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Abstract

Extensive evidence now confirms Lipoprotein(a) [Lp(a)] as a causal, independent risk factor
for atherosclerotic cardiovascular disease. Elevated Lp(a) levels are detected in approx-
imately 20% of the global population, positioning it as a major contributor to residual
cardiovascular risk. Circulating Lp(a) levels are determined predominantly by genetic
factors, so they are largely unresponsive to lifestyle modifications or conventional lipid-
lowering therapies. Therefore, multiple international guidelines now endorse a one-time,
lifetime measurement of Lp(a), as lowering Lp(a) concentrations is expected to have a
positive impact on the reduction of cardiovascular risk. Currently, the therapeutic land-
scape of Lp(a) lowering drugs is rapidly evolving. Some RNA-based therapies (antisense
oligonucleotides (ASOs) and small interfering RNAs (siRNAs)) have been demonstrated
to reduce plasma Lp(a) concentrations by up to 98% in early-phase clinical trials. The
efficacy and safety of these compounds are currently being evaluated in large-scale car-
diovascular outcome trials. The results of these studies will be critical in validating the
“Lp(a) hypothesis”: specific reduction of Lp(a) levels can lead to a measurable decrease
in cardiovascular events. The purpose of this narrative review is to examine and discuss
the available evidence on the role of Lp(a) as a risk factor and pharmacological target to
provide a practical tool for decision-making in clinical practice.

Keywords: Lp(a); atherosclerosis; cardiovascular prevention; SiRNA; LDL-C

1. Introduction
Despite advances in the prevention and treatment of atherosclerotic cardiovascular dis-

ease (ASCVD), cardiovascular events remain the leading cause of morbidity and mortality
worldwide. Even under optimal LDL-cholesterol (LDL-C) control, a substantial proportion
of patients experience recurrent major adverse cardiovascular events (MACE) [1].

Multiple contributors to this residual cardiovascular risk have been identified, includ-
ing low HDL cholesterol (HDL-C), elevated triglycerides, inflammation, and thrombotic
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activity. Among these, lipoprotein(a) (Lp(a)) has emerged as an independent, genetically
determined, causal determinant of ASCVD and calcific aortic valve disease, supported by
robust evidence from Mendelian randomization, genome-wide association studies, and
prospective cohorts [2].

Since its discovery by Berg in 1963, Lp(a) has long remained an enigmatic and underap-
preciated lipoprotein. The turning point came with the advent of Mendelian randomization
studies and large-scale genome-wide association studies (GWAS) in the early 2000s. These
analyses provided compelling evidence that elevated Lp(a) levels are not merely associated
with but causally related to ASCVD and aortic valve stenosis. Lemešić et al. demon-
strated that specific LPA gene variants are strongly associated with premature myocardial
infarction compared with non-carriers [3].

Despite its relevance as a determinant of cardiovascular risk, Lp(a) is not routinely
measured in clinical practice. The purpose of this review is to raise awareness among
clinicians and researchers about the clinical relevance of Lp(a). The present review examines
and discusses updated evidence on the role of Lp(a) as a cardiovascular risk factor and
pharmacological target to provide a practical tool for decision-making in clinical practice.

2. The Lp(a) Particle: Structure, Genetics, and Metabolism
Lipoprotein(a) is a complex lipoprotein particle consisting of a low-density lipopro-

tein (LDL)-like core covalently bound via a disulfide bridge to a heavily glycosylated
apolipoprotein(a) [Apo(a)] molecule. The LDL-like component structurally resembles a
conventional LDL particle, consisting of a lipid core rich in cholesteryl esters and triglyc-
erides, surrounded by a monolayer of phospholipids and free cholesterol. This structure is
stabilized by a single molecule of apolipoprotein B-100 (apoB-100), which wraps around
the particle and serves both structural and functional roles, including acting as the primary
ligand for LDL receptors, thereby facilitating cellular uptake and catabolism [4].

Apo(a) contains ten subtypes of kringle KIV, called domains (KIV1–KIV10, with the
KIV-2 domain repeated variably up to more than 40 times), one copy of KV, and an inactive
protease domain [2]. The KIV-9 domain includes a scavenger receptor-binding site, which
may promote arterial wall accumulation. Apo(a) is highly glycosylated, with carbohydrate
chains accounting for over 30% of its molecular weight, influencing solubility and hepatic
clearance (Figure 1) [5,6].

Figure 1. Structure of lipoprotein(a) and its analogy with plasminogen. Apo(a) contains ten subtypes
of kringle KIV, called domains (with the KIV-2 domain repeated variably up to more than 40 times),
one copy of KV, and an inactive protease domain. The kringle IV-10 domain in Apo(a) is highly
homologous to the kringle IV domains of plasminogen.
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Apo(a) has remarkable structural homology to plasminogen, the precursor of plasmin,
a key enzyme in fibrinolysis. This homology is primarily characterized by the presence
of kringle domains, which are looped, triple-disulfide-bonded structures responsible for
protein–protein interactions [7,8]. Specifically, Apo(a) contains multiple kringle IV (KIV)
repeats, one kringle V (KV), and an inactive protease-like domain, all closely mirroring
the domain organization of plasminogen. The kringle IV-10 domain in Apo(a) is highly
homologous to the kringle IV domains of plasminogen. However, unlike plasminogen,
Apo(a) lacks proteolytic activity because its protease domain is catalytically inactive. This
structural similarity allows Apo(a) to compete with plasminogen for binding to fibrin,
endothelial cells, and macrophages, potentially inhibiting fibrinolysis. As a result, Lp(a)
is considered pro-thrombotic due to its anti-fibrinolytic properties. Apo(a) may impair
plasminogen activation, thereby reducing plasmin formation and delaying clot resolution
(Figure 1) [8]. Furthermore, Lp(a) interacts with biologically active molecules, including
plasminogen, interleukin-8, and tissue factor, thereby contributing to thrombotic and
vascular inflammatory processes [6–8].

Lipoprotein(a) exhibits marked inter-individual variability in plasma concentrations,
primarily governed by genetic determinants. Physiological, dietary, and environmental
factors play a relatively minor role and can either lower or raise Lp(a) plasma levels [9].

The key gene involved is LPA, located on chromosome 6q26-27, which encodes Apo
(a) [10]. A unique feature of the LPA gene is the presence of a variable number of kringle
IV type 2 (KIV-2) repeats, ranging from fewer than 10 to more than 40 copies (Figure 1) [11].
This copy number variation leads to Apo(a) isoforms of different sizes that are inversely
correlated with circulating Lp(a) levels: smaller isoforms (fewer KIV-2 repeats) are asso-
ciated with higher plasma concentrations, whereas larger isoforms correspond to lower
levels [12]. This relationship is genetically determined and highly stable over time. Median
Lp(a) concentrations are 4 to 5 times higher in individuals with small Apo (a) isoforms
(<22 kringle IV repeats) than in those with only large isoforms (≥22 kringle IV repeats) [4].
In addition to KIV-2 copy number variation, specific single-nucleotide polymorphisms
(SNPs), such as rs10455872 and rs3798220, have been linked to elevated Lp(a) levels and
increased cardiovascular risk [13,14]. These SNPs act independently of KIV-2 size and
affect protein expression or stability.

