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Abstract

Elevated plasma Lp(a) levels, which occur in as many as 1.5 billion people worldwide, are an
independent and causal risk factor for atherosclerotic cardiovascular disease and calcific aortic valve
disease. Unlike low-density lipoprotein cholesterol, Lp(a) levels are approximately 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 investigation. 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. Lipoprotein(a) research
is a rapidly evolving field, but unanswered questions remain concerning the physiological function of
Lp(a) and its true pathogenic mechanisms.
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ABSTRACT:

Elevated plasma lipoprotein(a) [Lp(a)] levels, which occur in as many as 1.5 billion people
worldwide, are an independent and causal risk factor for atherosclerotic 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 investigation. 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. Lipoprotein(a) research is a rapidly evolving
field, but unanswered questions remain concerning the physiological function of Lp(a) and its
true pathogenic mechanisms. This review on Lp(a) focuses on new findings and clinical trial

results that appeared in 2024.
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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 people (2). The contribution of Lp(a) to
cardiovascular risk varies and ranges (what suggests that Lp(a) may contribute to this baseline
risk) — from 13.5% in relatively healthy patients to as high as 20% in patients at high and very
high CVD risk (3-5). Individuals with the highest levels of Lp(a) levels face as much as a 31%
increased risk of CVD and a 42% greater likelihood of experiencing an atherosclerotic
cardiovascular disease (ASCVD) event (6). Moreover, Lp(a) concentrations exceeding 180
mg/dL are linked to a cardiovascular risk comparable to those in patients with heterozygous

familial hypercholesterolemia (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 directly 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 LDL
particle (8). The results of this genetic analysis were similar to the epidemiological study of
Marston et al. (9). It is important to note, however, in most people LDL particles are present in
greater amounts than Lp(a) particles; thus, the overall CVD risk associated with LDL is higher
(10). Another important issue is that exposure to high levels of Lp(a) starts in very early life,
according to the Baby Copenhagen substudy, as early as 15 months of life (11). On the other
hand, Lp(a) appears to play a more pronounced role in promoting atheroma development and
progression, particularly during the advanced stages of the disease, whereas LDL-C contributes

consistently throughout the entire time course of atherogenesis (12,13).

Unlike LDL-C, Lp(a) levels are not generally modifiable through lifestyle changes
(however, there is ongoing discussion on the Lp(a) levels variability), as they are primarily
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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 estimates indicated that lowering Lp(a) by more than 100 mg/dL
was necessary to reduce the associated 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
cardiovascular 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 cardiovascular disease.

Lipoprotein(A) Structure, Physiology And Pathophysiology

Lipoprotein(a) is similar to an LDL particle, but it has attached to it by both covalent and
non-covalent bonding apolipoprotein (a) [apo(a)], and large protein that is primarily
synthesized in the liver (17). A non-covalent bond attaches apo(a) Kringle 1V 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 domain (18). Apo(a) is structurally similar to plasminogen, a protein
involved in fibrinolysis. Due to this structural similarity, apo(a) may compete with plasminogen
when binding fibrin to inhibit fibrinolysis and increase thrombotic risk (18-20). Plasminogen
has 5 kringle domains (KI, KII, KIIl, 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 a size polymorphism of apo(a) and results in different levels
of Lp(a) in the plasma. Apo(a) isoforms that contain between 3 and over 50 KIV2 repeats and

have polypeptide molecular masses between ~200 and ~800 kDa (19,20). A low number
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of KIV2 copies (<22) leads to the production of small apo(a) isoforms, which is associated with
higher Lp(a) concentrations compared to large apo(a) isoforms (>22 KI1V2 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 5" most prevalent CVD risk
factor.

In addition to apo(a) isoform size, which is encoded 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 associated with Lp(a) concentrations
(23). Certain SNPs, like 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 cholesterol, triglycerides, and phospholipids, Lp(a)
is the main carrier of oxidized phospholipids (OxPL) among all the other apoB-containing
lipoproteins (25). The physiological role of Lp(a) in the body is not fully understood and its
function remains a subject of intense research (26). However, there are hypotheses regarding
its possible roles. Due to the fact that Lp(a) has no recognized physiological function, it may be
associated with the reduction of a lifespan; this however needs to be still confirmed (26).

The high homology between apo(a) and plasminogen (75-99%) indicates a possible role
for Lp(a) in fibrinolysis (27). The latest ex vivo and some human studies do not support 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-mediated conversion of native Glul-plasminogen to Lys77-plasminogen.



Lys77-plasminogen is a better substrate for tPA, so it is more efficiently converted to plasmin.
Inhibition of this conversion by apo(a) leads to a reduction in the amount of plasmin 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 infections, particularly during early life (2,29). The potential role of Lp(a) in wound healing
aligns with immunohistochemical analyses that demonstrated positive staining for apo(a)/apoB
in wounds at various stages of healing (30,31). Furthermore, a proteomics study identified a
correlation between 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
mediated 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 phospholipids 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 mainly due to the different apo(a) isoforms due to the
variable number of KIV2 repeats that 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 distinct apo(a) isoforms, with their levels

representing the combined contributions of both apo(a) isoform sizes (38). Accurate Lp(a)



measurement methods are crucial for properly assessing the impact 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 litre (nmol/l), and should rely on standards traceable

to globally recognized reference materials (39).

While numerous methods, including immunoassays, fluorescence-based techniques, and
electrophoresis, have been developed to measure 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 indicate the assay to be 100% insensitive to apo(a) size. Tests exhibit varying
degrees of sensitivity to apo(a) isoforms can result in the measured Lp(a) concentration being
underestimated in the presence of small isoforms or overestimated when large isoforms are
present. However, that 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 as a result of the development of muvalaplin —
new drug targeting Lp(a) that disrupts the initial non-covalent interaction between apo(a) and
apoB100, preventing the disulphide bond leading to an increase in free apo(a) (43). Current
commercial Lp(a) assays that measure total apo(a) and may be insufficient to accurately
measure Lp(a) concentrations on this drug; thus. 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 spectrometry
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 clinical applications (44,45). Converting

units 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 dependency 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 patient (44). Despite the limitations of mass-based
measurement, Lp(a) testing with the most readily available assay (mass or particle-based) is
favoured over no testing to facilitate CVD risk stratification, especially in persons with high
baseline risk.

This is reinforced by a sub-analysis of the ODYSSEY Outcome trial (Evaluation of
Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With
Alirocumab), which highlighted that mass and molar lipoprotein(a) immunoassays were similar
in their prognostic risk for a major adverse cardiovascular event (MACE) or for MACE
reduction with alirocumab. The study included the Siemens N-latex nephelometric
immunoassay (measured in mass units—-mg/dL), the Roche Tina-Quant turbidimetric
immunoassay (measured in molar units—nmol/L), and a non-commercial mass spectrometry

(nmol/l) assay (47) (Table 1).

Lp(a) Concentrations

Plasma Lp(a) levels are approximately 90% genetically determined through the LPA gene
(14). Lipoprotein(a) levels are low at birth, and measurements from umbilical cord blood can
be a reliable indicator of neonatal venous blood levels. By 15 months of age, Lp(a) levels reach
those typically observed in adults, and the 90th percentile of levels measured at birth (whether

from cord or venous blood) serves as a strong predictor for later high-risk levels (11).

Lp(a) concentrations are significantly influenced by race and gender, though the
proportional CVD risk due to Lp(a) is roughly similar across ethnicities after considering
traditional risk factors (48). Lower Lp(a) concentrations are found in Chinese, Caucasians, and

South Asians, and highest in Black individuals (2). The level of Lp(a) is about 17% higher in



women than in men after 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. However, during
pregnancy, Lp(a) levels approximately double, though the exact mechanisms behind this
increase are not understood (51). It is hypothesized that oestrogen may influence Lp(a)
synthesis 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 development (52,53). Elevated Lp(a)
levels during pregnancy might impact outcomes, potentially raising the risk of complications,
such as gestational diabetes, preterm delivery, and low birth weight (54). Recent data did not

confirm the causal relationship between Lp(a) levels and the risk of preeclampsia (55).

Growing evidence has emerged regarding environmental risk factors, conditions, and
therapies that can influence Lp(a) levels, potentially contributing 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;
likewise, 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 'grey-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/dL, but as many as every fourth
patient had difference higher than 10 mg/dL (3). This issue needs to be further investigated,

including also the effect of apo(a) isoforms on the level’s variability. This may provide



invaluable information for identifying patients that 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-
surgical states, viral infections, and myocardial infarction (61,62). However, the role of Lp(a)
as an acute phase reactant remains a subject of ongoing debate (63). A prospective observational
study examined 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 three months post-MI (p<0.001) (64). Another study found
similar results, Lp(a) levels in patients with acute myocardial infarction (AMI) were
significantly elevated six 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. n total, these findings suggest that repeated measurement of Lp(a) after AMI may
be warranted. This concept may be similar to the change in LDL levels after AMI, which in

contrast are approximately 10% lower in the peri- and post-MI period (66).

The European Atherosclerosis Society (EAS) consensus statement, the National Lipid
Association (NLA) and cardiovascular prevention guidelines from France, Poland, Italy,
Canada, India, and China only advise measuring Lp(a) once in a lifetime (45,56,67-72). Polish
guidelines do suggest repeating Lp(a) measurements in those patients whose initial Lp(a) levels
fall between 30-50 mg/dL (75-125 nmol/L), a range considered the "grey zone" or near the
threshold for cardiovascular risk categories. Repeated measurements may be considered for

women over the age of 50 yrs and for patients with chronic kidney disease, particularly
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nephrotic syndrome, since these conditions 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
clinical 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, first-
degree relative with premature ASCVD or elevated Lp(a), or history of ischemic stroke) (72).
Guidelines also recommend cascade screening of immediate family 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 identifying new cases of elevated Lp(a) (73) (Table 1).

Concentrations of Lp(a) and CV risk

CVD risk rises progressively with increasing Lp(a) levels (74,75), indicating a direct
relationship between higher Lp(a) concentrations and elevated cardiovascular risk. However,
specific thresholds have been defined and implemented in practice to guide clinical
management. Therefore, an Lp(a) level requiring clinical intervention is defined as >30 mg/dL
(>75 nmol/L). Patients with Lp(a) levels between 30 and 50 mg/dL (75-125 nmol/L) fall into a
grey zone (also called intermediate risk), and is influenced by both the test's accuracy and the
individual's overall risk profile (45,56). Nonetheless, such individuals already face an elevated

risk of adverse events and should be categorized as having moderate risk.

