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Abstract

High lipoprotein(a) [Lp(a)] levels are associated with the development of atherosclerotic
cardiovascular disease (ASCVD) and with calcific aortic valve stenosis (CAVS) both
observationally and causally from human genetic studies. The mechanisms are not well
characterized but likely involve its role as a carrier of oxidized phospholipids (OxPLs), which

are known to be increased in pro-inflammatory states, to induce pro-inflammatory changes in
monocytes leading to plaque instability, and to impair vascular endothelial cell function, a driver
of acute and recurrent ischemic events. In addition, Lp(a) itself has prothrombotic activity. Current
lipid lowering strategies do not sufficiently lower Lp(a) serum levels. Lp(a)-specific lowering
drugs, targeting apolipoprotein(a) synthesis, lower Lp(a) by up to 90% and are being evaluated in
ongoing clinical outcome trials. This review summaries the current knowledge on the associations
of Lp(a) with ASCVD and CAVS, the current role of Lp(a) assessment in the clinical setting, as
well as emerging Lp(a) specific lowering therapies.

Lipoprotein (a) [Lp(a)] was first described by Kare Berg in 1963 (1). Half a century after

its discovery, it is well established that increased levels of Lp(a) confer an increased risk

for cardiovascular disease (CVD). However, a standard management approach regarding
Lp(a) in the clinical setting is not yet identified, mainly due to the absence of Lp(a)-
specific lowering therapies. With the plethora of effective available low-density lipoprotein
cholesterol (LDL-C) lowering therapies, there is a growing interest in Lp(a), which possibly
represents a significant contributor to the atherosclerotic risk that persists despite optimal
LDL-C lowering and other primary and secondary prevention atherosclerotic cardiovascular
disease (ASCVD) therapies. This review highlights the associations of Lp(a) with CVD, the
current role of Lp(a) in the clinical setting, as well as emerging Lp(a) specific lowering
therapies.
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Lipoprotein(a) structure

Initial reports of Lp(a)’s molecular weight and composition varied, possibly due to different
purification methods used by different laboratories (2, 3). Lp(a) consists of an LDL-like
core lipoprotein molecule, containing apolipoprotein B (apo-B), to which a glycoprotein of
variable molecular weight, apolipoprotein (a), is covalently bound via a cysteine-cysteine
disulfide bond (3). Apo(a) has been formerly termed Lipoprotein(a) antigen.

Apolipoprotein (a) is a large glycoprotein that exhibits size heterogeneity among individuals.
The LPA gene, which codes for the protein, is located on chromosome 6¢q26. Sequencing

of cloned human apolipoprotein cDNA showed that the LPA gene resembles the human
plasminogen gene (4). Human plasminogen is a serine protease proenzyme that is converted
to its active form, plasmin, via the action of tissue plasminogen activator, urokinase, factors
Xla, Xlla and kalikrein. Plasminogen consists of five domains, named kringles (K-I, K-I1,
K-111, K-1V and K-V) and one protease domain at the end. Kringles are loop like structures
that are stabilized by three internal disulfide bridges and were named after Scandinavian
pretzels due to shape resemblance (5). (Figure 1)

In contrast, apolipoprotein (a) consists of a single Kringle V and 10 different types of
Kringle 1V derived from amino acid substitutions: Kringle-1V 1-10, with K-1V one and
three to 10 present in one copy and Kringle IV-2 existing in multiple copies (ranging from
two to >40 copies). The copy number variation (CNV) of Kringle 1V-2 results in the size
polymorphism of the apolipoprotein (a) molecule. The disulfide bond between apo(a) and
apo-B is formed between two cysteine molecules, one being the only free cysteine residue
within the apo(a) molecule, located in KIV-9, and the second one within the C-terminal
region of apoB (6-8). Within populations, the copy number variations of Kringle V-2 also
presents with great heterogeneity, thus making it a very useful trace of genetic heritability
(9-11). Similar to plasminogen, there is a protease at the end; however, this protease cannot
be activated by tissue plasminogen activator, urokinase or streptokinase due to a single
substitution mutation (serine for arginine) at the position where plasminogen is normally
cleaved to be converted to active plasmin. Kringles IV 3-10, Kringle V and the protease
domain are invariable (10). The above characteristics of apolipoprotein (a) reinforce the
hypothesis that the LPA gene arose from gene duplication of the human plasminogen gene
and subsequent deletions of the Kringle I, 11 and 111 exons (4).

