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ABSTRACT:

Elevated circulating concentrations of lipoprotein(a) [Lp(a)] is strongly associated with
increased risk of atherosclerotic cardiovascular disease (CVD) and degenerative aortic
stenosis. This relationship was first observed in prospective observational studies, and the
causal relationship was confirmed in genetic studies. Everybody should have their Lp(a)
concentration measured once in their lifetime. CVD risk is elevated when Lp(a)
concentrations are high i.e >50 mg/dL (=100 mmol/L). Extremely high Lp(a) levels >180
mg/dL (>430 mmol/L) are associated with CVD risk similar to that conferred by familial
hypercholesterolemia. Elevated Lp(a) level was previously treated with niacin, which exerts a
potent Lp(a)-lowering effect. However, niacin is currently not recommended because, despite
the improvement in lipid profile, no improvements on clinical outcomes have been observed.
Furthermore, niacin use has been associated with severe adverse effects. Post hoc analyses of
clinical trials with proprotein convertase subtilisin/kexin type-9 (PCSK9) inhibitors have
shown that these drugs exert clinical benefits by lowering Lp(a), independent of their potent
reduction of low-density lipoprotein cholesterol (LDL-C). It is not yet known whether
PCSKO9 inhibitors will be of clinical use in patients with elevated Lp(a). Apheresis is a very
effective approach to Lp(a) reduction, which reduces CVD risk but is invasive and time-
consuming and is thus reserved for patients with very high Lp(a) levels and progressive CVD.
Studies are ongoing on the practical application of genetic approaches to therapy, including
antisense oligonucleotides against apolipoprotein(a) and small interfering RNA (siRNA)

technology, to reduce the synthesis of Lp(a).
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Lipoprotein(a) [Lp(a)] was first described by a Norwegian physician Kare Berg in 1963
[1]. The association between Lp(a) and the risk of cardiovascular disease (CVD) was
observed long ago in prospective observational studies. However, the interest of lipid experts
has been predominantly focused on low-density lipoproteins (LDL) due to their major role in
atherogenesis and the therapeutic success of CVD event reduction with plasma LDL
cholesterol (LDL-C) level lowering, and less attention has been paid to Lp(a). The renewed
interest in Lp(a) has been stimulated by novel research findings and the potential for
therapeutic Lp(a) reduction. Genetic studies have demonstrated that elevated Lp(a) is causally
associated with CVD risk [2]. Therapeutically, the use of proprotein convertase
subtilisin/kexin type- 9 (PCSK9) inhibitors in large clinical trials (FOURIER and ODYSSEY
OUTCOMES) led to a reduction in Lp(a) concentrations which was associated with a
reduction in the rate of CVD events in rate in secondary prevention [3,4]. The positive results
of these studies and development of new therapies targeted at inhibiting Lp(a) synthesis, such
as antisense oligonucleotides against the LPA gene which encodes apolipoprotein(a) [apo(a)]
and antibodies against oxidized phospholipids (OxPL), prompted the National Lipid
Association (NLA) to publish an expert statement with the insightful title: “Use of

lipoprotein(a) in clinical practice: a biomarker whose time has come”[5].

Structure of Lp(a)

Circulating concentrations of Lp(a) are almost entirely (approximately 90%) determined
genetically by the LPA gene, with minimal contribution of dietary or environmental factors.
Concentrations of Lp(a) are thought to be stable level throughout life; thus a single
measurement is sufficient unless Lp(a) level is found to be elevated and needs to be monitored
during treatment [5].

The Lp(a) particle has a unique and complicated structure [2,6,7,8]. It consists of two
subunits, a cholesterol-rich LDL-like particle, the apolipoprotein B element of which is
connected by a disulfide bond to one molecule of apolipoprotein(a) [apo(a)]. Apo(a) is a
glycoprotein synthesized mainly in the liver, with a structure similar to plasminogen, which
includes five tri-loop structure called kringles (KI-KV) and a protease domain. In contrast to
plasminogen, apo(a) lacks KI to KIII but contains KV and ten subtypes of KIV (KIV-KIV1y),
with the predominant KIV; subtype which occurs in multiple copies (from 3 to more than 40),
depending on the number of KIV> copies in the LPA gene. Thus, more than 40 isoforms of
apo(a) exist, leading to heterogeneity of Lp(a) particle size. The protease domain is not

present in apo(a) [6-8].



Most people inherit two different apo(a) isoforms, one form each parent. The resultant
serum Lp(a) concentration depends on the length of the LPA gene and consequently, Lp(a)
size. A negative correlation has been noted between Lp(a) concentration and Lp(a) particle
size. High concentrations of smaller Lp(a) particles (with fewer KIV> copies on apo(a)) are

associated with elevated cardiovascular risk [6-8].

Lipoprotein(a) Metabolism

Apo(a) is exclusively synthesized in the liver [9]. It is not certain where apo(a) is
combined with the apoB of LDL; however, this process is likely to occur on the surface of
hepatocytes, or in the extrahepatic space, away from the bloodstream [10,11]. Apo(a) first
adheres to LDL, and then a disulfide bond is formed between the KIV9 of apo(a) and the apoB
molecule in LDL [10].

Lp(a) is catabolized in the liver and kidneys [12]; however, these mechanisms have not
been completely elucidated. The role of the LDL-receptor is unclear, and other receptors may
also be involved. In their review, Reys-Soffer, Ginsberg and Ramakrishnan wrote: “The
uniformly observed lower fractional catabolism rate (FCR) for Lp(a) versus LDL do not rule
out for the LDL receptor, but if the latter is involved, then either Lp(a) has a lower affinity for
the LDL receptor than LDL or the LDL receptor is only one of several receptors involved in
Lp(a) clearance. The affinity of Lp(a) for other receptors, along with proportion of Lp(a)
cleared via each of those receptors, will determine the background FCR of Lp(a) in an
individual, as well the change in FCR when the number of LDL receptors increases” [10].

The kidneys are involved in the catabolism of Lp(a), and Lp(a) concentration is elevated
in patients with chronic kidney disease (CKD) [2,13]. Lp(a) level increases very early in the
course of CKD, even before the glomerular filtration rate (GFR) begins to decrease [14].
Apo(a) fragments are normally excreted by the kidneys at a rate of 1-1.5 mg/d, but this
excretion is compromised in patients with renal failure [15], leading to an elevated plasma
concentration of Lp(a). In patients with extensive proteinuria (nephrotic syndrome), Lp(a)
level is markedly increased secondary to increased hepatic synthesis [16]. Thus, elevated
Lp(a) level may be an acquired phenomenon in CKD, related to GFR reduction, the degree of
proteinuria, and increased synthesis. The presence of LDL receptor-related protein (LRP) in
various renal cell-types confirms the role of the kidneys in Lp(a) clearance [15].

The mechanisms regulating plasma Lp(a) concentrations are not entirely understood.
Some studies indicate that both catabolism (FCR) and the production rate correlate

significantly with each other, and with plasma Lp(a) concentrations [17]. However, other
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studies showed a correlation only between the production rate and Lp(a) concentration [18].
Thus, 57 years after its discovery, the metabolism of Lp(a) has not been completely elucidated

despite multiple studies.

The Physiological Roles of Lp(a)

The physiological roles of Lp(a) have not been definitively established. No abnormalities
have been reported in humans with low concentrations of Lp(a) [7]. Historically, the
beneficial role of Lp(a) was thought to be related to wound healing, tissue repair, and vascular
remodelling. A hemostatic effect is important in this process. Lp(a) is a thrombogenic
lipoprotein with significant structural similarity to plasminogen. Lp(a) reduces plasmin
generation by competing with plasminogen [19,20], resulting in stabilization of the fibrin clot.
Lp(a) is, therefore thought to have evolved to prevent haemorrhage [20]. Lp(a) accumulates at
loci of endothelial damage and binds to the vessel wall components and the subendothelial
matrix via complex mechanisms. Orso and Schmitz have described how Lp(a) affects
endothelial function, stimulates smooth muscle cell recruitment and migration from the media
to the intima, and activates monocytes/macrophages. These cellular effects mean that Lp(a)
plays important roles in vascular remodelling [7]. This possibly beneficial mechanism of

action may become harmful (atherogenic) in the presence of high concentrations of Lp(a).

