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Background—Beyond their potent LDL (low-density lipoprotein) cholesterol (LDL-C)-lowering efficacy (50-60%), PCSK9
(proprotein convertase subtilisin/kexin type 9) inhibitors also reduce Lp(a) (lipoprotein[a]) levels by 25% to 30%, suggesting a
2:1 response ratio. We aimed to characterize the relationship between LDL-C and Lp(a) lowering by evolocumab, a PCSK9 inhibitor,
in a large clinical trial population and to determine the prevalence of concordant/discordant LDL-C and Lp(a) responses to PCSK9
inhibition.

Methods and Results—Data were analyzed from 4 randomized, 12-week, multicenter, phase 3 evolocumab trials. Patients with
familial hypercholesterolemia, nonfamilial hypercholesterolemia, or statin intolerance participated in the trials. The main measure
was the degree of concordance or discordance of LDL-C and Lp(a) in response to PCSK9 inhibition; concordant response was
defined as LDL-C reduction >35% and Lp(a) reduction >10%. The study cohort comprised 895 patients (438 female; median age:
59.0 years [interquartile range: 51-66 years]). Baseline mean level of LDL-C was 133.6 mg/dL (SE: 1.7) and median Lp(a) level was
46.4 mg/dL (interquartile range: 18.4-82.4 mg/dL). A discordant response was observed in 165 (19.7%) patients. With these
cutoffs, the prevalence of discordance was higher when considering baseline Lp(a) concentrations >30 mg/dL (26.5%) or >50 mg/
dL (28.6%).

Conclusions—We demonstrate high prevalence of discordance in LDL-C and Lp(a) reduction in response to evolocumab,
particularly when considering higher baseline Lp(a) concentrations, indicating the possibility of alternative pathways beyond LDLR
(LDL receptor)—-mediated clearance involved in Lp(a) reduction by evolocumab.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifiers: NCT01763827, NCT01763866, NCT01763905,
NCT01763918. (J Am Heart Assoc. 2019;8:e010932. DOI: 10.1161/JAHA.118.010932.)
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type 9

D espite its low plasma abundance, PCSK9 (proprotein
convertase subtilisin/kexin type 9) acts as a master
regulator of LDL (low-density lipoprotein) metabolism by
binding to the LDLR (low-density lipoprotein receptor) and
targeting it for lysosomal degradation.' In 2015, 2 therapeutic
monoclonal antibodies targeting PCSK9 were approved by the
US Food and Drug Administration to treat patients with

established atherosclerotic cardiovascular disease and/or
familial hypercholesterolemia requiring additional LDL choles-
terol (LDL-C) lowering. In 2017, the first large randomized
controlled outcome trial with a PCSK9 inhibitor, evolocumab,
demonstrated statistically significant reductions in myocardial
infarction and stroke rates over 2.2 years in patients with
preexisting vascular disease above optimized statin therapy.”
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Clinical Perspective

What Is New?

» Although it is known that PCSK9 (proprotein convertase
subtilisin/kexin type 9) inhibitors lower plasma LDL (low-
density lipoprotein) cholesterol and Lp(a) (lipoprotein[a]),
the relationship between LDL cholesterol and Lp(a) lowering
in response to such therapy is complex and likely governed
by multiple factors.

What Are the Clinical Implications?

The results of this analysis suggest that Lp(a) may not
always or exclusively utilize LDLR (low-density lipoprotein
receptor) as a clearance receptor and, thus, alternative
pathways of Lp(a) reduction beyond LDLR-mediated clear-
ance may be affected by PCSK9 blockade.

Similarly, positive results from the other antibody (alirocumab)
large randomized controlled outcome trial were recently
published.?

PCSK9 inhibitors are highly efficacious lipid-lowering drugs,
with LDL-C reductions generally ranging from 50% to 60% in
12-week interventional studies.*® Both antibodies targeting
PCSK9 have also consistently demonstrated significant (25—
30%) reductions in Lp(a) (lipoprotein[a]).”® Although the
potent reduction in LDL-C achieved by PCSK9 inhibition is
mediated through its profound effect on LDLR preservation,
the mechanism of Lp(a) lowering is unknown. Although some
suggest that Lp(a) reduction achieved with PCSK9 inhibition is
also secondary to the increase in LDLR expression,’ alterna-
tive pathways beyond LDLR-mediated clearance may be
involved in Lp(a) reduction.>”?"2° If PCSK9 antagonism
lowers Lp(a) solely through LDLR-mediated clearance, then
Lp(a) and LDL-C lowering should be proportional, with all
individuals achieving the 2:1 ratio.

