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Aims Subjects with lipoprotein(a) [Lp(a)] elevation have increased arterial wall inflammation and cardiovascular risk. In
patients at increased cardiovascular risk, arterial wall inflammation is reduced following lipid-lowering therapy by
statin treatment or lipoprotein apheresis. However, it is unknown whether lipid-lowering treatment in elevated
Lp(a) subjects alters arterial wall inflammation. We evaluated whether evolocumab, which lowers both low-density
lipoprotein cholesterol (LDL-C) and Lp(a), attenuates arterial wall inflammation in patients with elevated Lp(a).

...................................................................................................................................................................................................
Methods
and results

In this multicentre, randomized, double-blind, placebo-controlled study, 129 patients {median [interquartile range
(IQR)]: age 60.0 [54.0–67.0] years, Lp(a) 200.0 [155.5–301.5] nmol/L [80.0 (62.5–121.0) mg/dL]; mean [standard de-
viation (SD)] LDL-C 3.7 [1.0] mmol/L [144.0 (39.7) mg/dL]; National Cholesterol Education Program high risk,
25.6%} were randomized to monthly subcutaneous evolocumab 420 mg or placebo. Compared with placebo, evo-
locumab reduced LDL-C by 60.7% [95% confidence interval (CI) 65.8–55.5] and Lp(a) by 13.9% (95% CI 19.3–8.5).
Among evolocumab-treated patients, the Week 16 mean (SD) LDL-C level was 1.6 (0.7) mmol/L [60.1 (28.1) mg/
dL], and the median (IQR) Lp(a) level was 188.0 (140.0–268.0) nmol/L [75.2 (56.0–107.2) mg/dL]. Arterial wall in-
flammation [most diseased segment target-to-background ratio (MDS TBR)] in the index vessel (left carotid, right
carotid, or thoracic aorta) was assessed by 18F-fluoro-deoxyglucose positron-emission tomography/computed
tomography. Week 16 index vessel MDS TBR was not significantly altered with evolocumab (-8.3%) vs. placebo
(-5.3%) [treatment difference -3.0% (95% CI -7.4% to 1.4%); P = 0.18].

...................................................................................................................................................................................................
Conclusion Evolocumab treatment in patients with median baseline Lp(a) 200.0 nmol/L led to a large reduction in LDL-C and a

small reduction in Lp(a), resulting in persistent elevated Lp(a) levels. The latter may have contributed to the un-
altered arterial wall inflammation.
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Introduction

Lipoprotein(a) [Lp(a)] is a potential independent and causal risk fac-
tor for cardiovascular disease (CVD).1,2 Lipoprotein(a) consists of an
apolipoprotein(a) [apo(a)] tail covalently bound to a low-density lipo-
protein cholesterol (LDL-C) core by a disulphide bridge.
Lipoprotein(a)-mediated CVD risk is partly driven by pro-
inflammatory oxidized phospholipids (OxPL), which are abundant on
the apo(a) tail of Lp(a).2 Previously, we reported that Lp(a)-carried
OxPL are crucial intermediates in the arterial wall inflammation pro-
cess among patients with elevated Lp(a).3

Contrary to LDL-C, no large outcome studies on dedicated Lp(a)
lowering are available, since potent Lp(a)-lowering therapies remain
in development.4 The current European Society of Cardiology/
European Atherosclerosis Society guideline therefore proposes
altering other modifiable CVD risk factors such as LDL-C to lower
CVD risk in patients with elevated Lp(a).5 Treatment with monoclo-
nal antibodies directed against proprotein convertase subtilisin/kexin
type 9 (PCSK9) may benefit patients with elevated Lp(a), as these
agents produce a strong LDL-C reduction combined with a modest
Lp(a) reduction. Evolocumab is an anti-PCSK9 monoclonal antibody
that reduces LDL-C by a mean of 60% and Lp(a) by approximately
20–30% in patients without elevated Lp(a) levels.6 In post hoc analysis
of the phase III FOURIER study, patients with higher baseline Lp(a)
levels had a greater absolute CVD risk reduction after evolocumab
treatment.7 It should be noted, however, that PCSK9 inhibition in
patients with Lp(a) elevation induces a lesser percent Lp(a) reduction
compared with the 20–30% reduction observed in patients with nor-
mal Lp(a) levels.8 Hence, PCSK9 inhibition fails to establish low Lp(a)
levels in patients with baseline Lp(a) elevation. Moreover, agents
offering modest Lp(a) reduction without LDL-C reduction have not
been shown to reduce CVD risk.9–11

