas-
minogen when binding fibrin to inhibit fibrinolysis
and increase thrombotic risk [18-20]. Plasminogen
has 5 kringle domains (KI, KIl, KIII, KIV, and KV) and
one protease domain at the end, whereas apo(a)
has only 10 KIV subtypes (KIV1-KIV10), KV, and a
non-reactive serine protease-like domain [19, 20].

Various copies of KIV2 lead to size polymorphism
of apo(a), resulting in different levels of Lp(a) in the
plasma. Apo(a) isoforms contain between 3 and
over 50 KIV2 repeats and have polypeptide mo-
lecular masses between ~200 and ~800 kDa [19,
20]. A low number of KIV2 copies (< 22) leads to
the production of small apo(a) isoforms, which is
associated with higher Lp(a) concentrations com-
pared to large apo(a) isoforms (> 22 KIV2 repeats)
[21]. When the number of KIV2 repeats is high,
a significant portion of apo(a) molecules undergo
degradation within hepatocytes before secretion.
In contrast, with a low number of KIV2 repeats, the
molecules are efficiently secreted and bind to LDL
particles outside hepatocytes to form Lp(a) [22];
this may help to understand why Lp(a) is the fifth
most prevalent CVD risk factor.

In addition to apo(a) isoform size, which is en-
coded by the LPA gene, other genetic variants,
such as single nucleotide polymorphisms (SNPs),
also determine Lp(a) serum levels [23, 24]. Over
2000 SNPs genome-wide are significantly associ-
ated with Lp(a) concentrations [23]. Certain SNPs,
such as rs1800769 and rs1853021, are associated
with lower Lp(a) levels, whereas others, such as
rs10455872 and rs3798220, are usually observed
with small apo(a) isoforms and are associated
with elevated Lp(a) levels [24].

Besides carrying cholesterol esters, free cho-
lesterol, triglycerides, and phospholipids, Lp(a) is
the main carrier of oxidized phospholipids (OxPL)
among all the apoB-containing lipoproteins [25].
The physiological role of Lp(a) in the body is not
fully understood, and its function remains a sub-
ject of intense research [26]. However, there are
hypotheses regarding its possible roles. Since
Lp(a) has no recognized physiological function, it
may be associated with a reduced lifespan; this,
however, still needs to be confirmed [26].
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The high homology between apo(a) and plas-
minogen (75-99%) suggests a possible role for
Lp(a) in fibrinolysis [27]. The latest ex vivo and
some human studies do not support the view that
Lp(a) is an antifibrinolytic factor [28]. In contrast,
in vitro studies have shown that apo(a) potentially
affects fibrinolysis in several ways. Apo(a) inhibits
(1) plasminogen activation by tissue plasminogen
activator (tPA) and (2) the binding of plasminogen
to fibrin surfaces. Apo(a) interrupts plasmin-me-
diated conversion of native Glul-plasminogen to
Lys77-plasminogen. Lys77-plasminogen is a bet-
ter substrate for tPA, so it is more efficiently con-
verted to plasmin. Inhibition of this conversion by
apo(a) leads to a reduction in the amount of plas-
min and a weakening of fibrinolysis [27].

The inhibition of fibrinolysis improves wound
healing, supporting the theory that Lp(a) may
have evolved to have a protective role in primates
for certain conditions, such as injuries and infec-
tions, particularly during early life [2, 29]. The po-
tential role of Lp(a) in wound healing aligns with
immunohistochemical analyses that demonstrat-
ed positive staining for apo(a)/apoB in wounds at
various stages of healing [30, 31]. Furthermore,
a proteomics study identified a correlation be-
tween Lp(a) and numerous proteins involved in
wound healing [30, 32].

The pathophysiological mechanisms by which
Lp(a) contributes to cardiovascular disease risk
may involve several interconnected pathways.
These include the proatherogenic effects medi-
ated by apoB [33], a pro-inflammatory response
driven by OxPL [34], and pro-thrombotic effects
resulting from the antifibrinolytic properties of
apo(a) [27] and its interactions with platelets
[35]. Specifically, processes such as endothelial
dysfunction, inflammation, lipid accumulation,
and calcification — partly driven by oxidized phos-
pholipids present on the Lp(a) particle — may play
a central role in the development of ASCVD and
calcific aortic valve stenosis (CAVS) [36, 37].

Lp(a) measurement, nmol/l vs. mg/dl unit

Measurement of Lp(a) is challenging main-
ly due to the different apo(a) isoforms resulting
from the variable number of KIV2 repeats, which
can alter its quantification by immunoassays [27].
Additionally, every individual typically inherits and
expresses two copies of the LPA gene, one from
each parent. Consequently, unless an individual
is homozygous for two LPA genes with the same
KIV2 repeat count, most people possess two dis-
tinct apo(a) isoforms, with their levels represent-
ing the combined contributions of both apo(a)
isoform sizes [38). Accurate Lp(a) measurement
methods are crucial for properly assessing the im-
pact of Lp(a) on various CVDs and for advancing

the clinical development of therapies targeting
Lp(a). The optimal diagnostic test for Lp(a) should
remain unaffected by Lp(a) isoform variability,
specifically detect Lp(a) particles, provide results
in nanomoles per liter (nmol/l), and rely on stan-
dards traceable to globally recognized reference
materials [39].

While numerous methods, including immu-
noassays, fluorescence-based techniques, and
electrophoresis, have been developed to mea-
sure Lp(a), achieving standardization has proven
difficult due to variations in antibody reactivity
to different Lp(a) phenotypes [40]. Heydari et al.
[40] did not find the assay to be 100% insensi-
tive to apo(a) size. Tests exhibit varying degrees
of sensitivity to apo(a) isoforms, which can result
in the measured Lp(a) concentration being under-
estimated in the presence of small isoforms or
overestimated when large isoforms are present.
However, those assays using 5 to 6 independent
calibrators, covering a wide range of Lp(a) levels
and a balanced distribution of apo(a) isoforms, are
minimally influenced by apo(a) size [36, 41, 42].

The new challenge for Lp(a) measurement aris-
es as a result of the development of muvalaplin
- new drug targeting Lp(a) that disrupts the ini-
tial non-covalent interaction between apo(a) and
apoB100, preventing formation of the disulfide
bond and leading to an increase in free apo(a)
[43]. Current commercial Lp(a) assays that mea-
sure total apo(a) may be insufficient to accurately
measure Lp(a) concentrations in patients on this
drug; thus, a novel immunoassay that measures
only intact Lp(a) particles has been developed
[43]. It has been confirmed that this new test is
insensitive to apo(a) isoform size and correlates
with a liquid chromatography-tandem mass spec-
trometry method [43].

Measuring Lp(a) in molar units is optimal but
poses considerable difficulties. Measuring in mass
units (mg/dl) is equally effective, however, for clin-
ical applications [44, 45]. Converting the unit from
mg/dl to nmol/l is not recommended, as there is
no consistent conversion factor between mass
and molar scales due to the varying isoform de-
pendency of each immunoassay-based analytical
method [45, 46]. Although the available assays are
not yet perfect, most of them can be used for risk
stratification of patients [44]. Despite the limita-
tions of mass-based measurement, Lp(a) testing
with the most readily available assay (mass- or
particle-based) is favored over no testing to facil-
itate CVD risk stratification, especially in persons
with high baseline risk.