High risk is associated with Lp(a) concentrations above 50 mg/dL (>125 nmol/L),
particularly within 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 importance of the grey zone in CVD risk prediction. Recent data from the

STAR-Lp(a) study showed that the mean CAC-Score in those at low risk (Lp(a) <30 mg/dL)
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and patients in the grey zone was almost 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 of the countries, only few to several percent of patients are
tested (77,78). A multicenter 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 99th percentile compared to those with Lp(a) levels at or below the 20th percentile.
Among individuals with very high Lp(a), including Lp(a) as a factor leads to the reclassification
of one-third of patients in primary prevention and more than half in secondary prevention (79).
Findings from Lp(a) registries highlight the importance 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 increased risk for several cardiovascular diseases
including ASCVD (27,75), aortic stenosis/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 Population Study Lp(a) levels required to achieve 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).
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However, the impact of ASCVD attributable to elevated Lp(a) levels may be over twice as high
in individuals of African descent compared to those of Caucasian descent (86). An analysis of
the Women's Health Study (WHS) where the influence 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%ClI 1.21-1.47). Each of these three biomarkers contributed independently to risk
assessment. Considering Lp(a) measurement in addition to traditional markers, such as LDL-C
and hsCRP, improves long-term assessment of cardiovascular risk in women (87). Meta-
analysis of randomized controlled trials involving statin therapy including those with and
without clinical ASCVD demonstrate 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 systemic inflammation and is frequently used
in clinical settings to assess inflammatory status and the risk of inflammation-related ASCVD
(89). Available studies have shown that in patients with elevated Lp(a) higher level of hsCRP
has been also observed (3). Recent studies have investigated the association between Lp(a)
levels and the risk of major adverse cardiovascular events (MACE) concerning hsCRP levels.
Small at al. showed that higher levels of Lp(a) were associated with MACE, M1, and PAD in
both primary and secondary prevention populations regardless of baseline hsCRP (90,91).
Interestingly, Arnold et al. observed that while among individuals without coronary heart
disease (CHD) Lp(a) was significantly associated with incident CHD regardless of hsCRP, in
participants with CHD at baseline, Lp(a) was related to recurrent CHD events only in those
with residual inflammatory risk (92). Similar results were observed in the analysis from the
MESA (Multi-Ethnic Study of Atherosclerosis) study, when authors showed Lp(a)-associated
ASCVD risk only with concomitant elevation of hsCRP (93). Due to the inconsistency of these

studies, this issue merits further investigation (70,94).
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Recently, Albena et al. (95) conducted a meta-analysis of 562,301 individuals from 11
large cohort studies to clarify this issue. They demonstrated 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
implications for Lp(a)-targeted therapies, indicating their potential effectiveness in all patients

with elevated 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 primary ASCVD management
decisions. Findings from the MESA (Multi-Ethnic Study for Atherosclerosis) study revealed
that Lp(a) levels and CAC score were independently linked to ASCVD risk and may help guide
primary prevention strategies. Participants with elevated Lp(a) and CAC score >100
experienced the highest risk (HR: 4.71; 95% CI: 3.01-7.40) compared to those with non-
elevated Lp(a) and CAC score = 0, while individuals with elevated Lp(a) and CAC score = 0
exhibited a modestly increased risk (HR: 1.31; 95% CI: 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 rises by 15.7+£0.57 (p=0.006). In patients with advanced stable coronary artery
disease monitored via coronary computed tomography angiography (CCTA) at baseline and
after 12 months, elevated Lp(a) levels (>70 mg/dL) were associated with accelerated
progression of the necrotic core, including changes in total, calcific, noncalcific, and low-
attenuation plaque (98).

A meta-analysis including 40,073 individuals from 17 studies found that elevated Lp(a)
levels were significantly associated with a higher prevalence of CAC (OR 1.31, 95% CI 1.06—

1.61, p=0.01). When analyzed as a continuous variable, higher Lp(a) levels positively correlated
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with CAC prevalence (OR 1.05, 95% CI 1.02-1.08, p=0.003). Additionally, elevated Lp(a) was
linked to increased progression of CAC over time (OR 1.54, 95% CI 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), hsCRP, and AVC using prior non-contrast
cardiac computed tomography. Elevated Lp(a) levels were independently linked to 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—OXxPL, 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
substantially faster disease progression and the likelihood of requiring aortic valve replacement
(AVR) (102,103). A recent cohort study involving 44,742 patients with Lp(a) level measured,
from a Korean center from 2000 to 2020 with a mean follow-up of 6.8 years indicated that AVR
due to severe degenerative aortic stenosis was significantly associated with higher levels of
Lp(a) (>100 mg/dL) (adjusted HR: 2.05; 95% CI: 1.31-3.19; P = 0.002) (104). The authors
present compelling evidence reinforcing the association between Lp(a) and advanced 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 randomization studies with 300,255 individuals
was conducted to explore the causal relationship between Lp(a) and its role in HF. It was
demonstrated that increasing Lp(a) levels were significantly associated with increased risk of
HF (OR 1.064, 95 % CI: 1.043-1.086, 12=97.59 %, P < 0.001) (107). Moreover, Lp(a) could

have a greater impact on HF patients compared to other lipid parameters (89). The
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CASABLANCA (Catheter Sampled Blood Archive in Cardiovascular Diseases) study with a
total of 1251 individuals indicated that Lp(a) and associated OxPLs may independently
contribute to heart injury, leading to HF. Further research, including clinical trials, focused on
reducing Lp(a) levels, is needed to determine whether such interventions can prevent the

progression to symptomatic 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 calculated and directly measured LDL-C, as well
as in calculated non-HDL-C (109,110). Earlier studies 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 estimation at the population
level (111). The updated NLA guidelines did not endorse the previously proposed correction
factor for Lp(a)-C in LDL-C calculations, citing concerns about potentially undertreating 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 elevated
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 1).

Available lipid-lowering therapies and Lp(a)

Currently, no medications specifically designed to reduce Lp(a) levels have been approved.
Consequently, managing elevated Lp(a) involves focusing on reducing overall cardiovascular
risk through lifestyle modifications and the intensive management or optimization of other

treatable risk factors, by following current clinical guidelines (45,56,113,114).
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The findings from studies investigating the impact of statins on Lp(a) levels are
inconsistent (25) and the effect seems to be apo(a) isoforms related. 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 approximately 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 needs to be still 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 baseline 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 benefit was noted with this therapy, thus its
use is no longer currently recommended (123,124). The prior CVD outcome trials involving

niacin were also not enriched for individuals with elevated Lp(a).

Proprotein Convertase Subtilisin/Kexin Type 9 inhibitors (PCSK?9is) and small interfering
RNAs (inclisiran) were found to decrease circulating Lp(a) by ~30%, which was demonstrated
in other studies like the FOURIER, ODYSSEY Outcomes, and ORION-11 trials (125-129).
Post-hoc analyses of the FOURIER and ODYSSEY Outcomes trials demonstrate 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 difficult
to get reimbursed for using to lower Lp(a). Significant variability in response to these drugs is
also observed, with participants who had higher baseline plasma Lp(a) levels experiencing
greater absolute reductions in Lp(a) (127-130). The size of apo(a) seems to be an independent

determinant of the response to PCSKO9is with each additional kringle domain is associated with
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a 3% additional reduction in Lp(a) (=the larger isoforms, the lower Lp(a) level, the better

response) (130).

A significant number of patients on PCSK9 inhibitors are concurrently treated with statins
and/or ezetimibe. However, the combined impact of these therapies on Lp(a) levels, as well as
the relationship between apo(a) isoform size and the Lp(a) response, remains unclear. A recent
prospective study evaluated lipid lowering in participants with an LDL-C >100 mg/dL who
received evolocumab 140 mg combined with either atorvastatin 80 mg or ezetimibe 10 mg
daily. The findings revealed variability in Lp(a) reduction, with changes in Lp(a) levels being

strongly linked to 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 apheresis in patients with ASCVD and
elevated Lp(a) leads to a notable decrease in cardiovascular events (136). The Food and Drug
Administration (FDA), likewise European guidelines (56) approved apheresis for patients with
Lp(a) levels exceeding 60 mg/dl (>150 nmol/L), regardless of baseline LDL-C levels (137).
However, this treatment approach is invasive, expensive, time-consuming for the patient, has

limited availability, and is often associated with a diminished quality of life (138) (Table 1).
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No. Burning question
Does lipoprotein(a) have any
physiological function in humans?

Current state of knowledge
There is lack of data for humans or data are inconsistent (role in wounds healing?). It might be one of the
factors associated with the reduction of a lifespan.

What should be the best test for the
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 litre (nmol/L), and rely on standards
traceable to globally recognized reference materials.

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).

How often we should measure
lipoprotein(a)?

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

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

Lipoprotein(a) is the 4" most prevalent risk factor (after lipid disorders, hypertension, and smoking) and its
elevated level is observed in 15-25% (depending on baseline CVD risk), however the knowledge on this
within physicians and especially patients is very low. Thus, the frequency of Lp(a) measurement is still a
few percent.

What are the non-genetical risk factors
that may affect Lp(a) level?

There is still an ongoing discussion on the non-genetical risk factors and conditions (including drugs) that
may significantly affect Lp(a) levels. It is, among others, associated to the fact that in relatively high percent
of patients Lp(a) level variability is observed without any recognized variables that may have influenced
this.

What is the role of apo(a) isoforms?

The apo(a) isoforms affect the Lp(a) level, response for some lipid lowering drugs (statins, niacin, PCSK9
inhibitors), but we still do not know what is their role in the response for some risk factors/conditions that
may affect Lp(a) level, on visit to visit Lp(a) variability or CVD risk.

Whether the patients from the grey-
zone are those at increased CVD risk?

Despite mendelian randomization studies suggest that the risk increases starting from the levels of Lp(a)
over 30 mg/dL (75 nmol/L), imaging data on atherosclerosis progression and outcomes data still give the
inconsistent results in comparison to patients with higher Lp(a) levels (>50 mg/dL).

Whether Lp(a) is a significant CVD risk

factor for all patients?

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?
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Should patients with elevated Lp(a) be

10. treated with aspirin?

Available data recently published indicate that in patients with elevated Lp(a) >50 mg/dL low dose aspirin
might significantly reduce CVD outcomes without significant risk increase of large bleedings. New PoLA
Expert Opinion paper recommends low dose aspirin in high risk patients in primary prevention with Lp(a)
>50 mg/dL. This needs further confirmation on the clinical net benefit of this intervention.