Lp(a) has a relatively long plasma half-life of approximately 3–5 days, compared to
2–3 days for LDL, and its concentration is largely determined by hepatic synthesis regulated
by the LPA gene. The precise mechanisms involved in Lp(a) catabolism remain incompletely
understood; however, hepatic receptors and lysosomal degradation pathways are believed
to play key roles [6]. Unlike LDL, Lp(a) levels are minimally affected by lifestyle factors such
as diet and physical activity, or by conventional lipid-lowering therapies like statins [10].
Although Lp(a) contains apolipoprotein B-100, its clearance is not primarily mediated by
the LDL receptor (LDL-R). Indeed, statins, which upregulate LDL-R expression, do not
lower Lp(a) levels, and Proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9
inhibitors)—which also increase LDL-R density—reduce Lp(a) only modestly (by ~20–30%).
Alternative clearance mechanisms have been proposed, involving scavenger receptors
class B type I (SR-BI), the endocytic receptor megalin (LRP-1), and pattern recognition
receptors like toll-like receptor 2 (TLR2). Although their precise contributions remain under
investigation, these pathways may play supporting roles in Lp(a) catabolism. The liver is
considered the central organ for both synthesis and potential degradation of Lp(a). At the
same time, the kidneys may contribute modestly to Lp(a) clearance, although they are not
believed to be significant metabolism sites [15].
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3. Pathophysiological Mechanisms in Cardiovascular Disease
3.1. Pro-Atherogenic Effects

Lp(a) has been strongly associated with increased cardiovascular risk, including my-
ocardial infarction, ischemic stroke, peripheral artery disease, atrial fibrillation, and heart
failure. The Copenhagen City Heart Study demonstrated a progressive increase in my-
ocardial infarction risk across Lp(a) concentrations, with no evidence of a lower safety
threshold [4]. Lp(a) promotes atherosclerosis through multiple mechanisms, including
pro-atherogenic lipid deposition, inflammation, impaired fibrinolysis, and vascular cal-
cification. Structurally, Lp(a) can infiltrate the arterial wall similarly to LDL but tends
to accumulate more at sites of endothelial injury (Figure 2) [13]. Lp(a) carries oxidized
phospholipids (OxPL), which act as potent pro-inflammatory mediators. These stimulate
cytokine production, such as interleukin-8 (IL-8), promote monocyte recruitment, endothe-
lial adhesion molecule expression, and vascular smooth muscle cell activation [14]. OxPLs
also stimulate monocyte chemoattractant protein-1, which is physically present on Lp(a),
potentially enhancing its entry into the vessel wall (Figure 2).

Figure 2. Cellular and molecular mechanisms involved in atherosclerosis and in the pathogene-
sis of calcific aortic valve degeneration. OxPLs, via Lp-PLA2 activity, generate pro-inflammatory
mediators that activate NF-κB/MAPK signaling, upregulating BMP-2, BMP-4, Runx2, and promot-
ing calcific nodule formation in aortic stenosis. Lp(a) promotes monocyte recruitment, foam cell
formation, and macrophage-driven inflammation, leading to matrix degradation and plaque desta-
bilization. Lp-PLA2: lipoprotein-associated phospholipase A2; OxPLs: oxidized phospholipids;
LysoPC: lysophosphatidylcholine; MAPK: Mitogen-Activated Protein Kinase; NF-Kb: Nuclear Factor
kappa-light-chain-enhancer of activated B cells; BMP-2: Bone Morphogenetic Protein 2; BMP-4: Bone
Morphogenetic Protein 4; IL-1β: Interleukin-1 beta; IL-6: Interleukin-6; IL-8: Interleukin-8; TNFα:
Tumor Necrosis Factor alpha.

Furthermore, Apo(a) contains lysine-binding sites that allow it to bind tightly to
exposed surfaces on denuded endothelium and accumulate within subintimal spaces and
aortic valve leaflets, thereby promoting local inflammation [2]. Lp(a) reduces collagen
synthesis and promotes matrix degradation, weakening the fibrous cap and increasing
plaque vulnerability [16,17].
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3.2. Pro-Thrombotic/Anti-Fibrinolytic Effects

Lp(a) exerts potent anti-fibrinolytic and pro-thrombotic effects, primarily due to its
structural similarity to plasminogen and its capacity to interfere with multiple steps of
the fibrinolytic cascade. These effects become relevant when Lp(a) is translocated from
the circulation to the arterial wall, allowing Apo(a) to accumulate within the endothelium
and interact with fibrin [18]. Its etiology remains unknown, but Apo(a) is believed to have
originated from the plasminogen gene through evolutionary mechanisms involving gene
duplication and structural remodeling [19]. Plasminogen is a glycoprotein zymogen that
plays a central role in the fibrinolytic system as the precursor of plasmin, the key enzyme
responsible for degrading fibrin clots. It comprises five kringle domains (K1–K5) and
a serine protease domain at the C-terminus [2]. Among these, kringle 1 and, especially,
kringle 5 demonstrate a high affinity for lysine-binding sites (LBS) [20]. Plasminogen is
activated by cleavage at the Arg561–Val562 bond by either tissue-type plasminogen activa-
tor (t-PA) or urokinase-type plasminogen activator (u-PA), resulting in the generation of
plasmin. This enzyme degrades fibrin into soluble fibrin degradation products, facilitating
clot resolution [21]. Apo(a) contains ten subtypes of kringle IV (KIV), with kringle IV type
10 in particular harboring a lysine-binding site analogous to that of plasminogen, though it
lacks proteolytic activity. While plasminogen is activated via cleavage at Arg561–Val562,
Apo(a) has a Ser-Ile substitution at this cleavage site, which prevents its conversion into a
plasmin-like enzyme [22].

Due to this structural homology, Lp(a) competitively inhibits plasminogen binding to
fibrin, endothelial surfaces, and fibrinogen receptors, thereby impairing its activation to
plasmin and ultimately reducing fibrinolysis. The affinity of Lp(a) for fibrin is inversely
related to the size of the Apo(a) isoform, with smaller isoforms demonstrating greater
binding capacity [23,24]. Moreover, Lp(a) interferes with the binding of plasminogen
to annexin II, a key receptor expressed on both platelets and endothelial cells, thereby
inhibiting plasminogen activation at the cell surface [20]. Additionally, Lp(a) indirectly
impairs plasminogen activation by inducing the expression of inhibitory molecules in
adjacent cells. In particular, it upregulates plasminogen activator inhibitor-1 (PAI-1) in
endothelial cells, which subsequently inhibits the fibrinolytic activity of both t-PA and
u-PA [21].