This is reinforced by a sub-analysis of the
ODYSSEY Outcome trial (Evaluation of Cardio-
vascular Outcomes After an Acute Coronary Syn-
drome During Treatment With Alirocumab), which
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Table I. The most burning questions on lipoprotein(a) based on research results published in 2023-2024

No. Burning question Current state of knowledge
1. Does lipoprotein(a) have There is lack of data for humans or data are inconsistent (role in wound
any physiological function in healing?). It might be one of the factors associated with a reduction of
humans? lifespan.

2. What should be the best test
for Lp(a) measurement?

Lp(a) measurement is challenging mainly due to the different apo(a)
isoforms depending on the number of KIV2 repeats. The optimal diagnostic
test should remain unaffected by Lp(a) isoform variability, specifically detect
Lp(a) particles, provide results in nanomoles per liter (nmol/L), and rely on
standards traceable to globally recognized reference materials.

3. Should lipoprotein(a) be
measured in children and
adolescents?

The Polish 2024 guidelines, as well as the updated NLA recommendations
on the use of Lp(a) in clinical practice, recommended screening of Lp(a)
in children < 18 years of age in certain cases. Guidelines also recommend
cascade screening of immediate family members of a child or adult with
elevated Lp(a).

4. How often should we measure
lipoprotein(a)?

For most patients it is enough to have one Lp(a) measurement, especially
in those with normal values. However, in the case of intermediate and
elevated Lp(a) levels, in those with risk factors and conditions that may
affect Lp(a) levels, in those with a previous test in mg/dl, and those with
visit-to-visit variability, more than one measurement should be considered.

5. How to effectively increase
awareness on the role of
Lp(a) in CVD risk and the
number of patients with Lp(a)

Lipoprotein(a) is the 4" most prevalent risk factor (after lipid disorders,
hypertension, and smoking), and elevated levels are observed in 15-25% of
the population (depending on baseline CVD risk). However, knowledge about

this among physicians and especially patients is very low. Therefore, the

factor for all patients?

measurement? frequency of Lp(a) measurement remains low, just a few percent.
6. What are the non-genetic risk There is still an ongoing discussion on the non-genetic risk factors and
factors that may affect Lp(a) conditions (including drugs) that may significantly affect Lp(a) levels. It is,
level? among other things, related to the fact that in a relatively high percentage
of patients, Lp(a) level variability is observed without any recognized
variables that may have influenced this.
7. What is the role of apo(a) The apo(a) isoforms affect the Lp(a) level and response to some lipid-
isoforms? lowering drugs (statins, niacin, PCSK9 inhibitors). However, we still do not
know their exact role in the response to some risk factors/conditions that
may affect Lp(a) level, visit-to-visit Lp(a) variability, or CVD risk.
8. Are patients from the gray Although Mendelian randomization studies suggest that the risk increases
zone those at increased CVD  starting from the levels of Lp(a) over 30 mg/dl (75 nmol/l), imaging data on
risk? atherosclerosis progression and outcomes data still give inconsistent results
in comparison to patients with higher Lp(a) levels (> 50 mg/dl).
9. Is Lp(a) a significant CVD risk From the point of view of clinical practice, the question constantly

arises: how is it possible that we encounter patients aged 65 and over
with elevated Lp(a) levels without significant signs of atherosclerosis? Is
this related to a healthy lifestyle and high adherence to therapy against
established CVD risk factors, or are there any protective factors that may
reduce the harmful effects of elevated Lp(a) that we have yet to recognize?

10.  Should patients with elevated
Lp(a) be treated with aspirin?

Available data recently published indicate that in patients with elevated
Lp(a) > 50 mg/d|, low-dose aspirin might significantly reduce CVD outcomes
without significantly increasing the risk of major bleeding events. The
new PolA Expert Opinion paper recommends low-dose aspirin in high-risk
patients in primary prevention with Lp(a) > 50 mg/dl. Further confirmation
of the clinical net benefit of this intervention is needed.

11. Will new targeted therapies
that significantly reduce Lp(a)
by over 70% also reduce
cardiovascular outcomes and
mortality?

This is a critical question on the role of future targeted Lp(a) therapies,
because the data from HORIZON-Lp(a) with pelacarsen will shed light on how
a significant Lp(a) reduction will affect cardiovascular outcomes and mortality
reduction. This will help to position these drugs alongside other cardiovascular

therapies to significantly reduce Lp(a)-related residual CVD risk.

12. Are low and extremely low
Lp(a) levels safe?

Observational studies have suggested that extremely low Lp(a) levels might
be associated with an elevated risk of type 2 diabetes mellitus. MR analyses
did not confirm this association, indicating the link with hyperinsulinemia,
but without reverse causality. Thus, aggressive Lp(a)-lowering therapy does
not substantiate any concerns about exacerbated T2DM risk, although
this still needs to be confirmed in long-term studies with new targeted
therapies.
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highlighted that mass and molar lipoprotein(a)
immunoassays were similar in their prognos-
tic risk for a major adverse cardiovascular event
(MACE) or for MACE reduction with alirocumab.
The study included the Siemens N-latex nephelo-
metric immunoassay (measured in mass units —
mg/dl), the Roche Tina-Quant turbidimetric immu-
noassay (measured in molar units — nmol/l), and
a non-commercial mass spectrometry (nmol/l) as-
say [47] (Table I).

Lp(a) concentrations

Plasma Lp(a) levels are approximately 90% ge-
netically determined through the LPA gene [14].
Lipoprotein(a) levels are low at birth, and mea-
surements from umbilical cord blood can be a reli-
able indicator of neonatal venous blood levels. By
15 months of age, Lp(a) levels reach those typi-
cally observed in adults, and the 90th percentile
of levels measured at birth (whether from cord or
venous blood) serves as a strong predictor for lat-
er high-risk levels [11].

Lp(a) concentrations are significantly influ-
enced by race and gender, though the proportion-
al CVD risk due to Lp(a) is roughly similar across
ethnicities after considering traditional risk fac-
tors [48]. Lower Lp(a) concentrations are found in
Chinese, Caucasians, and South Asians, and the
highest in Black individuals [2]. The level of Lp(a)
is about 17% higher in women than in men af-
ter age 50, which is usually associated with the
onset of menopause [49]. In women, Lp(a) levels
are more variable during their lifetime [50]. Lp(a)
levels remain stable from menarche through the
reproductive years until the perimenopause. How-
ever, during pregnancy, Lp(a) levels approximately
double, though the exact mechanisms behind this
increase are not understood [51]. It is hypothe-
sized that estrogen may influence Lp(a) synthe-
sis and clearance and that Lp(a) could act as an
acute-phase protein in response to endothelial
damage, or that it may play a role in placental de-
velopment [52, 53]. Elevated Lp(a) levels during
pregnancy might impact outcomes, potentially
raising the risk of complications, such as gesta-
tional diabetes, preterm delivery, and low birth
weight [54]. Recent data did not confirm the caus-
al relationship between Lp(a) levels and the risk of
preeclampsia [55].