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

11.

This is a critical question on the role of future targeted Lp(a) therapies, because based on the data from
HORIZON-Lp(a) with pelacarsen we will be able to see on how Lp(a) significant reduction will result in
cardiovascular outcomes and mortality reduction. This will help to place these drugs with other
cardiovascular therapies to significantly reduce Lp(a)-related residual CVD risk.

Is low and extremely low Lp(a) level

12. safe?

Observational studies have suggested that extremely low Lp(a) levels might be linked to an elevated risk of
type 2 diabetes mellitus. MR analyses did not confirm this association, indicating the link with the
hyperinsulinemia, however without reverse causality. Thus, aggressive Lp(a) lowering therapy does not
substantiate any concerns about exacerbated T2DM risk, what still needs to be confirm in long-term studies
with new targeted therapies.

Table 1. The most burning questions on lipoprotein(a) based on research results published in 2023-2024.
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Aspirin and Lp(a)

Aspirin is one of the most well-established therapies for secondary prevention of ASCVD
related events and based on recent data it may be also beneficial in primary prevention for
patients with elevated plasma Lp(a). Large randomized controlled trials 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 significant net benefit of
aspirin on CVD events (139-141). A meta-analysis of 13 RCTs with 164,225 participants and
1,050,511 participant-years of follow-up indicated a small benefit of aspirin use for CVD risk
in primary prevention (142).

Post-hoc analyses of the ASPREE trial have observed that individuals with elevated Lp(a)
genotypes may derive net benefit with aspirin therapy (143). In a recent propensity-matched
cohort study (MESA), aspirin use was associated with a significant reduction (46%) in risk for
cardiovascular events among individuals with Lp(a) >50 mg/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, contrary 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
National Health and Nutrition Examination Survey (NHANES III) analysis which gathered
baseline data from 1988 to 1994 in a nationally representative cohort of US adults without
clinical ASCVD. Their findings revealed that regular aspirin use was independently linked to a

52% reduction in ASCVD mortality risk among individuals with elevated Lp(a), but this
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association was not observed in those without elevated Lp(a) during a median follow-up period
of 26 years (147). Interestingly, in the post-hoc analysis of the PEGASUS-TIMI 54 trial
individuals with elevated Lp(a) >200 nmol/l (80 mg/dl) and history of MI (within 1 to 3 years)
may possibly more strongly benefit from dual antiplatelet therapy (DAPT) with ticagrelor in
the setting of background aspirin (148)

While bleeding events were not evaluated in that study, the MESA study reported a higher
bleeding rate among aspirin users (17.5% vs. 12.5%, p < 0.01). However, after multivariable
adjustments, no correlation was observed between bleeding rates and Lp(a) levels.
Consequently, additional 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), particularly 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, regardless of the co-occurrence of elevated Lp(a) concentration. However,
the use of aspirin in primary prevention should be considered (lla class of recommendations)
in patients with at least high cardiovascular 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 1).

New therapies for lowering Lp(a)

Although there is a pressing demand for therapies specifically designed to lower Lp(a)
levels, the sole available targeted treatment option at present 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).
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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 (sSiRNAS) agents, such as olpasiran, zerlasiran, and lepodisiran
(41,152-154) (Table 2). 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 pelacarsen and 98% for olpasiran, zerlasiran, and lepodisiran (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 enrolment of over 8,000 patients but
is expected to conclude in 2026 because of low event rate (156). Moreover, pelacarsen is also
under investigation 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 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-lasting effects in reducing Lp(a) levels, participants
who received doses of >75 mg every 12 weeks maintaining approximately a 40% to 50%
decrease in Lp(a) levels nearly one year after 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 approximately 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 impact on cardiovascular events (158). It is also worth
mentioning that new RCT is going to start soon with olpasiran in primary prevention (A
Double-blind, Randomized, Placebo-controlled, Multicenter Study Assessing Olpasiran Use to

Prevent First Major Cardiovascular Events in High-risk Participants with Elevated
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Lipoprotein(a)), what is of critical importance as most of the patients with elevated Lp(a) are
currently diagnosed in primary CVD prevention, still before the event.

Lepodisiran, developed by Eli Lilly, completed its phase 1 trial and its phase 2 trial (the
Alpaca Phase 2 trial; NCT05565742) is currently underway and is expected to end in October
2024 (153,159), with the results of this lepodisiran trial with extended duration up to 540 days
to be presented 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 enrol 12,500 participants, with an expected completion date in 2029 (160).
The ACCLAIM trial is another study that will allow to evaluate the effect of Lp(a) reduction
on MACE both in adults with elevated Lp(a) who have established ASCVD or in those in
primary prevention who are at risk for a first CVD event (160).

The last siRNA drug, zerlasiran, completed its phase 1 clinical trial and a phase 2 trial
(NCTO05537571), and the results were released at the American Heart Association Scientific
Sessions in Chicago 2024 and published simultaneously. It was shown that zerlasiran achieved
over an 80% reduction in time-averaged 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 after the initial dose and no safety concerns were identified.
These results support advancing zerlasiran to phase 3 trial in its development program (153).
Lepodisiran and zerlasiran have similar 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 developing a new strategy for lowering Lp(a)
levels. Results of clinical research phase 11 with the first oral agent, muvalaplin, were published,
and the new therapy based on gene editing was revealed in preclinical studies (161,162).
Muvalaplin, developed by Elly Lily, is a small molecule inhibitor of Lp(a) synthesis, lowering

Lp(a) levels by binding to apo(a) KIV7 and KIV8. This interaction sterically hinders the
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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-tolerated and
achieved a maximum reduction in Lp(a) levels ranging from 63% to 65% (161). The phase Il
KRAKEN trial with muvalaplin (NCT05563246) enrolled 233 participants (median age 66
years) with lipoprotein(a) >175 nmol/L and ASCVD, diabetes, or familial
hypercholesterolemia. Treatment was for 12 weeks. Muvalaplin was well tolerated and caused
placebo-adjusted reductions in lipoprotein(a) of 47.6% (95% CI, 35.1%-57.7%), 81.7% (95%
Cl, 78.1%-84.6%), and 85.8% (95% ClI, 83.1%-88.0%) for the dose of 10 mg/d, 60 mg/d, and
240mg/d, respectively (164).

As available commercial Lp(a) assays measure total 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, especially after muvalaplin treatment taking into consideration its mechanism
of action where apo(a)-muvalaplin complexes in circulation might be detected. Swearingen et
al. (43) introduced an innovative immunoassay designed to measure only Lp(a) particles. This
particle-specific electrochemiluminescent (ECL) immunoassay employs an anti-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). Recent study evaluated the Lp(a)-lowering effects of
two therapeutics with distinct mechanisms of action: lepodisiran and muvalaplin. Results
revealed that the commercial assay measuring total apo(a) underestimated the Lp(a)-lowering
efficacy of muvalaplin 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™ js an experimental CRISPR/Cas9-based gene editing therapy designed to target

and disable the apo(a) component of Lp(a) production in the liver. The therapy utilizes lipid
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nanoparticles to deliver Cas9 mRNA and guide RNA (gRNA) directly into the body. CTX320
has the potential to permanently reduce Lp(a) after a one-time treatment (162). Preclinical
studies in non-human primates 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 through 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

advancement to phase I clinical trials (165).

Obicetrapib, a next-generation selective inhibitor of cholesteryl ester transporter protein
(CETP), is currently undergoing clinical trials to lower LDL-C levels and reduce major adverse
cardiovascular events. Results of the phase 2 ROSE trial (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 ROSE?2 trials investigated obicetrapib as an add-on therapy 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,
significantly 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 the results of the BROOKLYN trial with obicetrapib in patients with
heFH (baseline Lp(a) levels in the obicetrapib group was 45.8 nmol/L) were released that
showed 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 to evaluate Lp(a) levels for patients with

elevated Lp(a) being treated with obicetrapib and obicetrapib/evolocumab. The VINCENT trial
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started recruiting patents at the end of 2024 and will be completed at the end of 2025

(NCT06496243) (169) (Table 2).

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 linked to an elevated risk of type 2 diabetes mellitus (T2DM) like
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 therapies might contribute to an increased risk of

developing T2DM (175).

The results of a Mendelian randomization (MR) analysis published in 2024 shed more light
on this association. Data from a two-sample Mendelian randomization analysis involving data
from 563,420 patients from the UK Biobank and FinnGen consortia did not show a correlation
between 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 analysis using summary-level
genome wide association data suggested that hyperinsulinemia, often linked to type 2 diabetes
mellitus, may partially explain the inverse association observed between 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 reduction in Lp(a) level. Therefore, while a connection between
Lp(a) and diabetes does exist, it is unlikely that Lp(a) serves as a risk factor for diabetes (no
reverse causality) independent of the presence 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 1).
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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 clinical trials with new Lp(a) lowering therapies focus on ASCVD patients or those
at the CVD risk, only one started in 2024 will evaluate the ability of pelacarsen to slow the
progression of aortic stenosis. Moreover, there was a breakthrough in therapy for lowering
Lp(a) levels based on gene editing. Currently, 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 treatments specifically aimed at lowering Lp(a) levels.
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
studies 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 questions 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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Dru Max Lp(a) Administration Trial Planned
Nan?e Company Class reductFiJon Main Inclusion criteria route, frequency, hase NCT study
and dose P completion
Age 18 to 80 years,
Lp(a) > 70 mg/dL,
: Myocardial infarction Subcutaneous
Novartis 0 . ' L 30 May
Pelacarsen Pharmaceuticals | A°C 80% Ischemic stroke, mwcngg,nTonthly, " NCT04023552 2025
Clinically significant 9
symptomatic PAD
Age 18 to < 85 years,
Lp(a)= 200 nmol/L,
History of ASCVD:
Myocardial infarction
(presumed type 1 eventdueto | . _S“tl?C“t;‘geougzs
Olpasiran Amgen siRNA 98% plaque rupture/erosion) | 'hjection /5 or 1 NCT05581303 | 29 Dec 2026
and/or mg once every 12
Coronary  revascularization weeks
with percutaneous coronary
intervention AND at least 1
additional risk factor.
Lp(a) >175 nmol/L
Meet criteria 2a or 2b
2a: age =>18 years and
established ASCVD with an
Lepodisira o _ event or revascularization. Subcutaneous
n Eli Lilly SiRNA 98% 2b: age > 55 years and risk for a injection 400 mg 1 NCT06292013 Mar 2029
first CV event and either:
documented CAD or PAD;
known FH; or a combination of
high-risk factors
Zerlasiran Silence SiRNA 98% Age 18 to 80 years, Subcutaneous I NCTO5537571 | 01 Jul 2024

Therapeutics

Lp(a) > 125 nmol/L,

injection, 450 mg
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At high risk of ASCVD events,
BMI 18.0 to 32.0 kg/m?

every 24 weeks for 2

doses, 300 mg every

16 weeks for 3 doses,
or 300 mg every 24
weeks for 2 doses

TG < 400mg/dL

daily plus Repatha
140 mg SC biweekly
for 8 weeks.

e Age > 40 years,
e Lp(a)>175 nmol/L
e High risk for cardiovascular Oral, 10 mg/d, 60
Muvalapli Eli Lilly . 'F]Pé‘f"t) 85% events:  documented CAD, | mg/d, or 240 mg/d I NCT05563246 | 14 Mar 2024
n Inhibrtor stroke, or PAD or ASCVD risk for 12 weeks
equivalents (FH or T2DM).
e BMI 18.5 to 40 kg/m?
CRISPR gene - One-time treatment o
CTX320 Therapeutics | editing 95% 2 mg/kg infusion | Preclinical - -
Oral obicetrapib 10
e Age18-75years mg daily for 8 weeks,
_ _ e Lp(a) >50 mg/dL followed by
Obicetrapi | NewAmsterdam | CETP 57% | ® LDL-C>70mg/dL obicetrapib 10 mg I NCT06496243 | Dec 2025
b Pharma inhibitor o

Table 2. Lp(a)-lowering drugs under clinical development.