The range of Lp(a) responses and the relationship of LDL-C
to Lp(a) lowering in a clinical cohort of patients receiving
PCSK9 inhibitor therapy was recently characterized under
standard-of-care protocols, with cutoffs for response to
therapy of LDL-C reduction >35% and Lp(a) reduction
>10%." In this study, it was hypothesized that if normal
clearance of Lp(a) were mediated only through upregulation of
LDLR, then most patients would have concordant reductions
in both particle levels. Although moderate correlation between
LDL-C and Lp(a) was reported in the cohort, similar to that in a
large pooled analysis of 4 phase 2 clinical trials of
evolocumab,® 38% of patients (10 of 26) had Lp(a) reduction
<10% despite robust LDL-C lowering. This observation
suggests that PCSK9 inhibition may activate alternative
mechanisms and/or additional factors beyond LDLR that
ultimately determine the degree of Lp(a) reduction. The major

limitations of this work, however, were small study size,
retrospective design, and use of 2 different antibodies.

In this analysis, we assess the relationship of LDL-C and Lp
(a) lowering in response to 1 PCSK9 antibody, evolocumab.
Although there is no widely accepted set of lipid cutoffs for
such analyses, we used the same criteria (response to therapy
defined as LDL-C reduction >35% and Lp(a) reduction >10%)
used in a prior study.13 We also performed the analyses with
response to therapy defined as LDL-C reduction >0% and Lp
(a) reduction >0%. The present study provides an analysis
from a larger cohort from the PROFICIO (Program to Reduce
LDL-C and Cardiovascular Outcomes Following Inhibition of
PCSK9 in Different Populations) clinical trial program.

Methods

Study Cohort

The study population was derived from the PROFICIO clinical
trial program evaluating evolocumab. Data were analyzed
from patients enrolled in 1 of 4 randomized, 12-week, phase 3
evolocumab trials (Table S$1).*%' All patients provided
written informed consent, and the individual protocols were
approved by the appropriate institutional review board.
Qualified researchers may request data from Amgen clinical
studies. Complete details are available online (http://www.
amgen.com/datasharing).?"

The evolocumab dosing regimens studied were either
140 mg subcutaneously every 2 weeks or 420 mg monthly
(Table S1). A common central laboratory, which met applica-
ble standards set forth by the Centers for Disease Control
and Prevention and the National Heart, Lung, and Blood
Institute,'® was used for lipid and apolipoprotein measure-
ments. LDL-C levels were determined by the Friedewald
formula unless calculated LDL-C was <40 mg/dL or triglyc-
eride levels were >400 mg/dL, in which case LDL-C levels
were measured by preparative ultracentrifugation.*®'” Lp(a)
was measured using an immunoturbidometric assay with an
Olympus AU5400 analyzer.'? The results were converted from
nanomole per liter to milligram per deciliter using a conver-
sion factor of 2.5.2°

The following clinical trials registrations are related to this
study: MENDEL-2 (Monoclonal Antibody Against PCSK9 to
Reduce Elevated LDL-C in Subjects Currently Not Receiving
Drug Therapy for Easing Lipid Levels—2; NCT01763827);
LAPLACE-2 (LDL-C Assessment With PCSK9 Monoclonal
Antibody Inhibition Combined With Statin Therapy-2;
NCT01763866); GAUSS-2 (Goal Achievement After Utilizing
an Anti-PCSK9 Antibody in Statin Intolerant Subjects—2;
NCT01763905); RUTHERFORD-2 (Reduction of LDL-C With
PCSK9 Inhibition in Heterozygous Familial Hypercholes-
terolemia Disorder Study—2; NCT01763918).
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Efficacy and Safety End Points

The co—primary end points of each of the 4 trials were the
percentage change from baseline in LDL-C at week 12 and at
the mean of weeks 10 and 12. Key safety end points were
treatment-emergent and serious adverse events, laboratory
parameters, and antievolocumab antibodies.

There were 1558 patients who received evolocumab and
adhered to the scheduled study treatment in the 4 phase 3
trials for this pooled analysis. To be eligible for the present
analysis, patients needed to meet the following criteria: (1)
no missing data at baseline and 12 weeks, (2) adhered to
scheduled dose administration, and (3) baseline Lp(a)
>10 mg/dL. A total of 895 patients met all inclusion
criteria.