Finally, another key structural component of Lp(a) are oxidized phospholipids (OxPLs)
which are either carried by the apoB-100 component of the LDL-like molecule or covalently
bound to the apo(a) molecule (11). In vitro studies show that OxPLs only bind to the KIVV10
molecule when the lysine residue of this position is intact (12).

Synthesis and Catabolism of Lp(a)

Synthesis:

Changes of genetic apolipoprotein phenotypes caused by liver transplantation provided
evidence that apolipoprotein (a) is produced in the liver (13). The exact location of
apolipoprotein (a) and apo-B binding, leading to the assembly of Lp(a) /n vivo, has
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not been described to date. /n vitro studies in cultured HepG2 cells, hepatic cells of
transgenic mice, and baboon hepatocytes demonstrate that assembly of Lp(a) most likely
occurs extracellularly, at the hepatocyte surface or in the plasma (space of Disse, hepatocyte-
blood interface surface) (9, 14-17). At the same time, studies in human hepatocytes,
plasmid transfected HepG2 cells, and /n7 vivo turnover studies indicate possible intracellular
hepatocyte assembly of lipoprotein(a) (18-20). The exact location of synthesis is still
uncertain.

The LPA gene genetically determines the variance in Lp(a) plasma concentrations, ranging
from 36% in the PROCARDIS consortium (21) to 70%-90% in genome wide association
studies, with larger apo(a) isoforms associated with lower concentrations of Lp(a) (22, 23).
On a cellular level, apo(a), as a secretory protein, undergoes post translational modifications
in the endoplasmic reticulum (ER). This process is dependent on apo(a)’s size, with
modification of larger apo(a) isoforms taking more time. This leads to a slower production
rate of larger apo(a) molecules per unit of time, and thus lower Lp(a) plasma concentrations

().

Lipoprotein (a) catabolism is not yet well defined. Murine studies demonstrate that Lp(a) is
cleared primarily in the liver, and to a smaller extent, by the kidney (24, 25). On a molecular
level, the specific receptor that facilitates Lp(a) clearance or its specific target on the LP(a)
has not been precisely identified. Five main receptors were identified in the Lp(a) clearance
process, i.e. lipoprotein receptors, toll-like and scavenger receptors, lectins, and plasminogen
receptors. Apolipoprotein (a), apo-B and the OxPLs carried in the Lp(a) molecule, have

all been identified as ligands for receptors involved in Lp(a) catabolism. The variety of
receptors as well as their respective ligands and animal models used for their discovery were
exceptionally reviewed by McCormick & Schneider (26).

Lp(a) and cardiovascular disease (CVD)—There are several mechanisms by which
Lipoprotein (a) is believed to cause cardiovascular disease. The first, similar to all apoB
containing lipoproteins, is an interaction with proteoglycans on the arterial wall leading

to subendothelial deposition and triggering an inflammatory immune response involving
T-lymphocytes and macrophages. This response results in endothelial injury and dysfunction
and subsequent atherosclerotic plaque formation (27, 28).

However, it is believed that the pivotal mechanism by which Lp(a) contributes to ASCVD is
through its role as a carrier of OXPLs, which are associated with several cellular mechanisms
promoting atherosclerosis (29). In fact, more than 85% of serum OxPLs are bound to

Lp(a) (30). A strong correlation of the oxidized phospholipids: apoB-100 ratio and Lp(a)
lipoprotein was demonstrated by Tsimikas et al. (31), reinforcing the notion that Lp(a) is the
main carrier of OxPLs. Moreover, the OxPL:apoB ratio was strongly associated with both
the extent and the amount of atherosclerotic coronary artery disease, independent of other
risk factors except for Lp(a), suggesting that OxPL are the main atherogenic component of
the Lp(a) molecule (32). Results from the Dallas Heart Study also showed the important

role of Lp(a) carrying OxPLs as compared to other apo-B lipoproteins, by a log-linear
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relationship between the OxPLs/ApoB ratio and Lp(a) above an Lp(a) threshold of ~30
nmol/L (33). For reference, this value is slightly below the median Lp(a) level in the

adult U.S. population (40 nmol/L) (34). A recent /n vivo study reinforced this concept:

18- Fluorodeoxyglucose PET scans showed that patients with high levels of Lp(a) had
increased reuptake of the isotope in the aorta and the carotids, suggesting higher levels

of inflammation, and increased mononuclear cell trafficking to the vessel walls. In vitro
studies using samples from the same patients revealed increased monocyte transmigration
capacity and pro-inflammatory cytokine production. These effects were annulled by OxPL
antibodies, suggesting a strong causal role for OxPL as responsible for the pro-inflammatory
effects (35). Finally, OXPLs can potentially activate macrophages via interaction with the
CD36 receptor (36).

Because of apolipoprotein (a)’s resemblance to plasminogen, but without the ability

to be activated to plasmin, it is believed that high levels of lipoprotein(a) inhibit the
natural conversion of plasminogen to plasmin via competitive inhibition, thus causing a
pro-thrombotic milieu. Although /n vitro experiments support this hypothesis (37), /n vivo
studies fail to confirm the results (38, 39).

Several studies have established Lp(a) as an important risk factor for coronary heart disease
(CHD). In a recent meta-analysis of 36 cohort studies, pooling 126,634 individuals, there
was a 16% and 10% relative increase in CHD events and stroke, respectively, for each
standard deviation increase in Lp(a) (40). Similarly, in the Copenhagen City Heart Study,
participants with Lp(a) levels above the 90t percentile and 95t percentile had a 1.9-

and 2.6-fold increased risk of myocardial infarction (MI) over a 16-year follow-up period,
respectively, when compared to individuals with Lp(a) levels < 5 mg/dL (22" percentile)
(41). In addition, in the Copenhagen General Population Study, patients with familial
hypercholesterolemia (FH) and Lp(a) levels >50 mg/dL or Lp(a) < 50 mg/dL, had a 5.3- and
3.2- fold increase in the hazard for myocardial infarction, compared to patients without FH
and LP(a) levels of < 50 mg/dL. These findings suggest that measuring Lp(a) is beneficial in
all patients with FH, providing valuable information to further stratify patients with FH and
identify those with the highest risk for Ml (42).

In addition, in the PROCAM study, participants with Lp(a) = 20 mg/dL had an increased
risk for coronary events compared to those with lower levels, especially if they had an

LDL cholesterol = 4.1 nmol/L (2.6-fold increase), HDL cholesterol < 0.9 nmol/L (8.3-fold
increase), hypertension (3.2-fold increase) or belonged in the two highest quartiles of global
cardiovascular risk (2.7-fold increase) (43).

These associations are also replicated by genome wide association and Mendelian
randomization studies, showing evidence of causality between Lp(a) and CVD (21, 44-46).

Lp(a) and Calcific Aortic Valve Disease (CAVD)—Clinical studies demonstrate a
significant association between Lp(a) levels and calcific aortic valve disease CAVD and
genome wide and Mendelian randomization studies support a causal association. In the
Copenhagen General Population cohort, Lp(a) levels in the 90t - 95t percentile carried a
two-fold increase and levels above the 95t percentile almost a three-fold increase in the
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hazard of developing CAVD, compared to participants with Lp(a) levels under 5mg/dL (33¢
percentile) (47). Subsequent analysis of the same population showed that OxPLs bound

to apoB (OxPL-apoB) levels above the 901 and 95™ percentiles were associated with a
two- and 3.4-fold increase in the odds for CAVD respectively, compared to levels below
the 34™ percentile, suggesting that OxPL carried in Lp(a) may be a mediator of CAVD
progression (47). The same association of high Lp(a) levels and CAVD was reported in
patients with asymptomatic FH, further supporting the notion that measurement of Lp(a)
in this subpopulation is of critical importance (48). In genome wide association studies,
the most frequent single nucleotide polymorphism associated with higher levels of Lp(a)
and CAVD is rs10455872, with studies reporting a two-fold or greater increase in the odds
of developing aortic stenosis in homozygous carriers, compared to those not carrying this
nucleotide polymorphism (45, 49, 50).