3.3. Pro-Inflammatory Effects

Lp(a) exerts significant pro-inflammatory activity within the atherosclerotic plaque
microenvironment, independent of its role in lipid deposition. Experimental and histologi-
cal evidence demonstrates that Lp(a) enhances monocyte recruitment and transmigration
through the endothelium by upregulating the expression of vascular adhesion molecules,
such as VCAM-1, E-selectin, and ICAM-1 [5,25,26]. Once within the subendothelial space,
Lp(a) promotes macrophage activation and foam cell formation, contributing to chronic
inflammation and plaque progression [27]. Activated macrophages secrete several pro-
inflammatory cytokines, including interleukin (IL)-1β, IL-6, IL-8, and TNFα, creating a
local milieu that favors matrix degradation and plaque destabilization (Figure 2) [28]. Lp(a)
may also impair the resolution of inflammation by inhibiting efferocytosis, the clearance
of apoptotic cells, which is essential for maintaining plaque stability. These mechanisms
underscore the direct role of Lp(a) as a pro-inflammatory mediator in atherogenesis [15].

The pro-inflammatory activity of Lp(a) has recently been implicated not only in
atherosclerosis but also in non-cardiovascular conditions, including cancer.

Emerging evidence suggests a potential link between altered lipid profiles, including
elevated Lp(a) levels, and the presence and progression of gynecologic tumors. More specif-
ically, recent retrospective analyses have identified Lp(a) as a factor associated with cancer
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outcomes. In a study focusing on endometrial carcinoma (EC), higher Lp(a) concentrations
were significantly associated with poorer prognosis in multivariate models, indicating that
Lp(a) could have prognostic relevance in endometrial cancer [29].

These findings underscore a possible role for Lp(a) not only in cardiovascular risk but
also in tumor biology, although the underlying mechanisms remain to be clarified.

3.4. A Key Driver of Calcific Aortic Valve Stenosis

Calcific aortic valve stenosis (CAVS) is the most prevalent valvular heart disease in
developed countries and a growing global health burden. It is characterized by chronic
inflammation and fibrocalcific remodeling of the aortic valve leaflets. Lp(a) has emerged as
a key player in the pathophysiology of CAVS, independently of traditional atherosclerotic
risk factors. A robust body of evidence—including observational studies, Mendelian ran-
domization analyses, genome-wide association studies (GWAS), large population-based
cohorts, and histopathological findings—supports a causal link between elevated Lp(a)
concentrations and both aortic valve calcification and progression to symptomatic severe
AS. The prevalence of aortic valve calcification in individuals over the age of 65 is approxi-
mately 50%, and at least 25% of these patients will eventually develop symptomatic aortic
stenosis requiring either surgical or transcatheter valve replacement [30]. CAVS is now
recognized as an active and progressive pathological process rather than a passive degen-
erative condition [31]. Evidence from studies on the pathogenesis of calcific aortic valve
disease suggests an active disease process characterized by lipoprotein deposition, chronic
inflammation, and leaflet calcification [32]. The cellular and molecular mechanisms under-
lying valvular leaflet calcification are highly complex. The first phase, before calcification,
is similar to vascular atherosclerosis. Following endothelial injury, oxidized low-density
lipoproteins (oxLDL) initiate a pro-inflammatory cascade that disrupts the homeostatic
cross-talk between valvular endothelial cells (VECs) and interstitial cells (VICs) [33]. The
pro-calcific potential of OxPLs is largely mediated through enzymatic activity and down-
stream signaling cascades, including the action of lipoprotein-associated phospholipase A2
(Lp-PLA2), an enzyme bound to lipoproteins such as LDL and Lp(a), that hydrolyzes Ox-
PLs into pro-inflammatory lysophosphatidylcholine (lysoPC) and oxidized non-esterified
fatty acid, which promote endothelial activation, leukocyte adhesion, and chemokine ex-
pression. These inflammatory changes facilitate the recruitment of monocytes and their
differentiation into macrophages [34,35]. The enzymatic breakdown products of OxPLs by
Lp-PLA2 also promote osteogenic reprogramming of valvular interstitial cells (VICs). This
transformation leads to matrix vesicle release and subsequent calcific nodule formation,
contributing to the fibrocalcific remodeling seen in aortic stenosis (Figure 2) [36–38].

A pivotal study by Thanassoulis et al. demonstrated that genetic variants in the LPA
gene were associated with aortic valve calcification and incident AS. In a cohort of over
6900 individuals with computed tomography (CT) imaging, the study identified a signifi-
cant association between the LPA gene variant rs10455872 and the presence of AVC (odds
ratio 2.05). Genetic variants in the LPA gene were associated with aortic valve calcification
and incident AS. The study concluded that genetically elevated Lp(a) levels play a causal
role in the pathogenesis of aortic valve calcification and stenosis [39]. The Kaiser et al.
study confirmed the robust association of elevated Lp(a) levels with CT-quantified aortic
valve calcium in over 3000 individuals [40]. In a 2024 meta-analysis that included patients
with aortic stenosis, elevated Lp(a) was associated with a 41% faster increase in aortic jet
velocity and 57% greater transvalvular gradient [41]. In clinical practice, Lp(a) may serve
as a biomarker for early calcific activity and faster hemodynamic deterioration.
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4. Clinical Practice: Measurement and Screening
Since the 1990s, Mendelian randomization and genetic studies have consistently

demonstrated the role of elevated Lp(a) as an independent cardiovascular risk factor [39].
While there is still a need to define clinically relevant thresholds, it is universally

accepted that the higher the Lp(a) concentration, the greater the cardiovascular risk.
According to the latest global and continental statistics from 2022, around 20% of the
world’s population, or approximately 1.5 billion people, have Lp(a) levels considered
elevated (≥100–125 nmol/L, about 50 mg/dL), increased from the previous estimate of
1.4 billion [42].

Nowadays, Mendelian randomization studies continue to investigate the effects of
Lp(a)-lowering therapies, either alone or in combination with LDL-C-lowering treatments
or lifestyle interventions, on cardiovascular disease [43].

The Dallas Heart Study (DHS) provides a unique prospective database with a median
9.5-year follow-up to assess the relationships among white, black, and Hispanic subjects to
provide insights into the atherogenicity of Lp(a). The influence of Apo(a) isoform size on
circulating Lp(a) concentrations shows marked interethnic variability, accounting for up to
80% of plasma level differences across populations [44]. Epidemiological data suggest that
Lp(a) distribution varies by ethnicity and race. Individuals of African descent and South
Asian populations tend to have higher median Lp(a) levels than White, Hispanic, or East
Asian individuals. These ethnic differences are likely attributable to variations in LPA gene
locus size and SNPs [45,46].

Lp(a) isoform size varies widely due to KIV-2 repeat polymorphism in the Apo(a) allele
and is inversely related to plasma Lp(a) levels, with smaller isoforms associated with higher
concentrations. The presence of two genetically determined isoforms further increases
variability. This marked heterogeneity, together with the high homology between Apo(a)
and plasminogen, complicates immunoassay standardization, a challenge exacerbated
by the lack of universal calibrators, differing measurement units, and the absence of
standardized validation guidelines.

