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Abstract

Elevated lipoprotein(a) (Lpla]) is a causal genetic risk factor for cardiovascular disease. To determine if
current evidence supports both screening and treatment for elevated Lp{a) in high-risk patients, an English-
language search of PubMed and MEDLINE was conducted. In population studies, there is a continuous
association between Lp(a) concentrations and cardiovascular risk, with synergistic effects when low-density
lipoprotein (LDL) is also elevated. Candidates for Lp{a) screening include patients with a personal or family
history of premature cardiovascular disease, familial hypercholesterolemia, recurrent cardiovascular events,
or inadequate LDL cholesterol (LDL-C) responses to statins. Given the comparative strength of clinical ev-
idence, reducing LDL-C to the lowest attainable value with a high-potency statin should be the primary focus
of lipid-modifying therapies. If the Lp{a) level is 30 mg/dL or higher in a patient who has the aforementioned
characteristics plus residual LDL-C elevations (>70-100 mg/dL) despite maximum-potency statins or
combination statin therapy, the clinician may consider adding niacin (up to 2 g/d). If, after these in-
terventions, the patient has progressive coronary heart disease (CHD) or LDL-C levels of 160-200 mg/dL or
higher, LDL apheresis should be contemplated. Although Lp(a) is a major causal risk factor for CHD, no
currently available controlled studies have suggested that lowering it through either pharmacotherapy or LDL
apheresis specifically and significantly reduces coronary risk. Further research is needed to (1) optimize
management in order io reduce CHD risk associated with elevated Lp(a) and (2) determine what other in-

termediate- or high-risk groups might benefit from Lp(a) screening.
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levated lipoprotein(a) (Lplal) is an in-

dependent, causal risk facior for athero-

sclerotic cardiovascular disease (CVD),'
Discovered in 1963 by Kire Berg's group, Lp(a)
shares antigens with low-density lipoprotein
(LDL)" " but is much denser, overlapping the
band for high-density lipoprotein (HDL).” This
review (1) considers the biochemistry and po-
tential pathophysiology of Lp(a}, (2) surveys ev-
idence linking LPA gene allelic variants and
increased Lp(a) levels to increased cardiovascu-
lar (CV) risk, and (3} reviews potential screening
and treatment strategies for the management of
elevated Lp(a).

An English-language search of PubMed
and MEDLINE dating from January 1, 1975,
through March 1, 2012, was conducted, The
title terms lipoprotein(a) and Lpfa] were joined
with terms including *apo*, atheroscl*, *cardi-
ovasc*, *cholest*, *coronary*, heart disease,
*lip*, myocardial infarction, rish factor, and
stroke. MeSH key terms included human, drug
therapy, and efficacy. For the clinical section,
randomized controlled trials (RCTs) were

eligible for inclusion, whereas the clinical algo-
rithm section included data from RCTs, epide-
miological studies, and consensus treatment
guidelines.

OVERVIEW OF BIOCHEMISTRY AND
POTENTIAL PATHOPHYSIOLOGIC EFFECTS
Lipoprotein(a) includes a single molecule of
apolipoprotein (apo) Bygg covalently linked, in
a 1:1 molar ratio, to apo(a). This unique
glycoprotein-containing (hydrophilic} moiety is
secreted by the liver.” The 2 molecules are
most likely complexed in the hepatocyte cellular
membrane and are connected biochemically by a
disulfide bridge through cysteine residues within
apo(a) (Cys4057) and apo Bg (Cys4326).%
Although Lp(a) contains an LDL—receptor
binding region, the hepatic LDL receptor likely
plays a negligible role in Lp(a) catabolism.
Rather, levels of Lp{a} are determined chieflly
by the rate of de novo hepatic synthesis (~ 5.0
mg/kg per day) (Figure 1). Catabolic pathways
may include dissociation of apo(a) {rom apo
Bioo. formation of differing molecular-weight

Mayo Clin Proc. ® Novemnber 2013;88(11):1294-1311 m hitp://dx.dei.org/10.1016/j mayocp.2013.09.003

wwaw.mayoclinicpraceedings.org =

i+ 2013 Mayo Foundation for Medical Education and Research



Lr{a) AS AN ATHEROTHROMBOTIC RISK FACTOR

fragments, and clearance largely by the kidney
and spleen.’

Within apo(a) is a unique region highly
structurally homologous to plasminogen but
devoid of protease activity. By competitively
antagonizing plasminogen binding, Lp(a) may
have played an ancestral role in hemostasis and
wound healing at sites of anerial injury, at-
tenuating fibrinolysis, promoting thrombosis/
coagulation, and delivering cholesterol. Potential
atherogenic effects may include arterial deposi-
tion of oxidized phospholipids by apo Bygp. "

POPULATION-BASED AND GENETIC
EVIDENCE

Influence of Heredity on Lp(a) Structure.
Levels, and CV Risk

Lipoprotein(a) levels are codominantly inherited.
The LPA gene islocated on chromosome 6 (6q26-
27). Although typically stable within individuals
over time, Lp(a) levels are highly heterogeneous
across individuals and populations, including
members of different races: some black popula-
tions have up to 4-fold higher median Lp(a) levels
than their white counterparts. '~ Chief determi-
nanis of Lp(a) heterogeneity are the 30 diflerent
isoforms of apo(a), which are termed hringles
because their biochemical structure resembles a
Danish pastry. Each kringle contains approxi-
mately 80 amino acids and has a molecular
weight of about 10 kDa.

The key LPA gene sequence that influences
Lp(a) levels and atherogenicity is the number of
kringle IV type 2 (KIV-2) repeats. This number
largely determines the size of apo(a) and levels
of Lp(a). Smaller numbers of KIV-2 repeats (ie,
<22) are associated with higher levels of Lp(a)
and potentially more atherogenic apo(a). Small
apo(a) Lp(a) may be associated with higher
Lp(a) levels because the smaller molecules are
more readily synthesized in the liver and less
readily degraded by cellular organelles.