In addition to these observations, a study of 220 patients with mild-to-moderate CAVD
showed that patients within the 3' tertile of Lp(a) (>58.5 mg/dl) and OxPL-apoB (>5.50
nM) concentrations had more rapid disease progression, independently of other CAVD risk
factors. Moreover, these patients also had higher rates of aortic valve replacement (51). A
study by Zheng et al, presented similar conclusions in terms of disease progression and need
for aortic valve replacement and further showed that patients in the top Lp(a) tertile had
increased valvular calcification activity on baseline 18F-sodium fluoride (18F-NaF) positron
emission tomography (PET) and increased aortic valve computed tomography calcium score
(52).

Lp(a) in acute coronary syndromes—A study by Tsimikas et al. reported an acute rise
in Lp(a) levels of 100% to 150% above baseline in eight patients with an acute MI, which
persisted for up to 120 days, before returning to baseline thereafter (31). In the same study,
this increase was also associated with a simultaneous acute rise of OxPL levels, by up to
54% at discharge, remaining at 36% above baseline at 30 days (31). Though limited by a
small sample size, these data emphasize the critical role of Lp(a) as a carrier of OxPLs,
which is likely potentiated in ACS. A similar relationship of acute increases in Lp(a) and
OxPLs also occurs 6 to 24 hours following percutaneous coronary interventions (PCI) in
patients with stable angina (53).

The importance of Lp(a) in the pathophysiology of ACS may be even more pronounced in
younger individuals, particularly in those <45 years old, in whom elevated Lp(a) levels (>
120 nmol/L, 80t percentile) are associated with a 3-fold increased risk of M1 (54, 55). In
addition, studies consistently demonstrate that the age at which patients present with a first
M1 is inversely related to Lp(a) levels (54, 55). This likely reflects the importance of other,
traditional atherosclerotic risk factors in older individuals in contrast to a more important
role of Lp(a) in younger individuals. This is not surprising, given that Lp(a) levels are highly
genetically determined, as previously stated. This implies lifelong exposure to an important
risk factor as opposed to other traditional risk factors which typically have a later in life
onset.
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Lowering Lipoprotein(a)

Lifestyle factors: Even though Lp(a) levels are mostly genetically determined by the LPA

gene, lifestyle factors may also play a role. Most evidence however comes from small
studies or anecdotal data, with controlled trials missing. In addition, one caveat with dietary
trials is the potential confounding of one intervention (e.g. caloric intake restriction) by

a concomitant change (e.g. lower fat intake), making it challenging to establish causality.
Interestingly, a low fat, high carbohydrate content diet significantly increases Lipoprotein(a)
and OxPL-apoB compared to a high fat, low carbohydrate diet (56). In addition, a recent
study found that weight loss following caloric restriction led to a decrease in LDL-C levels
with a simultaneous increase in Lp(a) levels, in obese individuals with, and those without,
diabetes (57). Interestingly, there was no significant rise in Lp(a) levels in patients who
underwent bariatric surgery, despite significant weight loss (57). The paradoxical Lp(a)
increase may be a consequence of the LDL-C lowering effect of the diets. The decrease of
LDL-C requires a new buffer for OXPL in the circulation, possibly stimulating the liver to
produce more Lp(a).

Existing lipid lowering therapies:

Statins: Until recently, the effect of statins on Lp(a) was controversial. In a recent meta-
analysis by Tsimikas et al. including 5256 patients from six randomized trials (3 placebo
controlled statin trials and 3 trials comparing different statins), statins increased Lp(a) levels
by approximately 20%, despite lowering atherogenic non-HDL lipoprotein concentrations
substantially and reducing overall cardiovascular risk (58).