Plasma Concentrations of Lp(a)

Substantial inter-individual variations in Lp(a) levels are observed (from 0.1 mg/dL to
more than 200 mg/dL), and the mean and median concentrations vary as much as 4-fold
between ethnic groups [2]. The distribution of Lp(a) concentrations is asymmetric in most
populations. The majority of individuals have Lp(a) levels below 10 mg/DI or even un-
detectable or barely detectable levels. The threshold level has been defined at 50 mg/dL, as
observational studies indicate that concentrations equal to or higher than 50 mg/dL are
associated with a clearly increased CVD event risk [21,22,23]. Nevertheless, even below 50
mg/dl, risk increased gradually with Lp(a) concentration from at least 30 mg/dL [21,24, 25].
The threshold level of 50 mg/dL to indicate individuals at increased risk was first adopted in
the 2018 American Heart Association/American College of Cardiology (AHA/ACC)
guidelines [26] and the 2016 European Society of Cardiology (ESC) guidelines [27] based
upon evidence from the JUPITER trial, in which a trend towards an increased risk of

CVDevents was seen starting at this level in patients treated with rosuvastatin [28]. Lp(a)



levels >30 mg/dL are noted in about 30% of individuals in the USA, and levels >50 mg/dL
occur in about 20% [29].

As noted above, the distribution of Lp(a) concentrations varies between populations.
Caucasians have generally lower levels, and Afro-Americans have higher levels [5]. The
Multi-Ethnic Study of Atherosclerosis (MESA) indicates that while Lp(a) >50 mg/dL is a
useful predictor of coronary artery disease in white Americans, this threshold should be >30
mg/dL in blacks [30]. However, the National Lipid Association has recommended adopting a
single threshold Lp(a) level for all Americans, i.e., 50 mg/dL (100 mmol/L) [5]. In their
opinion, it is unlikely that observations suggesting two different threshold values “reflect
differences in the underlying pathobiology of Lp(a)” but rather result from “a selection bias,
different statistical power in individual studies, and other confounding effects”.

A different approach to Lp(a) has been adopted in the recent 2019 ESC/European
Atherosclerosis Society (EAS) guidelines on the management of dyslipidemia [31]. The
authors did not adopt the 50 mg/dL threshold level but recommended that Lp(a) level should
be measured at least once in all adults to identify those with a very high level, i.e. >180
mg/dL (430 mmol/L), in whom the risk of atherosclerotic CVD is equal to that in subjects
with heterozygous familial hypercholesterolemia (heFH). The combination of above
summerizied approaches has been recently adopted by the 2020 Guidelines of the Polish
Society of Laboratory Diagnostics (PSLD) and the Polish Lipid Association (PoLA) on
laboratory diagnostics of lipid metabolism disorders [32]. The authors suggested that the
recommended Lp(a) values should be <30 mg/dL (<70 nmol/L), and the individuals with the
values 30-50 mg/dL (70-125 nmol/L) are already at the moderate CVD risk, those >50 mg/dL
(>125 nmol/L) at high CVD risk, and very high risk of myocardial infarction (MI) and aortic
valve stenosis (AS) exist for paients with very high Lp(a) levels (>180 mg/dL/450 nmol/L)
[32] (Figure 1).

Lp(a) as a Risk Factor for CVD and Calcific AS
Epidemiology

Large observational studies and meta-analyses indicate an association between Lp(a)
concentration and the risk of coronary artery disease (CAD) and ischemic stroke [33]. A good
example of a single population observational study is the Copenhagen City Heart Study,
which included a range of subjects, including those with extremely high Lp(a) levels (=120

mg/dL) [34]. Lp(a) level measurements were performed shortly after serum sampling, a



correction for regression dilution bias was performed, the relative hazard (HR) was
calculated, and the absolute risk was estimated [34]. In this study, 9330 subjects were
followed up for ten years to investigate whether there was an association between baseline
Lp(a) level and incidence of MI. In men with baseline Lp(a) level of 5-29 mg/dL, 30-84
mg/dL, 85-119 mg/dL and >120 mg/dL, HR was 1.5 (95% confidence interval [CI] 0.9-2.3),
1.6 (1.0-2.6), 2.6 (1.2-5.5), and 3.7 (1.7-8.0), respectively, whereas in women, the equivalent
values were 1.1 (0.6-1.9), 1.7 (1.0-3.1), 2.6 (1.2-5.9) and 3.6 (1.7-7.7), when compared to
Lp(a) levels <5 mg/dL. The authors concluded that a gradual increase in the risk of MI with
increasing Lp(a) levels was observed without a threshold value. Compared to levels <5
mg/dL, extremely high Lp(a) levels were associated with a 3- to 4-fold risk increase in risk in
the general population [34].

A weaker, albeit “continuous and independent” association between Lp(a) level and the
risk of major CVD events was found in the Emerging Risk Factors Collaboration meta-
analysis that included 36 prospective studies with 126 634 participants [21]. The overall
duration of follow-up was 1.3 million person-years. A continuous, independent, moderate
association was found between Lp(a) level and the risk of CAD and stroke. The relation
between Lp(a) concentration and CAD events (non-fatal MI + CAD death) and ischemic
stroke was curvilinear, indicating a growing risk with high Lp(a) levels [21]. The mean Lp(a)
levels differed between studies. The median level was 12.6 mg/dL (interquartile range 4.9-
32.1 mg/dL). The relative risk (RR) of CAD adjusted for age and gender was 1.16 (95% CI
1.11-1.22) for a 3.5-fold higher (1 SD) Lp(a) level and 1.13 (1.09-1.18) with further
adjustment for lipid levels [total cholesterol, non-high-density lipoprotein cholesterol (non-
HDL-C), HDL-C, and triglycerides) and other risk factors (systolic blood pressure, history of
diabetes, body mass index). Stroke incidence was also the highest in subjects with the highest
concentrations of Lp(a) (RR 1.10, 95% CI 1.02-1.18) [21].

Recently, a meta-analysis of 11 case-control and nine prospective studies investigating
the association between Lp(a) level and ischemic stroke risk was published, comparing the
highest and lowest concentrations of Lp(a) [35]. In individual studies, Lp(a) comparisons
were made “from dichotomous, tertile, quartile or quintile categorization, or when treated as
the continuous variable (eg. per unit or per SD increase)”. Based on this, the authors of the
meta-analysis compared the stroke risk in subjects with high and low Lp(a) levels. Of note,
this meta-analysis data from 126,694 participants. In case-control studies, the estimated odds
ratio (OR) for high compared to low Lp(a) levels was 1.41 (95% CI 1.26-1.57), while the RR

in prospective studies was 1.29 (1.06-1.58). In younger populations (mean age <55 years),
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this risk was higher than for older populations, in both case-control and prospective studies
[35].

Regarding the relationship between elevated Lp(a) as a CVD risk factor and plasma
concentration of LDL-C, some observational studies have demonstrated that Lp(a) increases
CVD risk only if LDL-C level exceeds a certain threshold. However, other observational and
interventional studies, in fact moste of them, indicate that Lp(a) is a residual risk factor
independent of LDL-C, even in patients who achieved target LDL-C values on lipid-lowering
therapy. The results of studies addressing this question [3,4,28,36-43] are summarised in
Table 1.

Elevated Lp(a) in the general population is also associated with the risk of AS and aortic
valvular lesions preceding clinically significant stenosis, as highlighted by Vuorio et al. in a
recent review [44]. However, this fact is less commonly known than the association between
elevated Lp(a) levels and CVD risk. In this context, it is useful to consideration of two notable
studies: one conducted in a single population [44], and the other involving many populations
[46].

In a prospective 20-year follow-up of 77,680 individuals in Denmark (combined results
of the Copenhagen City Heart Study and the Copenhagen General Population Study), elevated
Lp(a) levels were associated with a risk of AS in the general population [45]. HRs for Lp(a)
levels of 5-19 mg/dL (22"-66" percentile), 20-64 mg/dL (671-89™ percentile), 65-90 mg/dL
(90™-95™ percentile) and >90 mg/dL (>95" percentile) compared to <5 mg/dL were 1.2 (95%
C10.8-1.7), 1.6 (1.1-2.4), 2.0 (1.2-3.4) and 2.9 (1.8-4.9), respectively. The authors concluded
that a threefold risk increase may be expected with Lp(a) levels >90 mg/dL [45].

The MESA investigators evaluated whether threshold Lp(a) levels used for the
assessment of CVD risk were associated with the incidence and severity of subclinical calcific
aortic valve disease (CAVD) which was diagnosed by computed tomography. The study
included 4678 participants and additionally investigated whether significant relationships
could be observed for individuals of a range of races/nationalities [46]. The conventional
threshold Lp(a) level of >30 mg/dL was associated with a significantly higher rate of aortic
valve calcifications (AVC) in Caucasians (RR 1.56, 95% CI 1.24-1.96, P<0.01) compared to
levels <30 mg/dL. In blacks, the association between Lp(a) level and AVC was borderline
significant (RR 1.55, 95% CI 0.98-2.44, P=0.059). Lp(a) levels >50 mg/dL were significantly
associated with AVC in Caucasians (RR 1.72, 95% CI 1.36-2.17) compared to levels <50
mg/dL but no significant association was seen in blacks (RR 1.24, 95% CI 0.85-1.89, P=0.26)
[46]. A greater likelihood of severe AVC was seen in both white and black MESA study
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participants if Lp(a) level was above 30 or 50 mg/dL. No association between Lp(a) level and
the risk and severity of AVC was seen in Hispanic and Chinese participants (living in the
USA). The authors concluded that the threshold Lp(a) levels used for the assessment of CVD
risk seem to be applicable also for calcific AS, but further studies are required to investigate
whether race/ethnicity affects the association between Lp(a) concentration and the risk and
progression of AS [46].