Isoform-sensitive assays detect the total lipoprotein mass, expressed in milligrams per
deciliter (mg/dL), based on the number of repeated KIV-2 motifs. These assays are prone
to over- or underestimating Lp(a) levels, depending on the specific assay calibrator -that is,
the antibody used to bind to selected Apo(a) antigenic sites [46].

In 1995, Marcovina et al. developed and validated the first isoform-insensitive assay,
utilizing a monoclonal antibody that targets a unique epitope in KIV-9 of Apo(a). This
method accurately measures Lp(a) independent of Apo(a) isoform size, focusing on the
number of circulating particles rather than the mass. As a result, Lp(a) plasma concentration
is expressed in nanomoles per liter (nmol/L). Today, various isoform-insensitive ELISAs
have been validated and recommended for the quantification of Lp(a) [47] (Table 1).

Table 1. Summary description of isoform-sensitive and isoform-insensitive assay.

Isoform-Sensitive Assay Isoform-Insensitive Assay

Apo(a) KIV2 bias Yes No

Units of expression mg/dl (mass) nmol/L (molar concentration)

Clinical comparability Poor Good

Preferred for diagnosis No Yes

Useful when targeting a specific isoform
(e.g., genetic studies)

Better for clinical interpretation and
comparable measurements
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Therefore, according to updated methods and international recommendations, the
ideal Lp(a) assay should be: insensitive to Apo(a) isoform size; specific to Lp(a) particles;
report values in nmol/L; reproducible and well-standardized, ensuring comparability of
results across different laboratories [48].

The recently published “2025 Focused Update of the 2019 ESC/EAS Guidelines for
the Management of Dyslipidaemias” identifies individuals with Lp(a) levels between
30 mg/dL (62 nmol/L) and 50 mg/dL (105 nmol/L) as being at increased risk, with levels
at or above 50 mg/dL (105 nmol/L) considered clinically significant high risk [49]. However,
there is no generalized consensus on Lp(a) risk thresholds. (Tables 2 and 3).

Table 2. Summary of principal current major guidelines on management of Lp(a).

Organization Year Lp(a) Testing Recommendation Key Notes

ESC/EAS Focused Updated
on dyslipidaemias 2025 At least once in every

adult’s lifetime

Relevant for young patients with FH,
premature ASCVD, family history of
premature ASCVD or high Lp(a).
Re-classification in individuals at
moderate risk

EAS Consensus 2022 At least once in a lifetime for
all adults

Also recommended in youth with family
history of premature ASCVD or high Lp(a)

CCS (Canada) 2021 As part of initial lipid profile Recommended for all adults, even without
risk factors

NLA (USA) 2019/2024 At least once in a lifetime for
all adults

Risk categories defined in nmol/L
(e.g., ≥125 nmol/L = high risk)

ESC/EAS Guidelines 2019 Selective screening (e.g., family
history, FH)

Supports risk reclassification in borderline or
intermediate risk patients

HEART UK Consensus 2019 At least once in a lifetime for
all adults

Use nmol/L, recommend testing in family
history of CVD or premature ASCVD

Abbreviations: ASCVD = Atherosclerotic Cardiovascular Disease; CCS = Canadian Cardiovascular Society;
CVD = Cardiovascular Disease; EAS = European Atherosclerosis Society; ESC = European Society of Cardiology;
FH = Familial Hypercholesterolemia; Lp(a) = Lipoprotein(a); NLA = National Lipid Association.

Table 3. Common Lp(a) risk thresholds.

Organization/Guidelines Target Value (mg/dL) Target Value (nmol/L)

European Society of Cardiology (ESC) ≥50 mg/dL ≥105 nmol/L

American College of Cardiology (ACC) American
Heart Association (AHA) ≥50 mg/dL ≥125 nmol/L

Canadian Cardiovascular Society (CCS) ≥50 mg/dL ≥100 nmol/L

European Atherosclerosis Society (EAS)

<30 = normal <75

30–50 = intermediate 75–125

>50 = high >125

National Lipid Association (NLA) (USA) >50 mg/dL >125 nmol/L

High Lp(a) concentrations are present in approximately 10–25% of the population,
and levels remain relatively stable over a lifetime. The estimated intra-individual biological
variability is approximately 20%, indicating that a single measurement is generally sufficient
in adults. A second measurement is only required to confirm very high values.

For this reason, recent guidelines and consensus statements recommend measuring
Lp(a) at least once in adulthood. With some exceptions (e.g., kidney or liver disease, acute
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infection, hormonal disorders, pregnancy), repeat testing is not necessary, as it does not
improve risk prediction [5,49].

In younger individuals, Lp(a) measurement is recommended in the presence of a
personal or family history of premature (<60 years) atherosclerotic cardiovascular disease
(ASCVD), including ischemic stroke, particularly when no other risk factors are identifiable.
Given that Lp(a) levels are largely genetically determined, cascade testing (screening of
first-degree relatives) is a practical approach to identifying undiagnosed high Lp(a) in
families [50].

Familial hypercholesterolemia (FH) and other inherited dyslipidemias are often asso-
ciated with elevated Lp(a), likely due to shared genetic variants. The cardiovascular risk is
substantially higher when both conditions coexist. Measuring Lp(a) in these individuals
can help clinicians refine cardiovascular risk assessment and guide personalized treatment
strategies [51].

Therefore, the 2025 ESC focused update on dyslipidaemias recommends that every
adult undergo screening at least once in their lifetime, with particular attention to young
individuals with familial hypercholesterolemia (FH), premature ASCVD without other
identifiable risk factors, a family history of ASCVD, or elevated Lp(a). Screening is also
advised to refine risk classification in individuals with moderate cardiovascular risk [49].

In primary prevention, several models now aim to integrate Lp(a) into ASCVD risk
prediction frameworks [52,53]. Moreover, the 2025 ESC focused update on dyslipidaemias
introduces an online algorithm designed to estimate the risk of heart attack and stroke
associated with Lp(a), considering sex, age, BMI, lipid profile, and other cardiovascular
risk factors [49].

Even in individuals with normal LDL-C and lipid panels, elevated Lp(a) indepen-
dently predicts atherosclerotic risk. Optimizing risk stratification is critical in borderline or
intermediate-risk patients, where Lp(a) testing may allow better reclassification into high-
risk categories. These patients could be candidates for earlier initiation or intensification of
lipid-lowering or antiplatelet therapies and Lp(a)-targeted drugs.

Cascade testing for elevated Lp(a) is recommended in the context of familial hyperc-
holesterolemia, a family history of markedly elevated Lp(a), premature ASCVD, personal
or familial, especially without other risk factors. Still, it does not require genotyping, poly-
genic risk scoring, or Apo(a) isoform size analysis [4]. Looking ahead, there is a growing
consensus that all adults should have Lp(a) measured at least once in their lifetime (Table 4).

Table 4. Recommendation for Lp(a) measurement.

Lp(a) levels should be measured once-in-a-lifetime in those with:

• A personal or family history of premature atherosclerotic cardiovascular disease (<60 years
of age).