In Europeans, a single-nucleotide polymor-
phism (SNP) in the LPA gene (rs3798220) was
directly related to a small number of KIV-2
copies. ~ In white adults, carrers of the
153798220 allele were at more than a 3-fold
increased risk of severe coronary hean disease
{CHD) (adjusted odds ratio, 3.14; 95% CI,
1.51-6.56) and had more than a 5-fold
increased median plasma Lp{a) level compared
with noncarriers (P<.004)." "
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Lipoprotein(a) (Lp[z]) is an independent, causal risk factor for
atherosclerosis that is highly heritable.

Each molecule of Lp(a) contains a single molecule of apalipo-
protein {apo) B and a single apo(a) moiety secreted by the liver.
Apo(a) maieties are biochemically heterogeneous, and a profile
of predominanty smaller apo(a) isoforms is associated with
higher cardiovascular (CV) risk.

Epidemiological evidence supports a continuous association
between Lp(a) cholesterol levels and CV risk, with a steeper risk
gradient when both Lp(a) and low-density lipoprotein choles-
terol {LDL-C) are elevated (ie, “multiplier effect”).

= Certain single-nucleotide polymorphisms of the LPA gene

allele—rs| 0455872 and rs3798220 in whites and rs9457951 in
blacks——may be associated with higher population CV risk
levels.

Patients with both Lp(a) cholesterol levels above 30 mg/dL and
Lp(a) particle levels (lipoprotein) above 72 nmol/L may be at
particularly pronounced atherothrombotic risk and hence may
warrant more Intensive lipid-alcering (and/or aspirin antiplatelec)
therapy. However, even in the presence of elevated Lp(a), the
first treatment target of lipid-altering therapy should be LDL-C,
not Lp(a).

A second key gene sequence is the number

of pentanucleotide (PN) repeats within the 5
control region of the LPA gene. Allelic variants
in the PN segrent are in linkage disequilibrium
with those in the KIV-2 sequence. in one study,
the presence of KiV-2 allelic variants explained
9.7% of between-patient variance in Lp(a)
levels, the PN allelic variant explained 3.5%,
and the combination explained 19%.""

LPA Gene SNPs and Risks of CVD
Supportive evidence for associations between
SNPs of the LPA gene and increased Lp{a)
levels (and/or elevated CHD risk) include
data from Mendelian randomization studies
and other investigations.'" ™"

Concurrence of 2 SNPs of the LPA gene—
1510455872 and 1s3798220—accounted for
36% of the variance in Lp(a) concentrations
among those of European descent within the Pre-
cocious Coronary Artery Disease [nvestigation
(PROCARDIS).""* Among Alrican Americans,
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The "yin and yang™ of Lp(a) and LDL levels.

A
Persistently T LDL-C:
Screen patient and family
members for elevated Lp(a)
Reduce Lp{a):
Niacin or LDL apheresis
Persistently T Lp(a):

Screen patient and family
members for hereditary lipid
disorders (eg, FH)

Reduce LDL-C:
Statin or LDL apheresis

The "yin and yang" of elevated Lp{a} and LDL-C management.
B

FIGURE 1. The "yin and yang" of lipoprotein(a) (Lp[a]) and low-density
lipoprotein (LDL} cholesterol {LDL-C) levels. A, Although both lipopro-
teins contain apolipoprotein B (apo Bjpg). their levels are influenced to
differing extents by hepatic synthes's and fractional catabolic rate (FRC). B,
Some patients with elevated Lp(a) can benefit from reductions in LDL-C
(and vice versa). However, on the basis of extensive data relating
elevated LDL-C to increased cardiovascular risk, Lp(a) should be targeted
for reduction only after attaining maximal decreases in LDL-C. Approxi-
mately 45% of Lp(a) is composed of cholesterol. Hence, patients with
marked Lp(a) elevations, such as those with nephrotic syndrome or those
undergoing peritoneal dialysis, may be relatively resistant to LDL-C lowering
by statins, which have minimal effects on tp(a), including Lp{a)-trafficked
cholesterol. FH = familial hypercholesterolemia.
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the LPA gene allelic varianit most strongly associ-
ated with Lp(a) levels was rs9457951°" its pres-
ence explained about 5% of the variance in Lp(a)
levels.

EPIDEMIOLOGICAL EVIDENCE
ASSOCIATING ELEVATED Lr({a) WITH
INCREASED CV RISK

Table 1 summarizes findings relating eleva-
tions in Lp{a) cholesterol (Lplal-C) to in-
creased CV risk in diverse populations,
including individuals of different sexes, ages,
and races. """ Potential conclusions from
these epidemiological studies included the
lollowing;

* There is an independent, continuous asso-
ciation between elevated Lp(a) and CV risk
that is statistically significant, although of
lower magnitude, compared with associa-
tions of elevated LDL cholesterol (LDL-C)
with risk

» Associations of Lp(a) with CV risk exhibit
“multiplier effects”; the risk gradient per
increment in Lp(a) is steeper in the presence
of markedly elevated LDL-C

= Lp(a) levels vary 500- to 1000-fold (vs 2- to
5-fold for LDL-C)

» Distributions of Lp(a) levels are skewed;
medians tend to be lower than means and
more useful in characterizing population
levels
Higher proportions of African Americans
exhibit Lp(a) levels of at least 30 mg/dL (to
convert to pmol/l., multiply by 0.0357) (68%
vs 26% of whites™). Although African
Americans may not experience an equally
elevated CHD risk per increase in Lp(a)
compared with whites (possibly because of
lower prevalences of small apola] isoforms, as
well as lower LDL-C and higher HDL
cholesterol [HDL-C] levels in African Ameri-
cans), elevated Lp{a) confers significant
increased CHD risk*??7 "'

Associations between elevated Lp(a) and

CHD in women are less robust than in men,

possibly because of the cardioprotective and

vasoprotective effects of endogenous estro-
gen in premenopausal women. In women,
elevated Lp(a) may function as a sironger risk
factor when combined with elevated in-
flammatory or thrombotic markers: in the
Nurses’ Health Study, an Lp(a)-C level of at

-
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least 30 mg/dL, in combination with elevated
fibrinogen (>400 mg/dL [to convert to
pmol/L, multiply by 0.0294]) or C-reactive
protein (>3 mg/L [to convert to nmol/l,
multiply by 9.524]) levels, placed women at
more than 3-fold increased relative CHD risk
(vs lower values of each pair ol factors/
markers),'# ¥V