Abbreviations: ASCVD — atherosclerotic cardiovascular disease, ASO — antisense oligonucleotides, CAD — coronary artery disease; CETP — cholesterol ester transport proteins,
CV — cardiovascular, FH — familial hypercholesterolemia, PAD — peripheral artery disease, SC — subcutaneous, siRNA — small interfering RNAs, T2DM — type 2 diabetes

mellitus.
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New findings about Lipoprotein(a) in 2024

Lp(a) levels
in 15-
month-old
infants
reflect adult

No association
between low
Lp(a) levels
and the new
onset of DM

Lp(a) 6x
more
atherogenic
than LDL
per particle

Aspirin may

reduce
MACE in
elevated

Lp(a)
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CTX320
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Figure 1. New Findings on Lipoprotein(a) based on the data from 2024 studies. Based on information
from (6) (154) (80) (9) (169) (137) (2) (43) (171). Abbreviations: DM- diabetes mellitus; Lp(a) —
lipoprotein(a); LDL — low-density lipoprotein; MACE — major adverse cardiovascular event.

32



REFERENCES:

1. Cybulska B, Klosiewicz-Latoszek L, Penson PE, Banach M. What do we know about the role of
lipoprotein(a) in atherogenesis 57 years after its discovery? Prog Cardiovasc Dis. 2020;63(3):219-27.

2. Tsimikas S, Marcovina SM. Ancestry, Lipoprotein(a), and Cardiovascular Risk Thresholds. J Am Coll
Cardiol 2022;80(9):934-46.

3. Sosnowska B, Lewek J, Adach W, Mierczak K, Bielecka-Dabrowa A, Szosland K, i in. The prevalence,
patients’ characteristics, and hyper-Lp(a)-emia risk factors in the Polish population. The first results from
the PMMHRI-Lp(a) Registry. Prog Cardiovasc Dis. 2024;86:54-61.

4. Dyrbus K, Medrala Z, Konsek K, Nowowiejska-Wiewiora A, Trzeciak P, Skrzypek M, i in.
Lipoprotein(a) and its impact on cardiovascular disease — the Polish perspective: design and first results
of the Zabrze-Lipoprotein(a) Registry. Arch Med Sci 2024;20(4):1069-76.

5. Burzynska M, Jankowski P, Babicki M, Banach M, Chudzik M. Prevalence of hyperlipoproteinemia(a)
in individuals of European ancestry treated at outpatient cardiology clinics: results from a cross-sectional
STAR-Lp(a) study. Pol Arch Intern Med. 2024; 134(11):16860.

6. Koren MJ, Moriarty PM, Baum SJ, Neutel J, Hernandez-lllas M, Weintraub HS, i in. Preclinical
development and phase 1 trial of a novel siRNA targeting lipoprotein(a). Nat Med. 2022;28(1):96-103.

7. Nissen SE, Wolski K, Cho L, Nicholls SJ, Kastelein J, Leitersdorf E, i in. Lipoprotein(a) levels in a global
population with established atherosclerotic cardiovascular disease. Open Heart. 2022;9(2):e002060.

8. Bjornson E, Adiels M, Taskinen MR, Burgess S, Chapman MJ, Packard CJ, i in. Lipoprotein(a) Is
Markedly More Atherogenic Than LDL. J Am Coll Cardiol 2024;83(3):385-95.

9. Marston NA, Melloni GEM, Murphy SA, Morze J, Kamanu FK, Ellinor PT, i in. Per-Particle
Cardiovascular Risk of Lipoprotein(a) vs Non-Lp(a) Apolipoprotein B-Containing Lipoproteins. J Am
Coll Cardiol. 2024;83(3):470-2.

10. Tsimikas S, Bittner V. Particle Number and Characteristics of Lipoprotein(a), LDL, and apoB. J Am Coll
Cardiol. 2024;83(3):396-400.

11. Strandkjeer N, Hansen MK, Nielsen ST, Frikke-Schmidt R, Tybjerg-Hansen A, Nordestgaard BG, i in.
Lipoprotein(a) Levels at Birth and in Early Childhood: The COMPARE Study. J Clin Endocrinol Metab
2022;107(2):324-35.

12.Clarke SL, Huang RDL, Hilliard AT, Levin MG, Sharma D, Thomson B, i in. Genetically predicted
lipoprotein(a) associates with coronary artery plaque severity independent of low-density lipoprotein
cholesterol. Eur J Prev Cardiol. 2024;zwae271.

13.Rocha VZ, Santos RD. The mysterious lipoprotein(a): moving towards further understanding of its
atherogenic role. Eur J Prev Cardiol. 2024;zwae321.

14.Boerwinkle E, Leffert CC, Lin J, Lackner C, Chiesa G, Hobbs HH. Apolipoprotein(a) gene accounts for
greater than 90% of the variation in plasma lipoprotein(a) concentrations. J Clin Invest. 1 lipiec
1992;90(1):52-60.

15.Burgess S, Ference BA, Staley JR, Freitag DF, Mason AM, Nielsen SF, i in. Association of LPA Variants
With Risk of Coronary Disease and the Implications for Lipoprotein(a)-Lowering Therapies: A
Mendelian Randomization Analysis. JAMA Cardiol. 2018;3(7):619.

16.Lamina C, Kronenberg F, for the Lp(a)-GWAS-Consortium. Estimation of the Required Lipoprotein(a)-
Lowering Therapeutic Effect Size for Reduction in Coronary Heart Disease Outcomes: A Mendelian
Randomization Analysis. JAMA Cardiol. 2019;4(6):575.

33



17.Schmidt K, Noureen A, Kronenberg F, Utermann G. Structure, function, and genetics of lipoprotein (a).
J Lipid Res. s2016;57(8):1339-59.

18.Becker L, Cook PM, Wright TG, Koschinsky ML. Quantitative Evaluation of the Contribution of Weak
Lysine-binding Sites Present within Apolipoprotein(a) Kringle IV Types 6-8 to Lipoprotein(a) Assembly.
J Biol Chem. 2004;279(4):2679-88.

19.Koschinsky ML, Beisiegel U, Henne-Bruns D, Eaton DL, Lawn RM. Apolipoprotein(a) size
heterogeneity is related to variable number of repeat sequences in its mRNA. Biochemistry.
1990;29(3):640-4.

20.Kostner KM, Marz W, Kostner GM. When should we measure lipoprotein (a)? Eur Heart J.
2013;34(42):3268-76.

21.Kronenberg F, Utermann G. Lipoprotein(a): resurrected by genetics. J Intern Med. 2013;273(1):6-30.

22.Lobentanz E, Dieplinger H. Biogenesis of lipoprotein(a) in human and animal hepatocytes.
Electrophoresis. 1997;18(14):2677-81.

23.Coassin S, Kronenberg F. Lipoprotein(a) beyond the kringle IV repeat polymorphism: The complexity of
genetic variation in the LPA gene. Atherosclerosis 2022;349:17-35.

24.Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC, i in. Genetic Variants Associated with
Lp(a) Lipoprotein Level and Coronary Disease. N Engl J Med 2009;361(26):2518-28.

25.Koschinsky ML, Kronenberg F. The long journey of lipoprotein(a) from cardiovascular curiosity to
therapeutic target. Atherosclerosis 2022;349:1-6.

26.Banach M. Lipoprotein(a): the enemy that we still don’t know how to defeat. Eur Heart J Open.
2023;3(4):0ead080.

27.Boffa MB, Koschinsky ML. Lipoprotein (a): truly a direct prothrombotic factor in cardiovascular disease?
J Lipid Res. 2016;57(5):745-57.

28.Boffa MB. Beyond fibrinolysis: The confounding role of Lp(a) in thrombosis. Atherosclerosis
2022;349:72-81.

29.Lawn RM, Schwartz K, Patthy L. Convergent evolution of apolipoprotein(a) in primates and hedgehog.
Proc Natl Acad Sci. 1997;94(22):11992—7.

30.Riches K, Porter KE. Lipoprotein(a): Cellular Effects and Molecular Mechanisms. Cholesterol.
2012;2012:1-10.

31.Yano Y, Shimokawa K, Okada Y, Noma A. Immunolocalization of Lipoprotein(a) in Wounded Tissues.
J Histochem Cytochem. 1997;45(4):559-68.

32.Von Zychlinski A, Kleffmann T, Williams MJA, McCormick SP. Proteomics of Lipoprotein(a) identifies
a protein complement associated with response to wounding. J Proteomics. 2011;74(12):2881-91.

33.Tsimikas S. A Test in Context: Lipoprotein(a). J Am Coll Cardiol. 2017;69(6):692—711.

34.Tsimikas S, Witztum JL. Oxidized phospholipids in cardiovascular disease. Nat Rev Cardiol.
2024;21(3):170-91.

35.Martinez C, Rivera J, Loyau S, Corral J, Gonzalez-Conejero R, Lozano ML, i in. Binding of Recombinant

Apolipoprotein(a) to Human Platelets and Effect on Platelet Aggregation. Thromb Haemost.
2001;85(04):686-93.