In ANITSCHKOW, we evaluated whether potent LDL-C lower-
ing, combined with modest Lp(a) lowering with evolocumab, would
attenuate arterial inflammation as a surrogate for CVD risk in patients
with elevated Lp(a).

Methods

Study design
This study was a phase 3b, multicentre, randomized, double-blind, pla-
cebo-controlled trial. Eligible patients were randomized 1:1 to monthly
subcutaneous injections of either evolocumab 420 mg or placebo for
16 weeks. Randomization was performed with an interactive voice or
web response system.

The study was conducted according to the principles of the
Declaration of Helsinki and the study protocol, including amendments,
were approved by the ethic committees at all participating sites. All
patients provided written informed consent prior to enrolment.
Qualified researchers may request data from Amgen clinical studies.
Complete details are available at http://www.amgen.com/datasharing.
Clinical trial registration information is accessible at https://clinicaltrials.
gov/ct2/show/NCT02729025.

Study population
Eligible patients were >_50 years of age, had a fasting LDL-C of
>_2.6 mmol/L (100 mg/dL), an Lp(a) level of >_125 nmol/L (50 mg/dL), and

arterial wall inflammation as assessed by a most diseased segment target-
to-background ratio (MDS TBR) of >_1.6 in an index vessel measured
with 18F-fluoro-deoxyglucose positron-emission tomography/computed
tomography (18F-FDG PET/CT). For patients receiving lipid-lowering
therapy, the treatment and dosage had to be stable for >_8 weeks prior to
screening. Key exclusion criteria included diabetes mellitus and a cardio-
vascular event within 3 months before randomization. The complete eligi-
bility criteria are in the Supplementary material online.

Biochemical measurements
Patients fasted for >_9 h before lipid samples were obtained. Total choles-
terol, high-density lipoprotein (HDL)-C, triglycerides, and apolipoprotein
B-100 (ApoB-100) were measured by commercially available kits at the
Medpace core lab (Medpace Reference Laboratories; Leuven, Belgium).
Low-density lipoprotein cholesterol was calculated using the Friedewald
formula.12 For calculated LDL-C values <40 mg/dL or triglycerides
>400 mg/dL, ultracentrifugation-determined LDL-C was measured and
reported. Lipoprotein(a) levels were measured at baseline, Week 8, and
Week 16 using an isoform-independent immunoturbidometric assay
(Polymedco, Cortlandt Manor, NY, USA) and reported in nmol/L. A con-
version factor of 2.5 was used to provide approximate values in mg/dL.

Positron-emission tomography/computed

tomography imaging
Arterial inflammation was assessed using 18F-FDG PET/CT. Arterial 18F-
FDG uptake is correlated with arterial macrophage content,13 and pre-
dicts cardiovascular events.14

18F-FDG PET/CT scans were performed on dedicated PET/CT scan-
ners. Patients fasted for >_6 h prior to infusion of 240 MBq of 18F-FDG;
90 min later, an ultra-low dose (20 mAs), non-contrast enhanced
computed tomography of the carotid arteries and ascending thoracic
aorta for attenuation correction and anatomic co-registration was per-
formed, followed by PET. Images were analysed using a dedicated US
Food and Drug Administration-approved analysis software package
(OsiriX MD, Pixmeo SARL, Switzerland). An experienced radiologist
blinded to all patient characteristics analysed the PET/CT images; 10% of
all datasets were reanalysed by a separate analyst, and for a second time
by the primary analyst, to assess inter- and intra-observer reproducibility.