Lr{a) LEVELS AND CV RISK IN MAJOR
CLINICAL OUTCOMES STUDIES

Most landmark RCTs reporting that lipid thera-
pies decreased CV risk—including the influential
Coronary Drug Project’” "'—did not report
wreatment effects on Lp(a) or reporied that
Lp(a) levels did not predict coronary events. "

Scandinavian Simvastatin Survival Study

In the Scandinavian Simvastatin Survival Study
(4S)" subgroup analysis in 4402 high-risk men
with CHD, markedly elevated LDL-C, and data
on Lp(a), results were compared in patients
within the upper hall of the Lp(a} distribution
(Lpla] =>91.1 U/L) with those in the lower half
of the disiribution. Findings included the
following;

Numbers of deaths were significantly lower
in the bottom (192 deaths} vs the 1op (240
deaths) half of the Lp(a) distribution in the
simvastatin and placebo groups combined
(P<.05)

Numbers ol coronary events were signifi-
cantly lower in the bottom (487 patients
with MCE events) vs the top (555 patients
with MCE events) hall of the Lp(a) disti-
bution in both treatment groups combined
(P<.03)

Baseline Lp(a) concentrations were signifi-
cantly (directly) predictive of both (1)
mortiality in the simvastatin group (P=.013)
and (2) coronary events in each treatment
group (P<.010) in adjusted logjstic regres-
sion analyses.

Familial Atherosclerosis Treatment Study

In the Familial Atherosclerosis Treaiment Study
(FATS), " a post hoc analysis revealed a correla-
tion between on-treatment Lp(a) levels and
atherosclerotic progression, with an interaction
between Lp(a) and LDL-C reductions. The base-
line mean Lp(a) level of approximately 33 mg/

dL and median Lp(a) level of 20 mg/dL were
consistent with the expected skewed distribu-
tion [or this lipoprotein. Among 120 partici-
pants completing the study, changes from
baseline in Lp(a) included an 11.4% reduction
in the conventional therapy group (placebo), a
9.9% decrease in a bile acid resin—lovastatin
arm, and a 25.8% decline in the bile acid resin-
niacin arm. ™

There was a sharp increase in CHD incidence
over the serum Lp(a) range of 24 10 36 mg/dL
(Figure 2). However, changes in Lp(a) were not
independemly predictive of atherosclerotic lesion
regression. Lipoprotein(a) levels emerged as the
best correlates 10 baseline CHD severity
{r=0.30; multivariate adjusted P<.001). There
was an interaction between changes in LDL-C
and in Lp(a): when LDL-C decreased modestly,
on-treatment Lp{a) levels were important CHD
correlates. However, when LDL-C decreased
markedly, “persistent elevations of Lp{a) were
no longer atherogenic or clinically threatening.” '

HDL-Atherosclerosis Treatment Study

As in the FATS, the incidence of CHD in the
HDL-Atherosclerosis Treatment Study (HATS) "
increased in the same direction as changes in
Lp(a), albeit more sharply and over a narrower
range of Lp(a) values (Figure 2). The baseline
mean Lp(a) level ranged from 21 10 30 mg/dL
in different teatment groups. Lipoprotein(a)
decreased from baseline by 14.8% (from 27 to
23 mg/dL) in the niacin-statin group compared
with 3.4% with placebo (from 30 to 29 mg/dL).
The study did not report correlations between
changes in Lp(a) and either percent stenosis or
CV event incidence.

Atherothrombasis Intervention in

Metabolic Syndrome with Low HDL/High
Triglycerides: Impact on Global Health
Outcomes

The Atherothrombaosis Intervention in Meta-
bolic Syndrome with Low HDL/High Triglyc-
erides: Impact on Global Health Qutcomes
(AIM-HIGH)"" RCT evaluated the hypothesis
that increasing HDL-C (and improving other
lipid/lipoprotein end points) would confer
significantly enhanced cardioprotective effects
compared with control of LDL-C alone.
Although Lp(a) decreased by 24.9% with
extended-release niacin (1.5-2.0 g} combined
with simvastatin (40-80 mg) vs 6.4% with
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Comment

Potential multiplier effect: relative nsk of

myocardial infarction; OR = odds

presence of other CVD nisk factors (eg,

CVD with elevated Lp(a) increases in the
low levels of HDL-C, hypertension, high
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placebo at treatment year 1, incidences of CV
events al year 3 were similar in the 2 treatment
groups ' (Figure 2).

Study limitations may have reduced the
capacity to determine associations between
changes in Lp(a} and coronary events on active
treatment compared with placebo. Most pa-
tients in both treatment arms had LDL-C
near or at goal (median, 72 mg/dL) on baseline
statins, and significantly higher proportions
of the control group received ezetimibe or
maximum-dose simvastatin (vs the active
treatment group). These interventions may
have served to “delipidate” or otherwise stabi-
lize plaque in both study arms, minimizing
discernible on-treatment differences.

The Heart Protection Study 2-Treatment of
HDL to Reduce the Incidence of Vascular
Evenls
The Heart Protection Study 2-Treatment of HDL
10 Reduce the Incidence of Vascular Events
(HPS2-THRIVE)"! involved over 25,000 indi-
viduals with preexisting vascular disease who
were initially treated with simvastatin (40 mg)
and ezetimibe (if needed). Patients were then
randomized o either niacin in combination
with laropiprant or to placebo. Laropiprant was
added to attenuate niacin-induced, receptor-
mediated, prostaglandin-driven vasodilation
with subsequent subcutaneous flushing. In
the HPS2-THRIVE, treatment with niacin-
laropiprant together with statins and/or ezetl-
mibe conferred no cardioprotective beneft
compared with background statin-ezetimibe
therapy alone in reducing CVD events.
Similar to the findings in the AIM-HIGH
trial, " in the HPS2-THRIVE there was no incre-
mental benefit of niacin when added to a statin
in patients whose LDL-C levels were near or at
LDL-C goal at baseline: 63 mg/dL in the
HPS2-THRIVE and 72 mg/dL in the AIM-
HIGH swdy.™*" However, in the HPS2-
THRIVE, laropiprant treatment may have
complicated associations between lipid-altering
treatment and CVD rates,