34



36.Kamstrup PR, Neely RDG, Nissen S, Landmesser U, Haghikia A, Costa-Scharplatz M, i in.
Lipoprotein(a) and cardiovascular disease: sifting the evidence to guide future research. Eur J Prev
Cardiol. 2024;31(7):903-14.

37.Zimodro JM, Gasecka A, Arski P, Schwarz J, Banach M, Gouni-Berthold I. Lipoprotein (a) measurement:
potential for personalized cardiovascular disease management in a patient with acute myocardial
infarction. Arch Med Sci. 2024;20(3):1043-1047.

38.Page MM, Watts GF. Contemporary perspectives on the genetics and clinical use of lipoprotein(a) in
preventive cardiology. Curr Opin Cardiol. 2021;36(3):272-80.

39.Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron SP, Kamstrup PR, i in. Lipoprotein(a): A
Genetically Determined, Causal, and Prevalent Risk Factor for Atherosclerotic Cardiovascular Disease:
A Scientific Statement From the American Heart Association. Arterioscler Thromb Vasc Biol; 42(1):e48-
e60.

40.Heydari M, Rezayi M, Ruscica M, Jamialahmadi T, Johnston TP, Sahebkar A. The ins and outs of
lipoprotein(a) assay methods. Arch Med Sci — Atheroscler Dis. 2024;8(1):128-39.

41.0’Donoghue ML, Rosenson RS, Gencer B, Lopez JAG, Lepor NE, Baum SJ, i in. Small Interfering RNA
to Reduce Lipoprotein(a) in Cardiovascular Disease. N Engl J Med. 2022;387(20):1855-64.

42.Clouet-Foraison N, Vaisar T, Marcovina SM. Standardization of Analytical Methods for the Measurement
of Lipoprotein(a): Bridging Past and Future Initiatives. IN: Kostner K, Kostner GM, Toth PP, Editors
Lipoprotein(a) [Internet]. Cham: Springer International Publishing; 2023, s. 297-323. (Contemporary
Cardiology).

43.Swearingen CA, Sloan JH, Rhodes GM, Siegel RW, Bivi N, Qian Y, Konrad RJ, Boffa M, Koschinsky
M, Krege J, Ruotolo G, Nicholls SJ, Michael LF, Wen Y. Measuring Lp(a) particles with a novel isoform-
insensitive immunoassay illustrates efficacy of muvalaplin. J Lipid Res. 2024 Dec 6;66(1):100723.

44.Kronenberg F. Lipoprotein(a) measurement issues: Are we making a mountain out of a molehill?
Atherosclerosis 2022;349:123-35.

45.Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, Berglund L, i in. Lipoprotein(a) in
atherosclerotic cardiovascular disease and aortic stenosis: a European Atherosclerosis Society consensus
statement. Eur Heart J. 2022;43(39):3925-46.

46.Ruhaak LR, Cobbaert CM. Quantifying apolipoprotein(a) in the era of proteoforms and precision
medicine. Clin Chim Acta. 2020;511:260-8.

47.Szarek M, Reijnders E, Jukema JW, Bhatt DL, Bittner VA, Diaz R, i in. Relating Lipoprotein(a)
Concentrations to Cardiovascular Event Risk After Acute Coronary Syndrome: A Comparison of 3 Tests.
Circulation. 2024;149(3):192-203.

48.Johansen AK, Bogsrud MP, Thoresen M, Christensen JJ, Narverud I, Langslet G, Svilaas T, Retterstol K,
Holven KB. Lipoprotein(a) in children and adolescents with genetically confirmed familial
hypercholesterolemia followed up at a specialized lipid clinic. Atheroscler Plus. 2024;57:13-18.

49.Simony SB, Mortensen MB, Langsted A, Afzal S, Kamstrup PR, Nordestgaard BG. Sex differences of
lipoprotein(a) levels and associated risk of morbidity and mortality by age: The Copenhagen General
Population Study. Atherosclerosis. 2022;355:76-82.

50.Corral P, Matta MG, Aguilar-Salinas C, Mehta R, Berg G, Ruscica M, i in. Lipoprotein(a) throughout life
in women. Am J Prev Cardiol. 2024;20:100885.

51.Sattar N, Clark P, Greer IA, Shepherd J, Packard CJ. Lipoprotein (a) levels in normal pregnancy and in
pregnancy complicated with pre-eclampsia. Atherosclerosis. 2000;148(2):407-11.

35



52.Wang Q, Wiirtz P, Auro K, Mikinen VP, Kangas AJ, Soininen P, i in. Metabolic profiling of pregnancy:
cross-sectional and longitudinal evidence. BMC Med. 2016;14(1):205.

53.Manten GTR, Franx A, Van Der Hoek Y'Y, Hameeteman TM, VVoorbij HAM, Smolders HC, i in. Changes
of plasma lipoprotein(a) during and after normal pregnancy in Caucasians. J Matern Fetal Neonatal Med.
2003;14(2):91-5.

54.Lewek J, Bielecka-Dabrowa A, Toth PP, Banach M. Dyslipidaemia management in pregnant patients: a
2024 update. Eur Heart J Open. 2024;4(3):0eae032.

55.Golawski M, Lejawa M, Osadnik T, Mickiewicz A, Gierlotka M, Jozwiak J, Pawlas N, Banach M.
Genetically determined lipoprotein(a) levels do not cause an increased risk of preeclampsia - a two-sample
Mendelian randomization study, Eur Heart J 2023; 44(Supplement_2): ehad655.2728; doi:
10.1093/eurheartj/ehad655.2728.

56.Sosnowska B, Stepinska J, Mitkowski P, Bielecka-Dabrowa A, Bobrowska B, Budzianowski J, i in.
Recommendations of the Experts of the Polish Cardiac Society (PCS) and the Polish Lipid Association
(PoLA) on the diagnosis and management of elevated lipoprotein(a) levels. Arch Med Sci. 2024;20(1):8—
217.

57.Enkhmaa B, Berglund L. Non-genetic influences on lipoprotein(a) concentrations. Atherosclerosis.
2022;349:53-62.

58.Surma S, Sahebkar A, Banach M, endorsed by the International Lipid Expert Panel (ILEP). Low
carbohydrate/ketogenic diet in the optimization of lipoprotein(a) levels: do we have sufficient evidence
for any recommendation? Eur Heart J. 2023;44(47):4904-6.

59.Gaba P, Rosenson RS, Lopez JAG, Watts GF, Leucker TM, Kuder JF, i in. Intraindividual Variability in
Serial Lipoprotein(a) Concentrations Among Placebo-Treated Patients in the OCEAN(a)-DOSE Trial. J
Am Coll Cardiol. 2024;S0735109724100435.

60.Harb T, Ziogos E, Blumenthal RS, Gerstenblith G, Leucker TM. Intra-individual variability in
lipoprotein(a): the value of a repeat measure for reclassifying individuals at intermediate risk. Eur Heart
J Open. 2024;4(5):0eae064.

61.Moriarty PM, Gorby LK, Stroes ES, Kastelein JP, Davidson M, Tsimikas S. Lipoprotein(a) and Its
Potential Association with Thrombosis and Inflammation in COVID-19: a Testable Hypothesis. Curr
Atheroscler Rep. 2020;22(9):48.

62.Miiller N, Schulte DM, Tiirk K, Freitag-Wolf S, Hampe J, Zeuner R, i in. IL-6 blockade by monoclonal
antibodies inhibits apolipoprotein (a) expression and lipoprotein (a) synthesis in humans. J Lipid Res.
2015;56(5):1034-42.

63.Surma S, Sosnowska B, Reiner Z, Banach M. New data allow to better understand the secrets of
lipoprotein(a): is that for sure? Eur Heart J Open. 2024;4(5):0eae066.

64.Sourij C, Aziz F, Krappinger S, Praschk A, Metzner T, Kojzar H, i in. Changes in Lipoprotein(a) Levels
in People after ST Elevation Myocardial Infarction—The STEMI-Lipids Study. Int J Mol Sci.
2023;24(21):15531.

65. Ziogos E, Vavuranakis MA, Harb T, Foran PL, Blaha MJ, Jones SR, i in. Lipoprotein(a) concentrations
in acute myocardial infarction patients are not indicative of levels at six month follow-up. Bick M,
redaktor. Eur Heart J Open. 2023;3(2):0ead035.

66.Barth JH, Jackson BM, Farrin AJ, Efthymiou M, Worthy G, Copeland J, Bailey KM, Romaine SP,
Balmforth AJ, McCormack T, Whitehead A, Flather MD, Nixon J, Hall AS; SPACE ROCKET Trial
Group. Change in serum lipids after acute coronary syndromes: secondary analysis of SPACE ROCKET
study data and a comparative literature review. Clin Chem. 2010 Oct;56(10):1592-8.

36



67.Chiesa G, Zenti MG, Baragetti A, Barbagallo CM, Borghi C, Colivicchi F, i in. Consensus document on
Lipoprotein(a) from the Italian Society for the Study of Atherosclerosis (SISA). Nutr Metab Cardiovasc
Dis. 2023;33(10):1866—77.

68.Durlach V, Bonnefont-Rousselot D, Boccara F, Varret M, Di-Filippo Charcosset M, Cariou B, i in.
Lipoprotein(a): Pathophysiology, measurement, indication and treatment in cardiovascular disease. A
consensus statement from the Nouvelle Société Francophone d’Athérosclérose (NSFA). Arch Cardiovasc
Dis. 2021;114(12):828-47.

69.Pearson GJ, Thanassoulis G, Anderson TJ, Barry AR, Couture P, Dayan N, i in. 2021 Canadian
Cardiovascular Society Guidelines for the Management of Dyslipidemia for the Prevention of
Cardiovascular Disease in Adults. Can J Cardiol. 2021;37(8):1129-50.

70.Puri R, Nissen SE, Arsenault BJ, St John J, Riesmeyer JS, Ruotolo G, i in. Effect of C-Reactive Protein
on Lipoprotein(a)-Associated Cardiovascular Risk in Optimally Treated Patients With High-Risk
Vascular Disease: A Prespecified Secondary Analysis of the ACCELERATE Trial. JAMA Cardiol. 1
2020;5(10):1136.

71.Li JJ, Ma CS, Zhao D, Yan XW, Li J, Ma C, i in. Lipoprotein(a) and Cardiovascular Disease in Chinese
Population. JACC Asia. 2022;2(6):653-65.