In patients with heFH, AVC is more common, and Lp(a) levels are higher than in subjects
without heFH. A recent study evaluated aortic valve lesions in heFH [47]. AVC was
identified by computed tomography in 59 (41%) of 145 asymptomatic patients with heFH
(aged 5248 years) treated with statins compared to 27 (21%) of 131 control subjects (aged
56£9 years) (P<0.0001). Thus, AVC was nearly 2-fold more common in patients with FH
compared to controls. The severity of AVC was also higher, as indicated by the median AVC
score of 51 (interquartile range 9-117) vs 21 (3-49). Age, untreated maximum LDL-C level,
coronary artery calcifications (CAC), LDL receptor-negative mutation, and diastolic blood
pressure were positively associated with AVC. In this study, the plasma concentration of
Lp(a) was not measured. The authors concluded that FH was associated with a high
prevalence of extensive, subclinical AVC, particularly in patients with receptor-negative
mutations, highlighting a key role of LDL metabolism in the aetiology of AVC [47].

On the other hand, patients with heFH are known to have significantly higher Lp(a) levels
compared to subjects without heFH in the general population, which may also contribute to
higher rates of CVD and AVC [48-50]. Recently, two studies addressing this issue have been
published, including a comparative case-control study (SAFEHEART) [48] and a prospective
population study (Copenhagen General Population Study) [49]. In the SAFEHEART study
with 2917 participants (1960 subjects with FH and 957 relatives without FH), patients with
FH had higher Lp(a) levels compared to the relatives without FH, particularly those with
CVD [48]. Median Lp(a) level in patients with FH and CVD was 43.8 mg/dL (interquartile
range 18.2-84.3) compared to 21.5 mg/dL (8.4-37) in those with FH but no CVD (P<0.005).
The proportion of patients with Lp(a) level >50 mg/dL also differed significantly between
these two groups (46.2% vs 14.6%, P<0.0001). CVD event-free survival was significantly
shorter in patients with FH and Lp(a) levels >50 mg/dL compared to those with FH and Lp(a)
levels <50 mg/dL (log-rank P value <0.0001). In addition, patients with Lp(a) levels >50
mg/dL. who were carriers of LDL receptor-negative mutations, had a higher CVD risk
compared to those with less severe mutations. Of note, Lp(a) level was in independent

prognostic factor for CVD risk in both men and women with FH. As concluded by the
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authors, the risk was higher in patients with Lp(a) level >50 mg/dL and carriers of LDL
receptor-negative mutations compared to other less severe mutations. Aortic valve lesions
were not evaluated [48]. In the prospective Copenhagen General Population Study [49] with
46,200 participants, mean Lp(a) level in those with definite or likely FH was 35 mg/dL,
compared to 32 mg/dl in participants with possible FH and 23 mg/dL in those free from FH,
but no differences in the mean Lp(a) level were found between these three groups after
adjustment for contribution of Lp(a) cholesterol to LDL-C (21 mg/dL vs. 22 mg/dL vs. 24
mg/dL) [49]. However, differences were noted in HR for MI. Compared to FH(-) subjects
with Lp(a) level <50 mg/dL, HR was 1.4 (95% CI 1.1-1.7) in FH(-) subjects with Lp(a) level
>50 mg/dL, 5.3 (3.6-7.6) in FH(+) subjects (including definite, likely, and possible FH) with
Lp(a) level >50 mg/dL, and 3.2 (2.5-4.1) in FH(+) subjects with Lp(a) level <50 mg/dL. As
with the previous study, aortic valve lesions were not evaluated [49].

An increased Lp(a) level in some patients with FH may not only increase already high
CVD risk but also affect the development of AVC. This is evidenced by the results of the
study by Vongpromek et al. who evaluated the association between AVC and Lp(a) levels in
129 asymptomatic patients with heFH (median age of 51 years) who were treated with statins
[50]. It was shown that plasma Lp(a) level correlated significantly with the presence and
severity of AVC. No correlation was found between Lp(a) level and CAC. AVC were
significantly associated with Lp(a) level, age, body mass index, systolic and diastolic blood
pressure, duration of statin treatment, cholesterol-year score, and CAC. Each 10 mg/dL
increase in Lp(a) level was associated with an 11% increase in the risk of developing AVC
(95% CI 1.01-1.20, P<0.03). Thus, concomitant high LDL cholesterol and Lp(a) levels are
associated not only with increased CVD risk, but also more rapid development of AVC [50].

Genetics

Key evidence supporting Lp(a) as an independent risk factor for atherosclerotic CVD (in
particular CAD, MI, and ischemic stroke) and calcific AVS has been provided by the results
of genetic studies that are free from potential confounding, i.e., genome-wide association
studies (GWAS) and large Mendelian randomization studies [51,52]. The goal of GWAS was
to identify genes that modify Lp(a) concentrations, while Mendelian randomization studies
evaluated the association between the presence of single nucleotide polymorphisms (SNP) or
the number of KIV> repeats in the LPA gene and Lp(a) level, CVD risk, and the risk of AVC
and AS [51].
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Of 48,742 SNPs in 2100 candidate genes that were investigated in 2009 in patients with
CAD and control subjects, two SNPs in the LPA gene, rs 10 455 872 and rs 3 798 220, were
most strongly associated with Lp(a) levels. Both SNPs were associated with a high risk of
CAD [24]. Of note, both these SNPs are associated with fewer KIV> repeats, small apo(a)
isoforms and high Lp(a) concentrations. However, more than 50% of all subjects with small
apo(a) isoforms are not carriers of either of these SNPs [52]. Therefore, a genetic diagnosis
cannot be established in half the subjects with high CVD risk because of Lp(a), and therefore
measuring the Lp(a) concentration remains of paramount importance.

To investigate the genetic link between plasma Lp(a) level and the risk of MI and AS,
Nordestgaard and Langsted [51] updated their previous epidemiological studies [34,53,54]
and large Mendelian Randomization studies [53-55], combining the data from the
Copenhagen City Heart Study and the Copenhagen General Population Study to achieve
maximal statistical power. This new analysis confirmed an elevated MI risk with Lp(a) levels
>30 mg/dL. The risk of MI was increased 2.4-fold in subjects with Lp(a) levels >100 mg/dL
compared to <5 mg/dL. Each doubling of Lp(a) level was associated with a 15% higher risk
of MI (95% CI 11-20%) based on the number of LPA KIV> repeats (lowest versus highest)
and a 10% higher risk (95% CI 6-13) based on the presence of rs 10 455 872 SNP in the LPA
gene, and the risk of AS was increased by 13% (95% CI 1.04-1.22%) and 21% (1.14-1.29),
respectively. In observational studies, each doubling of Lp(a) level was associated with a 9%
higher MI risk (95% CI 7-12%). The authors of the meta-analysis highlighted a large (1000-
fold) individual variation of Lp(a) levels indicating that Lp(a) may confer considerable risk in
individuals with the highest values of Lp(a) [54,55].

A genetic association was also found between atherosclerotic coronary, carotid, and
femoral artery stenoses and Lp(a) concentration .The association was demonstrated by
comparing the number of KIV; repeats (lowest vs. highest tertile). The lowest number of
KIV; repeats was associated with a high risk of stenosis, suggesting a causal relationship [56].
Nordestgaard and Langsted [51] noted that associations between CVD risk-related LPA
genotypes and a high risk of arterial stenoses were also found in other studies. These genetic
associations confirm a causal relationship between Lp(a) level and the risk of atherosclerotic
CVD which was suggested by the results of prospective observational studies. It has been
demonstrated that an established strong genetic risk factor for M, i.e., rs 10 455 872 SNP in
the LPA gene, is also a genetic causal factor for AVC and AS [57]. Furthermore, the
combination of rs 10 455 872 and rs 3 798 220 SNP in the LPA gene and a low number of

KIV: repeats is causally associated with AS [45], thus confirming the results of prospective
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observational studies that suggested an association between Lp(a) level and the risk of
developing AS.

Observational and genetic evidence supports a relationship between plasma Lp(a) level
and the risk of heart failure, which is mostly (63%) attributable to MI and AS [51]. However,

other mechanisms cannot be excluded.

Mechanisms of Atherogenesis

Lp(a) is a proatherogenic and prothrombotic lipoprotein. However, the precise
mechanism of its atherogenic action is not known. The available data have been summarized
in several recent reviews [13,20,58-60] and a detailed discussion of this issue is beyond the
scope of the present article. Lp(a) is known to bind with proteoglycans and fibronectin on the
endothelial surface and penetrate into the subendothelial space [20]. It is believed that the risk
of atherosclerotic CVD is largely determined by the presence of OxPL in Lp(a) particles
[13,58,59,61].