One set of criteria used to define response to therapy was
set at LDL-C reduction >35% and Lp(a) reduction >10%, as
described in a prior study.'® This definition of discordance
was developed to avoid spurious rejection or confirmation of
the null hypothesis based on clinical trial data that demon-
strate a 2:1 ratio between LDL-C and Lp(a) lowering. The data
from the large FOURIER (Further Cardiovascular Outcomes
Research With PCSK9 Inhibition in Subjects With Elevated
Risk) trial recapitulated this observation with mean reductions
(versus placebo) in LDL-C and Lp(a) of 61% (95% CI, 60—61%)
and 27% (95% Cl, 26—29%), respectively.” Consequently, we
defined discordance as a ratio higher than 3.5:1, which should
be a very rare event unless the effect of PCSK9 inhibition on
Lp(a) is not exclusively or not always due to LDLR upregu-
lation. Given that there is no widely accepted set of lipid
cutoffs for such analyses, we also assessed the degree of
concordance or discordance in response to PCSK9 inhibition
by setting response to therapy as any LDL-C reduction and
any Lp(a) reduction.

Statistical Analysis

The analysis was performed for 3 groups: (1) baseline Lp(a)
>10 mg/dL, (2) baseline Lp(a) >30 mg/dL, and (3) baseline
Lp(a) >50 mg/dL. These cutoffs were selected based on
recently published data relating the risk of coronary disease
to Lp(a) levels.'®' Patients with missing data at baseline
and/or week 12 were excluded from the analysis. Concordant
response to therapy was defined as >35% reduction of LDL-C
and >10% reduction of Lp(a) from baseline to week 12.
Continuous variables were summarized with means and
standard errors or medians and interquartile ranges (IORs).
Categorical variables were summarized with counts and
percentages. The proportion of patients with a concordant
response (proportion of patients with >35% reduction in LDL-C
and >10% reduction in Lp[a]) at week 12 was estimated, and a
95% Cl (2-sided) for this proportion was derived with the Wilson
score interval. A 2-sample ¢ test with unequal variances using

Satterthwaite degrees of freedom was performed to evaluate
whether the percentage change in LDL-C from baseline to week
12 was different between patients with <10% reduction and
those with >10% reduction of Lp(a). These analyses were
repeated for >40% reduction of Lp(a) at week 12. Correlations
between Lp(a) and LDL-C reductions for all patients were
assessed using the Spearman correlation coefficient at week
12. The proportion of patients with any reduction of LDL-C and
Lp(a) (eg, LDL-C reduction >0% and Lp[a] reduction >0%) at
week 12 was also provided. All analyses were performed with
SAS/STAT v9.4 software (SAS Institute).

Results

A total of 1558 patients enrolled in the 4 phase 3 clinical trials
were included in this analysis. The final cohort meeting all
eligibility criteria consisted of 895 patients (457 male; median
age: 59.0 years [IOQR: 51-66]). Patient characteristics are
detailed in Table 1. Baseline mean LDL-C level was 133.6
mg/dL (SE: 1.7) and median Lp(a) level was 46.4 mg/dL (IQR:
18.4-82.4). The estimated mean percentage reductions in
LDL-C and Lp(a) for evolocumab versus placebo were 63.3%
(95% Cl, 59.1-67.5%) and 29.6% (95% Cl, 26.7-32.4%),
respectively, confirming the expected ~2:1 ratio. Conse-
quently, the correlation between percentage of LDL-C reduc-
tion and percentage of Lp(a) reduction was statistically
significant (—=0.37, P<0.001; Figure 1).

In the overall study population (combined treatment groups
with evolocumab 140 mg every 2 weeks and 420 mg
monthly), the vast majority of patients achieved an LDL-C
reduction >35% (n=839; 93.7%) in response to PCSK9
inhibition. Achievement of Lp(a) reduction >10% was less
common (n=699; 78.1%). For the remaining 196 patients, the
Lp(a) response to evolocumab was either minimal or nonex-
istent. The prevalence of discordance was higher when
baseline Lp(a) concentrations were >30 or >50 mg/dL. In
patients with baseline Lp(a) levels either >30 or >50 mg/dL,
appropriate LDL-C reduction without Lp(a) lowering was
observed in 133 of 502 (26.5%) and 112 of 392 (28.6%),
respectively (Table 2). Importantly, the discordance was to
some extent bidirectional, and some participants manifested
significant Lp(a) reductions in the absence of the anticipated
LDL-C response to PCSK9 inhibition, although the absolute
number of patients in this category was small because most
achieved LDL-C reduction >35%. Specifically, in patients with
baseline Lp(a) levels >10, >30, or >50 mg/dL, 25 of 56, 15 of
39, and 13 of 33, respectively, achieved Lp(a) lowering
without the anticipated LDL-C reduction.