72.Koschinsky ML, Bajaj A, Boffa MB, Dixon DL, Ferdinand KC, Gidding SS, i in. A focused update to
the 2019 NLA scientific statement on use of lipoprotein(a) in clinical practice. J Clin Lipidol.
2024;18(3):e308-19.

73.Loh WJ, Pang J, Chakraborty A, Ward NC, Chan DC, Hooper AJ, i in. Cascade testing of children and
adolescents for elevated Lp(a) in pedigrees with familial hypercholesterolaemia. J Clin Lipidol.
2024;18(1):e33-7.

74.Patel AP, Wang M, Pirruccello JP, Ellinor PT, Ng K, Kathiresan S, i in. Lp(a) (Lipoprotein[a])
Concentrations and Incident Atherosclerotic Cardiovascular Disease: New Insights From a Large
National Biobank. Arterioscler Thromb Vasc Biol. 2021;41(1):465-74.

75.Kamstrup PR. Genetically Elevated Lipoprotein(a) and Increased Risk of Myocardial Infarction. JAMA.
2009;301(22):2331.

76.Burzynska M, Babicki M, Banach M, Jankowski P, Chudzik M. Lipoprotein(a) as a predictive marker of
coronary artery calcification (CAC). The results from the STAR-Lp(a) cohort study., Eur Heart J 2024;
45(Supplement_1):ehae666.2829.

77.Bhatia HS, Hurst S, Desai P, Zhu W, Yeang C. Lipoprotein(a) Testing Trends in a Large Academic Health
System in the United States. J Am Heart Assoc. 2023;12(18):e031255.

78.Zafrir B, Aker A, Saliba W. Lipoprotein(a) testing in clinical practice: real-life data from a large
healthcare provider. Eur J Prev Cardiol. 2022;29(14):e331-3.

79.Nurmohamed NS, Kaiser Y, Schuitema PCE, Ibrahim S, Nierman M, Fischer JC, i in. Finding very high
lipoprotein(a): the need for routine assessment. Eur J Prev Cardiol. 2022;29(5):769-76.

80. Thanassoulis G, Campbell CY, Owens DS, Smith JG, Smith AV, Peloso GM, i in. Genetic Associations
with Valvular Calcification and Aortic Stenosis. N Engl J Med. 2013;368(6):503-12.

81.Langsted A, Nordestgaard BG, Kamstrup PR. Elevated Lipoprotein(a) and Risk of Ischemic Stroke. J Am
Coll Cardiol. 2019;74(1):54-66.

82.Masson W, Lobo M, Barbagelata L, Molinero G, Bluro I, Nogueira JP. Elevated lipoprotein (a) levels
and risk of peripheral artery disease outcomes: A systematic review. Vasc Med. 2022;27(4):385-91.

37



83.Kamstrup PR, Nordestgaard BG. Elevated Lipoprotein(a) Levels, LPA Risk Genotypes, and Increased
Risk of Heart Failure in the General Population. JACC Heart Fail. 2016;4(1):78-87.

84.Lewek J, Sosnowska B, Bielecka-Dabrowa A, Mierczak K, Adach W, Banach M. Lipoprotein(a) and
other risk factors in dyslipidemic patients with and without heart failure. Arch Med Sci. 2024; 20(5):1705-
1709.

85.Singh S, Baars DP, Desai R, Singh D, Pinto-Sietsma SJ. Association Between Lipoprotein (a) and Risk
of Atrial Fibrillation: A Systematic Review and Meta-analysis of Mendelian Randomization Studies. Curr
Probl Cardiol 2024;49(1):102024.

86.Grant JK, Martin SS, Zhang S, Matsushita K, Virani SS, Blumenthal RS, i in. Racial Differences in the
Burden of Atherosclerotic Cardiovascular Disease Related to Elevated Lipoprotein(a) Levels: The ARIC
Study. Circulation. 2024;150(3):250-2.

87.Ridker PM, Moorthy MV, Cook NR, Rifai N, Lee IM, Buring JE. Inflammation, Cholesterol,
Lipoprotein(a), and 30-Year Cardiovascular Outcomes in Women. N Engl J Med. 2024;391(22):2087—
97.

88.Bhatia HS, Wandel S, Willeit P, Lesogor A, Bailey K, Ridker PM, Nestel P, Simes J, Tonkin A, Schwartz
GG, Colhoun H, Wanner C, Tsimikas S. Independence of Lipoprotein(a) and Low-Density Lipoprotein
Cholesterol-Mediated Cardiovascular Risk: A Participant-Level Meta-Analysis. Circulation.
2025;151(4):312-321.

89.Ridker PM. A Test in Context. J Am Coll Cardiol. 2016;67(6):712-23.

90.Small AM, Pournamdari A, Melloni GEM, Scirica BM, Bhatt DL, Raz |, i in. Lipoprotein(a), C-Reactive
Protein, and Cardiovascular Risk in Primary and Secondary Prevention Populations. JAMA Cardiol.
2024;9(4):385.

91.Thomas PE, Vedel-Krogh S, Kamstrup PR, Nordestgaard BG. Lipoprotein(a) is linked to
atherothrombosis and aortic valve stenosis independent of C-reactive protein. Eur Heart J.
2023;44(16):1449-60.

92.Amold N, Blaum C, GoBling A, Brunner FJ, Bay B, Ferrario MM, i in. C-reactive protein modifies
lipoprotein(a)-related risk for coronary heart disease: the BiomarCaRE project. Eur Heart J.
2024;45(12):1043-54.

93.Zhang W, Speiser JL, Ye F, Tsai MY, Cainzos-Achirica M, Nasir K, i in. High-Sensitivity C-Reactive
Protein Modifies the Cardiovascular Risk of Lipoprotein(a). J Am Coll Cardiol. 2021;78(11):1083-94.

94.Yuan D, Wang P, Jia S, Zhang C, Zhu P, Jiang L, i in. Lipoprotein(a), high-sensitivity C-reactive protein,
and cardiovascular risk in patients undergoing percutaneous coronary intervention. Atherosclerosis.
2022;363:109-16.

95. Alebna PL, Han CY, Ambrosio M, Kong G, Cyrus JW, Harley K, i in. Association of Lipoprotein(a) With
Major Adverse Cardiovascular Events Across hs-CRP. JACC Adv. 2024;3(12):101409.

96.Chung YH, Lee BK, Kwon HM, Min PK, Choi EY, Yoon YW, i in. Coronary calcification is associated
with elevated serum lipoprotein (a) levels in asymptomatic men over the age of 45 years: A cross-sectional
study of the Korean national health checkup data. Medicine (Baltimore). 2021;100(9):24962.

97.Mehta A, Vasquez N, Ayers CR, Patel J, Hooda A, Khera A, i in. Independent Association of
Lipoprotein(a) and Coronary Artery Calcification With Atherosclerotic Cardiovascular Risk. J Am Coll
Cardiol. 2022;79(8):757-68.

98.Kaiser Y, Daghem M, Tzolos E, Meah MN, Doris MK, Moss AJ, i in. Association of Lipoprotein(a) With
Atherosclerotic Plaque Progression. J Am Coll Cardiol. 2022;79(3):223-33.

38



99.Qiu Y, Hao W, Guo Y, Guo Q, Zhang Y, Liu X, i in. The association of lipoprotein (a) with coronary
artery calcification: A systematic review and meta-analysis. Atherosclerosis. 2024;388:117405.

100. Zheng KH, Tsimikas S, Pawade T, Kroon J, Jenkins WSA, Doris MK, i in. Lipoprotein(a) and Oxidized
Phospholipids Promote Valve Calcification in Patients With Aortic Stenosis. J Am Coll Cardiol.
2019;73(17):2150-62.

101. Khan Ml, Zahir RS, Dominguez AC, Romeo FJ. Role of Lipoprotein (A) in aortic valve stenosis: Novel
disease mechanisms and emerging pharmacotherapeutic approaches. IJC Heart Vasc. 2024;55:101543.

102. 99 Arsenault BJ, Loganath K, Girard A, Botezatu S, Zheng KH, Tzolos E, i in. Lipoprotein(a)
and Calcific Aortic Valve Stenosis Progression: A Systematic Review and Meta-Analysis. JAMA
Cardiol. 2024;9(9):835.

103. Surma S, Zembala MO, Okopien B, Banach M. Lipoprotein (a) and lipid-lowering treatment from the
perspective of a cardiac surgeon. An impact on the prognosis in patients with aortic valve replacement
and after heart transplantation. Int J Cardiol Cardiovasc Risk Prev. 2024;22:200297.

104. Kim AR, AhnJM, Kang DY, Jun TJ, Sun BJ, Kim HJ, i in. Association of Lipoprotein(a) With Severe
Degenerative Aortic Valve Stenosis. JACC Asia. 2024;4(10):751-60.

105. Tsimikas S. Lp(a) and Accelerated Progression of Aortic Stenosis. JACC Asia. 2024;4(10):761-3.

106. Wu B, Zhang Z, Long J, Zhao H, Zeng F. Association between lipoprotein (a) and heart failure with
reduced ejection fraction development. J Clin Lab Anal. 2022;36(1):e24083.

107. Singh S, Baars DP, Aggarwal K, Desai R, Singh D, Pinto-Sietsma SJ. Association between lipoprotein
(a) and risk of heart failure: A systematic review and meta-analysis of Mendelian randomization studies.
Curr Probl Cardiol. 2024;49(4):102439.

108. Januzzi JL, Van Kimmenade RRJ, Liu Y, Hu X, Browne A, Plutzky J, i in. Lipoprotein(a), Oxidized
Phospholipids, and Progression to Symptomatic Heart Failure: The CASABLANCA Study. J Am Heart
Assoc. 2024;13(12):e034774.

109. Zheng W, Chilazi M, Park J, Sathiyakumar V, Donato LJ, Meeusen JW, i in. Assessing the Accuracy
of Estimated Lipoprotein(a) Cholesterol and Lipoprotein(a)-Free Low-Density Lipoprotein Cholesterol.
J Am Heart Assoc. 2022;11(2):e023136.

110. Solnica B, Sygitowicz G, Sitkiewicz D, Jozwiak J, Kasperczyk S, Broncel M, i in. 2024 Guidelines of
the Polish Society of Laboratory Diagnostics and the Polish Lipid Association on laboratory diagnostics
of lipid metabolism disorders. Arch Med Sci 2024; 20(2):357-374. doi: 10.5114/aoms/186191

111. Arnold N, Blaum C, GoBling A, Brunner FJ, Bay B, Zeller T, i in. Impact of Lipoprotein(a) Level on
Low-Density Lipoprotein Cholesterol- or Apolipoprotein B—Related Risk of Coronary Heart Disease. J
Am Coll Cardiol. 2024;84(2):165-77.