Lp(a) trapping (by binding to proteoglycans and fibronectin) results in a prolonged
oxidation time, leading to oxidation of polyunsaturated fatty acid moieties in phospholipids.
Phospholipids undergo oxidation, either enzymatically by cellular lipoxygenases (LPO), or
when acted upon by reactive oxygen species (ROS) generated by such cellular enzymes as
myeloperoxidase and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase [13].
Most OxPL in the bloodstream (85%) is associated with Lp(a), and only small amounts are
associated with LDL and HDL. This observation suggests that Lp(a) may be the preferred
carrier of OxPL. A strong correlation has been noted between Lp(a) and OxPL levels. The
ability of Lp(a) to bind OxPL to its apo(a) moiety, particularly to small isoforms, may
partially explain the increased atherogenicity of small Lp(a) isoforms and their association
with higher CVD risk compared to larger isoforms [59]. OxPL-Lp(a) promotes inflammation,
initiating the expression and synthesis of a range of proinflammatory chemokines and
cytokines by the cells of the vessel wall [58]. One major consequence is that monocytes
adhere to the endothelium and penetrate into the intima, where they first transform into
macrophages and then accumulate cholesterol and become foam cells. Lp(a) may bind to
macrophages via scavenger receptors via phosphocholine in OxPL. Following Lp(a)
endocytosis into macrophages, its catabolism occurs in lysosomes, resulting in accumulation
of cholesterol. OxPL-Lp(a) also induces smooth muscle cells to migrate from the media to the

intima where they proliferate [58].
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There are similarities between the atherogenic effect of Lp(a) and its role in the
pathogenesis of calcific AVS [51]. The latter process is also mediated by OxPL, which exert a
proinflammatory effect and promotes calcification. The role of OxPL in the progression of
AVS is suggested by the results of the prospective ASTROMER study [62]. During a 3.5-year
follow-up of 269 patients aged 18-82 years with mild to moderate AVS, as evaluated using
Doppler echocardiography, the highest levels (upper tertile) of Lp(a) and proinflammatory
OxPL associated with apolipoprotein B-containing lipoproteins (OxPL-apo B), were found to
be independent predictors of AVS progression [62].

When discussing the pathogenic role of Lp(a), its thrombogenic properties should not be
overlooked. Apo(a), with a structure homologous to plasminogen, inhibits its conversion to
plasmin, which is a fibrinolytic and proteolytic enzyme. Lp(a) thereby promotes fibrin clot
stabilization by inhibition of fibrin degradation. This mechanism explains the increased
thrombotic risk observed in subjects with elevated Lp(a). In addition, Lp(a) affects platelet
activation and aggregation, increases plasminogen activator inhibitor-1 (PAI-1) synthesis, and
inhibits synthesis of the tissue factor pathway inhibitor (TFPI). These thrombogenic effects of
Lp(a) have been described in detail in recent reviews [13,20,63] (Figure 1).

Management

Recognizing the important role of elevated Lp(a) in the development of atherosclerosis
and its clinical sequelae, American experts from the NLA have recently developed a separate
statement on the management of this lipid disorder [5]. First, it is necessary to define the
indications for measuring the Lp(a) level. The recommendations have been categorized into
class Ila and class IIb indications. The following clinical situations have been considered class

ITa recommendations for measuring Lp(a) level in adults >20 years of age:

1. A family history of premature atherosclerotic CVD (ASCVD) events in first-degree
relatives (<55 years of age in men, <65 years of age in women);

2. A personal history of premature ASCVD, particularly without conventional risk factors;

3. Severe primary hypercholesterolemia (LDL-C >190 mg/dl) or suspected FH;

4. A very high risk of ASCVD to better define patients who are more likely to benefit from
PCSKO inhibitor therapy.

The most important class IIb recommendations include:

1. A family history or elevated Lp(a) level;
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2. Calcific AS;

3. Recurrent and progressive atherosclerotic CVD despite optimal lipid-lowering therapy.

In the 2018 AHA/ACC guidelines on the management of blood cholesterol, screening
Lp(a) measurement was considered to be relatively indicated in subjects with a family history
of atherosclerotic CVD (<55 years of age in men, <65 years of age in women) and in subjects
with a personal history of ASCVD without other major CVD risk factors [26]. Measuring
Lp(a) has also been considered beneficial in adults aged 40-75 years with an intermediate risk
of ASCVD (CVD event risk 7.5-19.9% over 10 years, as estimated using the US primary
prevention risk calculator) [26].

Targeting Lp(a) measurements (at least initially) to individuals with acute coronary
syndrome (ACS) and FH should be expected to yieldd a substantial population of individuals
with elevated Lp(a), for whom risk can be re-assessed and treatment potions such as PCSK9
inhibitors can be considered. Even 20-40% of individuals with ACS and FH are expected to
have elevated Lp(a) [64]. 3.6 million cases new cases of CAD were reported in 2017 for the
54 countries covered by ESC statistics, contributing to a prevalence of 34.9 million [65,66].
FH is estimated to occur in 1/225-1/250 individuals in many populations, thus yielding large
numbers of individuals with (probably undiagnosed) elevated Lp(a) [67].

In the 2019 ESC/EAS guidelines on the management of dyslipidemia, it was
recommended to consider Lp(a) measurement at least once in a lifetime (as the level is
strongly determined genetically), where testing is available [31]. As noted above, the goal is
to identify subjects with a very high Lp(a) level (=180 mg/dL or >430 mmol/L) and thus a
very high risk of ASCVD which is approximately equivalent to the risk associated with
heFH. It has also been recommended to consider measuring Lp(a) in selected patients with a
family history of premature of ASCVD and in order to re-classify subjects with borderline
(moderate to high) risk. While the American experts defined the abnormal Lp(a) level as > 50
mg/dL (=100 mmol/L) [5,26], no specific threshold value was given in the European
guidelines [31].

Lp(a) level lowering may lead to a reduction in the risk of ASCVD. However, as
indicated by estimation from genetic Mendelian randomization studies, Lp(a) level lowering
could result in a smaller reduction in the risk of CAD compared to the same magnitude of
LDL-C level lowering [68,69]. It has been estimated that to achieve the level of CAD event
risk reduction (by 22%) that is associated with lowering LDL-C level by 38.7 mg/dL
(approximately 1.0 mmol/L), Lp(a) level would need to be lowered by 65.7 mg/dL (95% CI
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46.3-88.3) [56]. Thus, it is believed that a large reduction in Lp(a) level would be necessary to
achieve a clinically meaningful reduction in the coronary event risk, and large benefits may be
expected in patients with particularly high Lp(a) levels.

Despite an established association between high Lp(a) levels and CVD event risk, no
specific recommendations on drug therapy targeted at Lp(a) level lowering have been
included in the expert statements and guidelines on the management of dyslipidemia
[5,26,31].

The effect of statins on Lp(a) level is controversial. Statins do not lower Lp(a) level, and
some studies have even demonstrated an increase in Lp(a) levels related to statin treatment. In
a meta-analysis of head-to-head randomized controlled trials, an increase in Lp(a) level has
been noted in the statin arm [weighted mean difference (WMD) 4.14 mg/dL, 95% CI 0.15-
8.12, P=0.042] [70]. A similar effect of statins on Lp(a) levels has been shown in another
meta-analysis [71,72]. After exclusion of rosuvastatin trials, this effect was attenuated and not
significant. Verhoeven et al. noted an increase in Lp(a) level from 66.4 (23.5-148.3) to 97.4
(24.9-160) mg/dL after 2 months since statin treatment initiation in patients with FH and high
Lp(a) levels who had a small molecular mass apo(a) (<22 KIV; repeats), while no such effect
was observed in patients with a large molecular mass apo(a) [73]. Based on this, the experts
supported by the International Lipid Expert Panel (ILEP) suggested that in those with the
baseline Lp(a) levels over 30 mg/dL and especially over 50 mg/dL the combination therapy of
statins and ezetimibe and/or nutraceuticals with confirmed Lp(a)-reducation properties should
be considered [72,74]. Statins are recommended in patients with elevated Lp(a) level not to
reduce it but to decrease CVD risk [5].

Recently, the experts who developed the consensus-based recommendations from EAS
and the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) entitled
“Quantified atherogenic lipoproteins for lipid-lowering strategies” have recommended that
Lp(a) be measured to obtain a correct measurement of LDL-C when patients experience a
poor response to LDL-C lowering therapy [75]. In such patients, the Lp(a) cholesterol moiety
can contribute substantially to the measured or calculated LDL-C, and may be the reason for
lower than expected reduction of LDL-C with statins. The correction of LDL-C with Lp(a)

values reported in mg/dL or mmol/L can be performed as follows:

Lp(a) corrected LDL-C (mg/dL) = LDL-C (mg/dL) — [Lp(a) mg/dL x 0.30]
Lp(a) corrected LDL-C (mmol/L) = LDL-C (mmol/L) — [Lp(a) mmol/L x 0.0078]
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As indicated by a meta-analysis of randomized clinical trials, ezetimibe monotherapy
leads to small decrease in plasma Lp(a) level but in the light of the above presented data, this
may be not a clinically meaningful effect [76].