In those with LDL-C reduction >35% (n=839), Lp(a)
reduction was >10% in 674 (80.3%) patients and <10% in
165 (19.7%) patients. Interestingly, the mean percentage of
LDL-C reduction was greater in 198 (23.6%) patients with Lp
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Table 1. Baseline Characteristics of the Study Population

Baseline Characteristic Evolocumab 140 mg SC Biweekly Evolocumab 420 mg SC Monthly Overall

n 47 424 895

Age, y, median (IQR) 58.0 (51.0-66.0) 60 (52.0-67.0) 59.0 (51.0-66.0)
Female, n (%) 228 (48.4) 210 (49.5) 438 (48.9)
LDL-C, mg/dL, mean (SE) 132.8 (2.3) 134.5 (2.4) 133.6 (1.7)
Lp(a), mg/dL, median (IQR) 40.8 (18.0-82.2) 48.6 (18.4-83.0) 46.4 (18.4-82.4)
HDL-C, mg/dL, mean (SE) 53.6 (0.75) 55.8 (0.80) 54.6 (0.55)
Triglycerides, mg/dL, median (IQR) 115.5 (86.5-166.0) 114.0 (85.0-154.3) 115.0 (86.0-160.0)
Non-HDL-C, mg/dL, mean (SE) 159.5 (2.5) 160.2 (2.6) 159.8 (1.8)
apoB, mg/dL, mean (SE) 102.9 (1.5) 102.4 (1.4) 102.7 (1.0)
PCSK9, ng/mL, mean (SE) 363.7 (5.8) 350.5 (6.2) 357.5 (4.3)
hs-CRP, mg/L, mean (SE) 3.2(0.3) 3.6 (0.5 3.4 (0.3
Coronary artery disease, n (%) 114 (24.2) 113 (26.7) 227 (25.4)
Cerebrovascular or peripheral arterial disease, n (%) 56 (11.9) 59 (13.9) 115 (12.8)
Tobacco use, n (%) 69 (14.6) 58 (13.7) 127 (14.2)
Diabetes mellitus, n (%) 58 (12.3) 45 (10.6) 103 (11.5)
Hypertension, n (%) 231 (49.0) 216 (50.9) 447 (49.9)
Family history of premature coronary heart disease, n (%) 123 (26.1) 116 (27.4) 239 (26.7)

apoB indicates apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol;

Lp(a), lipoprotein(a); PCSK9, proprotein convertase subtilisin/kexin type 9; SC, subcutaneous.

(a) reduction >40% than in those with Lp(a) reduction <10%
(65.8% versus 50.1%; P<0.001).

Baseline mean LDL-C and median Lp(a) for those with
<35% reduction in LDL-C were 136.2 mg/dL (SE: 9.2) and
70.8 mg/dL (IQR: 23.8-97.0), respectively. Although baseline
mean LDL-C was similar for patients with LDL-C reduction
<35% or >35%, baseline median Lp(a) was lower (43.2 versus
70.8 mg/dL) for those who achieved LDL-C reduction >35%
(Table 3). Baseline mean LDL-C and median Lp(a) for those
with <10% reduction in Lp(a) were 136.0 mg/dL (SE: 3.6) and
73.2 mg/dL (IQR: 38.8-86.8), respectively, whereas for
patients with >10% reduction in Lp(a), they were 132.9 mg/
dL (SE: 1.9) and 37.2 mg/dL (IQR: 17.2-77.6), respectively
(Table 3). In patients with Lp(a) reduction of <10% in response
to PCSK9 inhibition, the LDL-C drop was 50.1% (SE: 1.4%),
whereas in those with Lp(a) reduction of >10%, mean LDL-C
reduction was 60.7% (SE: 0.5%). In addition, we found a
greater percentage of Lp(a) reduction in those with lower
baseline Lp(a) concentration and a larger absolute Lp(a)
reduction in those with higher baseline Lp(a) concentration.