112. Tsimikas S, Yeang C, Kronenberg F. In Search of an Accurate Measurement of LDL-C. J Am Coll
Cardiol. 2024;84(2):178-81.

113. Banach M, Surma S, Toth PP; endorsed by the International Lipid Expert Panel (ILEP). 2023: The year
in cardiovascular disease - the year of new and prospective lipid lowering therapies. Can we render
dyslipidemia a rare disease by 2024? Arch Med Sci. 2023;19(6):1602-1615.

114. Banach M, Burchardt P, Chlebus K, Dobrowolski P, Dudek D, Dyrbu§ K, i in.

PoLA/CFPiP/PCS/PSLD/PSD/PSH guidelines on diagnosis and therapy of lipid disorders in Poland 2021.
Arch Med Sci. 2021;17(6):1447-547.

39



115. Yahya R, Berk K, Verhoeven A, Bos S, van der Zee L, Touw J, Erhart G, Kronenberg F, Timman R,
Sijbrands E, Roeters van Lennep J, Mulder M. Statin treatment increases lipoprotein(a) levels in subjects
with low molecular weight apolipoprotein(a) phenotype. Atherosclerosis. 2019;289:201-205.

116. Tsimikas S, Gordts PLSM, Nora C, Yeang C, Witztum JL. Statin therapy increases lipoprotein(a)
levels. Eur Heart J. 2020;41(24):2275-84.

117. Banach M, Penson PE. Statins and Lp(a): do not make perfect the enemy of excellent. Eur Heart J.
2020;41(1):190-191.

118. Banach M, Surma S, Kapton-Cieslicka A, Mitkowski P, Dzida G, Tomasik T, i in. Position paper of
the Polish Expert Group on the use of pitavastatin in the treatment of lipid disorders in Poland endorsed
by the Polish Lipid Association. Arch Med Sci. 2024;20(1):28-42.

119. Sahebkar A, Simental-Mendia LE, Pirro M, Banach M, Watts GF, Sirtori C, i in. Impact of ezetimibe
on plasma lipoprotein(a) concentrations as monotherapy or in combination with statins: a systematic
review and meta-analysis of randomized controlled trials. Sci Rep 2018;8(1):17887.

120. Awad K, Mikhailidis DP, Katsiki N, Muntner P, Banach M. Effect of Ezetimibe Monotherapy on
Plasma Lipoprotein(a) Concentrations in Patients with Primary Hypercholesterolemia: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Drugs 2018;78(4):453-62.

121. Ridker PM, Lei L, Ray KK, Ballantyne CM, Bradwin G, Rifai N. Effects of bempedoic acid on CRP,
IL-6, fibrinogen and lipoprotein(a) in patients with residual inflammatory risk: A secondary analysis of
the CLEAR harmony trial. J Clin Lipidol. 2023;17(2):297-302.

122. Chemello K, Chan DC, Lambert G, Watts GF. Recent advances in demystifying the metabolism of
lipoprotein(a). Atherosclerosis. 2022;349:82-91.

123. The HPS2-THRIVE Collaborative Group. Effects of Extended-Release Niacin with Laropiprant in
High-Risk Patients. N Engl J Med. 2014;371(3):203-12.

124. Haynes R, Valdes-Marquez E, Hopewell JC, Chen F, Li J, Parish S, i in. Serious Adverse Effects of
Extended-release Niacin/Laropiprant: Results From the Heart Protection Study 2—Treatment of HDL to
Reduce the Incidence of Vascular Events (HPS2-THRIVE) Trial. Clin Ther. 2019;41(9):1767-77.

125. O’Donoghue ML, Fazio S, Giugliano RP, Stroes ESG, Kanevsky E, Gouni-Berthold I, i in.
Lipoprotein(a), PCSK9 Inhibition, and Cardiovascular Risk: Insights From the FOURIER Trial.
Circulation. 2019;139(12):1483-92.

126. Bittner VA, Szarek M, Aylward PE, Bhatt DL, Diaz R, Edelberg JM, i in. Effect of Alirocumab on
Lipoprotein(a) and Cardiovascular Risk After Acute Coronary Syndrome. J Am Coll Cardiol.
2020;75(2):133-44.

127. Toth PP, Jones SR, Monsalvo ML, Elliott-Davey M, Lépez JAG, Banach M. Effect of Evolocumab on
Non-High-Density Lipoprotein Cholesterol, Apolipoprotein B, and Lipoprotein(a): A Pooled Analysis of
Phase 2 and Phase 3 Studies. J Am Heart Assoc. 2020;9(5):e014129.

128. Ray KK, Kallend D, Leiter LA, Raal FJ, Koenig W, Jaros MJ, i in. Effect of inclisiran on lipids in
primary prevention: the ORION-11 trial. Eur Heart J. 2022;43(48):5047-57.

129. Katsiki N, Vrablik M, Banach M, Gouni-Berthold 1. Inclisiran, Low-Density Lipoprotein Cholesterol
and Lipoprotein (a). Pharmaceuticals (Basel). 2023 Apr 12;16(4):577.

130. Blanchard V, Chemello K, Hollstein T, Hong-Fong CC, Schumann F, Grenkowitz T, i in. The size of

apolipoprotein (a) is an independent determinant of the reduction in lipoprotein (a) induced by PCSK9
inhibitors. Cardiovasc Res. 2022;118(9):2103-11.

40



131. Akinlonu A, Boffa MB, Lyu C, Zhong J, Jindal M, Fadzan M, i in. Variation in Lipoprotein(a)
Response to Potent Lipid Lowering: The Role of Apolipoprotein (a) Isoform size. J Clin Lipidol.
2024;51933287424002770.

132. Connelly-Smith L, Alquist CR, Aqui NA, Hofmann JC, Klingel R, Onwuemene OA, i in. Guidelines
on the Use of Therapeutic Apheresis in Clinical Practice — Evidence-Based Approach from the Writing
Committee of the American Society for Apheresis: The Ninth Special Issue. J Clin Apheresis.
2023;38(2):77-278.

133. Safarova MS, Moriarty PM. Lipoprotein Apheresis: Current Recommendations for Treating Familial
Hypercholesterolemia and Elevated Lipoprotein(a). Curr Atheroscler Rep. 2023;25(7):391-404.

134. Waldmann E, Parhofer KG. Lipoprotein apheresis to treat elevated lipoprotein (a). J Lipid Res.
2016;57(10):1751-7.

135. Stefanutti C, Mazza F, Pasqualetti D, Di Giacomo S, Watts GF, Massari MS, i in. Lipoprotein apheresis
downregulates IL-1a, IL-6 and TNF-a mRNA expression in severe dyslipidaemia. Atheroscler Suppl.
2017;30:200-8.

136. Leebmann J, Roeseler E, Julius U, Heigl F, Spitthoever R, Heutling D, i in. Lipoprotein Apheresis in
Patients With Maximally Tolerated Lipid-Lowering Therapy, Lipoprotein(a)-Hyperlipoproteinemia, and
Progressive Cardiovascular Disease: Prospective Observational Multicenter Study. Circulation.
2013;128(24):2567-76.

137. Lipoprotein Apheresis: First FDA Indicated Treatment for Elevated Lipoprotein(a). J Clin Cardiol
[Internet]. 15  pazdziernik 2020 [cytowane 8  styczen  2025];1(1). Dostepne na:
https://www.scientificarchives.com/article/lipoprotein-apheresis-first-fda-indicated-treatment-for-
elevated-lipoprotein

138. Kayikcioglu M. LDL Apheresis and Lp (a) Apheresis: A Clinician’s Perspective. Curr Atheroscler
Rep. 2021;23(4):15.

139. The ASCEND Study Collaborative Group. Effects of Aspirin for Primary Prevention in Persons with
Diabetes Mellitus. N Engl J Med. 2018;379(16):1529-39.

140. Gaziano JM, Brotons C, Coppolecchia R, Cricelli C, Darius H, Gorelick PB, i in. Use of aspirin to
reduce risk of initial vascular events in patients at moderate risk of cardiovascular disease (ARRIVE): a
randomised, double-blind, placebo-controlled trial. The Lancet. 2018;392(10152):1036-46.

141. McNeil JJ, Wolfe R, Woods RL, Tonkin AM, Donnan GA, Nelson MR, i in. Effect of Aspirin on
Cardiovascular Events and Bleeding in the Healthy Elderly. N Engl J Med. 2018;379(16):1509-18.

142. Zheng SL, Roddick AJ. Association of Aspirin Use for Primary Prevention With Cardiovascular Events
and Bleeding Events: A Systematic Review and Meta-analysis. JAMA. 2019;321(3):277.

143. Lacaze P, Bakshi A, Riaz M, Polekhina G, Owen A, Bhatia HS, Natarajan P, Wolfe R, Beilin L,
Nicholls SJ, Watts GF, McNeil JJ, Tonkin AM, Tsimikas S. Aspirin for Primary Prevention of
Cardiovascular Events in Relation to Lipoprotein(a) Genotypes. J Am Coll Cardiol. 2022;80(14):1287-
1298.

144, Bhatia HS, Trainor P, Carlisle S, Tsai MY, Criqui MH, DeFilippis A, i in. Aspirin and Cardiovascular
Risk in Individuals With Elevated Lipoprotein(a): The Multi-Ethnic Study of Atherosclerosis. J Am Heart
Assoc. 2024;13(3):e033562.

145. Lacaze P, Bakshi A, Riaz M, Polekhina G, Owen A, Bhatia HS, i in. Aspirin for Primary Prevention

of Cardiovascular Events in Relation to Lipoprotein(a) Genotypes. J Am Coll Cardiol. 2022;80(14):1287—
98.

41



146. Chasman DI, Shiffman D, Zee RYL, Louie JZ, Luke MM, Rowland CM, i in. Polymorphism in the
apolipoprotein(a) gene, plasma lipoprotein(a), cardiovascular disease, and low-dose aspirin therapy.
Atherosclerosis. 2009;203(2):371-6.

147. Razavi AC, Richardson LC, Coronado F, Dzaye O, Bhatia HS, Mehta A, i in. Aspirin use for primary
prevention among US adults with and without elevated Lipoprotein(a). Am J Prev Cardiol.
2024;18:100674.

148. Patel SM, Bonaca MP, Morrow DA, Palazzolo MG, Jarolim P, Steg PG, Bhatt DL, Storey RF, Sabatine
MS, O'Donoghue ML. Lipoprotein(a) and Benefit of Antiplatelet Therapy: Insights from the PEGASUS-
TIMI 54 Trial. JACC Adv. 2023;2(9):100675.