Until now, niacin has been the most potent Lp(a) level-lowering drug (by up to 30%).
Niacin also lowers triglycerides and increases circulating concentrations of HDL-C [5].
However, combination therapy with niacin and statins does not lower the risk of CVD events,
but causes serious adverse effects [77-79]. For these reasons, niacin has not been licensed for
use in Europe.

Recently, after the publication of subanalyses of two secondary prevention trials with
PCSKO9 inhibitors, including the FOURIER study of evolocumab [3] and the ODYSSEY
OUTCOMES study with alirocumab [4], hope has emerged that these drugs may become
useful in patients with high Lp(a) levels. Both drugs potently reduce LDL-C by inhibiting
PCSK9 and thereby upregulating hepatic LDL-receptors. However, the PCSK9 inhibitors also
reduce circulating concentrations of Lp(a). In a recently published meta-analysis of 27
randomized clinical trials, including 11,864 patients, a substantial, 21% reduction in Lp(a)
level (95% CI 19.5-24.3) was noted in patients treated with evolocumab or alirocumab [80].
In the the most current analysis the authors evaluated the effects of evolocumab on non-HDL,
ApoB as well as Lp(a) in various patient populations over time [81]. Finally, data from 7690
patients from 15 phase 2 and phase 3 studies with a duration ranging from 12 weeks to 5 years
were pooled. Compared with placebo, evolocumab at both approved dosing regimens
substantially reduced median Lp (a) (Q2W dose: -22% to -38%, monthly dose: -20% to -33%)
at 12 weeks. The effect persisted over 5 years and was consistent among the patient
populations examined (hypercholesterolemia/mixed dyslipidemia, statin intolerance,
heterozygous FH, and type 2 diabetes mellitus) [81].

Post hoc analyses of the FOURIER and ODYSSEY OUTCOMES study data showed that
Lp(a) level lowering induced by treatment with evolocumab or alirocumab was independently
associated with a reduction in the CVD event rate [3,4]. In the FOURIER study, the median
Lp(a) level in patients with stable CAD treated with statins was 37 mg/dl [3]. The relative risk
of CAD death, non-fatal MI or the need for immediate coronary revascularization over 2.2
years of follow-up was the highest in the upper quartile of Lp(a) level (1.22, 95% CI 1.01-
1.48 compared to the lowest quartile) and did not depend on LDL-C level. After 48 weeks of
evolocumab therapy, the Lp(a) level was significantly reduced by 26.9% (6.2-46.7%) and
compared to placebo. The risk of the composite endpoint was reduced by 23% (HR 0.77, 95%
CI 0.67-0.88) in patients with Lp(a) level above the median and only by 7% (HR 0.93, 95%
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CI 0.80-1.08) in patients with Lp(a) level below the median. The numbers needed to treat
(NNT; 3 years of treatment) were 40 and 105, respectively [3]. In the ODYSSEY
OUTCOMES study in statin-treated patients after an ACS, the results were similar to the
FOURIER study. Baseline Lp(a) concentration in the placebo group was a predictor of CAD
death, non-fatal MI, ischemic stroke or hospitalization due to unstable angina (major adverse
CAD events, MACE) over 2.8 years of follow-up [4]. Baseline Lp(a) quartiles (<6.7 mg/dL),
6.7 to <21.2 mg/dL, 21.2 to <59.6 mg/dL, >59.6 mg/dL) also predicted Lp(a) lowering with
alirocumab after 4 months of treatment, as well as the relative (HR 0.95, 95% CI 0.97-1.15;
0.85, 0.71-1.03; 0.79, 0.66-0.94; and 0.83, 0.70-0.98, respectively), and absolute risk
reduction, at 0.4% (-1.2 to 2.1), 1.4% (-0.3 to 3.1), 2.3% (0.6 to 4.1), and 2.1% (0.2 to 3.9),
respectively. Each 1.0 mg/dL decrease in Lp(a) with alirocumab was associated with a
significant reduction in MACE (HR 0.994, 95% CI 0.990-0.999), and a 1.0 mg/dL decrease in
Lp(a) corrected LDL-C was also associated with a reduced risk of MACE (HR 0.996, 95% CI
0.994-0.998). The authors concluded: “Baseline lipoprotein(a) and corrected LDL-C levels
and their reductions by alirocumab predicted the risk of MACE after ACS. Lp(a) lowering by
alirocumab is an independent contributor to MACE reduction, which suggests lipoprotein (a)
should be an independent treatment target after ACS” [4].

However, the recent post hoc analysis of 10 phase-IIl ODDYSSEY studies (not including
the ODYSSEY OUTCOMES study) showed that reducing baseline Lp(a) level by 23.5 mg/dL
(8.0-67.0) with alirocumab (by 26.6% vs 2.5% with placebo and by 21.4% vs 0.0% with
ezetimibe) did not result in a significant reduction in major adverse coronary events (MACE)
independently of LDL-C level lowering [82]. The authors concluded that reducing the risk of
MACE by targeting Lp(a) may require greater reductions in Lp(a), with more potent therapies
and/or higher initial Lp(a) levels. Thus, the results of the ODYSSEY OUTCOMES study are
not consistent with the results of the meta-analysis of the phase-IIl ODDYSSEY studies [82].

Currently, NLA experts believe that adding ezetimibe or a PCSK9 inhibitors is
reasonable only in very high-risk patients with LDL-C>70 mg/dL (non-HDL-C>100 mg/dL
and Lp(a) >50 mg/dL or >100 mmol/L) [5]. Thus, PCSK9 inhibitors are mainly used for
LDL-C reduction and are note commonly employed in the management of elevated Lp(a). A
clinical trial is needed to investigate the effectiveness PCSK9 inhibition on CVD risk in
subjects with elevated Lp(a).

The most desirable reduction in Lp(a) level, leading to a large reduction in the ASCVD
event risk can be achieved by Lp(a)-specific apheresis. This therapy reduces Lp(a) level by

60-70% per each therapeutic session [83], but needs to be repeated every 1-2 weeks. In one
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study, patients with progressive CAD and Lp(a) level elevated to >2.14 mmol/L (median 4.0
mmol/L), Lp(a) apheresis (on a background of statin therapy) reduced the mean annual major
CAD event rate to 0.144 at 5 years (5.0+£3.6 years) compared to 1.056 in the pre-apheresis
period (5.6+5.8 years) [84]. The median Lp(a) level after apheresis sessions was reduced to
1.07 mmol/L. In another study, the annual CVD event rate at 5 years of apheresis in statin-
treated patients was reduced to 0.11£0.15 compared to 0.58+0.53 in the two years before the
therapy [85]. Baseline Lp(a) level was 108.1+46.1 mg/dL, and the mean reduction after
apheresis was 68.1%. Another study evaluated the effect of apheresis on coronary
atherosclerosis in atorvastatin-treated patients with coronary artery disease and Lp(a) >50
mg/dL. [86]. Compared to the control group (receiving only atorvastatin treatment), a
regression in atherosclerotic plaque volume was noted in patients treated with apheresis for 18
months. However, apheresis was not included as a therapy of high Lp(a) levels in the National
Lipid Association statement [5]. It is a time-consuming method and thus it is reserved for
patients with high Lp(a), and progressive, severe CVD.

Studies on genetic approaches to therapy are currently underway. These methods involve
inhibiting apo(a) synthesis; either with antisense oligonucleotides against apo(a), or by
employing small interfering RNA (siRNA) technology. It has been demonstrated that in
patients with atherosclerotic CVD and Lp(a) >60 mg/dL, an antisense oligonucleotide against
apo(a) [AKCEA-Apo(a)-LRX] reduced Lp(a) level by up to 80% when administered
subcutaneously at the dose of 20 mg/week [87-89]. Recently, it has been reported that
subcutaneous administration of AKCEA-Apo(a)-LRX at a range of doses (20, 40 or 60 mg)
and at different time intervals (every week, every two weeks or every four weeks) in patients
with established CVD and Lp(a) levels of at least 60 mg/dl, resulted in dose-dependent
reduction of Lp(a) (by 35% to 80%) [90]. The cardiovascular outcomes trial with antisense

oligonucleotide (TQJ230) (Lp(a)HORIZON trial) is still ongoing [91] (Figure 1).