Growing evidence has emerged regarding envi-
ronmental risk factors, conditions, and therapies
that can influence Lp(a) levels, potentially contrib-
uting to the observed individual variability in Lp(a)
[56-58]. Among patients in the placebo group in
the OCEAN(a)-DOSE Trial with stable ASCVD and
elevated baseline Lp(a) concentrations, notable
intraindividual variability of about 10% in Lp(a)
levels was observed across all visits [59]. Data

from the Nashville Biosciences database showed
that baseline and follow-up paired values were
significantly different, with an absolute change
of > 10 mg/dl in 38.1% and a > 25% change in
40.5% of individuals. Black individuals exhibited
greater variability than White individuals; like-
wise, women exhibited greater variability than
men. A positive correlation between the baseline
Lp(a) levels and the absolute changes in Lp(a) was
also observed; 53% of those in the intermediate
“gray zone” category transitioned to either the
low-risk (20%) or high-risk (33%) category [60]. In
the PMMHRI-Lp(a) Registry, the Lp(a) visit-to-visit
variability (mean time distance: 7 £5 months) was
insignificant and only 3.25 mg/d|, but as many as
every fourth patient had a difference greater than
10 mg/dl [3]. This issue needs to be further inves-
tigated, including the effect of apo(a) isoforms on
the level’s variability. This may provide invaluable
information for identifying patients who should
have Lp(a) measurement more than once [56].

Lp(a) is an acute phase reactant, and is often
elevated in conditions such as sepsis, post-surgi-
cal states, viral infections, and myocardial infarc-
tion[61, 62]. However, the role of Lp(a) as an acute
phase reactant remains a subject of ongoing de-
bate [63]. A prospective observational study ex-
amined changes in Lp(a) levels in individuals with
ST-elevation myocardial infarction (STEMI) at four
time points. Median Lp(a) levels increased from
7.9 mg/dl upon hospital admission to 8.4 mg/dl
the following day, then to 9.3 mg/dl on the second
day (p < 0.001), and further increased to 11.2 mg/
dl at 3 months after MI (p < 0.001) [64]. Another
study obtained similar results: Lp(a) levels in pa-
tients with acute myocardial infarction (AMI) were
significantly elevated 6 months after the event,
with an increase of at least 25 nmol/l (~10 mg/dl)
observed in over 20% of participants. This pattern
contrasted with that of high-sensitivity C-reactive
protein (hsCRP), suggesting that Lp(a) does not
act as a conventional acute phase reactant during
AMI [64]. Both studies, however, lack baseline
Lp(a) data prior to the occurrence of AMI [64, 65].
This may suggest that repeat testing of Lp(a) after
MI should be performed. In total, these findings
suggest that repeated measurement of Lp(a) after
AMI may be warranted. This concept may be sim-
ilar to the change in LDL levels after AMI, which in
contrast are approximately 10% lower in the peri-
and post-Ml period [66].

The European Atherosclerosis Society (EAS)
consensus statement, the National Lipid Associ-
ation (NLA), and cardiovascular prevention guide-
lines from France, Poland, Italy, Canada, India, and
China only advise measuring Lp(a) once in a life-
time [45, 56, 67—-72]. Polish guidelines do suggest
repeating Lp(a) measurements in those patients

Arch Med Sci 2, April / 2025

359



Bozena Sosnowska, Peter P. Toth, Alexander C. Razavi, Alan T. Remaley, Roger S. Blumenthal, Maciej Banach on behalf of the International

Lipid Expert Panel (ILEP)

whose initial Lp(a) levels fall within 30-50 mg/dl
(75-125 nmol/l), a range considered the “gray
zone” or near the threshold for cardiovascular
risk categories. Repeated measurements may be
considered for women over the age of 50 years
and for patients with chronic kidney disease,
particularly nephrotic syndrome, since these con-
ditions can significantly elevate Lp(a) levels [56].
The Polish guidelines [56], as well as the updated
NLA recommendations on the use of Lp(a) in clin-
ical practice, recommended selective screening
of Lp(a) in high-risk children < 18 years of age in
certain cases (based on NLA recommendations in
the presence of suspected FH, a first-degree rela-
tive with premature ASCVD or elevated Lp(a), or
a history of ischemic stroke) [72]. Guidelines also
recommend cascade screening of immediate fam-
ily members of a child or adult with elevated Lp(a)
[45, 56, 72]. Recent studies proved that cascade
testing for elevated Lp(a) was effective in identify-
ing new cases of elevated Lp(a) [73] (Table I).

Concentrations of Lp(a) and CV risk

CVD risk rises progressively with increasing
Lp(a) levels [74, 75], indicating a direct relation-
ship between higher Lp(a) concentrations and
elevated cardiovascular risk. However, specific
thresholds have been defined and implemented
in practice to guide clinical management. There-
fore, an Lp(a) level requiring clinical intervention is
defined as > 30 mg/dl (> 75 nmol/l). Patients with
Lp(@) levels between 30 and 50 mg/dl (75-125
nmol/l) fall into a gray zone (also called intermedi-
ate risk), which is influenced by both the test’s ac-
curacy and the individual’s overall risk profile [45,
56]. Nonetheless, such individuals already face an
elevated risk of adverse events and should be cat-
egorized as having moderate risk.

Highrisk is associated with Lp(a) concentrations
above 50 mg/dl (> 125 nmol/l), particularly with-
in the range of 50-180 mg/dl (125-450 nmol/l),
while concentrations exceeding 180 mg/dl
(> 450 nmol/l) indicate very high risk [45, 56].
There is still an ongoing discussion on the impor-
tance of the gray zone in CVD risk prediction. Re-
cent data from the STAR-Lp(a) study showed that
the mean CAC-Score in those at low risk (Lp(a)
< 30 mg/dl) and patients in the gray zone was al-
most the same (203.1 +414.3 vs. 216.6 +469.4)
and essentially increased only for Lp(a) > 50 mg/dl
(125 nmol/l) (335.6 +784.9) [76].

Elevated Lp(a) levels of > 50 mg/dl (> 125 nmol/l)
are estimated to affect over 1.5 billion individuals
globally [2]. Despite this high prevalence, testing
for Lp(a) is conducted far less frequently than
needed; in most countries, only a few to several
percent of patients are tested [77, 78]. A multi-
center cross-sectional epidemiological study of

48,135 patients with a history of ASCVD revealed
that Lp(a) levels were assessed in only a small
proportion of cases (14%) [7]. The prevalence of
ASCVD is nearly three times greater in adults with
Lp(a) levels above the 99* percentile compared to
those with Lp(a) levels at or below the 20" per-
centile. Among individuals with very high Lp(a),
including Lp(a) as a factor leads to the reclassifica-
tion of one-third of patients in primary prevention
and more than half in secondary prevention [79].
Findings from Lp(a) registries highlight the impor-
tance of routine Lp(a) measurement, as elevated
levels are prevalent among individuals at risk for
CVD in primary and secondary prevention settings.
This underscores the need for risk re-stratification
and treatment optimization in such patients [3-5].