Target-to-background ratio was calculated from the ratio of the stand-
ardized uptake value of the artery (left carotid, right carotid, or thoracic
aorta) and the background venous activity according to previously
reported methods.15

Endpoints
The primary endpoint was percentage change from baseline in MDS TBR
of the index vessel (left carotid, right carotid, or thoracic aorta) measured
by 18F-FDG PET/CT after 16 weeks of study drug treatment. Secondary
endpoints were percentage change in Lp(a), LDL-C, and ApoB from base-
line at Week 16. Adverse events were assessed during the study.

Statistical analysis
The planned sample size was 120 patients. This sample size, accounting
for a 25% drop-out rate, provides >90% power for testing superiority of
evolocumab over placebo in the percentage change in MDS TBR at
Week 16, assuming an effect size of 14% reduction in the evolocumab
arm compared with the placebo arm,13 and a common standard deviation
of 20%.

Randomization was stratified by background statin therapy and by final
screening Lp(a) (Supplementary material online). To estimate the treat-
ment difference in the primary endpoint, a multivariate regression was
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used and modelled on the primary endpoint as well as three other re-
sponse variables (percent change in Lp[a] at Weeks 8 and 16, baseline
MDS TBR, and baseline Lp[a]). The primary endpoint was regressed on
the treatment group and statin stratification factor; baseline MDS TBR
and Lp(a) were regressed on the statin stratification factor, and percent
changes in Lp(a) were regressed on the treatment group, statin stratifica-
tion factor, visit, and treatment group by visit. Missing data for the primary
endpoint were handled using the correlations of the error terms from
the response variables in the model. Lipoprotein(a) in nmol/L is used for
all statistical analyses.

Analysis of the secondary endpoints Lp(a), ApoB, and LDL-C was per-
formed with a repeated measures linear mixed effects model including
terms for treatment group, statin stratification, scheduled visit, and the
interaction of treatment with scheduled visit. Low-density lipoprotein
cholesterol levels corrected for Lp(a)-derived cholesterol were calcu-
lated using the Dahlen formula.16

Summary statistics for continuous variables were reported. For cat-
egorical variables, the frequency and percentage were reported. No
adjustments for multiplicity were applied.

Results

A total of 240 patients were screened and 129 patients (evolocumab,
n = 65; placebo, n = 64) were enrolled at 14 sites in the Netherlands,
Canada, and United States between April 2016 and April 2018
(Supplementary material online, Figure). Baseline characteristics were
generally comparable between groups (Table 1). Mean [standard de-
viation (SD)] LDL-C was 3.7 (1.0) mmol/L [144.0 (39.7) mg/dL] and
median [interquartile range (IQR)] Lp(a) was 200.0 (155.5, 301.5)
nmol/L [80.0 (62.5–121.0) mg/dL] in the total population. Mean (SD)
LDL-C corrected for Lp(a)-derived cholesterol was 3.0 (1.1) mmol/
L. Baseline statin use was present in 54.3% of patients. Baseline MDS
TBR of the index vessel was comparable between groups [median
(IQR) 2.2 (2.0–2.5), evolocumab vs. 2.2 (1.9–2.6), placebo].

Lipid profile
Evolocumab significantly reduced LDL-C at Week 16 {mean [95%
confidence interval (CI)] percent change treatment difference vs. pla-
cebo: -60.7% [-65.8 to -55.5]; P < 0.0001} (Table 2; Figure 1); total
cholesterol and triglycerides were also reduced (Table 2). Mean (SD)
LDL-C was 1.6 (0.7) mmol/L [60.1 (28.1) mg/dL] at Week 16 in the
evolocumab group. The evolocumab-induced mean (SD) percent re-
duction in LDL-C corrected for Lp(a)-derived cholesterol was
greater than the reduction in LDL-C [-74.9% (23.9%) vs. -59.0%
(14.8%), respectively; Table 2]. Evolocumab resulted in a mean (95%
CI) percent change treatment difference in Lp(a) vs. placebo of
-13.9% (-19.3% to -8.5%; P < 0.0001) (Table 2; Figure 1). Median (IQR)
absolute changes in Lp(a) were -28.0 (-56.5 to 9.0) nmol/L [-11.2
(-22.6 to 3.6) mg/dL] for evolocumab vs. 1.5 (-19.0 to 18.0) nmol/L
[0.6 (-7.6 to 7.2) mg/dL] for placebo (Table 2). The median (IQR)
Lp(a) was 188.0 (140.0–268.0) nmol/L [75.2 (56.0–107.2) mg/dL] in
the evolocumab group at Week 16.