Importantly, the risk attributed to elevated Lp(a) levels persists in statin-treated individuals
and in those with low LDL-C levels. Another meta-analysis of 30,000 patients from
randomized trials of statin therapy suggests an even stronger association of Lp(a) levels

and ASCVD risk in patients with a statin as compared to those treated with placebo

(59). This may be partially related to the increase in Lp(a) levels with statin therapy. The
mechanism by which statins increase Lp(a) levels is not completely understood. In addition,
when HepG2 cells were treated with atorvastatin for 24h, there was a 1.5-fold increase in
LPA mRNA expression, indicating that statins may cause an increase in apolipoprotein (a)
expression and thus an increase in serum Lp(a) (58).

Cholesterol Ester Transferase Protein (CETP) Inhibitors and Niacin: In the
ACCELERATE trial, Evacetrapib, a CETP inhibitor, decreased Lp(a) levels by about 20%,
in addition to decreasing LDL-C and increasing HDL-C, without, however, any clinical
cardiovascular benefit (60).

In general, niacin also decreases Lp(a) levels by approximately 20%-30% (61). In addition,
Yeang et al reported a decrease in both OxPL and Lp(a) levels with niacin monotherapy
whereas, there was an increase in both, after 24 weeks of simvastatin and ezetimibe (62).

In the AIM-HIGH trial, niacin achieved favorable lipoprotein changes, decreasing Lp(a),
however, these changes were not associated with a clinical cardiovascular benefit (63).
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There are a few reasons why these outcome-driven randomized trials of a CETP inhibitor
and niacin failed to show a clinical benefit. Initially, these trials were not specifically
designed to evaluate patients with high Lp(a), as indicated by median Lp(a) levels of 30 to
60 nmol/L in their respective trials. It is believed that the lack of benefit of Lp(a) reduction
in these studies may have been due to:

(1) the therapies didn’t lower Lp(a) to a level sufficient to achieve a clinical effect. This
argument is also supported by Mendelian randomization studies which indicate that in order
to achieve a CHD risk reduction by Lp(a) lowering that is equivalent to lowering LDL-C by
1 mmol/L (38.7 mg/dL), Lp(a) would have to be reduced by 27 to 42 nmol/L (65 to 100
mg/dL) (45, 64).

(2) the baseline Lp(a) was too low to achieve the absolute reduction in Lp(a) levels required
to observe a clinical benefit. However, in the AIM-HIGH study, even in patients with Lp(a)
levels > 125 nmol/ L who achieved adequate Lp(a) reduction (39% and 64% for the 751" and
90t Lp(a) percentiles respectively), there was no reduction in the event rate.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors: PCSK9 inhibitors lower
Lp(a) by approximately 20%-30%, in addition to a 50%-60% reduction in LDL-C (65-70).
In the FOURIER study of patients with clinically evident ASCVD, evolocumab reduced the
composite endpoint of CHD death, MI or urgent revascularization by 15% over a median
follow-up of 2.2 years as compared to placebo (67). A sub-analysis of the data demonstrated
that those patients with baseline Lp(a) levels above the median of 37 nmol/L experienced

a 23% reduction in the composite endpoint, as compared to a 7% reduction for those
patients with baseline Lp(a) levels below the median, despite similar LDL-C reductions in
the two groups (69). Similarly, in the ODYSSEY OUTCOMES study of patients with a
recent acute coronary syndrome (1 to 12 months prior to enrolment), alirocumab reduced the
composite endpoint of CHD death, MI, ischemic stroke or unstable angina (UA) requiring
hospitalization by 15% over a median follow up of 2.8 years (68), with a subsequent analysis
showing a median 5 mg/dl decrease in Lp(a), which independently reduced the risk for
MACE (70). In both studies, greatest absolute Lp(a) reductions were observed for patients

in the highest quartile of baseline Lp(a) values. The data from these two studies suggest

two conclusions: first, at least part of the benefit of PCSK9-inhibition is mediated through

a reduction in Lp(a) levels; and second, similar to LDL-C, the magnitude of benefit from
Lp(a) reduction is likely related to the absolute, not relative, reduction in Lp(a) levels.