CVD risk and Lp(a)

Elevated Lp(a) levels are associated with in-
creased risk for several cardiovascular diseases
including ASCVD [27, 75], aortic stenosis/calcific
aortic valve disease (CAVD) [80], ischemic stroke
[81], peripheral arterial disease (PAD) [82], heart
failure [83, 84], and atrial fibrillation [85]. Based
on the data from the Copenhagen General Pop-
ulation Study, Lp(a) levels required to achieve
a hazard ratio of 1.5 are 154 nmol/l (~62 mg/
dl) for CAVD, 193 nmol/l (~77 mg/dl) for MI,
261 nmol/l (~104 mg/dl) for ischemic stroke, and
323 nmol/l (~129 mg/dl) for HF [72]. Although
average or median Lp(a) levels differ globally and
across ancestries, the relative risk associated
with baseline Lp(a) concentrations appears to be
broadly consistent among the populations studied
to date [2]. However, the impact of ASCVD attrib-
utable to elevated Lp(a) levels may be over twice
as high in individuals of African descent compared
to those of Caucasian descent [86]. In an analysis
of the Women’s Health Study (WHS), the influ-
ence of Lp(a), LDL-C, and hsCRP levels on the 30-
year risk of CVD events in women was quantified.
Elevated Lp(a) levels at baseline were a significant
predictor of cardiovascular events over 30 years of
follow-up (HR = 1.33, 95% Cl: 1.21-1.47). Each of
these three biomarkers contributed independent-
ly to risk assessment. Considering Lp(a) measure-
ment in addition to traditional markers, such as
LDL-C and hsCRR improves long-term assessment
of cardiovascular risk in women [87]. A meta-anal-
ysis of randomized controlled trials (RCTs) involv-
ing statin therapy including those with and with-
out clinical ASCVD demonstrated that Lp(a) is an
independent risk factor across the spectrum of
LDL-C, including those with LDL-C < 77 mg/dl [88].

HsCRP is widely recognized as a marker for sys-
temic inflammation and is frequently used in clini-
cal settings to assess inflammatory status and the
risk of inflammation-related ASCVD [89]. Previous
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research showed that elevated Lp(a) was associat-
ed with a higher level of hsCRP [3]. Recent studies
have investigated the association between Lp(a)
levels and the risk of major adverse cardiovascu-
lar events (MACE) concerning hsCRP levels. Small
et al. found that higher levels of Lp(a) were asso-
ciated with MACE, MI, and PAD in both primary
and secondary prevention populations regardless
of baseline hsCRP [90, 91]. Interestingly, Arnold
et al. observed that while among individuals with-
out coronary heart disease (CHD) Lp(a) was sig-
nificantly associated with incident CHD regardless
of hsCRR in participants with CHD at baseline,
Lp(a) was related to recurrent CHD events only in
those with residual inflammatory risk [92]. Sim-
ilar results were observed in the analysis from
the MESA (Multi-Ethnic Study of Atherosclero-
sis) study, which identified Lp(a)-associated ASC-
VD risk only with concomitant elevation of hsCRP
[93]. Due to the inconsistency of these studies,
this issue merits further investigation [70, 94].

Recently, Alebna et al. [95] conducted a me-
ta-analysis of 562,301 individuals from 11 large
cohort studies to clarify this issue. They found that
elevated Lp(a) was significantly associated with
an increased risk of MACE, regardless of hsCRP
levels, in both primary and secondary prevention
settings [95]. This discovery highlights that Lp(a)
contributes to atherogenesis through various
mechanisms and holds significant clinical implica-
tions for Lp(a)-targeted therapies, indicating their
potential effectiveness in all patients with elevat-
ed Lp(a), not just those with concurrently high
Lp(a) and elevated hsCRP levels [95].

Coronary artery calcification (CAC) is a hallmark
of atherosclerosis and is strongly linked to the
overall burden of atherosclerotic plaques [96]. The
CAC score is a well-validated metric used to assess
atherosclerotic disease burden and guide prima-
ry ASCVD management decisions. Findings from
the MESA (Multi-Ethnic Study for Atherosclerosis)
study revealed that Lp(a) levels and CAC score
were independently associated with ASCVD risk
and may help guide primary prevention strategies.
Participants with elevated Lp(a) and a CAC score
> 100 experienced the highest risk (HR = 4.71;
95% Cl: 3.01-7.40) compared to those with non-el-
evated Lp(a) and a CAC score of 0, while individu-
als with elevated Lp(a) and a CAC score of 0 exhib-
ited a modestly increased risk (HR = 1.31; 95% Cl:
0.73-2.35) [97]. The above-mentioned Burzynska
et al. [76] study showed that for each 10 mg/dl
(25 nmol/l) increase in Lp(a), the CAC score rose by
15.7 £0.57 (p = 0.006). In patients with advanced
stable coronary artery disease monitored via cor-
onary computed tomography angiography (CCTA)
at baseline and after 12 months, elevated Lp(a)
levels (> 70 mg/dl) were associated with acceler-

ated progression of the necrotic core, including
changes in total, calcific, noncalcific, and low-at-
tenuation plaque [98].

A meta-analysis including 40,073 individuals
from 17 studies found that elevated Lp(a) levels
were significantly associated with a higher prev-
alence of CAC (OR = 1.31, 95% ClI 1.06-1.61, p =
0.01). When analyzed as a continuous variable,
higher Lp(a) levels positively correlated with CAC
prevalence (OR = 1.05, 95% Cl: 1.02-1.08, p =
0.003). Additionally, elevated Lp(a) was associated
with increased progression of CAC over time (OR =
1.54,95% Cl: 1.23-1.92, p = 0.0002) [99].

The relationship between inflammation, Lp(a),
and the risk of aortic valve calcification (AVC) was
analyzed in a subgroup of patients from the MESA
study. The study included 6,676 participants and
assessed baseline levels of Lp(a), hsCRR and AVC
using prior non-contrast cardiac computed tomog-
raphy. Elevated Lp(a) levels were independently
associated with AVC, and individuals with both
high Lp(a) and elevated hsCRP (> 2 mg/dl) had the
highest risk for developing AVC [100]. Lp(a) and
its associated molecules — OxPL, autotaxin (ATX),
and lysophosphatidic acid (LysoPA) — play critical
roles in the development of ASCVD and AVS [101].

Measuring Lp(a) levels in patients with calcific
aortic valve disease can help to predict substan-
tially faster disease progression and the likelihood
of requiring aortic valve replacement (AVR) [102,
103]. A recent cohort study involving 44,742 pa-
tients from a Korean center with Lp(a) level mea-
sured from 2000 to 2020, with a mean follow-up
of 6.8 years, indicated that AVR due to severe
degenerative aortic stenosis was significantly as-
sociated with higher levels of Lp(a) (> 100 mg/dl)
(adjusted HR = 2.05; 95% Cl: 1.31-3.19; p = 0.002)
[104]. The authors present compelling evidence
reinforcing the association between Lp(a) and ad-
vanced CAS, and the necessity for AVR [105].