Given that there is no widely accepted set of lipid cutoffs
for such analyses and to provide a model for comparison, we
performed the analyses with response to therapy defined as
LDL-C reduction >0% and Lp(a) reduction >0%. In this analysis,
807 (90.9%) patients had LDL-C reduction >0% and Lp(a)
reduction >0%.

Discussion

Studies have demonstrated that therapy with PCSK9
inhibitors not only potently reduces LDL-C by 50% to 60%
but also lowers plasma concentrations of Lp(a) by 25% to
30%.”%' Lp(a) is an atherogenic particle consisting of a
molecule of apo(a) (apolipoprotein[a]), a nonfunctional mimic
of plasminogen, covalently bound to apoB on the LDL
particle.'® Epidemiologic and genetic data have suggested
that Lp(a) is an independent risk factor for atherosclerotic
cardiovascular disease.'"'>?272% The atherogenicity of Lp(a)
is likely multifactorial and related to both its LDL and apo(a)
moieties and to its enrichment in oxidized phospholipids.?®
Furthermore, given its similarity with a portion of plasmino-
gen, Lp(a) may interfere with the fibrinolytic system, thereby
facilitating atherothrombosis.?® However, no effective thera-
pies that target Lp(a) exist currently, leaving this potential
major need unmet.”” The mechanisms underpinning the
effects of PCSK9 inhibition on Lp(a) levels are unknown and
remain an area of interest for further research. It has been
suggested that the Lp(a) reduction achieved with PCSK9
inhibition is secondary to the profound increase in LDLR
expression, although a decrease in Lp(a) is not observed in
patients taking statins, which also upregulate LDLR.
Although LDLR may mediate plasma Lp(a) removal, additional
candidate clearance receptors for Lp(a) may exist, including
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Figure 1. Relationship between percentage reduction in LDL-C and Lp(a). Relationship
between percentage reduction in LDL-C and Lp(a) at 12 weeks of evolocumab therapy
according to baseline Lp(a). A, Baseline Lp(a) >10 mg/dL. B, Baseline Lp(a) >30 mg/dL,
C, Baseline Lp(a) >50 mg/dL. The quadrants shaded in pink represent patients with
discordant LDL-C and Lp(a) responses to evolocumab based on response to therapy defined
as LDL-C reduction >35% and Lp(a) reduction >10%. LDL-C indicates low-density lipoprotein
cholesterol; Lp(a), lipoprotein(a); Q2W, every 2 weeks; QM, monthly.
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Table 2. Percentage Reduction in LDL-C and Lp(a), Based on Response to Therapy Defined as LDL-C Reduction >35% and Lp(a)
Reduction >10%, Stratified by Baseline Plasma Lp(a) Concentration

Shapiro et al

Percentage Evolocumab 140 mg SC Biweekly Evolocumab 420 mg SC Monthly Overall
Reduction at
Week 12 LDL-C <35% LDL-C >35% LDL-C <35% LDL-C >35% LDL-C <35% LDL-C >35%
Baseline 31 440 25 399 56 839
Lp(a) >10
mg/dL, n
Lp(a) <10% | 14 (45.2, 29.2— 79 (18.0, 14.7- 17 (68, 48.4— 86 (21.6, 17.8— 31 (55.4, 42.4— 165 (19.7, 17.1—
62.2) 21.8) 82.8) 25.8) 67.6) 22.5)
Lp(a) >10% | 17 (54.8, 37.8— 361 (82.0, 78.2— 8 (32, 17.2— 313 (78.4, 74.2— 25 (44.6, 32.4- 674 (80.3, 77.5—
70.8) 85.3) 51.6) 82.2) 57.6) 82.9)
Baseline 21 263 18 239 39 502
Lp(a) >30
mg/dL, n
Lp(@) <10% | 12 (57.1, 36.5— 65 (24.7, 19.9— 12 (66.7, 43.7— 68 (28.5, 23.1— 24 (61.5, 45.9— 133 (26.5, 22.8—
75.5) 30.3) 83.7) 34.5) 75.1) 30.5)
Lp(@) >10% | 9 (42.9, 24.5- 198 (75.3, 69.7— 6 (33.3, 16.3—- 171 (71.5, 65.5— 15 (38.5, 24.9— 369 (73.5, 69.5—
63.5) 80.1) 56.3) 76.9) 54.1) 77.2)
Baseline 20 200 13 192 33 392
Lp(a) >50
mg/dL, n
Lp(@) <10% | 11 (55.0, 34.2— 52 (26.0, 20.4— 9 (69.2, 42.4- 60 (31.3, 25.1— 20 (60.6, 43.7— 112 (28.6, 24.3—
74.2) 32.5) 87.3) 38.1) 75.3) 33.2)
Lp(a) >10% | 9 (45.0, 25.8— 148 (74.0, 67.5— 4 (30.8, 12.7— 132 (68.8, 61.9— 13 (39.4, 24.7— 280 (71.4, 66.8—
65.8) 79.6) 57.6) 74.9) 56.3) 75.7)

Data are shown as n (%, 95% Cl) except as noted. LDL-C indicates low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); SC, subcutaneous.