149. Della Bona R, Giubilato S, Palmieri M, Benenati S, Rossini R, Di Fusco SA, i in. Aspirin in Primary
Prevention: Looking for Those Who Enjoy It. J Clin Med. 2024;13(14):4148.

150. Banach M, Surma S, Bielecka-Dgbrowa A, Gierlotka M, Glowczynska R, Jankowski P et al.
Rosuvastatin-Based Combination Treatment with Acetylsalicylic Acid or Ezetimibe in the Management
of Patients at High and Very High Cardiovascular Risk. Expert Opinion Paper of the Polish Lipid
Association 2025. Arch Med Sci. 2025; 21(2): https://doi.org/10.5114/a0ms/199826.

151. Sosnowska B, Surma S, Banach M. Targeted Treatment against Lipoprotein (a): The Coming
Breakthrough in Lipid Lowering Therapy. Pharmaceuticals. 2022;15(12):1573.

152. O’Donoghue ML, Rosenson RS, Lopez JAG, Lepor NE, Baum SJ, Stout E, i in. The Off-Treatment
Effects of Olpasiran on Lipoprotein(a) Lowering. J Am Coll Cardiol. 2024;84(9):790-7.

153. Nissen SE, Wang Q, Nicholls SJ, Navar AM, Ray KK, Schwartz GG, i in. Zerlasiran—A Small-
Interfering  RNA Targeting Lipoprotein(a): A Phase 2 Randomized Clinical Trial. JAMA.
2024;332(23):1992.

154. Nissen SE, Linnebjerg H, Shen X, Wolski K, Ma X, Lim S, i in. Lepodisiran, an Extended-Duration
Short Interfering RNA Targeting Lipoprotein(a): A Randomized Dose-Ascending Clinical Trial. JAMA.
2023;330(21):2075.

155. Kulkarni JA, Witzigmann D, Thomson SB, Chen S, Leavitt BR, Cullis PR, i in. The current landscape
of nucleic acid therapeutics. Nat Nanotechnol. 2021;16(6):630-43.

156. Novartis Pharmaceuticals. A Randomized Double-blind, Placebo-controlled, Multicenter Trial
Assessing the Impact of Lipoprotein (a) Lowering With Pelacarsen (TQJ230) on Major Cardiovascular
Events in Patients With Established Cardiovascular Disease [Internet]. clinicaltrials.gov; 2025 [accessed
12 January 2025]. Report No.: NCT04023552. Available at:
https://clinicaltrials.gov/study/NCT04023552

157. Novartis Pharmaceuticals. A Randomized Double-blind, Placebo-controlled, Multicenter Trial
Assessing the Impact of Lipoprotein(a) Lowering With Pelacarsen (TQJ230) on the Progression of
Calcific Aortic Valve Stenosis [Lp(a)FRONTIERS CAVS] [Internet]. clinicaltrials.gov; 2024 [accessed
12 January 2025]. Report No.: NCT05646381. Auvailable at:
https://clinicaltrials.gov/study/NCT05646381

158. Amgen. A Double-blind, Randomized, Placebo-controlled, Multicenter Study Assessing the Impact of
Olpasiran on Major Cardiovascular Events in Participants With Atherosclerotic Cardiovascular Disease
and Elevated Lipoprotein(a) [Internet]. clinicaltrials.gov; 2024 [accessed 12 January 2025]. Report No.:
NCT05581303. Available at: https://clinicaltrials.gov/study/NCT05581303

159. Eli Lilly and Company. A Phase 2, Randomized, Double-Blind, Placebo-Controlled Study to
Investigate the Efficacy and Safety of LY3819469 in Adults With Elevated Lipoprotein(a) [Internet].
clinicaltrials.gov; 2025 [accessed 12 January 2025]. Report No.. NCT05565742. Available at:
https://clinicaltrials.gov/study/NCT05565742

42



160. Eli Lilly and Company. A Phase 3, Randomized, Double-Blind, Placebo-Controlled Study to
Investigate the Effect of Lepodisiran on the Reduction of Major Adverse Cardiovascular Events in Adults
With Elevated Lipoprotein(a) Who Have Established Atherosclerotic Cardiovascular Disease or Are at
Risk for a First Cardiovascular Event - ACCLAIM-Lp(a) [Internet]. clinicaltrials.gov; 2024 [accessed 12
January 2025]. Report No.: NCT06292013. Available at: https://clinicaltrials.gov/study/NCT06292013

161. Nicholls SJ, Nissen SE, Fleming C, Urva S, Suico J, Berg PH, i in. Muvalaplin, an Oral Small Molecule
Inhibitor of Lipoprotein(a) Formation: A Randomized Clinical Trial. JAMA. 2023;330(11):1042.

162. Morrow PK, D’Souza S, Wood T, Gowda V, Lee N, Lei Zhang M, i in. Abstract 17013: CTX320: An
Investigational in vivo CRISPR-Based Therapy Efficiently and Durably Reduces Lipoprotein (a) Levels
in  Non-Human  Primates After a Single Dose. Circulation  2023;148(Suppl_1).
https://www.ahajournals.org/doi/10.1161/circ.148.suppl_1.17013

163. Nicholls SJ. Therapeutic Potential of Lipoprotein(a) Inhibitors. Drugs. czerwiec 2024;84(6):637-43.

164. Nicholls SJ, Ni W, Rhodes GM, Nissen SE, Navar AM, Michael LF, i in. Oral Muvalaplin for Lowering
of Lipoprotein(a): A Randomized Clinical Trial. JAMA 2025 Jan 21;333(3):222-231.

165. CTX320: An Investigational In Vivo CRISPR-Based Therapy Efficiently And Durably Reduces
Lipoprotein(a) Levels In Non-Human Primates After A Single Dose. [Internet]. Available at:
https://ir.crisprtx.com/static-files/db310adc-944e-4d9a-9d68-5ab358716¢c2¢

166. Nicholls SJ, Ditmarsch M, Kastelein JJ, Rigby SP, Kling D, Curcio DL, i in. Lipid lowering effects of
the CETP inhibitor obicetrapib in combination with high-intensity statins: a randomized phase 2 trial. Nat
Med. 2022;28(8):1672-8.

167. Tsimikas S, Yang X, Hsieh A, Ditmarsch M, Davidson M, Kastelein J. Obicetrapib demonstrates
significant reductions of Lp(a) on top of high-intensity statins. Atherosclerosis. 2024;395:118412.

168. Nicholls S, Nelson A, Ditmarsch M, Kastelein J, Ballantyne C, Ray K, et al. 4171281 Safety and
Efficacy of Obicetrapib in Patients with Heterozygous Familial Hypercholesterolemia. Circulation
2024;150(25): https://doi.org/10.1161/CIR.0000000000001299

169. NewAmsterdam Pharma. A Phase 2 Study to Evaluate the Effect of Obicetrapib Alone and in
Combination With Evolocumab (Repatha®) on Lipoprotein (a) in Patients With Mild Dyslipidemia: The
VINCENT Study [Internet]. clinicaltrials.gov; 2024 lis [accessed January 2025]. Report No.:
NCT06496243. Available at: https://clinicaltrials.gov/study/NCT06496243

170. Gudbjartsson DF, Thorgeirsson G, Sulem P, Helgadottir A, Gylfason A, Saemundsdottir J, i in.
Lipoprotein(a) Concentration and Risks of Cardiovascular Disease and Diabetes. J Am Coll Cardiol.
2019;74(24):2982-94.

171. Kamstrup PR, Nordestgaard BG. Lipoprotein(a) concentrations, isoform size, and risk of type 2
diabetes: a Mendelian randomisation study. Lancet Diabetes Endocrinol. 2013;1(3):220-7.

172. Paige E, Masconi KL, Tsimikas S, Kronenberg F, Santer P, Weger S, i in. Lipoprotein(a) and incident
type-2 diabetes: results from the prospective Bruneck study and a meta-analysis of published literature.
Cardiovasc Diabetol. 2017;16(1):38.

173. Tsimikas S. In search of a physiological function of lipoprotein(a): causality of elevated Lp(a) levels
and reduced incidence of type 2 diabetes. J Lipid Res. 2018;59(5):741-4.

174. Farukhi ZM, Mora S. Lifelong low Lp(a) levels: genetics give a green light? Eur Heart J.
2021;42(12):1157-9.

43



175. Ye Z, Haycock PC, Gurdasani D, Pomilla C, Boekholdt SM, Tsimikas S, i in. The Association Between
Circulating Lipoprotein(a) and Type 2 Diabetes: Is It Causal? Diabetes. 2014;63(1):332-42.

176. Gotawski M, Lejawa M, Banach M, Jozwiak J, Gierlotka M, Osadnik T. Association between Lp(a)
and T2D: a Mendelian randomization study. Arch Med Sci. 2024;20(3):1002-5.

177. Yeung MW, Said MA, Van De Vegte YJ, Verweij N, Dullaart RPF, VVan Der Harst P. Associations of
very low Lipoprotein(a) levels with risks of new-onset diabetes and non-alcoholic liver disease.
Atheroscler Plus. 2024;57:19-25.

178. Lejawa M, Gotawski M, Fronczek M, Osadnik T, Paneni F, Ruscica M, i in. Causal associations
between insulin and Lp(a) levels in Caucasian population: a Mendelian randomization study. Cardiovasc
Diabetol. 2024;23(1):316.

179. Sabouret P, Dib J, Ecarnot F, Banach M, Lellouche N. Eligibility for icosapent ethyl in a French
population of coronary outpatients with type 2 diabetes. Arch Med Sci. 2023;19(6):1901-3.

180. Konieczynska M, Natorska J, Zabczyk M, Undas A. Lipoprotein(a) and thromboembolism: current
state of knowledge and unsolved issues. Arch Med Sci. 2024;20(6):1770-83.
https://doi.org/10.5114/a0ms/197357

44



New findings about Lipoprotein(a) in 2024

Lp(a) 6x

more
atherogenic
than LDL
Lp(a) levels per particle
in 15- y Genetic
month-old ‘ ‘ therapies

infants ‘
reflect adult CTX320

No association Lp(a) levels

between low can predict
Lp(a) levels ; MACE over
and the new ' 30 years
onset of DM '

Aspirin may molar Lp(a)
reduce assays
MACE in similarly
elevated prognostic

Lp(a) for MACE



http://www.tcpdf.org