Aortic valve stenosis, characterized by valvular
calcification and stiffness, can lead to heart failure
(HF) [106]. Lp(a) has been identified as a possible
risk factor for developing heart failure [83, 84].
A meta-analysis of seven Mendelian random-
ization studies with 300,255 individuals was
conducted to explore the causal relationship be-
tween Lp(a) and its role in HF. It was demonstrat-
ed that increasing Lp(a) levels were significantly
associated with increased risk of HF (OR = 1.064,
95% Cl: 1.043-1.086, I*=97.59%, p < 0.001) [107].
Moreover, Lp(a) could have a greater impact on
HF patients compared to other lipid parameters
[89]. The CASABLANCA (Catheter Sampled Blood
Archive in Cardiovascular Diseases) study with
a total of 1251 individuals indicated that Lp(a)
and associated OxPLs may independently contrib-
ute to heart injury, leading to HF. Further research,
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including clinical trials, focused on reducing Lp(a)
levels, is needed to determine whether such in-
terventions can prevent the progression to symp-
tomatic HF or mitigate its complications [108].

One of the controversial issues associated
with the estimation of CV risk is that cholesterol
carried by Lp(a) (Lp(a)-C) is included in both cal-
culated and directly measured LDL-C, as well as
in calculated non-HDL-C [109, 110]. Earlier stud-
jes suggested that Lp(a) particles contain about
30% cholesterol by mass [109]. However, a recent
study involving 68,748 ASCVD-free individuals
followed for a median of 9.7 years to track CHD
events found that adjusting LDL-C for its Lp(a)-C
content did not significantly enhance CHD risk es-
timation at the population level [111]. The updat-
ed NLA guidelines did not endorse the previously
proposed correction factor for Lp(a)-C in LDL-C
calculations, citing concerns about potentially un-
dertreating high-risk patients [72]. Despite this
recommendation, the debate continues. Tsimikas
et al. [112] pointed out that the mean Lp(a) level
in the Arnold et al. [111] study was only 9.3 mg/
dl, and the top decile reached just 43.5 mg/dl -
substantially lower than levels associated with el-
evated ASCVD risk. They emphasized the need for
empirically measuring Lp(a)-C and incorporating
this adjustment in LDL-C to better understand its
impact in observational studies and clinical trials
across diverse populations [112] (Table I).

Available lipid-lowering therapies and Lp(a)

Currently, no medications specifically designed
to reduce Lp(a) levels have been approved. Conse-
quently, managing elevated Lp(a) involves focus-
ing on reducing overall cardiovascular risk through
lifestyle modifications and the intensive manage-
ment or optimization of other treatable risk fac-
tors, by following current clinical guidelines [45,
56, 113, 114].

The findings from studies investigating the
impact of statins on Lp(a) levels are inconsistent
[25], and the effect seems to be related to apo(a)
isoforms. In patients with the low molecular
weight apo(a) phenotype, Lp(a) levels increased
significantly from 66.4 to 97.4 mg/dl (by 47%;
p =0.026), but not in patients characterized by the
high molecular weight apo(a) phenotype [115].
However, even a minor Lp(a) increase of approxi-
mately 6-10% following statin use is not clinically
significant [116, 117]. Pitavastatin, in contrast to
other statins, seems to have a neutral impact on
serum Lp(a) levels and may even slightly reduce
them; however, this still needs to be confirmed
[118]. Ezetimibe and bempedoic acid do not affect
Lp(a) levels, as a comprehensive analysis recently
found [119-121]. Niacin can lower lipoprotein(a)
levels by about 20-30% (depending on the base-

line Lp(a) level) due to a decreased LPA mRNA and
apo(a) production rate [122]. Again, the amount
of reduction seems to be dependent on the size of
the apo(a) isoforms [56]. However, no clinical ben-
efit was noted with this therapy, so its use is no
longer currently recommended [123, 124]. The pri-
or CVD outcome trials involving niacin were also
not enriched for individuals with elevated Lp(a).

Proprotein convertase subtilisin/kexin type 9
inhibitors (PCSK9is) and small interfering RNAs
(inclisiran) were found to decrease circulating
Lp(a) by ~30%, as demonstrated in various stud-
ies including the FOURIER, ODYSSEY Outcomes,
and ORION-11 trials [125-129]. Post-hoc analy-
ses of the FOURIER and ODYSSEY Outcomes trials
demonstrated that the 3-year number needed to
treat (NNT) to prevent one recurrent ASCVD event
with PCSK9 monoclonal antibodies is at least 2.5-
fold lower for individuals with higher versus lower
levels of Lp(a) [125, 126]. These drugs, however,
are not approved for this purpose, making it dif-
ficult to obtain reimbursement for their use in
lowering Lp(a). Significant variability in response
to these drugs is also observed, with participants
who had higher baseline plasma Lp(a) levels ex-
periencing greater absolute reductions in Lp(a)
[127-130]. The size of apo(a) seems to be an inde-
pendent determinant of the response to PCSKO9is,
with each additional kringle domain being associ-
ated with a 3% additional reduction in Lp(a) (the
larger the isoforms, the lower the Lp(a) level, the
better the response) [130].

A significant number of patients on PCSK9 in-
hibitors are concurrently treated with statins and/
or ezetimibe. However, the combined impact of
these therapies on Lp(a) levels, as well as the re-
lationship between apo(a) isoform size and the
Lp(a) response, remains unclear. A recent prospec-
tive study evaluated lipid lowering in participants
with an LDL-C > 100 mg/dl who received evolo-
cumab 140 mg combined with either atorvasta-
tin 80 mg or ezetimibe 10 mg daily. The findings
revealed variability in Lp(a) reduction, with chang-
es in Lp(a) levels being strongly associated with
apo(a) isoform size [131].

Lipoprotein apheresis is currently the only
method capable of significantly lowering Lp(a)
levels [132, 133]. A single apheresis session can
reduce Lp(a) concentrations by approximately 60—
75%, while regular treatments every 1-2 weeks
result in a sustained reduction of around 25-40%
from baseline levels [134, 135]. Lipoprotein apher-
esis in patients with ASCVD and elevated Lp(a)
leads to a notable decrease in cardiovascular
events [136]. The US Food and Drug Administra-
tion (FDA), as well as European guidelines [56],
approved apheresis for patients with Lp(a) levels
exceeding 60 mg/dl (> 150 nmol/l), regardless of
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baseline LDL-C levels [137]. However, this treat-
ment approach is invasive, expensive, time-con-
suming for the patient, has limited availability,
and is often associated with a diminished quality
of life [138] (Table I).

Aspirin and Lp(a)

Aspirin is one of the most well-established ther-
apies for secondary prevention of ASCVD related
events, and based on recent data it may also be
beneficial in primary prevention for patients with
elevated plasma Lp(a). Large RCTs of aspirin use
for primary prevention, including ARRIVE (Aspirin
to Reduce Risk of Initial Vascular Events), ASCEND
(A Study of Cardiovascular Events in Diabetes), and
ASPREE (Aspirin in Reducing Events in the Elderly),
conducted in different populations, found no signif-
icant net beneficial effect of aspirin on CVD events
[139-141]. Ameta-analysis of 13 RCTs with 164,225
participants and 1,050,511 participant-years of fol-
low-up indicated a small benefit of aspirin use for
CVD risk in primary prevention [142].