Summary & Clinical Perspective

High plasma concentration of Lp(a) (already over 30 mg/dL, and especially >50 mg/dL
or >100 mmol/L) is a risk factor for ASCVD and AVC, albeit nor as strong as LDL-C. The
independent association of Lp(a) with the risk of these diseases has been proven by genetic
studies. The atherogenicity of Lp(a) is mostly related to its OxPL content.

In order to identify individuals with elevated Lp(a), it is reasonable to measure Lp(a)
once in a lifetime in every individual. A single measurement is sufficient as Lp(a)

concentration is determined predominately by genetics. Lp(a) measurements are most
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warranted in subjects with premature ASCVD (<55 years of age in men, <60 years of age in
women) without conventional CVD risk factors. Lp(a) measurement should also be
considered if premature ASCVD developed in a first-degree relative. This recommendation
also applies to individuals with severe primary or suspected FH, as FH may be associated
with an elevated Lp(a) level. The above class Ila recommendations also include a high risk of
ASCVD to define better patients who will benefit more from additional PCSK9 inhibitor
therapy. Weaker (class 1Ib) recommendations include patients with recurrent ASCVD events
or progression of atherosclerosis despite optimal lipid-lowering therapy, those with calcific
AS, and subjects with a family history of high Lp(a) levels. In fact, based on some available
data, the measurement of Lp(a) should be considered in all patients at very high and
extremely high CVD risk, especially in those after ACS in order to reduce Lp(a) related
resiudal risk; however, we still need some more data in order to confirm this indication in
such a wide group of patients, also taking into account the cost-effectiveness.

A specific therapy to lower Lp(a) levels is not yet available. The most important
therapeutic goal is to reach the target LDL-C or non-HDL-C level depending on the risk
category, mostly using statins, and possibly with an addition of ezetimibe. Adding a PCSK9
inhibitor is recommended in patients at very high risk in whom the target LDL-C level has not
been reached. Studies are underway on genetic therapy to inhibit apo(a) synthesis, and thereby
reduce. The initial results regarding the efficacy of such approaches to Lp(a)- lowering are

very promising.

21



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Berg K. A new serum type system in men — the Lp system. Acta Pathol Microbiol Scand.
1963; 59: 369-382.

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

O Donoghue ML, Fazio S, Giugliano RP, Stroes ESG. Lipoprotein(a), PCSK9 inhibition, and
cardiovascular risk. Insights from FOURIER Trial. Circulation 2019; 139: 1483-1492.

Bittner V, Szarek M, Aylward P, et al. Effect of alirocumab on lipoprotein(a) and
cardiovascular risk after acute coronary syndrome. J Am Coll Cardiol 2020;75 (2); doi:
org/10.1016/jack.2019.10.057

Wilson DP, Jacobson TA, Jones PH, et al. Use of lipoprotein(a) whose time has come. A
scientific statement from National Lipid Association. J Clin Lipidol 2019; 13: 374-398.
Berman AN, Blankstein R. Current and future role of lipoprotein(a) in preventive cardiology.
Curr Opin Cardiol 2019; 34: 514-518.

Orso E, Schmitz G. Lipoprotein(a) and its role in inflammation, atherosclerosis and
malignancies. Clin Res Cardiol Suppl 2017 (Suppl) 12: 31-37.

Teda H, Takamura M, Kawashiri M. Lipoprotein(a) as old and new causal risk factor for
atherosclerotic cardiovascular disease. J Atheroscler Thromb 2019; 26: 583-591.

Kraft HG, Menzel JH, Hoppickler F, et al. Changes in genetic apolipoprotein phenotypes
caused by liver transplantation. Implications for apolipoprotein synthesis. J Clin Invest 1989;
83:137-142

Reyes-Soffer G, Ginsberg H, Ramakrishnan R. The metabolism of lipoprotein(a): an ever-
evolving story. J Lipid Res 2017; 58: 1756-1764

Koshinsky ML, Marcovina SM. Structure-function relationships in apolipoprotein(a): insights
into lipoprotein(a) assembly and pathogenicity. Curr Opin Lipidol 2004; 15: 167-174.

Cain WJ, Millar JS, Himebauch AS, et al. Lipoprotein(a) is cleared from the plasma primarily
by the liver in process mediated by apolipoprotein(a). J Lipid Res 2005; 46:2681-2691.
Ferretti G, Bacchetti T, Johnston TP, et al. Lipoprotein(a): a missing culprit in the
management of atherothrombosis. J Cell Physiol 2018; 233:2966-2981.

Kronenberg F, Kuen E, Ritz E, et al. Lipoprotein(a) serum concentration and apolipoprotein(a)
phenotypes in mild and moderate renal failure. ] Am Soc Nephrol 2000; 11:105-115.

Oida K, Takai Maeda H, et al. Apolipoprotein(a) is present in urine and its excretion is
decreased in patients with renal-failure. Clin Chem 1992; 38: 2244-2248.

De Sain-van der Velden MGM, Reijngoud DJ, Kaysen GA, et al. Evidence for increased
synthesis of lipoprotein(a) in the nephrotic syndrome. J] Am Soc Nephrol 1998; 9: 1474-1481.
Jenner JL, Seman LJ, Millar S, et al. The metabolism of apolipoprotein(a) and B-100 within
plasma lipoprotein(a) in human beings. Metabolism 2005; 54: 361-369.

22



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Diffenderfer MR, Lamon-Fava S, Marcovina SM, et al. Distinct metabolism of
apolipoprotein(a) and B-100 within plasma lipoprotein(a). Metabolism 2016; 65: 381-390.
Hervio L, Chapman MJ, Thillet J, et al. Does apolipoprotein(a) heterogeneity influence
lipoprotein(a) effects on fibrynolysis ? Blood 1993; 82: 392-397.

Stuling TM, Morozzi C, Reindl-Schwaighofer R, Stefanutti C. Looking at Lp(a) and related
cardiovascular risk: from scientific evidence and clinical practice. Curr Atheroscler Rep 2019;
21; doi:org/10.1007/s11883-019-0803-9

Emerging Risk Factors Collaborations. Erqou S, Kaptoge S, Perry PL, et al. Lipoprotein(a)
concentration and the risk of coronary heart disease, stroke and noncardiovascular mortality.
JAMA 2009; 302: 412-423.

Kamstrup PR, Tybjaerg-Hansen A, Nordestgaard BG. Extreme lipoprotein(a) levels and
improved cardiovascular risk prediction. J] Am Coll Cardiol 2013; 61:1146-1156.

Vasquez N, Joshi PH. Lp(a) addressing a target for cardiovascular disease prevention. Curr
Cardiol Rep 2019; 21; doi: org/10.1007/s11886-019-1182-0

Clarke R, Peden JF, Hopewell JC, et al. Genetic variants associated with Lp(a) lipoprotein
level and coronary disease. N Engl ] Med 2009; 361: 2518-2528

Kostner GM, Avogaro P, Cazzaloto G, et al. Lipoprotein Lp(a) and the risk for myocardial
infarction. Atherosclerosis 1981; 38: 51-61.

Grundy SM, Stone NJ, Bailey AL, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA  Guideline
on the management of blood cholesterol. Circulation 2018; 139:¢1082-e1143

Catapano AL, Graham I, De Backer G, et al. 2016 ESC/EAS guidelines for the management
of dyslipidaemias. Eur Heart J 2014; 2016; 37: 2999-3058.

Khera AV, Everett BM, Caulfield MP, et al. Lipoprotein(a) concentrations, rosuvastatin
therapy and residual vascular\ risk: an analysis from JUPITER trial. Circulation 2014; 129:
635-642.

White J, Varvel S, Tsimikas S. Abstract 14 669. Prevalence of elevated Lp(a) mass levels in
629 858 subjects from referral laboratory population in United States. Circulation 2015; 132:
A14669.

Guan W, Cao J, Steffen BT, et al. Race is a key variable in assigning lipoprotein(a) cutoff
values for coronary heart disease risk assessment: The Multi-Ethnic Study of Atherosclerosis.
Atheroscler Thromb Vasc Biol 2015;35: 996-1001.

Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular risk. The Task Force for the
management of dyslipidaemias of the European Society of Cardiology (ESC) and European
Atherosclerosis Society (EAS). Eur Heart J 2020;41(1):111-188.

23



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Solnica B, Sygitowicz G, Sitkiewicz D, Cybulska B, J6zwiak J, Odrowaz-Sypniewska G,
Banach M. 2020 Guidelines of the Polish Society of Laboratory Diagnostics (PSLD) and the
Polish Lipid Association (PoLA) on laboratory diagnostics of lipid metabolism disorders.
Arch Med Sci 2020;16(2):237-252.

Berman AN, Blankstein R. Current and future role of lipoprotein(a) in preventive cardiology.
Curr Opin Lipidol 2019; 34: 514-518.

Kamstrup PR, Benn M, Tybjaerg-Hansen A, et al. Extreme lipoprotein levels and risk of
myocardial infarction in general population: the Copehagen City Heart Study . Circulation
2008; 117:176-184.