Arterial wall inflammation
Least squares (LS) mean (95% CI) percentage change from baseline
in MDS TBR of the index vessel was -8.3% (-11.6% to -5.0%) in the
evolocumab group and -5.3% (-8.6% to -2.0%) in the placebo group

[treatment difference -3.00 (-7.40 to 1.39) P = 0.18; Figure 2]. Among
patients receiving evolocumab, percentage change from baseline in
MDS TBR of the index vessel was similar regardless of baseline statin
use [LS mean (95% CI) percent change -8.7% (-12.7% to -4.6%), sta-
tin; -7.7% (-12.9% to -2.5%), no statin]. The treatment difference in
MDS TBR of the index vessel was -5.62 (95% CI -11.10 to -0.14;
P = 0.045) in patients who received statins and 0.09 (95% CI -6.90 to
7.08; P = 0.98) in those who did not; the interaction P-value was 0.21.
Also, no correlation was found between baseline Lp(a) and baseline
MDS TBR [Pearson correlation coefficient (R) = -0.05; P = 0.61] or
between baseline LDL-C levels and baseline MDS TBR (R = -0.06;

.................................................................................................

Table 1 Baseline characteristicsa

Evolocumab

(n 5 65)

Placebo

(n 5 64)

Age (years), median (IQR) 59.0 (55.0–65.0) 60.5 (54.0–68.0)

Male, n (%) 26 (40.0) 34 (53.1)

Caucasian, n (%) 58 (89.2) 58 (90.6)

BMI (kg/m2), median (IQR) 26.7 (24.2–29.0) 26.6 (24.0–28.9)

Cardiovascular disease, n (%)

Coronary artery disease 9 (13.8) 11 (17.2)

Peripheral artery disease 2 (3.1) 1 (1.6)

Cerebrovascular disease 5 (7.7) 0

Hypertension 26 (40.0) 19 (29.7)

Current smoker, n (%) 9 (13.8) 5 (7.8)

NCEP high risk, n (%) 18 (27.7) 15 (23.4)

Statin use, n (%) 36 (55.4) 34 (53.1)

High-intensityb 15 (23.1) 14 (21.9)

Moderate-intensityb 19 (29.2) 18 (28.1)

Low-intensityb 2 (3.1) 2 (3.1)

Ezetimibe, n (%) 10 (15.4) 17 (26.6)

Lipidsc

Total cholesterol (mmol/L)d 5.9 (1.3) 5.8 (1.1)

HDL-cholesterol (mmol/L)d 1.4 (0.4) 1.5 (0.4)

LDL-cholesterol (mmol/L)d 3.8 (1.1) 3.7 (0.9)

Triglycerides (mmol/L)e 1.4 (0.5) 1.5 (1.0)

Lp(a) (nmol/L)f 203.0

(162.5–301.5)

198.0

(151.3–300.0)

ApoB (g/L) 1.1 (0.2) 1.1 (0.2)

hs-CRP (mg/L), median (IQR) 1.1 (0.6–2.2) 1.0 (0.6–1.6)

Glucose (mmol/L), median (IQR) 5.1 (4.8–5.6) 5.3 (5.2–5.6)

MDS TBR of index vessel,g

median (IQR)

2.2 (2.0–2.5) 2.2 (1.9–2.6)