Post-hoc analyses of the ASPREE trial have
shown that individuals with elevated Lp(a) geno-
types may derive a net benefit with aspirin therapy
[143]. In arecent propensity-matched cohort study
(MESA), aspirin use was associated with a sig-
nificant reduction (46%) in risk for cardiovascular
events among individuals with Lp(a) > 50mg/dl
and without baseline cardiovascular disease [144].
The patients with Lp(a) > 50 mg/dl and aspirin use
had similar CHD risk as those with Lp(a) < 50 mg/
dl, regardless of aspirin use [144]. This was the first
study to focus on Lp(a) level measurements, con-
trary to earlier studies that used the SNP of LPA.
These results align with earlier evidence showing
a 45-55% reduction in the risk of initial MACE
among regular aspirin users who carry the
rs3789220 LPA gene variant, while no such benefit
was observed in non-carriers [145, 146].

Moreover, the results from the MESA study
were further supported by data from the Na-
tional Health and Nutrition Examination Survey
(NHANES 1l) analysis, which gathered baseline
data from 1988 to 1994 in a nationally represen-
tative cohort of US adults without clinical ASCVD.
Their findings revealed that regular aspirin use
was independently associated with a 52% reduc-
tion in ASCVD mortality risk among individuals
with elevated Lp(a), but this association was not
observed in those without elevated Lp(a) during
a median follow-up period of 26 years [147]. Inter-
estingly, in the post-hoc analysis of the PEGASUS-
TIMI 54 trial, individuals with elevated Lp(a)
> 200 nmol/l (80 mg/dl) and a history of MI (with-
in 1to 3 years) may possibly more strongly benefit
from dual antiplatelet therapy (DAPT) with ticagre-
lor in the setting of background aspirin [148].

While bleeding events were not evaluated
in that study, the MESA study reported a high-
er bleeding rate among aspirin users (17.5% vs.
12.5%, p < 0.01). However, after multivariable ad-
justments, no correlation was observed between
bleeding rates and Lp(a) levels. Consequently, ad-
ditional research is necessary to assess the overall
(net) clinical benefit in this context [149].

There is a lack of effective therapies specifically
aimed at reducing cardiovascular disease risk in
individuals with elevated lipoprotein(a), particu-
larly for primary prevention. In the just-published
recommendations of Polish Experts endorsed by
the Polish Lipid Association (PoLA), aspirin is not
recommended for primary prevention in patients
with low or moderate cardiovascular risk, regard-
less of the co-occurrence of elevated Lp(a) con-
centration. However, the use of aspirin in primary
prevention should be considered (class Ila recom-
mendation) in patients with at least high cardio-
vascular risk with elevated Lp(a) levels > 50 mg/dl
(> 125 nmol/l), which may help optimize the risk
of ASCVD associated with it [150] (Table I).

New therapies for lowering Lp(a)

Although there is a pressing demand for thera-
pies specifically designed to lower Lp(a) levels, the
sole available targeted treatment option at pres-
ent is apheresis. No FDA-approved medications
exist for this purpose yet, but several innovative
treatments to lower Lp(a) are under investigation
in late-stage randomized controlled trials [151].

Several RNA-based therapies against Lp(a) are
under development. The success of the first agent
— pelacarsen, an antisense oligonucleotide (ASO)
— paved the way for the development of further
small interfering RNAs (siRNAs) agents, such as
olpasiran, zerlasiran, and lepodisiran [41, 152-
154] (Table Il). The mechanism of action of ASOs
and siRNAs is to reduce Lp(a) levels by inhibiting
apo(a) protein synthesis [155]. Maximum reported
Lp(a) reduction for this drug was 80% for pelacars-
en and 98% for olpasiran, zerlasiran, and lepodi-
siran [151].

Pelacarsen, given as an 80 mg subcutaneous
injection once a month, is currently undergoing
a phase 3 clinical trial to evaluate its impact on
reducing CVD event risk (Lp(a) HORIZON trial,
(NCT04023552). The trial has completed enroll-
ment of over 8,000 patients but is expected to
conclude in 2026 because of the low event rate
[156]. Moreover, pelacarsen is also under inves-
tigation in the CAVS trial, a phase 2 randomized
controlled study (NCT05646381) designed to
evaluate its ability to slow the progression of
aortic stenosis (AS) compared to placebo. The
trial targets patients with mild to moderate AS
and elevated Lp(a) levels, plans to recruit around

Arch Med Sci 2, April / 2025

363



Bozena Sosnowska, Peter P. Toth, Alexander C. Razavi, Alan T. Remaley, Roger S. Blumenthal, Maciej Banach on behalf of the International

Lipid Expert Panel (ILEP)

‘DIWB)04D)S|OYIAAY |DIIUDS — HA 4DINISDAOIPIDI — AD ‘Sujajodd Jodsupi) 42)sa 0491Saj0Yd — 413D

SN oUW $313qDIP 7 9dAY — WAZL ‘SYNY DBuniafiaju) pws — YNYIS ‘Snoaupinagns — JS ‘aspasip Aia14p piayduad — qyd

‘aspas)p A1a14p Aipuoiod — gy ‘Sap1I0a)INU0B)0 ISUISIIUD — OSY ‘DSDASIP ADINISDAOIPIDI I)J043)IS0IAYID — JADSY