OVERVIEW OF CURRENTLY APPROVED
TREATMENTS THAT LOWER Le(a)

Lipid Therapies
Niacin monotherapy and niacin-containing
regimens are the only lipid pharmacological
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treatments that consistently, markedly, and
dose-dependently lower Lp{a) and have
been recognized as such by consensus clinical
guideline panels.*"" Percent lowering tends
to be greater at higher baseline Lp(a) values.
In clinical trials, niacin-containing regimens
(with minimum daily niacin doses of >1.0 g}
reduced Lp(a) by approximately 7% 1o
40%."" "' At daily doses of 1.0 g of niacin
(among studies in which specific niacin
dosing data are available), niacin-containing
regimens reduced Lp(a) by approximately
5% to 17%: 5Tl

Niacin therapy likely reduces Lp(a) by
decreasing mobilization of free [fatty acids
from adipose tissues. Reduced trafficking of
unesterified fatty acids to the liver may lower
Lp(a) by attenuating hepatic synthesis of
apo B. Niacin stimulates degradation of apo
B—containing lipoproteins and decreases tri-
glyceride synthesis by inhibiting diacylglycerol
acyliransferase 2."° Possibly because hepatic
complexation of apo(a) 1o apo Bjgg is facili-
tated by intracellular triglyceride synthesis,
niacin-dependent decreases in Lp(a) may be
especially marked in patients with hypertriglyc-
eridemia. It is also possible that niacin inhibits
hepatocyte linkage of oxidized lipids to
apo(a), generating a relatively benign species
of apo(a).

Estrogen or Hormone Replacement Therapy
Elevated Lpia) is associated with increased
coronary risk in both premenopausal and
postmenopausal women."*“* However, as
with the case for pharmacologically reducing
Lp(a) in order to decrease CV risk in overall
populations, the argument as related to post-
menopausal women is controversial. A US
Preventive Services Task Force recently issued
a recommendation against routine use of hor-
mone replacement therapy (HRT) to prevent
chronic conditions, including unopposed es-
trogen to prevent CHD."'

Clinical and observational studies in women
with or without a history of CHD have shown
potential increases in the risks of thromboem-
bolic stroke, venous thromboembolism, and
cholecystilis among women receiving HRT;
these and other studies have largely excluded a
role for long-term HRT to prevent chronic dis-
eases, including CHD, in postmenopausal
women.” ™ The Hean and Estrogen/progestin
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FIGURE 2. Effects of different pharmacotherapies on lipoprotein{a)
cholesterol (Lp[a]-C) and the incidence of coronary heart disease (CHD).
AM-HIGH = Atherothrombosis intervention in Metabolic Syndrome with
Low HDUHigh Triglycerides: Impact on Global Health; FATS = Familial
Atherosclerosis Treatment Study, HATS = HDL-Atherosclerosis Treat-
mert Study; HERS = Heart and Estrogen/progestin Replacement Study
{high-Lp[a] quartile subgroup); HRT = hormone replacement therapy.

Replacement Study (HERS), a major study of
HRT for secondary prevention in postmeno-
pausal women, did not find any decrease in
overall CV risk with HRT despite lowering of
Lp(a) vs placebo”” (Figure 2).

Muliivariate adjusted relative hazards of
primary CHD events and coronary revascular-
ization in the placebo group iended to be
significantly higher among postmenopausal
women with greater baseline Lp(a)-C levels
(eg, in the fourth quartile [55.0-236.0 mg/
dL] compared with the first quartile [0-7.0
mg/dL]; P<.04 for trends).”” Women with
elevated Lp(a)—either above the median or
in higher quartiles of the distribution—
derived greater potential cardioprotective ef-
fects from HRT than their counterparts with
lower Lp(a) values; there was a significant
interaction of baseline Lp(a), HRT treatment,
and CHD risk.”

OTHER NONPHARMACOLOGICAL
INTERVENTION: LDL APHERESIS
Low-density lipoprotein apheresis is typically
reserved for patients with profoundly elevated
lipoprotein levels.”"' Low-density lipoprotein
apheresis techniques available in North
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America include dextran sullate cellulose
adsorption and heparin-induced extracorpo-
real LDL-C precipitation. Most 1.DL apheresis
procedures are well tolerated, with maximum
5% incidences of most adverse events
(including bradykinin-driven anaphylactoid
responses and reductions in HDL-C).™"

In the Low-Density Lipoprotein Apheresis
Angioplasty Restenosis Trial, the rate of reste-
nosis after percutaneous coronary inlervention
was 21% in 42 patients with at least 50% reduc-
tions in Lp(a), compared to 30% among 24 pa-
tients with lower percent reductions in Lp(a),
using LDL apheresis via dextran sulfate cellu-
lose adsorption (P<.05).”'’* Aflter percuta-
neous coronary intervention, a restenosis rate
of 12.5% was observed alter LDL apheresis
with adjunctive niacin-pravastatin that reduced
Lp(a) by at least 50% compared to 53% with
lower percent Lp(a) reductions.

SUGGESTED TREATMENT ALGORITHM

A new clinical algorithm to inform lipid-altering
treatment decision making in patients with
elevated Lp(a) focuses largely on consensus
guidelines and synthesis of findings from recent
studies (Figure 3). While noting that niacin can
lower Lp{a) by up to 30%, the National Choles-
terol Education Program Adult Treatment Panel
111 stated that it was unclear whether such Lp(a)
reductions induced by niacin decrease CHD
risk: “the quantitative contribution of elevated
Lp(a) to CHD risk beyond the major risk factors
isuncertain. This uncerainty extends both to in-
dividuals and populations; in the latter, the fre-
quency of elevated Lp(a) is not as high as lor the
major risk factors.”"’