ApoB, apolipoprotein B; BMI, body mass index; HDL, high-density lipoprotein;
hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; Lp(a),
lipoprotein(a); MDS TBR, most diseased segment target-to-background ratio.
aBaseline characteristics were generally comparable between groups. Numerical
imbalances between groups are likely due to chance after randomization given
the small sample size of each treatment group.
bIntensity per American College of Cardiology/American Heart Association
definition.39

cValues are mean (SD) with the exception of Lp(a), which is median (IQR).
dTo convert to mg/dL, multiply by 38.7.
eTo convert to mg/dL, multiply by 88.6.
fTo convert to mg/dL, divide by 2.5.40

gMean of the maximum TBR in the MDS of the index vessel.
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P = 0.48). Absolute change in LDL-C or Lp(a) and change in MDS
TBR were not correlated in patients receiving evolocumab (R = 0.01;
P = 0.95, LDL-C and R = -0.16; P = 0.21, Lp[a]). Exploratory end-
points of percent change from baseline in the mean of the maximum
TBR in the MDS of the whole index vessel, active slices of the index
vessel, and the non-index vessel at week 16 are shown in
Supplementary material online, Tables S1 and S2.

Safety
Rates of total adverse events, serious adverse events, or adverse
events leading to discontinuation of study drug were similar between
the placebo and evolocumab groups (Supplementary material online).

Discussion

This placebo-controlled study evaluated the effect of evolocumab on
lipids and arterial wall inflammation in patients with elevated Lp(a)
[median 200 nmol/L (80 mg/dL)]. Sixteen weeks of evolocumab
resulted in a 61% mean reduction in LDL-C and a 14% mean reduc-
tion in Lp(a) vs. placebo. However, evolocumab did not significantly

alter arterial wall inflammation, assessed as MDS TBR of the index
vessel, in patients with elevated Lp(a) (Take home figure). The current
data imply that in patients with persistently elevated Lp(a) levels,
16 weeks of potent LDL-C reduction is unable to attenuate the pro-
inflammatory state of the arterial wall.

Lipoprotein(a) lowering by PCSK9
antibody depends on baseline
lipoprotein(a) levels
The 61% LDL-C reduction with evolocumab resulted in a mean post-
treatment LDL-C of 1.6 mmol/L (61.9 mg/dL), consistent with results
reported in other patient groups.17–20 Notably, this study found only
a 14% Lp(a) reduction compared with placebo in patients with ele-
vated Lp(a), instead 20–30% as reported in previous studies in which
the baseline Lp(a) values were much lower.6,18–20 The pathways con-
tributing to Lp(a) clearance are incompletely understood and may
depend on the concentration of circulating Lp(a) and possibly other
lipoproteins.21 In vitro data and meta-analyses of human intervention
trials suggest the involvement of the LDL-receptor (LDL-R) in media-
ting Lp(a) clearance, as Lp(a) was found to bind to the LDL-R and its

....................................................................................................................................................................................................................

Table 2 Absolute and percent change in plasma lipid levels from baseline at week 16

Evolocumab

(n 5 65)

Placebo

(n 5 64)

Lipid levels—absolute changea

Total cholesterol (mmol/L)b -2.2 (0.8) 0.0 (0.6)

HDL-cholesterol (mmol/L)b 0.1 (0.2) 0.0 (0.2)

LDL-cholesterol (mmol/L)b -2.2 (0.8) 0.0 (0.6)

LDL-cholesterol corrected for Lp(a) (mmol/L) -2.1 (0.8) 0.0 (0.5)

Triglycerides (mmol/L)c -0.3 (0.4) -0.0 (0.5)

Lp(a) (nmol/L)d -28.0 (-56.5 to 9.0) 1.5 (-19.0 to 18.0)

ApoB (g/L) -0.5 (0.2) 0.0 (0.1)

Lipid levels—LS mean (95% CI) percent change (%)

LDL-cholesterol -59.0 (-62.6 to -55.4) 1.6 (-2.0 to 5.3)

Treatment differencee -60.7 (-65.8 to -55.5)

LDL-cholesterol corrected for Lp(a) -74.53 (-79.69 to -69.36) 1.23 (-4.03 to 6.50)