S393M § 10}
Ap1amiq o5 3w op1 eyreday 1p/3w 0% > D1
smid Ajrep 8w 01 qides3@aiqo 1p/8w 0/ < 2-1a7
Aq pamojjo} ‘s3aam g 1o} 1p/8w 0§ < (B)d] lonqiyul euieyd
rdorqeLiel €¥C967901ON 11 Ajrep 3w 01 qidesadigo |10 sieak /-1 93y %LS d13d WepJialswymaN qides122190
uojsnjul 83/8w ¢ Suipa soinadessay |
- - Jedtul|aaid JUaWieal} awi-auQ - %56 auas 4dSI¥d 0ZEX1D
W/3% 0t 01 S'8T IWG
(WQgzL 410 H4) sauajeAnba s
AADSY 10 Avd 40 ‘@3043s ‘QyD pajuawniop
:SJUDAS JBINISBAOIPIRD 10) S YSIH
s32am z1 4oy Kep/3w oy 10 1/10wu §/1 < (e)d] Joyqiyul
YZOTJBW ¥T  9¥TEISSOLON I ‘Rep/3w 09 Kep/3w 01 ‘IO s1eaf oy < 28y %S8 (e)d1 A ng uiidejeaniy
S9S0p 7 104 S39M $T
K13A3 3w Q0€ 40 ‘sasop € W/3% 0°7€ 01 08T IWg
104 S329M 9T A1ans Sw 00¢ SIUAS QADSY JO YSu y3iy v
‘Sas0p 7 104 S¥2am ¢z A1ans Sw 1/lowu szZ1 < (e)dq soiadesay ]
202 1N 10 1/52€SS01DON 1 0§+ ‘uorpdaful snosueINdgNg sieak 0g 03 81 =3y %86 VNU!s JUR|IS uellse|isz
s10308)
3S14-YS1yY JO UOIFRUIGUIOD B 4O ‘H UMOUY|
‘QVd 410 VD PaluswWwndop ayia pue JUsAd
AD 1541} € 10} s pue sieak GG < a8e :qg
UOI}BZIIRINISBARI JO JUSAD UB Y}IM
AADSY Paysiigeiss pue sieak g1 < a3e ‘e
3w 00t qz 10 eg elIad 199
6¢0¢C 1eW €T0C6C901ON il uo13d3ful snosuemagns J/lowu /1 Z (e)d] %86 VNY!s uelisipodan
1030} YSIJ |BUOIIIPPE T 1SB3) 18
ANV UOIIUdAIaIUl AleU0J0d Snoaueindiad
Y}IM uolleziie|ndseAal Aleuolod) -
lo/pue
(uorsosa/aunidni anbe)d 03 anp JuaAs T
9dA} pawnsaid) uoiidiejul |eipiedoAyy -
“AADSY 40 KioisiH
sjaam 7T A1aAs 2du0 8w §ze J/lowu 007 < (B)d]
9707230 67  €0£I8SSOLON Il 10 G/ uop3ful snosueINIGNg sieak 685 0] 81 a8y %86 VNY!S uasuwy uesjsed|o
avd 21rewoldwAs yueayiudis Ajjeaiuld
9%041S J1WaYds|
3w 08 uoljdiejul |e1piedoAw
‘Alyuow 1p/3w 0/ < (e)d] s|es|nadew.eyd
570z Kew 0g  ZSSETOVOLON 1l ‘uo13aful snosuendgns sieak 0g 01 g1 38y %08 0osv SIHEBAON uasiese|ad
uoi3a|dwod asop pue ‘Aouanb uolnpal
Kpn3s pauueld ION aseyd |el]l -3l ‘@3noJ uoljelisiuiwpY ©1191142 UoISN|dUl UleW (e)d1 xew sse|) Auedwo> aweu Snig

JuaWwdo)aAap |ed1uld Japun s3nip Sulamo)-(e)dT || a)jqeL

Arch Med Sci 2, April / 2025

364



2024: The year in cardiovascular disease — the year of lipoprotein(a). Research advances and new findings

500 participants, and is projected to conclude in
2029 [157].

Recently reported results of the phase 2
OCEAN(a)-DOSE off-treatment extension period
indicated that olpasiran demonstrates long-last-
ing effects in reducing Lp(a) levels, with par-
ticipants who received doses of > 75 mg every
12 weeks maintaining approximately a 40% to
50% decrease in Lp(a) levels nearly 1 year af-
ter their final dose [152]. Olpasiran, developed
by Amgen, is currently being evaluated in the
phase 3 clinical trial known as the Ocean(a) study
(NCT05581303), which has enrolled approximate-
ly 7,000 participants. The findings, anticipated in
2027, are expected to follow the results of the
HORIZON study by about a year and will shed
light on olpasiran’s impact on cardiovascular
events [158]. Also worth noting is a forthcoming
RCT with olpasiran in primary prevention: A Dou-
ble-blind, Randomized, Placebo-controlled, Multi-
center Study Assessing Olpasiran Use to Prevent
First Major Cardiovascular Events in High-risk
Participants with Elevated Lipoprotein(a). It is of
critical importance, as most patients with elevat-
ed Lp(a) are currently diagnosed in primary CVD
prevention, still before the event.

Lepodisiran, developed by Eli Lilly, has complet-
ed its phase 1 trial. Its phase 2 trial (the Alpaca
Phase 2 trial; NCT05565742) is currently under-
way and is expected to end in October 2024 [153,
159]. The results of this lepodisiran trial with ex-
tended duration up to 540 days are to be present-
ed at the ACC Congress in Chicago in March 2025.
Undergoing a phase 3 clinical trial, ACCLAIM Lp(a)
(NCT06292013), is projected to be the largest
study of Lp(a)-lowering therapies, aiming to enroll
12,500 participants, with an expected completion
date in 2029 [160]. The ACCLAIM trial is anoth-
er study that will allow evaluation of the effect
of Lp(a) reduction on MACE both in adults with
elevated Lp(a) who have established ASCVD and
in those in primary prevention who are at risk for
a first CVD event [160].

The last siRNA drug, zerlasiran, has complet-
ed its phase 1 clinical trial and a phase 2 trial
(NCT05537571). The results were released at the
American Heart Association Scientific Sessions in
Chicago 2024 and published simultaneously. Zer-
lasiran achieved over an 80% reduction in time-av-
eraged lipoprotein(a) levels over 36 weeks when
administered at 300 mg every 16 weeks or 300 mg
and 450 mg every 24 weeks. Sustained reductions
in Lp(a) levels were observed up to 60 weeks af-
ter the initial dose, and no safety concerns were
identified. These results support advancing zer-
lasiran to a phase 3 trial in its development pro-
gram [153]. Lepodisiran and zerlasiran have sim-
ilar effects as olpasiran, with an over 90% Lp(a)

reduction at the highest doses, with comparable
tolerability and safety profiles [153, 154].

In 2024, there was a major breakthrough in de-
veloping a new strategy for lowering Lp(a) levels.
Results of phase Il clinical research with the first
oral agent, muvalaplin, were published, and the
new therapy based on gene editing was revealed
in preclinical studies [161, 162]. Muvalaplin, de-
veloped by Elly Lily, is a small molecule inhibitor
of Lp(a) synthesis, lowering Lp(a) levels by bind-
ing to apo(a) KIV7 and KIV8. This interaction ste-
rically hinders the covalent attachment of apo(a)
to apoB, thereby reducing Lp(a) formation [163].
Findings from a phase | study (NCT04472676)
demonstrated that the treatment was well toler-
ated and achieved a maximum reduction in Lp(a)
levels ranging from 63% to 65% [161]. The phase II
KRAKEN trial with muvalaplin (NCT05563246)
enrolled 233 participants (median age 66 years)
with lipoprotein(a) = 175 nmol/l and ASCVD, dia-
betes, or familial hypercholesterolemia. Treatment
was for 12 weeks. Muvalaplin was well tolerated
and caused placebo-adjusted reductions in lipo-
protein(a) of 47.6% (95% Cl: 35.1-57.7%), 81.7%
(95% Cl: 78.1-84.6%), and 85.8% (95% Cl: 83.1-
88.0%) for the dose of 10 mg/day, 60 mg/day, and
240 mg/day, respectively [164].