In general, the mechanisms by which the aforementioned lipid lowering treatments affect
Lp(a) are not well understood. In fact, one would assume that HMG-CoA reductase
inhibition would result in the same downstream upregulation of LDL-R, in a similar manner
with PCSK-9 inhibition, leading to a decrease of Lp(a) viaa common mechanism. This
paradox of statins increasing Lp(a) while PCK9 inhibitors decrease LP(a) levels may be due
to (1) a potency dependent threshold in order to observe an Lp(a) lowering effect through the
LDL-R pathway; (2) the Lp(a) increasing effect of statins is mediated by other mechanisms
(e.g. increase in LPA expression); (3) the Lp(a) lowering effect of PCSK9 inhibitors is
independent of the PCSK9 pathway. The latter is supported by the fact that serum PCSK9
levels do not correlate with the levels of serum Lp(a) or differ between Lp(a) tertiles (71).
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Finally, in the HPS2-THRIVE study, the Lp(a) lowering effect of niacin-laropiprant was
related to the apo(a) isoform size of Lp(a) (72). Again, the mechanism responsible for this
association is not well understood.

Emerging Therapies—Two major ongoing clinical trials are investigating Lp(a)- specific
lowering medications. The HORIZON phase 111 trial is investigating the impact of Lp(a)
lowering with an antisense oligonucleotide (ASO), TQJ230, on major cardiovascular events
in patients with established cardiovascular disease (NCT03887520). TQJ230 binds directly
to the mRNA and inhibits transcription to apolipoprotein(a) in the hepatocyte (73). Results
from the Phase | and Phase Il trials of TQJ230, formerly mentioned as ISIS-APO(a2)Rx and
AKCEA-APO(a)-LRx, demonstrated a dose-dependent reduction of up to 90% in Lp(a) and
associated OxPLs without significant safety concerns (74-76).

A phase 1l study is also being conducted to evaluate the efficacy, safety, and tolerability of a
small interfering RNA (siRNA) molecule, AMG 890, in subjects with elevated Lp(a) levels
(NCT04270760). AMG 890 is conjugated to trivalent N-acetylgalactosamine (GalNAc)
which enhances its hepatocellular uptake. Upon uptake, AMG 890 binds to the mRNA
transcribed from the LPA gene, blocking its translation to apolipoprotein (a).

Lp(a) in the current clinical setting. What are the challenges?—Even though
Lp(a) is established as an independent cardiovascular risk factor and abnormally high levels
are present in 20% of the general population it is still not measured routinely in clinical
practice. In addition, an ICD-10 code of “Elevated Lp(a) level” was only established in June
of 2018.

One of the biggest challenges in the clinical setting with lipoprotein (a) is the method of
measurement. Most methods used to quantify Lp(a) are immunoassays using polyclonal
antibodies to target the apo(a) molecule. However, this method is subject to miscalculation
due to the heterogeneity of the apo(a) molecule both between individuals but also within the
same individual due to heterozygosity of the apo(a) gene. In addition, mass concentration
reporting in (mg/dL) is highly influenced by the number of Kringle form repeats and can
lead to overestimation with big isoforms (77). The effect of the number of apo(a) Kringle
domains on Lp(a) measurement and its implications for clinical testing were reported by
Marcovina et al. (78, 79). It is for these reasons that the National Heart, Lung, and

Blood Institute (NHLBI) suggested measuring Lp(a) in nmol/L, switching from the most
commonly used total mass assay which reports Lp(a) in mg/dL (80). Finally, converting
mg/dL to nmol/ L with an estimate of 2— 2.5 multiplication factor should be avoided, due to
uncertainty of the molecular weight of apo(a), leading to frequent miscalculations (80).

The 2010 European Atherosclerosis Society (EAS) guidelines (81) recommended a one-time
measurement in all patients at intermediate or high risk of CVD or CHD, presenting with:

. premature cardiovascular disease
. familial hypercholesterolemia
. a family history of premature cardiovascular disease and/or elevated Lp(a)
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. recurrent CVD despite statin therapy
. > 3% 10-year risk of fatal CVD
. > 10% 10-year risk of fatal and/or non-fatal CHD according to AHA guidelines

Nine years later, the European Society of Cardiology guidelines for the management of
dyslipidemias (82) recommended measuring Lp(a) levels at least once to identify patients
with Lp(a) levels above 430 nmol/L, which confers a very high risk for atherosclerotic
cardiovascular disease, one similar to that of heterozygotic FH. In addition, this one-time
measurement of Lp(a) is recommended to further classify patients whose risk levels are
borderline between moderate and high for ASCVD. Since Lp(a) levels are primarily
genetically determined, the one-time testing can easily identify individuals at high risk,
without the need for repeat measurement in those with normal values. With emerging Lp(a)
therapies it is crucial to identify those at high risk.