• First degree relatives with raised serum Lp(a) levels.
• Familial hypercholesterolemia, or other genetic dyslipidemias.
• Recurrent cardiovascular events despite optimal risk factor management.
• A 10-year risk of a fatal/non-fatal cardiovascular event that is borderline or intermediate (to

aid in reclassification).

Multiple determination of Lp(a) should be considered in:

• Chronic kidney disease (e.g., nephrotic syndrome, peritoneal dialysis).
• Chronic inflammatory disease.
• Endocrine disorders affecting metabolism (hypothyroidism, growth hormone deficit).
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5. Management of Elevated Lp(a): From Past Disappointments to
Future Hope

Currently, there are no approved therapies that specifically target and lower Lp(a).
Consequently, the management of patients with elevated Lp(a) relies on the aggressive
optimization of global cardiovascular risk. Since conventional drugs cannot directly lower
Lp(a), the goal is to mitigate its impact by reducing the burden of other modifiable risk
factors, such as LDL cholesterol, blood pressure, and glucose, along with a renewed
emphasis on lifestyle optimization [4]. The effects of current lipid-lowering therapies on
Lp(a) are as follows.

5.1. Statins

Statins are the cornerstone of LDL-C management. It is well-documented that they
can induce a slight but statistically significant increase in Lp(a) levels. However, it is crucial
to emphasize that this effect does not diminish the therapy’s clinical benefit. Analyses from
the JUPITER trial have shown that the efficacy of rosuvastatin in reducing cardiovascular
events is similar and significant in patients with both high and low Lp(a) levels. Therefore,
statin treatment should not be discontinued, as its cardiovascular benefits far outweigh
any potential risk associated with the modest increase in Lp(a). Consequently, elevated
Lp(a) is considered a major residual risk factor, even after optimal statin therapy and the
achievement of low LDL-C levels [47].

5.2. Ezetimibe and Bempedoic Acid

Although neither ezetimibe nor bempedoic acid is a targeted Lp(a)-lowering therapy,
they play a crucial role in managing global cardiovascular risk in patients with high Lp(a),
consistent with significant guideline recommendations. Their function is not to directly
lower Lp(a) but to reduce the overall atherogenic burden, primarily by decreasing LDL-
C. The scientific literature on ezetimibe’s direct effect on Lp(a) is marked by conflicting
results, as highlighted by two major meta-analyses published almost simultaneously. A
2018 meta-analysis by Sahebkar, Awad et al., which pooled data from seven RCTs involving
2337 patients with primary hypercholesterolemia, concluded that ezetimibe monotherapy
(10 mg/day) produced a small but statistically significant reduction in plasma Lp(a) con-
centrations compared to placebo [54]. A second, larger meta-analysis, published by Khan,
Sahebkar et al. in the same year, analyzed 10 RCTs (15 treatment arms) involving a total of
5188 subjects. This analysis found no statistically significant effect of ezetimibe therapy on
plasma Lp(a) concentrations [54]. Bempedoic acid reduces hepatic cholesterol synthesis by
inhibiting the enzyme ATP citrate lyase (ACL), leading to an upregulation of hepatic LDL
receptors. The most definitive data on its effect on Lp(a) come from a secondary analysis
of the CLEAR Harmony trial, which specifically evaluated inflammatory markers and
Lp(a). The study’s conclusion was unequivocal: bempedoic acid “did not have a clinically
important impact on Lp(a)” [55].

5.3. Niacin (Vitamin B3)

Niacin was long the only oral drug capable of significantly reducing Lp(a), with dose-
dependent reductions of approximately 20–30%. Despite this effect, niacin is no longer
recommended in modern clinical practice for the prevention of cardiovascular disease.
Two large randomized clinical trials, AIM-HIGH and HPS2-THRIVE [50,56] evaluated the
addition of niacin to statin therapy in high-risk cardiovascular patients. Both studies were
stopped early or yielded negative results, demonstrating no additional benefit in reducing
cardiovascular events compared to statin therapy alone. Furthermore, niacin therapy was
associated with an unfavorable tolerability profile and an increased risk of side effects [51].
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5.4. Lipoprotein Apheresis

Lipoprotein apheresis is an extracorporeal procedure, similar to dialysis, that phys-
ically removes lipoproteins from the blood. It is currently the most effective therapeutic
option, capable of reducing Lp(a) levels by 60–75% or more after each session. Due to
its invasive nature, high cost, and limited availability in highly specialized centers, its
use is reserved for very select cases. In the United States, the FDA has approved aphere-
sis for patients with familial hypercholesterolemia, documented cardiovascular disease,
LDL-C > 100 mg/dL, and Lp(a) > 60 mg/dL. Observational studies suggest that this ther-
apy may reduce future cardiovascular events by up to 86% [57].

5.5. PCSK9 Inhibitors (Evolocumab, Alirocumab)

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, evolocumab and
alirocumab, are potent drugs primarily approved for lowering LDL-C. However, their ac-
tion extends beyond the LDL-C axis, offering an additional benefit of great clinical interest:
a consistent reduction in Lp(a) levels. A recent and extensive meta-analysis of 47 random-
ized controlled trials by Rivera et al. precisely quantified this reduction [58]. The results
showed an overall mean decrease in Lp(a) levels of −27% (95% CI: −29.8% to −24.1%;
p < 0.001). Subgroup analysis detailed the effect of individual molecules: evolocumab
showed a mean reduction of −29.35%, while alirocumab showed a mean decrease of
−24.50%. It is important to note that despite the numerical difference, the meta-analysis
concluded that the effect of the two drugs on Lp(a) reduction was not statistically different
(p for interaction = 0.06). Thus, both monoclonal antibodies demonstrate significant and
comparable efficacy in reducing this important risk marker [58].

The failure of niacin and the limitations of current drugs have shifted focus to therapies
targeting the LPA gene directly. The core premise of these developments is the validation
of the “Lp(a) hypothesis”: demonstrating that specific, potent reduction of Lp(a) translates
into a significant reduction in cardiovascular events (MACE). Three main classes of agents
are currently in advanced clinical development: antisense oligonucleotides (ASOs), small
interfering RNAs (siRNAs), and oral small molecule inhibitors (Table 5).

Table 5. Summary of Novel Specific Lp(a)-Lowering Agents.

Drug Name Mechanism of Action Route & Potential
Phase 3 Dosing

Development Status &
Key Trials Refs.