Available commercial Lp(a) assays measure to-
tal apo(a), apo(a) in the Lp(a) particle, and apo(a)
that is not bound to apoB, and may be insufficient
to accurately measure Lp(a) concentrations, espe-
cially after muvalaplin treatment, taking into con-
sideration its mechanism of action where apo(a)-
muvalaplin complexes in circulation might be
detected. Swearingen et al. [43] introduced an in-
novative immunoassay designed to measure only
Lp(a) particles. This particle-specific electrochem-
iluminescent (ECL) immunoassay employs an an-
ti-apo(a) capture antibody that targets a common
epitope found in KIV7, KIV8, and KIV9, ensuring
isoform insensitivity. Detection is achieved using
an anti-apoB monoclonal antibody, preventing the
assay from identifying unbound apo(a). A recent
study evaluated the Lp(a)-lowering effects of two
therapeutics with distinct mechanisms of action:
lepodisiran and muvalaplin. The results revealed
that the commercial assay measuring total apo(a)
underestimated the Lp(a)-lowering efficacy of mu-
valaplin compared to the intact Lp(a) assay, which
specifically measures Lp(a) particles. However, the
Lp(a)-lowering impact of lepodisiran was found to
be clinically comparable between the intact Lp(a)
assay and the commercial assay [43].

CTX320 is an experimental CRISPR/Cas9-based
gene editing therapy designed to target and dis-
able the apo(a) component of Lp(a) production in
the liver. The therapy utilizes lipid nanoparticles
to deliver Cas9 mRNA and guide RNA (gRNA) di-
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rectly into the body. CTX320 has the potential to
permanently reduce Lp(a) after a one-time treat-
ment [162]. Preclinical studies in non-human pri-
mates demonstrated that CTX320 reduced Lp(a)
levels in a dose-dependent manner, achieving
approximately 20%, 80%, and 90% reductions
from baseline at doses of 0.5, 1.5, and 3 mg/kg,
respectively [156]. In a separate ongoing study,
a single infusion of CTX320 at 2 mg/kg resulted
in a ~94% reduction in Lp(a) levels by day 14,
with this reduction maintained until day 224. The
therapy was well tolerated in these studies and
showed a durable lowering of plasma Lp(a). As
a result, CTX320 is being prepared for advance-
ment to phase | clinical trials [165].

Obicetrapib, a next-generation selective inhibi-
tor of cholesteryl ester transporter protein (CETP),

is currently undergoing clinical trials to lower
LDL-C levels and reduce major adverse cardiovas-
cular events. The results of the phase 2 ROSE tri-
al (NCT04753606) demonstrated that obicetrapib,
administered orally at doses of 5 mg and 10 mg
alongside intensive statin therapy, reduced Lp(a)
levels by 33.8% and 56.5%, respectively, compared
to placebo [166]. The phase 2 ROSE1 and ROSE2
trials investigated obicetrapib as an add-on thera-
py to high-intensity statins in individuals without
CVD but with LDL cholesterol levels > 70 mg/dl. A
pooled analysis revealed that obicetrapib 10 mg,
combined with high-intensity statin therapy, sig-
nificantly reduced Lp(a) levels by 57% compared to
placebo. This reduction surpasses those achieved
with PCSK9 inhibitors (15-30%), niacin (30%), or
other CETP inhibitors (25%) [167]. At the AHA 2024,

New findings about Lipoprotein(a) in 2024

Lp(a) 6x
more
atherogenic
than LDL

Lp(a) levels
in 15-
month-old
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No association
between low
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per particle
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Figure 1. New findings on lipoprotein(a) based on the data from 2024 studies. Based on information from [2, 6, 9,

43, 80, 137, 154, 169, 171]

DM - diabetes mellitus, Lp(a) - lipoprotein(a), LDL — low-density lipoprotein, MACE — major adverse cardiovascular event.
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the results of the BROOKLYN trial with obicetrapib
in patients with heFH (baseline Lp(a) level in the
obicetrapib group was 45.8 nmol/l) were released,
showing a 54.3% placebo-adjusted Lp(a) reduction
in the intervention arm and 38% of patients with
> 50% Lp(a) reduction [168]. Currently, obicetrapib
is under investigation in a phase 2 trial (VINCENT).
It is an open-label, 16-week trial aimed at evalu-
ating Lp(a) levels for patients with elevated Lp(a)
being treated with obicetrapib and obicetrapib/
evolocumab. The VINCENT trial started recruiting
patients at the end of 2024 and will be completed
at the end of 2025 (NCT06496243) [169] (Table I1).

Safety of very low levels of Lp(a)

Observational and epidemiological studies
have suggested that extremely low Lp(a) levels,
typically below 7 mg/dl, are associated with an
elevated risk of type 2 diabetes mellitus (T2DM),
as has been shown for LDL lowering with statin
treatment [170-172]. However, the underlying
mechanism and causality of this relationship have
not been established [173, 174], leaving open the
question of whether novel Lp(a)-lowering thera-
pies might contribute to an increased risk of de-
veloping T2DM [175].

The results of a Mendelian randomization (MR)
analysis published in 2024 shed more light on
this association. Data from a two-sample Men-
delian randomization analysis involving data
from 563,420 patients from the UK Biobank and
FinnGen consortia did not show a correlation be-
tween Lp(a) and T2DM [176]. Another study with
a two-sample MR analysis of the UK Biobank
population cohort also found no evidence for an
association between genetically predicted Lp(a)
and T2D [177]. Moreover, two-sample MR analy-
sis using summary-level genome wide association
data suggested that hyperinsulinemia, often as-
sociated with type 2 diabetes mellitus, may par-
tially explain the inverse association observed be-
tween low lipoprotein(a) levels and an increased
risk of developing type 2 diabetes mellitus [178].
High fasting insulin levels, which contribute to the
progression of prediabetes and type 2 diabetes,
are actually responsible for the observed reduc-
tion in Lp(a) level. Therefore, while a connection
between Lp(a) and diabetes does exist, it is un-
likely that Lp(a) serves as a risk factor for diabetes
(no reverse causality) independent of the pres-
ence of underlying hyperinsulinemia and insulin
resistance [178]. Thus, aggressive Lp(a)-lowering
therapy at this time does not raise any substantial
concerns about exacerbated T2DM risk (Table ).

Conclusions and take-home message

In 2024, knowledge about the importance of
Lp(a) as a risk factor for cardiovascular diseases

was deepened, and great progress was made in
developing therapies to effectively lower its levels,
which may contribute to reducing the risk of these
diseases in the future [179, 180]. While most clin-
ical trials with new Lp(a)-lowering therapies focus
on ASCVD patients or those at CVD risk, only one
started in 2024 will evaluate the ability of pel-
acarsen to slow the progression of aortic stenosis.
Moreover, there was a breakthrough in therapy for
lowering Lp(a) levels based on gene editing. Cur-
rently, Lp(a) is utilized in clinical practice to refine
risk stratification and guide patients toward more
aggressive risk factor management. In the future,
it may be possible to implement targeted treat-
ments specifically aimed at lowering Lp(a) lev-
els. However, the physiological functions of Lp(a)
are still largely unknown. Although some safety
concerns over lowering Lp(a) to very low levels
remain, recent Mendelian randomization stud-
ies did not find an association between very low
levels of Lp(a) and new onset T2D. Lipoprotein(a)
research is a rapidly evolving field, but many ques-
tions remain unanswered. We eagerly await the
results of the HORIZON, OCEAN and ACCLAIM
studies to establish whether or not Lp(a) lowering
will transform our approach to the prevention of
ASCVD (Figure 1).
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