Nave AH, Lange KS, Leonards CO, et al. Lipoprotein(a) as a risk factor for ischemic stroke: a
meta-analysis. Atherosclerosis 2015; 242: 496-503.

Kroneneberg F, Kronenberg MF, Kiechl S, et al. Role of lipoprotein(a) and apolipoprotein(a)
phenotype in atherogenesis: prospective from Bruneck Study. Circulation 1999; 100: 1154-
1160.

Luc G, Bard J-M, Arveiler D, et al. Lipoprotein(a) as a predictor of coronary heart disease:
The PRIME Study. Atherosclerosis 2002; 163: 377-384.

Suk Danik J, Rifai N, Buring JE, et al. Lipoprotein(a), measured with an assay independent of
apolipoprotein(a) isoform size and risk of future cardiovascular events among initially healthy
women. J] Am Med Assoc 2006; 296: 1363-1370.

Konishi H, Miyauchi K, Kasai T, et al. Impact of lipoprotein(a) as residual risk on long-term
outcomes in patients after percutaneous intervention. Am J Cardiol 2015; 115:157-160.

Zhao Y, Delaney JA, Quek RGW, et al. Cardiovascular disease, mortality risk and healthcare
costs by lipoprotein(a) levels according to low density lipoprotein cholesterol levels in older
high risk adults. Clin Cardiol 2016; 39: 413-420.

Verbeek R, hoogeveen RM, Langsted A, et al. Cardiovascular disease risk associated with
elevated lipoprotein(a) attenuates at low LDL-C levels in a primary prevention setting. Eur
Heart J 2018;39: 2589-2596.

Willeit P, Ridker PM, Nestel PJ, et al. Baseline and on statin-treatment lipoprotein(a) levels
for prediction cardiovascular events: individual patient-data meta-analysis of statin outcomes
trials. Lancet 2018; 392:1311-1320.

Hippe DS, Phan BAP, Sun J, et al. Lp(a) lipoprotein(a) levels predict progression of carotid
atherosclerotic cardiovascular disease on intensive lipid therapy. Arterioscler Thromb Vasc
Biol 2018; 38: 673-678.

Vuorio A, Watts GF, Kovanen PT. Lipoprotein(a) as a risk factor for calcific aortic
valvulopathy in heterozygous familial hypercholesterolemia. Atherosclerosis 2019; 281: 25-

30.

24



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Kamstrup PR, Tybjaerg-Hansen A, Nordestgaard BG. Elevated lipoprotein(a) and risk of
aortic stenosis in general population. J Am Coll Cardiol 2014; 63: 470-477.

Cao J, Steffen BT, Budoff M, et al. Lipoprotein(a) levels are associated with subclinical
calcific aortic valve disease in Caucasian and Black individuals: the Multi-Ethnic Study of
Atherosclerosis. Arterioscler Thromb Vasc Biol 2016; 36:1003-1009.

Ten Kate R, Gert-Jan R, Bos S, et al. Increased aortic valve calcification in familial
hypercholesterolemia. ] Am Coll Cardiol 2015; 66: 2687-2695.

Alonso R, Andres E, Mata N, et al. Lipoprotein(a) levels in familial hypercholesterolemia. An
important predictor of cardiovascular disease independent of the type of LDL receptor. ] Am
Coll Cardiol 2014; 63:1982-1989.

Langsted A, Kamstrup PR, Benn M, et al. High lipoprotein(a) as a possible cause of clinical
familial hypercholesterolemia: a prospective cohort study. Lancet Diab. Endocrinol 2016;
4:577-587.

Vongpromek R, Bos S, Ten Kate GJ, et al. Lipoprotein(a) levels are associated with aortic
valve calcification in asymptomatic patients with familial hypercholesterolaemia. J Intern Med
2015;278: 166-173.

Nordestgaard BG, Langsted A. Lipoprotein(a) as a cause of cardiovascular disease: insight
from epidemiology, genetics and biology. J Lipid Res 2016; 57: 1953-1975.

Kronenberg F. Human genetics and the causal role lipoprotein(a) for various diseases .
Cardiovasc Drugs Ther 2016; 30:87-100.

Kamstrup PR, Tybjearg — Hansen R, Steffensen R, Nordestgaard BG. Genetically elevated
Lp(a) and increased risk of myocardial infarction. ] Am Med Assoc 2009; 301: 2331-2339.
Langsted A, Varbo A, Kamstrup PR, Nordestgaard BG. Elevated lipoprotein(a) does not cause
low-grade inflammation despite causal association with aortic valve stenosis and myocardial
infarction: a study of 100 578 individuals from general population. J Clin Endocrinol Metab
2015; 100: 2690-2699.

Kamstrup PR, Nordestgaard BG. Lipoprotein(a) concentration, isoform size and the risk of
type 2 diabetes: a Mendelian randomization study. Lancet Diabetes Endocrinol 2013; 1: 220-
227.

Kamstrup PR, Tybiaerg-Hansen A, Nordestgaard BG. Genetic evidence that lipoprotein(a)
associates with atherosclerotic stenosis rather than venous thrombosis. Atheroscler Thromb
Vasc Biol 2012; 32: 1732-1741

Thanassoulis G, Campbell GY, Owens OS, et al. Genetic association with valvular
calcification and aortic stenosis. N Engl J Med 2013; 368:503-512.

van der Valk FM, Bekkering S, Kroon J, et al. Oxidized phospholipids on lipoprotein(a) elicit
arterial wall inflammation and inflammatory monocyte responses in humans. Circulation

2016; 134: 611-625.

25



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Tselepis AD. Oxidized phospholipids and lipoprotein-associated phospholipase A, as
important determinants of Lp(a) functionality and pathophysiological role. J Biomed Res
2018; 32: 13-22.

Kieckl S, Willet J. The mysteries of lipoprotein(a) and cardiovascular disease revisited. J] Am
Coll Cardiol 2010; 55: 2168-2170.

Bergmark C, Devan A, Orsoni A. et al. A novel function of lipoprotein(a) as a preferential
carrier of oxidized phospholipids in human plasma. J Lipid Res 2008; 49: 2230-2239.
Capoulade R, Chan KL, Yeang C, et al. Oxidized phospholipide, lipoprotein(a), and
progression of calcific aortic valve stenosis. ] Am Coll Cardiol 2015; 60:1236-1246.

Ferretti G, Bacchetti T, Johnston TP, Banach M, et al. Lipoprotein(a): a missing culprit in the
management of athero-thrombosis ? J Cell Physiol 2017; 233:2966-2981.

Sun D, Cao YX, Li S, Guo YL, Wu NQ, Gao Y, Dong QT, Liu G, Dong Q, Li JJ. A modified
algorithm with lipoprotein(a) added for diagnosis of familial hypercholesterolemia. Clin
Cardiol. 2019 Oct;42(10):988-994.

Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen SE, Mossialos EA,
Maggioni AP, Kazakiewicz D, May HT, De Smedt D, Flather M, Zuhlke L, Beltrame JF,
Huculeci R, Tavazzi L, Hindricks G, Bax J, Casadei B, Achenbach S, Wright L, Vardas
P; European Society of Cardiology. European Society of Cardiology: Cardiovascular Disease
Statistics 2019. Eur Heart J. 2020 Jan 1;41(1):12-85.

GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific
mortality for 282 causes of death in 195 countries and territories, 1980-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet. 2018 Nov
10;392(10159):1736-1788.

Banach M, Penson PE. Genetic testing in familial hypercholesterolaemia: What does it add?
Eur J Prev Cardiol. 2020 Jan;27(1):105-106.

Burgess S, Ference B, Staley JR, et al. Association of LPA variants with risk of coronary
disease and the implications for lipoprotein(a) lowering therapies. A Mendelian randomization
analysis. JAMA Cardiology 2018; 3: 619-627.

Lamina C, Kronenberg F. Estimation of the required lipoprotein(a) lowering therapeutic effect
size for reduction in coronary heart disease outcomes. JAMA Cardiology 2019; 4: 575-579.

Sahebkar A, Simental-Mendia LE, Watts GF, Serban M-C, Banach M and Lipid and Blood
Pressure Meta-analysis Collaboration (LBPMC) Group. Comparison of the effects of fibrates
versus statins on plasma lipoprotein(a) concentrations: a systematic review and meta-analysis
of head -to-head randomized controlled trials. BMC Med 2017; 15:22.

Tsimikas S, Gordts PSM, Nora C, et al. Statin therapy increases lipoprotein(a) levels. Eur
Heart J 2019; doi: 10.1093/eurheartj/ehz316

26



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

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

Verhoeven A, Yahya R, Berk K, et al. Statin treatment increases lipoprotein(a) levels in
subjects with low molecular weight apolipoprotein(a) phenotype. Atherosclerosis 2019; 287:
elll-ell2.