Pelacarsen ASO
Antisense Oligonucleotide targeting LPA mRNA

Subcutaneous (SC)
Monthly

Phase 3 Ongoing Trial:
Lp(a)HORIZON [59,60]

Olpasiran siRNA
Small Interfering RNA targeting LPA mRNA

Subcutaneous (SC)
Every 12 weeks

Phase 3 Ongoing Trial:
OCEAN(a)-Outcomes [61,62]

Zerlasiran siRNA
Small Interfering RNA targeting LPA mRNA

Subcutaneous (SC)
Every 16–24 weeks *

Phase 3 Planned
Supported by
ALPACAR-360 data

[63]

Lepodisiran siRNA
Small Interfering RNA targeting LPA mRNA

Subcutaneous (SC)
Every 6–12 months †

Phase 3 Recruiting Trial:
ACCLAIM-Lp(a) [64,65]

Muvalaplin Small Molecule Inhibitor of Apo(a)-apoB interaction Oral Daily Phase 3 Ongoing Trial:
MOVE-Lp(a) [66]

* Based on Phase 2 data (ALPACAR-360); final Phase 3 regimen pending confirmation. † Extended duration of
action supports potential for semi-annual or annual dosing.
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5.6. Pelacarsen

Pelacarsen (also known as AKCEA-APO(a)-LRx or TQJ230) is a second-generation
ASO conjugated with N-acetylgalactosamine (GalNAc). This GalNAc conjugation ensures
specific and efficient uptake by hepatocytes via the asialoglycoprotein receptor. Pelacarsen
is an antisense oligonucleotide (ASO) that selectively degrades LPA mRNA in hepatocytes,
inhibiting Apo(a) synthesis at the source. This process inhibits translation and, as a result,
the synthesis of the Apo(a) protein, drastically reducing the production and circulating
levels of Lp(a) [67].

The results from the Pelacarsen Phase 2 program provided the first robust evidence of
the efficacy and safety of a targeted approach for Lp(a). The dose-ranging study enrolled
286 patients with established ASCVD and Lp(a) levels ≥ 60 mg/dL (~150 nmol/L) [59].
Treatment with pelacarsen produced significant and dose-dependent reductions in Lp(a).
With the highest cumulative dosing regimen (equivalent to 80 mg monthly), a mean reduc-
tion in Lp(a) of up to 80% was observed. A finding of exceptional clinical relevance was
that 98% of patients treated with this dose achieved Lp(a) levels below the risk threshold
of 50 mg/dL (<125 nmol/L), demonstrating that the drug can normalize levels in nearly
all treated patients. Consistent with its mechanism of action, pelacarsen also significantly
reduced levels of oxidized phospholipids associated with both apoB (OxPL-apoB) and
Apo(a) (OxPL-Apo(a)), with reductions of 70–88%. The analysis of its effects on LDL-C
provided an important clarification of the measurement mechanism. While the lab-reported
LDL-C (which includes Lp(a)-C) decreased by up to 26%, the analysis of corrected LDL-C
(LDL-Ccorr = lab LDL-C-directly measured Lp(a)-C) showed a neutral to slight reduction
of up to 19%, which barely reached statistical significance (p = 0.05) only at the highest
dose. This finding is critical: it demonstrates that Pelacarsen has no clinically relevant
effect on LDL metabolism and that the decrease in reported LDL-C is essentially a mea-
surement artifact due to the potent reduction of Lp(a)-C [59,60]. The safety profile of
Pelacarsen in Phase 2 was favorable. The most frequent adverse events were mild to mod-
erate injection-site reactions, reported in 27% of treated patients versus 6% in the placebo
group. Crucially, no clinically significant concerns emerged regarding thrombocytopenia,
liver function (transaminases), or renal function, addressing and overcoming potential
safety fears historically associated with the ASO class (Table 5).

Based on the promising Phase 2 results, the Phase 3 cardiovascular outcome trial,
Lp(a)HORIZON (NCT04023552), was initiated. This is a global, multicenter, double-blind,
placebo-controlled study that enrolled 8325 participants with established ASCVD and
Lp(a) levels ≥ 70 mg/dL (~175 nmol/L). Patients were randomized to receive pelacarsen
80 mg via subcutaneous injection once a month or placebo, in addition to optimal medical
therapy. The primary endpoint of the study is the reduction in the risk of a composite of
major adverse cardiovascular events (MACE), defined as cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke, and urgent coronary revascularization requiring
hospitalization. Lp(a)HORIZON is the first Phase 3 CVOT for a specific Lp(a)-lowering
therapy, and its results are awaited with enormous interest by the scientific community.
Topline data are expected in the first half of 2026. A positive outcome would not only
lead to the approval of the first drug in this class but would also definitively validate
Lp(a) as a therapeutic target (Table 6) [61]. In parallel, the Phase 2 Lp(a)FRONTIERS study
(NCT05646381) is ongoing, evaluating the effect of Pelacarsen on the progression of calcific
aortic stenosis, another condition strongly linked to Lp(a) (Tables 6 and 7).
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Table 6. Efficacy and Key Findings of Emerging Lp(a)-Lowering Therapies in Phase 2 Trials.

Drug Class Pivotal Study Key Population Dosing Regimen
Studied

Lp(a)
Reduction Other Key Findings and Safety Refs.

Pelacarsen ASO Phase 2b
N = 286 with
ASCVD-Lp(a)
≥ 150 nmol/L

80 mg SC
monthly ~80%

98% of patients achieved
Lp(a) < 125 nmol/L.
Well-tolerated—no safety
signals for platelets, liver, or
renal function.

[59,60]

Olpasiran siRNA OCEAN(a)-
DOSE

N = 281 with
ASCVD-Lp(a)
> 150 nmol/L

≥75 mg SC every
12 weeks >95%

Highly durable effect (>1 year).
Reduced OxPL-apoB. No effect
on hs-CRP or IL-6.

[61,62]

Zerlasiran siRNA ALPACAR-360
N = 178
with Lp(a)
≥ 125 nmol/L

300 mg SC every
16–24 weeks ~81–86%

Well-tolerated—mild, transient
injection-site reactions were the
most common adverse event.

[63]

Lepodisiran siRNA ALPACA
N = 162
with Lp(a)
≥ 75 nmol/L

400 mg SC
(single dose) ~94%

Exceptional duration of action
(>1 year) after single dose.
Well-tolerated.

[64,65]

Muvalaplin
Oral
Small
Molecule

KRAKEN
N = 233 at high
CV risk-Lp(a)
≥ 175 nmol/L

60–240 mg
oral daily ~70–86%

First-in-class oral agent—no
clinically significant effect on
plasminogen levels.

[66]

Table 7. Overview of Ongoing and Planned Phase 3 Cardiovascular Outcome Trials for Lp(a)-
Lowering Therapies.