As mentioned previously, no RCT in-
volving lipid pharmacotherapy has explicitly
ascribed reduced CV risk specifically to
the lowering of Lp(a) with either niacin or other
pharmacotherapies. Given the strong evidence
base supporting the cardioprotective benefits
of lowering LDL-C with statins, and the multi-
plier effects on CV risk of elevated Lp(a) when
in the presence of increased LDL-C levels, the
first lipid treatment target should be to reduce
LDL-C. A prospective cohort study at the
Cleveland Clinic (a GeneBank study) revealed
that the attributable risk of CV evenis associ-
ated with elevated Lp(a) is markedly auenuated
in patients with LDL-C levels below 70 mg/dL
after aggressive pharmacotherapy.”’

Lipoprotein(a) screening can also improve
discrimination and stratification of CV risk,
Such testing should be conducted in patients
with elevated LDL-C together with a personal
or family history of premature CVD, familial
hypercholesterolemia (FH), recurrent cardio-
vascular events despile maximum statin
therapy, or insufficient LDL-C responses to
statins (Figure 3). If the Lp{a)-C level is at or
above 30 mg/dL (>75th percentile in most
population distributions), clinicians should
institute maximum-potency statins or statin
combinations (with sequestrants or ezetimibe)
to decrease LDL-C levels to below 70 mg/dL or
achieve a minimum 50% reduction in LDL-C,
{However, further LDL-C reductions on treat-
ment with either ezetimibe monotherapy or
bile acid resins apart from cholestyramine
have not been associated with significant in-
cremental reductions in incidences of CVD.)

If the LDL-C level remains at or above 70
to 100 mg/dL, adding niacin, up to 2 g daily, is
a rational approach to further reduce apo
Bigo, which is a component of both LDL-C
and Lp(a). Of note, niacin treatment is not
recommended if patients are using high-
potency statins and their LDL-C levels are
already at goal (<70 mg/dL). Confirming
the multiplier effect of elevated Lp(a) in the
presence of elevated LDL-C were findings
from the recent large angiographic study
from the GeneBank program.”’ Baseline
Lp(a)-C levels of 30 mg/dL or above were
significantly associated with 3-vessel/obstruc-
tive disease or major adverse coronary evenis
(death, myocardial infarction, stroke, revascu-
larization) in patients with LDL-C levels
ranging from 70 to 100 mg/dL (P=.049) and
above 100 mg/dL (P=.02) but not below 70
mg/dL (P=.77).

In addition, in a recent subgroup analysis of
the AIM-HIGH trial, baseline and on-treatment
levels of Lp{a) significantly predicted CV events
in each treatment group; however, extended-
release niacin treatment reduced Lp(a) by
21% but did not significantly affect CV risk,”
Data from a larger subgroup analysis of the
HPS2-THRIVE in patients with different levels
of Lp(a) are eagerly awaited,

A recent systematic review and mela-
regression analysis of 11 RCTs including nearly
10,000 patieruts revealed that niacin treatment
was associated with a significant decline in any
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Fammily history of premature CVD
Premature CVD

Recurrent CVD desprie statin therapy
Familial hypercholesterolemia
Inadequate LDL-C responses to statins
Risk stratification in selected individuals®

Y

Lp(a} screening

Y

< Lp(a)-C 230 mg/dL >

Y

Maximum tolerable dose of high-potency
statin or statin + other |.OL-lowering
therapies (BAR, CAl) to achieve
LDL-C <70 mg/dL or >50% LDL-C
reduction

¥ 2

Y

< Lp(a)-C <30 mg/dL >

Y

Follow NCEP
guidelines

LDL-C 270-100 mg/dL LDL-C z160-200 mg/dL
or progressive CHD

Y Y

Consider adding

niacin up to 2 g/d apheresis

Consider LDL

FIGURE 3. Suggested clinical algorithm for assessment and treatment of elevated low-density lipoprotein cholesterol (LDL-C) and lipo-
protein(a) cholesterol (Lp{a]-C) using major lipid-altering therapies to reduce cardiovascular risk. Elevated LDL-C should be the primary
target of therapy. Because Lp(a) may mediate thrombogenic as well as atherogenic effects, some patients with elevated Lp(a) may be
candidates for antiplatelet therapies (eg, aspirin), *The optional category includes a | C-year Framingham risk score of 5% to 19% ora CHD
risk equivalent. BAR = bile acid resin (sequestrant); CAl = cholesterol absorption inhibitor, CHD = coronary heart disease; CVD = car-
diovascular disease; LDL = low-density lipoprotein; NCEP = National Cholesterol Education Program.

CHD (P=.02) or any CVD (P=.007) event.””
However, the analysis included the AIM-HIGH
study but not the HPS2-THRIVE. Subgroup
analyses, potentially including patient segments
with elevated Lp(a), may show incremental ben-
efits of niacin when administered in combination
regimens.”" The Lp(a)-lowering effects of niacin
must be weighed against potential adverse ef-
fecis, many of which are time-limited/reversible
in individual patients: flushing, gastrointestinal

disorders (eg, peptic ulcer), reduced insulin sensi-
tivity, increased uric acid, and atrial fibrillation.
Returning to the algorithm, if the LDL-C
level remains at 160 1o 200 mg/dL or higher,
or the patient has progressive CHD on
maximal therapy, LDL apheresis should be
considered. However, this use of LDL apher-
esis and its use 1o specifically lower Lp(a)
have not been approved by the US Food and
Drug Administration and are hence considered
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off-label. A repeated Lp(a) measurement is
generally not recommended in consensus
guidelines but may be useful in evaluating re-
sponses 1o therapy.