LRP1 (LDL receptor—related protein 1), CD36 (CD36 mole-
cule), TLR2 (toll-like receptor 2), SR-B1 (Scavenger receptor-
B1), and plasminogen receptors.?® It is also conceivable that
PCSK9 inhibition reduces Lp(a), at least to some extent, by
disrupting its synthesis, secretion, or assembly. The FLOREY
(Effects on Lipoprotein Metabolism From PCSK9 Inhibition
Utilizing a Monoclonal Antibody) study suggests that evolo-
cumab reduces Lp(a) by inhibition of apo(a) production and
upregulation of the LDLR activity on Lp(a) clearance.?’
Although therapeutic antibodies do not enter the hepatocyte,
they can still have an effect on Lp(a) production because the
assembly of this particle is likely pericellular and relies on
availability of preformed LDL, which is drastically reduced by
PCSK9 inhibition.?® Experimental data demonstrate that
PCSK9 augments the secretion of apo(a) from hepatocytes,
an effect dampened with a PCSK9 antibody inhibitor.®" Others
have suggested that when plasma LDL-C levels are very low,
Lp(a) can compete more favorably for the LDLR,” perhaps via
apoE-mediated processes.>? Indeed, we observed greater Lp
(a) reduction in patients who achieved lower on-treatment
LDL-C levels, regardless of baseline LDL-C (Figure 2A and 2B).
Nevertheless, our finding of discordance between LDL-C and
Lp(a) reduction with evolocumab, for which the cutoffs for
response to therapy were LDL-C reduction >35% and Lp(a)

reduction >10%, suggests that additional mechanisms might
be at play. If PCSK9 inhibition does in fact lower Lp(a) simply
and exclusively through LDLR-mediated clearance, then the Lp
(a) response would likely be proportional to the LDL-C
response. However, we observed differential patterns of
LDL-C and Lp(a) reductions as a function of baseline Lp(a)
plasma levels.

In our overall study population with baseline Lp(a)
>10 mg/dL, we noted discordance between reductions in
LDL-C and Lp(a) for which the cutoffs for response to
therapy were LDL-C reduction >35% and Lp(a) reduction
>10% (Table 2). Most cases of discordance were found in
patients who achieved the anticipated LDL-C (>35%) reduc-
tion but had little to no (<10%) reduction in Lp(a) (165 of
839; 19.7%). Interestingly, few patients (25 of 56) demon-
strated discordance in the other direction, achieving Lp(a)
reductions >10% despite LDL-C reductions <35%. This
finding suggests that alternative mechanisms exist beyond
LDLR clearance of Lp(a). To examine the impact of baseline
Lp(a) on the prevalence of discordant behavior between LDL
and Lp(a), we repeated the analysis with stratification to
baseline Lp(a) values of >30 and >50 mg/dL. Increasing
baseline Lp(a) was associated with increased prevalence of
discordance, with 112 of 392 (28.6%) patients with baseline
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Table 3. Relationship of Baseline Lipid Concentrations on LDL-C and Lp(a) Response to Treatment

Evolocumab 140 mg SC Biweekly Evolocumab 420 mg SC Monthly Overall
Baseline Lipid LDL-C <35% LDL-C >35% LDL-C <35% LDL-C >35% LDL-C <35% LDL-C >35%
Concentration n=31 n=440 n=25 n=399 n=56 n=839
Baseline LDL-C, 145.9 (13.5) 131.9 (2.3) 124.2 (11.8) 135.1 (2.5) 136.2 (9.2) 133.4 (1.7)
mg/dL, mean (SE)
Baseline Lp(a), 76.4 (23.2-122.4) | 39.8 (17.8-80.8) | 63.6 (25.2-84.4) | 48.4 (18.0-82.8) | 70.8 (23.8-97.0) | 43.2 (18.0-81.6)

mg/dL, median (IQR)