Conclusion:

In conclusion, even though it is well established that high Lp(a) levels are associated
with the development and progression of ASCVD and CAVD, Lp(a) has been an
underappreciated lipoprotein, with minimal testing in the clinical setting, mainly due to
the lack of potential therapeutic interventions in patients with elevated levels (83).

On a molecular level, many factors are not understood regarding its metabolism and
catabolism as well the mechanisms responsible for its association with atherosclerotic
disease. In the clinical setting, establishing a universal measurement method and increasing
physician awareness of Lp(a)’s importance as a risk factor so appropriate patients can be
widely tested is key.

At the same time, it is crucial to explore the role of Lp(a) and OxPL during the peri- and
early post-acute coronary syndrome (ACS) period given the current lack of extensive reports
and investigate whether Lp(a)-specific lowering interventions at this time have a role in

the management of ACS, potentially improving short-and long-term clinical outcomes. The
presence and timing of percutaneous coronary intervention (PCI) should also be considered
as possible confounders in future ACS Lp(a) lowering trials due to the association of the
procedure with rises in Lp(a).

The ongoing TQJ230 Horizon trial will study whether Lp(a) lowering will provide a clinical
benefit in patients with established cardiovascular disease. As the field moves forward

with additional clinical outcome studies, it will be key to identify populations most likely

to benefit from reducing Lp(a). In view of the results from prior studies, future trials

might focus on patients with elevated baseline Lp(a) so as to achieve meaningful absolute
reductions in Lp(a) levels. In addition, participants should already be optimally treated for
other cardiovascular risk factors, with achieved guideline targets or maximum tolerated
treatment regimens, to reduce potential confounding by differences in concurrent therapies.
In addition to the baseline Lp(a) levels, the clinical context should also be considered. It may
be that patients with acute coronary syndromes (ACS), presenting with acute rises in Lp(a)

Hellenic J Cardiol. Author manuscript; available in PMC 2021 December 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vavuranakis et al.

Page 10

and OxPL levels, will derive a more significant benefit from Lp(a) lowering than do those
with stable ischemic heart disease (SIHD).

If these Lp(a)-specific lowering drugs achieve a significant clinical benefit, and with a

20% prevalence of elevated Lp(a) levels in the general population, and a probable higher
prevalence in those with known disease, a dedicated Lp(a) outpatient clinic effort, similar to
that of the FH clinic, may be a valuable addition to the outpatient management of patients
with, and at increased risk for, atherosclerotic and aortic valve disease.
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Plasminogen
KI Kl Kl KIV KV

Figure 1.
Lipoprotein [Lp(a)] is composed of apolipoprotein B-100 (apoB-100) covalently bound

to apolipoprotein (a) [apo(a)], which is derived from Kringle IV (KIV) and KV, and the
protease domain of plasminogen. Plasminogen has 1 copy each of Kl to KV and an active
protease domain. Apo(a) contains 10 subtypes of KIV repeats, composed of 1 copy each of
KIV1, multiple copies of KIV2, and 1 copy of KIV310, KV, and an inactive protease-like
(P) domain. In these examples, apo(a) isoforms of 4, 8, 24, and 40 KIV2 repeats are
shown, representing 13, 17, 33, and 49 total KIV repeats. Oxidized phospholipids (OxPL),
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represented here by 1-palmitoyl-2-oxovaleroyl-sn-glycero-3- phosphocholine (POVPC), are
present covalently bound to apo(a), and also dissolved in the lipid phase of apoB-100 (11).
Reproduced with permission from “A Test in Context: Lipoprotein(a). Diagnosis, Prognosis,
Controversies, and Emerging Therapies’(11).
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