A position statement by the National Lipid
Association for patients with FH recommen-
ded that physicians consider LDL apheresis
for patients using maximal drug therapy (1)
whose LDL-C level is at least 200 mg/dL in
the presence of 2 risk factors or a high
Lp(a)-C level (>50 mg/dL) and (2) who have
LDL-C levels at or above 160 mg/dL and
very high-risk characteristics, including estab-
lished CHD, other CVD, or diabetes.”” At this
writing, LDL apheresis is not a widely available
treatment,

The clinical algorithm identifies an Lp{a)-C
level above 30 mg/dL as a threshold to institute
high-potency statins to reduce LDL-C levels to
below 70 mg/dL {or to atain at least a 50%
LDL-C reduction) in order to minimize CVD
risk, If high-intensity statin therapy is inadequate
to achieve this goal, then other evidence-based
LDL—lowering therapies should be considered
in combination with statins. If LDL-C values
remain above 70 to 100 mg/dL despite high-
intensity statin therapy with or without other
LDL—lowering therapies, then niacin therapy
should be coniemplated as a further means to
reduce all apo B-containing lipoproteins,
including LDL and Lp(a). The algorithim thus rep-
resenits a stepped-care approach 1o minimize
the residual risk conferred by an elevated
Lp(a) level. The role of Lp(a) screening is not
specifically part of a strategy to reduce CVD
risk by lowering Lp(a) but rather a way to iden-
tify patienits who warrant more aggressive over-
all lipid-lowering therapy to reduce all apo
B—containing lipoproteins,

According to the European Atheroscle-
rosis Society, Lp(a)-C should be lowered to
below the B80th percentile, or less than 50
mg/dL, using niacin in patients with the char-
acteristics noted previously, including FH and
recurrent CVD*Y (Figure 3). However, desir-
able Lp(a)-C levels may be closer to below
30 or 40 mg/dL. When the Lp(a)-C level is
above 30 mg/dL and the Lp(a) particle {Lp
|a]-P} level is above 72 nmol/L (mean conver-
sion factor of 2.4:17%), the patient should be
considered at elevated atherosclerotic and
thrombogenic risk and may be a candidate
for antiplatelet (aspirin), as well as lipid-

altering, therapy. (See the “Lp(a) Measurement
Issues” section for further information about
assaying different Lpla] subiractions.)

In a meta-analysis, a US Preventive Services
Task Force panel also identified an Lp(a)-C
level of 30 mg/dL as a potential decision limit,
noting that the relative risk of CHD increased
by nearly 60% in those with levels above (vs
below) this threshold, ™ *" Some clinical labo-
ratories use 30 mg/dL as a cut point to define
elevated Lp(a)-C. A single Lp(a)-C measure
below 25 mg/dL largely niles out elevated
Lp(a) as a contributor to advanced CV risk in
an individual, Recent guidelines from the Cana-
dian Cardiovascular Society also noted that
Lp{(a)-C levels above 30 mg/dL are associated
with increased CV risk.”!

Recently reporied data from the Copenha-
gen City Heart Study (CCHS) indicated that
the presence of extremely elevated Lp(a)-
C—above the B0th percentile (>47 mg/dL)—
significantly enhanced prediction of coronary
events compared with existing conventional
CHD risk factors alone.** As shown in the algo-
rithm, Lp(a) can be measured in order to further
stratify selected individuals with intermediate-
risk profiles, including a 10-year Framingham
risk score of 5% to 19% or a CHD risk equivalent.
Given the findings from the CCHS, it is plausible
that the presence of an Lp(a)-C level above the
80th percentile (>50 mg/dL)} could move such
an intermediate-risk patient into the secondary
prevention category, warranting more aggressive
apo B—lowering therapy via statins and/or niacin.
The CCHS data could also potentially support the
use of a higher Lp(a)-C cut point (ie, >80th
percentile; =50 mg/dl) to predict CHD and
inform clinical decisions.

LPA genotyping may assist in determining the
presence of allelic gene varianis (eg, 153798220,
rs10455872, 19457951, rs41272110) that may
be associated with increased Lp(a) levels and/or
elevated CV risk, The presence of these SNPs
could, in theory, signal a potential benefit
from more intensive treatment of Lp(a) and
LDL-C, either to lower levels or to higher abso-
lute decreases (mg/dL) from baseline. Patients
with these gene variants (including carriers)
may also benefit from addition of aspirin
or other antiplatelet therapies to reduce coro-
nary events; a precedent for this strategy
was established in both the Women's Health
Study and the Atherosclerosis in Communities
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(ARIC) trial. In these studies, carriers of the
153798220 allele experienced a significant
decrease in coronary events while receiving
aspirin therapy, whereas noncarriers did
not#Ae

In summary, the clinical algorithm pre-
sented in this article is consistent with the Na-
tional Cholesterol Education Program Adult
Treatment Panel [lII view that measuring
Lp(a) is an option that may help to further
risk stratify patients with a “strong family his-
tory of premature CHD or...with...familial hy-
percholesterolemia.”*’ Among such patiens,
“an elevated Lp{a)...presents the option to
raise a person’s risk to a higher level...The
finding of a high Lp(a) could count as a sec-
ond tisk factor™ to warrant treatment of
LDL-C to a lower target.

Lr(a) MEASUREMENT ISSUES

For decades, issues surrounding Lp(a) measure-
ment and standardization have complicated in-
terpretations of Lp(a) levels in the context of
CVD risk. In addition, most clinicai laboratories
have used various methods of reporting Lp(a)
levels that have been confusing to clinicians.
Some clinical laboratories are still reporting
Lp{a) mass, whereas others report Lp(a)-C,
Lp(a) protein, or Lp(a)-P. This variability has
created confusion for clinicians who are not
knowledgeable about how clinical laboratories
measure and report Lp(a) values. Over the years,
several efforts have been undenaken to enhance
standardization of the measurement and report-
ing of Lp(a) levels.

A National Heart, Lung, and Blood Insti-
tute panel advocated expression of Lp(a) levels
in nmol/L of protein, in order to capture the
total number of Lp(a)-Ps (by analogy to apo
B signilying the total number of atherogenic li-
poprotein particles). According to the National
Heart, Lung, and Blood Institute, Lp{a) levels
above the 75th percentile are associated with
increased CV risk; in whites (in the Framing-
ham Heart Study), this percentile translates
to above 75 nmol/L of Lp(a) protein.H If an
apo(a) isoform—sensitive assay is used, Lp(a)
protein values above 50 nmol/L should be
retested, according to validated methods, by
a referral laboratory.

Most available assays to evaluate Lp(a) levels
include an immune/antibody component (eg,
immunonephelometry, immunoturbidimetry,

latex immunoassays). The recent European
Atherosclerosis Society guidelines recommend-
ed the use of assays with coefficients of variation
below 10% that are also economically priced
and accurate.”