Trial Acronym Trial ID
Drug

&
Class

Population (n, Key
Criteria) Intervention Primary Endpoint Expected

Results

Lp(a)
HORIZON

[59,60]
NCT04023552 Pelacarsen

ASO

N = 8325 with
established ASCVD and

Lp(a) ≥ 175 nmol/L

80 mg SC
monthly

vs. placebo

MACE-4 (CV death,
non-fatal MI, non-fatal
stroke, urgent coronary

revascularization)

2026

OCEAN(a)-
Outcomes

[61,62]
NCT05581303 Olpasiran

siRNA

N = 7297 with
established ASCVD and

Lp(a) > 200 nmol/L

225 mg SC every
12 weeks

vs. placebo

MACE-3 (CHD death,
MI, urgent coronary
revascularization)

2027

ACCLAIM-
Lp(a)

[64,65]
NCT06292013 Lepodisiran

siRNA

N = 12,500 with ASCVD
or high-risk primary

prevention and
Lp(a) ≥ 175 nmol/L

SC every
6 months, (then

yearly)
vs. placebo

Time to first occurrence
of: CV death, non-fatal
MI, non-fatal stroke, or

urgent coronary
revascularization

2029

MOVE-Lp(a)
[66] NCT07157774

Muvalaplin
Oral Small
Molecule

N = 6000 with
ASCVD or

high-risk primary
prevention

(Diabetes, FH)
Lp(a) ≥ 175 nmol/L

Oral daily
vs. placebo

MACE-3 (CV death,
MI, stroke) 2029

Abbreviations: ASCVD, Atherosclerotic Cardiovascular Disease; ASO, Antisense Oligonucleotide; CHD, Coronary
Heart Disease; CV, Cardiovascular; Lp(a), Lipoprotein(a); MACE, Major Adverse Cardiovascular Event; MI,
Myocardial Infarction; SC, Subcutaneous; siRNA, Small Interfering RNA; FH, Familial Hypercholesterolemia.

5.7. Small Interfering RNAs (siRNAs)

siRNAs are small double-stranded RNA molecules that leverage the physiological
mechanism of RNA interference (RNAi). Also conjugated with GalNAc for hepatic target-
ing, they are incorporated into the RNA-induced silencing complex (RISC) upon entering
the cell. The RISC complex uses one of the siRNA strands as a guide to specifically find and
cleave the LPA gene’s mRNA, leading to its degradation and gene silencing (Tables 5–7).

5.7.1. Olpasiran (AMG 890)

Olpasiran is an siRNA, also GalNAc-conjugated for targeted liver delivery, that utilizes
the endogenous RNAi mechanism. By binding to the RISC, olpasiran guides the selective
cleavage and degradation of LPA mRNA, blocking Apo(a) synthesis with remarkable
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efficacy [64]. The results from the Phase 2 OCEAN(a)-DOSE study were notable. Treatment
with olpasiran at doses ≥ 75 mg every 12 weeks (Q12W) produced median reductions
in Lp(a) levels exceeding 95% at 36 weeks (Table 6). Moreover, the drug demonstrated
a very durable effect, with significant decreases persisting for nearly a year after the
last dose [62]. One of the most important and unexpected findings from a secondary
analysis of the OCEAN(a)-DOSE study concerns its effect on inflammatory biomarkers.
Although olpasiran potently reduced both Lp(a) and its associated oxidized phospholipids
(OxPL-apoB), it had no significant effect on systemic inflammation biomarkers, such as
high-sensitivity C-reactive protein (hs-CRP) or interleukin-6 (hs-IL-6). This finding is of
fundamental importance because it challenges the prevailing linear hypothesis that the
pathogenicity of Lp(a) is primarily mediated by measurable systemic inflammation. The
lack of an effect on hs-CRP and IL-6 suggests that the pro-atherogenic and pro-thrombotic
mechanisms of Lp(a) may be more localized to the vessel wall or mediated by other
inflammatory or thrombotic pathways not measured by these standard biomarkers. This
discovery makes the outcome study even more crucial, as it will verify whether reducing
Lp(a) (and OxPLs) alone is sufficient to reduce clinical events, regardless of an effect on
systemic inflammation [64]. To assess the clinical impact of this potent reduction, the
Phase 3 OCEAN(a)-Outcomes study (NCT05581303) was started (Table 7). This is a double-
blind, placebo-controlled trial that has completed enrollment of 7297 participants with
ASCVD and elevated Lp(a). The primary endpoint is the time to the first composite event
of death from coronary heart disease (CHD), myocardial infarction, or urgent coronary
revascularization. The estimated final data collection for the primary outcome is December
2026, with results expected in 2027.

5.7.2. Lepodisiran

Lepodisiran, another siRNA, is distinguished by its potentially unprecedented du-
ration of action. The results from the Phase 1 study of lepodisiran were nothing short
of remarkable, showing that a single 608 mg dose reduced Lp(a) by 94% at 48 weeks
post-injection [65]. The Phase 2 ALPACA study confirmed these data, with a 400 mg dose
reducing time-averaged Lp(a) by 94% over 6 months, and a significant effect persisting for
over a year after a single administration. This duration of action opens the possibility for a
semi-annual or even annual dosing regimen (Table 6) [63]. The Phase 3 outcome study for
lepodisiran, named ACCLAIM-Lp(a) (NCT06292013), is distinguished by its ambitious de-
sign. The study plans to enroll approximately 15,600 participants. The most innovative and
strategically relevant aspect is that ACCLAIM-Lp(a) is the first CVOT in this field to include
not only patients in secondary prevention (with established ASCVD) but also a large cohort
of high-risk primary prevention patients. This bold move reflects great confidence in the
drug’s safety and efficacy profile. A positive outcome in this population could accelerate
the adoption of Lp(a) therapy well beyond the niche of secondary prevention, providing
the necessary evidence to recommend screening and treatment of elevated Lp(a) before a
first cardiovascular event occurs, marking a true revolution in preventive cardiology [59].
The study is currently recruiting, with completion expected by March 2029 (Table 7).

5.7.3. Zerlasiran

Zerlasiran (formerly SLN360), an siRNA developed by Silence Therapeutics, demon-
strated robust efficacy in its Phase 2 study, ALPACAR-360 (NCT05537571). The primary
endpoint, the time-averaged reduction of Lp(a) at 36 weeks, was successfully met. Infre-
quent dosing regimens, such as 300 mg every 16 or 24 weeks, produced placebo-adjusted
mean reductions between −81.3% and −85.6%. The effect proved to be exceptionally
durable, with time-averaged suppression of Lp(a) up to week 60 maintained at −79.2%
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(with 300 mg every 16 weeks) and −77.1% (with 450 mg every 24 weeks). From a safety
perspective, the treatment was well-tolerated. The most common adverse events were mild
and transient injection-site reactions, and no serious drug-related safety issues emerged.
The authors concluded that these solid Phase 2 data support the progression of zerlasiran
to Phase 3 cardiovascular outcome studies (Tables 5–7) [66].

5.8. Oral Small Molecules: The Advent of Muvalaplin (LY3473329)

The prospect of an effective oral therapy for Lp(a) has profound implications. While
long-acting injectable therapies offer advantages in terms of adherence, an effective daily
pill represents a more convenient, less invasive, and more accessible alternative for most
patients and healthcare systems. Muvalaplin is the first in a new class of oral small-molecule
inhibitors. Its mechanism of action is unique and distinct from RNA therapies: it acts at
the post-translational level, after the Apo(a) and apoB proteins have been synthesized.
Muvalaplin selectively binds to Apo(a) and prevents its non-covalent interaction with
apoB, thereby blocking the crucial first step in the formation of the mature Lp(a) particle
(Table 5) [68].