Momtazi-Borojeni AA, Katsiki N, Pirro M, Banach M, Rasadi KA, Sahebkar A. Dietary
natural products as emerging lipoprotein(a)-lowering agents.J Cell Physiol. 2019
Aug;234(8):12581-12594.

Nordesgaard BG, Langlois MR, Langsted A, et al. Quantifying atherogenic lipoproteins for
lipid lowering strategies: Consensus- based recommendations from EAS and EFLM.
Atherosclerosis 2020; doi: org/10.1016/j.atherosclerosis.2019.12.005

Awad K, Mikhailidis DP, Katsiki N, et al. Lipid and blood pressure meta-analysis
collaboration (LBPMC) group. 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; 78:453-462.

Sahebkar A, Reiner Z, Simental-Mendla LE, et al. Effect of extended-released niacin on
plasma lipoprotein(a) levels: a systematic review and meta-analysis of randomized placebo-
controlled trials. Metabolism 2016;65:1664-1678.

Boden WE, Probstfield JL, Anderson T, et al. Niacin in patients with low HDL cholesterol
levels receiving intensive statin therapy. N Engl J Med 2011; 365: 2255-2267

Landray MJ, Haynes R, Hopewell JC, et al. Effects of expended-release niacin with
laropiprant in high risk patients. N Engl J Med 2014; 371: 203-212.

Cao Y, LiuH, Li S, Li J. A meta-analysis of the effect of PCSK9 - monoclonal antibodies on
circulating lipoprotein(a) levels. Am J Cardiovasc Drugs 2018; 19: 87-97

Toth PP, Jones SR, Monsalvo ML, Elliott-Davey M, Lopez 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. ] Am Heart Assoc.
2020;9(5):e014129

Ray KK, Valleyo-Vaz AJ, Ginsberg HN, et al. Lipoprotein(a) reductions from PCSK9
inhibition and major adverse cardiovascular events: pooled analysis of alirocumab phase 3
trials. Atherosclerosis 2019; doi.org/10.1016/j.atherosclerosis.2019.06.896

Waldemann E, Porhefer KG. Lipoprotein apheresis to treat elevated Lp(a). J Lipid Res 2016;
57:1751-1757.

Jaeger BR, Richter Y, Nagel D, et al. Group of Clinical Investigators. Longitudinal cohort
study on the effectiveness of lipid apheresis treatment to reduce high lipoprotein(a) levels and

prevent major adverse coronary events. Nat Clin Pract Cardiovasc Med 2009; 6: 229-238.

27



85.

86.

87.

88.

89.

90.

91.

Roesler E, Julius U, Heigl F, et al. Lipoprotein apheresis for lipoprotein(a) — associated
cardiovascular disease: prospective 5-years of follow-up and apolipoprotein(a)
characterization. Atheroscler Thromb Vasc Biol 2016; 36: 2019-2027.

Safarova MS, Ezhov M, Afanasieva O, et al. Effect of specific lipoprotein(a) apheresis on
coronary atherosclerosis regression assesed by quantitative coronary angiography. Atheroscler
Suppl. 2013; 14: 93-99.

Reiner Z. Can Lp(a) lowering against background statin therapy really reduce cardiovascular
risk ? Curr Atheroscler Reports 2019; 21: 1-8.

Viney NJ, van Capelleveen JC, Geary RS, et al. Antisense oligonucleotides targeting
apolipoprotein(a) in people with raised lipoprotein(a): the randomized, double-blind, placebo-
controlled, dose ranging trials. Lancet 2016; 388: 2239-2253.

Schreml J, Gouni-Berthold I. Apolipoprotein(a) antisense oligonucleotides: a new treatment
option for lowering elevated Lp(a) ? Curr Pharm Des 2017; 23: 1562-1570.

Tsimikas S, Karwatowska-Prokopczuk E, Gouni-Berthold I, et al. Lipoprotein(a) reduction in
persons with cardiovascular disease. N Engl J Med 2020

Doi: 10.1056/NEJMo0a1905239.

Assessing the Impact of Lipoprotein (a) Lowering With TQJ230 on Major Cardiovascular
Events in Patients With CVD (Lp(a)HORIZON). Clinicaltrials.gov (NCT04023552).
Accessed 61" March 2020.

28



Table 1. Relationship between Lp(a) level as a risk factor for CVD and LDL-C level — summary of main data.

Authors Study N Elevated Lp(a) vs. low or Elevated Lp(a) as a risk factor for
lower level CVD events in relation to LDL-C
level
. - - — S
Kronenberg MF, et al. 1999 Observational: Bruneck 500 ~32 mg/dL associated with risk when LDL-C >3.3
(36) study mmol/L
Luc G, et al. 2002 (37) Observational: PRIME 9133 >33 mg/dL ?srsl?gll/aﬁed with risk when LDL-C >3.7
Suk Danik J, et al. 2006 (38) Observational: Women's 27.791 >44 mg/dL associated with risk when LDL-C >3.1

Health Study

mmol/L

Khera AV, et al. 2014 (28)

Interventional: JUPITER

7730 (baseline)
7739 (on statin

baseline Lp(a) 23 nmol/L

® baseline Lp(a) associated with risk
(adjusted per 1-SD increment in Ln
[Lp(a)]) independently of LDL-C and
other factors

rosuvastatin thera . median e on-statin Lp(a) associated with risk
( P white cohort) ( : (adjusted perpl(—gD increment in Lp(a)
independently of LDL-C and other
factors
Konishi H, et al. 2015 (39) associated with all cause deaths and
Interventional (percutaneus 599 ~30 me/dL ACS, even when LDL-C < 2.5 mg/dL
coronary intervention) &
Zhao Y, et al. 2016 (40) Observational: associated with CHD risk and all cause
Cardiovascular Health Study deaths, even when LDL-C <1.8
(high risk: DM, 10-year 3,231 265 mg/dL mmol/L
Framingham risk >20%)
Verbeek R, et al. 2018 (41) - . e only modestly associated with risk
’ N >80™ percentile cohort
Observational: EPI.C Norfolk (>45.4 mg/dIL in EPIC when LD'L—(.? <2.5 mmol/L
+ Copenhagen City Heart 26,102 Norfolk and >84 mg/dL in e CVD risk increase conveyed by
Study (CCHT) CCHT il]jj(i)_ éplgsgzd to diminish at lowest
Willeit P, et al. 2018 (42) Meta—'analys1s of >30 mg/dL (basclinc) ® baseline (=30 mg/dL) and on statin
randomized, placebo 29,069 >50 me/dL (on statin) (>50 mg/dL) Lp(a) level associated

controlled statin outcome

with CVD event risk approximately
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trials in patients with
established CVD

linearly

e [ p(a) >50 mg/dL associated with
CVD risk even when baseline or on
statin LDL-C <3.0 mmol/L

Hippe DS, et al. 2018 (43)

Interventional: AIM-HIGH
(intensive lipid-lowering

1-SD increase in median

associated with increase of % wall
volume (% WV) when LDL-C <1.8

therapy) - carotid artery 152 baseline Lp(a) (32 nmol/L) | mmol/L
magnetic resonance imaging
O’Donghue M1, et al. 2019 ® associated with increased risk
3) Interventional: FOURIER - independently of LDL-C level
. ; ) doubling of median baseline | ® reduction of Lp(a) level on
established ASCVD (statin, 25,096 . .
ezetimibe, evolocumab) Lp(a) 37 mg/dL) evolocumab therapy associated with
’ decreased risk independently of LDL-
C lowering
Bittner VA, et al. 2020 (4) e higher baseline Lp(a) quartile
. ] associated with increased risk
Ig%?gnotﬁlgé -(let?tzz{rsig;{ quartiles: <6.7 mg/dL, 6.7 | independently of LDL-C level
18,924 to <21.2 mg/dL, 21.2 to e reduction of Lp(a) levels on

(statin, ezetimibe,
alirocumab)

<59.6 mg/dL, >59.6 mg/dL

alirocumab therapy associated with
decreased risk independently of LDL-
C lowering

ABBREVIATIONS: CVD - cardiovascular disease, CHD — coronary heart disease, LDL-C — low density lipoprotein cholesterol, ACS — acute coronary syndrome, SD —

standard deviation.
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FIGURE’S LEGEND:

Figure 1. The relationship between plasma concentrations of Lp(a) and relative risk of CVD.
Approximate values summarised from the studies cited in this paper. Text in arrows indicates
factors for elevating [LP(a)] and promising therapeutic strategies to reduce [Lp(a)] The grey

shaded area shows the approximate distribution of [Lp(a)] in the population.
Abbreviations: ACS, acute coronary syndromes; CV, cardiovascular; FH, familial hypercholesterolaemia; Lp(a),

Lipoprotein(a); PCSK9 Proprotein convertase subtilisin/kexin type 9; SNP, single nucleotide polymorphism.
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