Immunoassays, other methods of quantifying
Lp{a} (eg, vertical awo profile, B-lipoprotein
cholesterol quantitation with polycations™ *),
and protocols for phlebotomy and plasma
storage should be standardized for quality
control, including the use of an Lp(a) prepa-
ration approved as a secondary reference by
international agencies (World Health Organi-
zation, International Federation of Clinical
Chemistry). The current International Feder-
ation of Clinical Chemistry reference mate-
rial, with an assigned value of 107 nmol/L
for Lp(a) protein, should be used to calibrate
assays. Manufacturers of assays for Lp(a)
should seek to minimize the effects of
apof(a) size on Lp(a) levels.™

An early assay (Northwest Lipid Research
Laboratories) with accuracy not influenced by
the heterogeneity of apo(a) isoform size uti-
lized a monoclonal antibody targeted against
a unique apo(a) epitope (within KIV-9 and
not within the variable part of the protein
sequence); the monoclonal antibody was
then used to generate an enzyme-linked
immunosorbent assay. This assay specifically
and size-independently measures Lp(a)-P
number in $1 units (mol/L or similar units
such as nmol/L).™"

Total Lp(a) mass can also be measured. One
validated, high-quality assay is the Denka-
Seiken immunoturbidimetric assay {Atherotech
Diagnostics Lab; Berkeley Extended-Range
Lplal Test). Results are expressed in mg/dL,
and the coefficient of variation is less than
3%. Lipoprotein(a)-C can be measured with
density-gradient tests such as vertical auto pro-
file or B-lipoprotein cholesterol quantitation
with polycations.™ ™ A lipoprotein quantita-
tive immunofixation electrophoresis assay
developed by Health Diagnostic Laboratory,
Inc measured Lp(a)-P number in a manner
that correlated strongly with a research meth-
odology but not with the Denka-Seiken Lp(a)
mass assay, most likely because the mass assay
is sensitive to size variations in apo{a) iso-
forms. Electrophoresis is highly specific
(~93%) but not sensitive (60%) for Lp(@)
mass exceeding 30 mg/dL.”
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One way 1o help discriminate CV risk
associated with elevated Lp(a) is to obtain
measures of both Lp(a)-P and Lp(a)-C. Evi-
dence suggests that Lp(a)-P and Lp{a)-C are
complementary subfractions in terms of
conlerring CV risk. In one study, the ratio of
Lp(a)-C to Lp{a)-P was 0.46 in healthy indi-
viduals, 140 in those with Lp(a)-C above
the upper limit of normal (10 mg/dL), 0.06
in those with Lp(a)-P above the upper limit
of normal (70 nmol/L), and 0.08 in those
with elevations in both [ractions.”’

Assays of Lp(a) fractions were developed by
Joseph P. McConnell, PhD, of the Mayo Clinic
and Mayo Foundation for Medical Education
and Research. Two patients may have identical
levels of Lp(a) mass, but in the patient with
smaller Lp{a) containing lower-molecular-
weight apo(a) isoforms (the liver secretes smaller
apola] particles more readily than larger ones),
greater amounts ol cholesterol are tralficked by
Lp(a), and hence Lp(a) elevations may be poten-
tially more atherosclerotic and thrombogenic.
The patient with an Lp{a)-C level of at least
30 mg/dL (75th percentile population risk cut
point} and elevated Lp(a) mass may be at partic-
ularly elevated CV risk. On the other hand, in
the presence of predominantly large apo(a) iso-
forms, an Lp(a)-C level of 30 mg/dL places a
patient at only the 50th percentile of CV risk.
Protocols for quantification of different apo(a)
isoforms (including heterogeneous kringle ar-
chitectures) have been developed by Drs Marlys
Koschinsky and Santica Marcovina, ™" How-
ever, the relative prognostic utility of assaying
Lp(a) by particle number {Lp|a]-P), cholesterol
(Lpla]-C), or mass remains controversial at this
writing. [n one clinical trial reported by McCon-
nellet al,"* Lp(a)-C was an independent predic-
tor of angiographic CHD and CVD events,
whereas Lp(a) mass was not an independent
risk factor for these outcomes.

THE WAY FORWARD

To inform controversies surrounding Lp{a), pro-
spective RCTs are being conducted to determine
whether pharmacotherapies that lower Lp{a)
also decrease CV risk” '’ (Table 2). As
mentioned previously, the HPS2-THRIVE re-
ported that treatment with niacin-laropiprant
together with statins and/or ezetimibe conferred
no cardioprotective benefit compared with
background statin-ezetimibe therapy alone in

reducing CV events.”' However, it is possible
that patients with elevated Lp(a) at baseline
experienced special benefits of the combina-
tion niacin regimen, but the number of such
individuals may be insufficient to draw statisti-
cally valid conclusions., Published results of
this clinical trial are eagerly awaited. Trials
evaluating investigational agents that also
lower Lp(a) (Tahle 2) may be useful in future
efforts 1o determine the role ol on-treatment
changes in Lp{a) compared with other lipids
in preventing CVD.

CONCLUSION

Lipoprotein(a} is a genetic, causal risk factor for
CVD. Population-based studies have deter-
mined that there is a continuous, graded asso-
ciation between Lp(a) levels and CV risk that
is somewhat less marked compared with the
association of elevated LDL-C and such risk.
Partly because both Lp(a) and LDL-C contain
the atherogenic moiety apo Bjgg, there is a
muliiplier effect such that CV risk is synergisti-
cally increased when both lipoproteins are
elevated; conversely, elevated Lp{a) becomes
more clinically innocuous when accompanied
by lower levels of LDL-C (<70 mg/dL alter
maximum statins}, Elevated LDL-C (or apo B)
should always be targeted for lipid-medifying
therapy before treating elevated Lp{a).