Lp(a) <10% Lp(a) >10% Lp(a) <10% Lp(a) >10% Lp(a) <10% Lp(a) >10%
n=93 n=378 n=103 n=321 n=196 n=699
Baseline LDL-C, 140.8 (5.4) 130.9 (2.6) 131.7 4.7) 135.3 (2.9) 136.0 (3.6) 132.9 (1.9)
mg/dL, mean (SE)
Baseline Lp(a), 74.0 (39.4-91.2) 34.8 (17.2-75.6) 72.4 (32.4-85.6) 38.6 (16.4-78.6) 73.2 (38.8-86.8) 37.2 (17.2-77.6)

mg/dL, median (IQR)

IOR indicates interquartile range; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); SC, subcutaneous.

Lp(a) >50 mg/dL manifesting the anticipated LDL-C reduc-
tion without a corresponding reduction in Lp(a). Similar
trends were observed in the individual treatment groups
(evolocumab 140 mg every 2 weeks and 420 mg monthly).
Although we highlighted the prevalence of discordance in our
study population, our results demonstrate that concordant
reductions in LDL-C and Lp(a) are indeed the most common
responses to evolocumab.

In patients who achieved >35% reduction in LDL-C with
evolocumab, baseline Lp(a) levels were lower than in those
who failed to achieve robust LDL-C reduction (43.2 versus
70.8 mg/dL; Table 3). There was a moderate correlation
between baseline Lp(a) levels and percentage of lowering in
Lp(a) with evolocumab, such that patients with lower baseline
Lp(a) showed greater Lp(a) reduction (37.2 versus 73.2 mg/
dL; Figure 2C), an effect that was not related to baseline
LDL-C concentration (Table 3; Figure 2). The fact that the
evolocumab-induced Lp(a) lowering was related to baseline Lp
(a) concentration suggests that Lp(a) clearance may be
dependent on apo(a) isoform size. We postulate that although
Lp(a) clearance is partly regulated by the LDLR pathway, it is
also likely to be modulated by apo(a) isoform size, with kringle
4 type 2 chain length being a major determinant of its ability
to bind to the LDLR versus alternative receptors. It is well
established that plasma levels of Lp(a) are inversely correlated
with apo(a) isoform size, with patients carrying small isoforms
exhibiting high plasma Lp(a) levels.?® To the extent that Lp(a)
mass is inversely related to apo(a) isoform size, our data
suggest that patients with larger apo(a) isoforms may respond
with more robust Lp(a) reductions after treatment with
evolocumab.

Large gaps remain in our understanding of PCSK9’s
physiologic function and, specifically, how antagonism of
PCSK9 relates to LDL-C and Lp(a) reduction. We found some

degree of discordant responses between these 2 parameters
when the cutoffs for response to therapy were LDL-C
reduction >35% and Lp(a) reduction >10%; this may provide
clues to the fundamental biology of Lp(a) catabolism, an issue
that has been unresolved since the discovery of this unique
lipoprotein in 1963.%* These findings may also suggest that
PCSK9 inhibition activates alternative mechanisms and/or
additional factors beyond the simple LDLR that ultimately
determine the degree to which Lp(a) levels are reduced.
Indeed, our study shows that although Lp(a) does act like an
LDL subtype in many patients, it acts very differently in a
substantial proportion of participants, suggesting that the
LDLR route is not used by all Lp(a) isoforms. Future work will
need to uncover the pathways by which PCSK9 inhibition
enhances Lp(a) clearance and/or decreases its production.
Our results have potential translational value in that they
suggest that apo(a) isoforms may determine whether Lp(a)
uses the LDLR pathway for its plasma clearance, an easily
testable hypothesis that will serve as a pretest to identify
patients likely to respond to PCSK9 inhibitor therapy with
significant Lp(a) lowering.