The Phase 2 KRAKEN study (NCT05563246) evaluated the efficacy and safety of
muvalaplin in 233 participants at high cardiovascular risk (with ASCVD, diabetes, or FH)
and Lp(a) levels ≥ 175 nmol/L. The results showed a significant and dose-dependent
reduction in Lp(a). Using a novel assay that measures intact Lp(a), the placebo-adjusted
mean reductions at 12 weeks were approximately 81–86% with the 60 mg and 240 mg
doses (Table 6). The primary theoretical concern for any drug that physically interacts
with the Apo(a) protein is the potential for an off-target effect on plasminogen, given their
high structural homology. Interference with plasminogen activity could theoretically alter
fibrinolysis and increase the risk of thrombosis. Therefore, assessing the selectivity of
muvalaplin was a key objective of its development. The results from both Phase 1 and
Phase 2 studies were extremely reassuring: muvalaplin administration was not associated
with any clinically significant changes in plasminogen levels or activity. This finding is
of capital importance, as it demonstrates that it is possible to design a small molecule
capable of selectively inhibiting Lp(a) assembly without interfering with the fibrinolytic
system [59]. The success of the KRAKEN study has paved the way for the crucial next step
in development. Muvalaplin is now being evaluated in the pivotal MOVE-Lp(a) Phase
3 trial (NCT07157774). This large, placebo-controlled cardiovascular outcomes study is
designed to determine if treatment with muvalaplin significantly reduces the risk of major
adverse cardiovascular events (MACE) in patients with elevated Lp(a) (Table 7).

5.9. Gene Editing

Beyond RNA therapies and small molecules, which require chronic, lifelong treatment,
the research horizon is pushing towards potentially curative and permanent solutions.
Somatic genome editing, particularly through the CRISPR-Cas9 system, represents the most
revolutionary approach under investigation. Somatic genome editing, particularly through
the CRISPR-Cas9 system, aims to introduce a permanent disruption in the LPA gene
within hepatocytes, thereby permanently inactivating Apo(a) production [69]. Preclinical
studies have already provided convincing proof of concept. In a transgenic mouse model
expressing human Apo(a), a single treatment with a CRISPR-Cas9 system delivered by an
adeno-associated virus (AAV) vector led to the near-complete and permanent elimination
of circulating Apo(a) [70]. The potential advantage of this approach is enormous. Unlike
RNA therapies that require repeated injections for life to maintain gene suppression, a
single genome editing treatment could provide a durable and permanent reduction in
Lp(a), effectively representing a functional cure. Despite its immense promise, the path to

https://doi.org/10.3390/therapeutics3020011

https://doi.org/10.3390/therapeutics3020011


Therapeutics 2026, 3, 11 16 of 20

the clinical application of genome editing for Lp(a) is still long and fraught with challenges.
Absolute long-term safety and editing specificity must be ensured, minimizing the risk
of “off-target” genomic modifications. Furthermore, the permanent modulation of the
human genome raises complex ethical issues that will need to be carefully considered by
the scientific community and society as a whole.

6. Unanswered Questions and Future Directions
To better understand the potential benefit of lowering Lp(a) levels in terms of reducing

the risk of coronary artery disease, Mendelian randomization studies have been conducted.
These studies estimated that a reduction in Lp(a) levels of approximately 70 to 90 mg/dL is
required to achieve at least a 15–20% decrease in cardiovascular risk [71]. Another study by
the Lp(a) GWAS consortium has demonstrated that a reduction in Lp(a) levels of at least
65.7 mg/dL is necessary to achieve a 22% decrease in the risk of coronary artery disease [72].
If these results are confirmed in Phase 3 studies on new Lp(a) lowering drugs, it could
represent a turning point in our ability to reduce the risk of cardiovascular events further,
significantly enhancing both primary and, especially, secondary prevention strategies.
This could be the final support for the “Lp(a) hypothesis”. This hypothesis refers to the
connection between Lp(a) concentrations and a cardiovascular event. In particular, specific
reduction of Lp(a) levels can lead to a measurable decrease in cardiovascular events.

All these new and promising therapies, once approved by regulatory authorities and
subsequently incorporated into major international guidelines, are expected to be widely
adopted in clinical practice, particularly in the fields of cardiology and cardiovascular
medicine. In this context, significant challenges may arise, such as the identification of
the ideal patient candidate and, most importantly, the determination of the appropriate
laboratory threshold for initiating treatment.

Based on current evidence, the patients who may benefit most from Lp(a)-lowering
interventions are those who exhibit persistently elevated Lp(a) levels despite treatment
with oral lipid-lowering therapies (statins and/or ezetimibe) and PCSK9 inhibitors. This
benefit is linked to the pro-inflammatory effects of Lp(a) and its associated oxidized phos-
pholipids [73].

Another critical issue that will inevitably need to be addressed is the economic impact
that the approval and subsequent integration of these therapies into clinical practice will
entail. According to a Markov model based on data from the OCEAN(a) and HORIZON
trials, olpasiran would be considered cost-effective at an annual price of approximately AU
$1867 (≃US $1200) using a willingness-to-pay threshold of AU $28,000 per quality-adjusted
life year (QALY). In comparison, pelacarsen would be cost-effective at around AU $984
(≃US $634) per year. At a higher threshold of AU $50,000/QALY, acceptable annual prices
would rise to AU $4207 for olpasiran and AU $2464 for pelacarsen. Also, olpasiran was
associated with an incremental gain of 0.87 quality-adjusted life years (QALYs) compared
to standard of care in patients with established atherosclerotic cardiovascular disease and
elevated Lp(a) levels [72].

These data suggest that the substantial costs national healthcare systems would need
to bear for broad therapeutic coverage should be mitigated by the implementation of strict
patient selection criteria. Based on data available, eligibility for these therapies should
be limited to individuals at truly high risk for cardiovascular events, or those with a
documented history of such events, who are already receiving maximally optimized lipid-
lowering therapy, including statins, ezetimibe, and PCSK9 inhibitors, crucially, patients
should also have significantly elevated Lp(a) levels, as defined by the aforementioned
cut-off values [70] similarly to the patients that respect the inclusion criteria of the two
pivotal trial, e.g., OCEAN(a)-Outcomes and Lp(a) HORIZON. However, if these therapies
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demonstrate a significant reduction in major adverse cardiovascular events (MACE) in
ongoing clinical trials, their impact could be transformative.

7. Conclusions
Lpa is now a recognized, causal, independent risk factor for atherosclerotic cardiovas-

cular disease. The need for an implementation of Lp(a) level screening for identification
of high-risk patients and the enhancement of risk reduction strategies represent the most
important current clinical implications. Furthermore, new, promising drugs that act specifi-
cally to reduce Lp(a) have presented encouraging results in Phase 2 trials and are currently
under investigation in Phase 3 trials. These new classes of drugs could be the future
direction for the improvement of the reduction of cardiovascular burden. In this clinical
scenario, clinicians are called on for a new challenge: proceed with careful screening of
Lp(a) levels, improve strategies for cardiovascular risk reduction in patients at higher risk
and be prepared for management of the upcoming new classes of drugs as a possible new
future era in the treatment of cardiovascular disease.
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