Niacin reduces Lp(a) by up to 40% and has
been identified by consensus treatment panels
as the only medication that consistently lowers
Lp(a). Because niacin treatment can reduce the
apo Bygp component of both LDL and Lp(a),
such therapy is a rational alternative in the
presence of refractorily elevated LDL-C
despite maximum-dose statins or statin com-
bination therapy. Further clinical trials are
needed to determine if reductions in CV risk
can be specifically ascribed to on-treatment
changes in Lp(a).
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| TABLEZ Ongoing Clinical Trials With Niacin and Other Investigational Agents That/Lower Lipoprotein(a}*®

Agent; study
(clirvcalinsts pov Study setting/design
identifier) (status) Patents Treatments Main outcome measures Comment
Approved
Niacin regimens; German phase 3 Lp(a)-C >30 mg/dl, ERN 05-20 g + ongong  Primary. Percent change i Other: adverse
NICOLa RCT TG <400 mg/dL statin vs Pbo + ongoing  Lp(a) clinical everts
(NCT00633698) {recruitment with or without statin (at stable doses) for Secondary: Percent changen HR-QOL,
status unknown)  CVD 20 wk LOL-C, HDL-C, TG, disease-related
blood glucose cosls
Niacin regimens; Spanish phase 4  LDL-C 70-190 ERN/LRPT -2 gf20-40  Primary: Absolute and None
Effect of Niacin in ~ open-labe! trial mgfdL + mg for 12 wk refative change in Lp(a)
the Lipoprotein{a)  {completed) Lp(a) <30 stratified by BL Lp(a)
Concentration ("normal"), Secondary: Percent change in
(NCTO|321034) 30-60 ("high™), Lp(a) stratfied by number
or >60 ("very of KIV-2 repeats in apo(a)
high") mg/dL gene
Investigational
ASO (MPMN North American  Severe HeFH (LDE-C Weekly SC: Primary: Percent change in  Cther: Percent
[IS1S 301002]) phase 3 RCT >200 mg/dL [with MPMN 200 mg [ xMkor  LDL-C change in apo B
FOCUS FH™% (recruiting) CHD) or 2300 MPMN 70 mg 3x/wk  Secondary: Percent change in Frequencies of
{NCTO1475825) mg/dL} vs Pbo for each {each Lp{a) adverse events
for 60 wk) and injection-site
reactions
CETP inhibitor International >50 y + Ml history,  ANA 100 mg/d {or Primary: Major coronary Other: Percent
{(ANA): (Europe, UK, CBVD, PVD, or Pbo) + statins for events {coronary death, change in kipids/
REVEAL "™ Scandinavia, Asiz, DM + 4y MI, coronary lipoproteins
{NCT01252953) North America)  symptomatic CHD revascularization)
Phase 3 RCT
(recruiting)
PCSK9 mAb US and South HeFH not adequately PCSK9 mAb {vs Pbo) Primary; Percent change in  None
(REGIN727/ African phase 3 controlled on LMT:  SC 4 ongoing LMT LDL-C up to 24 wk
SAR236553); RCT (recruiting}  LDL-C 270 mg/dl.  for up to 24-88 wk Secondary: Percent change in
QDYSSEY with CVD or LDL-C other lipidsiipoproteins
FH '™ >100 mg/dl. up to 78 wk
(NCTO1623115) without CVD
PCSKS mab US phase 3 RCT 240 y + hospitalized  PCSKS mAb (vs Pbo) Primary: Time to first major Other: Percent
(REGN727/ {recruiting) for acute coronary SC + ongoing LMT VD event change in lipide/
SAR236533). syndrome within for up to 280 wk lipoproteins
ODYSSEY prior 16 wk
Outcomes'?

{NCT01663402)

*ANA = anacetrapit; apo = apolipoprotein; ASO = antisenss okgonucleotide; BL = baseling; CBVD = cerebrovascular disease; CETP = cholesteryl ester transfer protein;
CHD = coronary heart disease; CVD = cardiovascular disease; DM = diabetes mellitus, ERN = extended-release niacin; FOTUS FH = Study of the Safety and Efficacy of
Two Different Regirnens of Mipomersen in Patients With Familial Hypercholesterolemia and Inadequataly Controlied Low-Density Lipoprotein Cholesterol; HDL-C =
high-density lipoprotein cholestero’ HeFH = heternzygous familial hypercholesterolemia; HR-QOL = health-related guality of life; KIV-2 = kringle IV type 2 LDL-C = low-
density lipoprotein cholestarol; LMT = lipid-modifying (drug) therapy: Lp(a) = lipoprotein(a); LRPT = laropiprant: mAb = human monodonal antibedy; M1 = myocardial
infarction; MPMN = mipomersan; NICOLa = Evaluation of the Effect of NICOtinic Acid {Niacin) on Elevated Lipoprotein(a) Levels; ODYSSEY FH | = Efficacy and Safety
of Alirocurab SAR236553 {(REGN727) Versus Placebo on Top of Lipid-Modifying Therapy in Patients With Heterozygous Famifial Hypercholesterplernia Not Adequately
Controlled With Their Lipid-Modifying Therapy; ODYSSEY Outcomes = Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment
With Alirocumab SAR236553 (REGNT27); Pbo = placebo; PCSK9 = proprotain convertase subtilisinkexin type ; PVD = peripheral vascular disease; RCT = randomized
placebo-controlled trial; REVEAL = Randomized EValuation of the Effects of Anacetrapib Through Lipid-madification; SC = subcutancous TG = triglycerides.
k5] conversion factors: To convert Lp(a) values to pmoliL, multiply by 0.0357; to convert trighyteride values to mmol/L, multiple by 1.8 to convert LDL-C values to mmaliL
multiply by 0.0259.
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Abbreviations and Acronyms: AIM-HIGH = Athero-
thrombosis Intervention in Metabolic Syndrome with Low
HDL/High Trglycendes: Impact on Global Health Out-
comes; apo = apolipoprotein; CCHS = Copenhagen City
Heart Study; CHD = coronary heart disease; CV = cardio-
vascular, VD = CV disease; FH = familial hypercholester.
olemia;, HOL-C = high-density lpoprotein cholesterok
HPS2-THRIVE = Heart Protection Study 2-Treatment of
HDL to Reduce the Incidence of Vascular Events; HRT =
hormone replacement therapy; KIV-2 = kringle IV type 2;
LDL = low-density lipoprotein; LOL-C = LDL cholestero);
Lp(a) = lipoprotein{a); Lp{a)-C = Lp(a) cholestero
Lp(a)-P = Lp(a) particle; PN = pentanucleotide; RCT =
randomized controlled trial; SNP = single-nucicotide
polymorphism
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