Although our study is derived from prospective random-
ized data, our analysis is retrospective in nature and should
be considered hypothesis generating. The study population
is larger than a previous report and the effect size is
similar, but a more precise estimate of the prevalence of
discordance would require an even larger number of
patients. The interval between baseline and postevolocumab
LDL-C and Lp(a) measurements was relatively short
(12 weeks). It is conceivable that longer exposure to
evolocumab would vyield different results, with either a
lower or higher prevalence of discordance. Most important,
although our data suggest that the Lp(a) lowering associ-
ated with evolocumab may be contingent on apo(a) isoform
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Figure 2. Relationship between percentage reduction in Lp(a) and selected variables. Relation-
ship between percentage reduction in Lp(a) and baseline LDL-C (A), on-treatment LDL-C (B), and
baseline Lp(a) concentration (C) for the overall cohort at 12 weeks of evolocumab therapy. LDL-C

indicates low-density lipoprotein cholesterol; Lp(a), lipoprotein(a).
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size, mechanistic studies will need to be carried out to fully
understand the basis for this observation. In addition,
because discordance analyses of the LDL-C— and Lp(a)-
lowering effect of PCSK9 inhibitors are rare, we selected
our previously published LDL-C and Lp(a) percentage
reduction thresholds to avoid spurious rejection or confir-
mation of the null hypothesis. In building our definition of
discordance, we wanted to identify significant variation from
the apparent concordance seen in clinical trials, in which
the average reduction in Lp(a) levels is about half of the
reduction in LDL levels (a 1:2 ratio). In our cohort, the
same ratio was well above 1:4 in ~20% of our participants.
Our approach was designed to identify only clear discor-
dance among patients with clinically relevant Lp(a) levels,
thus avoiding a vast gray zone of uncertain significance.
Finally, although it is well known that the cholesterol in Lp
(@) is included in the calculated LDL-C, the commonly used
methods to assay Lp(a) (mass and molar concentration) do
not allow for a reliable way to reconcile the absolute
quantities of cholesterol carried by true LDL versus Lp(a).
We have used the most accurate method for isoform-
independent determination of Lp(a) levels.** Nonetheless,
the study has strengths. We used prospectively gathered
data from randomized controlled clinical trials. In aggregat-
ing clinical trial data, the article extends important recent
results from a single center in a sample of larger size under
controlled trial conditions.'®

Conclusions

The purpose of this study was to evaluate the relationship
between LDL-C— and Lp(a)-lowering responses to a therapeu-
tic monoclonal antibody targeting PCSK9 in a large popula-
tion. We demonstrate a high prevalence of discordance in the
degree to which these 2 lipoprotein fractions respond to
evolocumab when the cutoffs for response to therapy were
LDL-C reduction >35% and Lp(a) reduction >10%. The results
suggest that Lp(a) may not always or exclusively utilize the
LDLR as a clearance receptor. Alternative pathways of Lp(a)
reduction beyond LDLR-mediated clearance may be affected
by PCSK9 blockade.
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Table S1. Phase 3 Trials With Evolocumab Included in the Study Cohort.

Study Name N Trial Population Background Lipid Therapy Treatment Arms
MENDEL-2* 614 | FH and NFH, low CV risk None Placebo (n=154)
Ezetimibe (n=154)
Evolocumab 140 mg Q2W (n=153)
Evolocumab 420 mg QM (n=153)
LAPLACE-22 1896 | FH and NFH Statins* Placebo (n=558)
Ezetimibe (n=221)
Evolocumab 140 mg Q2W (n=555)
Evolocumab 420 mg QM (n=562)
GAUSS-23 307 | Intolerant to >2 statins' Non-ezetimibe lipid-lowering Ezetimibe (n=102)
FH and NFH therapy* Evolocumab 140 mg Q2W (n=103)
>NCEP ATP 11l LDL-C goal Evolocumab 420 mg QM (n=102)
RUTHERFORD- | 329 | HeFH Statin (+ ezetimibe) Placebo (n=109)
24 Evolocumab 140 mg Q2W (n=110)

Evolocumab 420 mg QM (n=110)
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CV indicates cardiovascular; FH, familial hypercholesterolemia; HeFH, heterozygous familial hypercholesterolemia; LDL-C, low-
density lipoprotein cholesterol; NCEP ATP 1, National Cholesterol Education Program Adult Treatment Panel 111; NFH, nonfamilial
hypercholesterolemia; Q2W, every 2 weeks; QM, monthly.

*Patients randomized to 1 of 5 background statin doses: moderate intensity (atorvastatin 10 mg, simvastatin 40 mg, or rosuvastatin

5 mg daily) or high intensity (atorvastatin 80 mg or rosuvastatin 40 mg daily).

fIntolerance defined as inability to tolerate any statin dose or increase in dose above the smallest tablet strength because of intolerable
muscle-related side effects.

At screening, low or atypical dose of statin permitted: weekly doses of <70 mg atorvastatin; <140 mg simvastatin, pravastatin,

lovastatin; <35 mg rosuvastatin; <280 mg fluvastatin.
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