Treatment differencee -75.76 (-83.13 to -68.39)

Lp(a) -12.8 (-16.6 to -9.0) 1.1 (-2.8 to 4.9)

Treatment differencee -13.9 (-19.3 to -8.5)

ApoB -48.3 (-51.3 to -45.3) 3.3 (0.3–6.3)

Treatment differencee -51.6 (-55.9 to -47.3)

Total cholesterol -37.99 (-40.59 to -35.38) 0.83 (-1.82 to 3.48)

Treatment differencee -38.82 (-42.53 to -35.10)

HDL-cholesterol 9.31 (5.66–12.95) 0.00 (-3.72 to 3.73)

Treatment differencee 9.30 (4.09–14.52)

Triglycerides -16.45 (-22.67 to -10.22) -0.06 (-6.43 to 6.30)

Treatment differencee -16.38 (-25.29 to -7.48)

hs-CRP (mg/L)— absolute changea -1.2 (7.9) -0.4 (4.5)

ApoB, apolipoprotein B; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Lp(a), lipoprotein(a); LS, least squares.
aValues are mean (SD) with the exception of Lp(a), which is median (IQR).
bTo convert to mg/dL, multiply by 38.7.
cTo convert to mg/dL, multiply by 88.6.
dTo convert to mg/dL, divide by 2.5.
eP < 0.001 for evolocumab vs. placebo.
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reduction was closely associated with the degree of LDL-C
reduction.6,21,22 In support, fractional catabolic rate of apo(a) is
increased during PCSK9 antibody treatment,23 lending further sup-
port to a role for LDL-R in Lp(a) reduction. Conversely, PCSK9 anti-
body treatment also has LDL-R-independent effects, as it can lower
Lp(a) particle production by 36%.24 The attenuated Lp(a) reduction
in this study may relate to the fact that this is the first study that exclu-
sively included patients with elevated Lp(a), with median levels of

200 nmol/L (80 mg/dL) vs. a median Lp(a) below 40 nmol/L (16 mg/
dL) in previous studies.6,17,19,20 Patients with elevated Lp(a) have
Lp(a) that is characterized by smaller apo(a) isoforms.25 The attenu-
ated Lp(a) reduction could reflect less efficient clearance of smaller
isoforms by the LDL-R. In support, a post hoc analysis of FOURIER
also reported a -16% Lp(a) change among patients in the upper base-
line Lp(a) quartile [median Lp[a] >165 nmol/L (66 mg/dL)].7 Similarly,
LAPLACE demonstrated a -15% Lp(a) change following evolocumab
in the highest baseline Lp(a) quartile.8

No impact of evolocumab on arterial
wall inflammation in patients with high
lipoprotein(a)
Previous studies substantiated that patients with Lp(a) elevation have
marked pro-inflammatory changes in the arterial wall assessed using
PET/CT,3 and arterial inflammation is a major risk factor for cardio-
vascular events.14,26 Intervention studies targeting LDL-C have
reported a reduction in arterial wall inflammation in patients at
increased cardiovascular risk, following either statin therapy or lipo-
protein apheresis.13,27–29 In the absence of available Lp(a)-lowering
strategies, intensive LDL-C reduction in patients with elevated Lp(a)
appeared promising, as previous studies suggested that Lp(a) confers
risk predominantly in conjunction with elevated LDL-C levels.30,31 In
support, we previously substantiated that the risk associated with
Lp(a) was attenuated at LDL-C levels lower than 2.5 mmol/L
(96.8 mg/dL) in the primary prevention setting.32 However, despite
robust LDL-C reduction combined with a 14% Lp(a) reduction with

Figure 1 Mean change from baseline in (A) low-density lipoprotein cholesterol and (B) lipoprotein(a) over time. Vertical bar indicates 95% confi-
dence interval. QM, monthly.

Figure 2 Least squares mean percentage change from baseline in
most diseased segment target-to-background ratio of index vessel
P = 0.18 for evolocumab vs. placebo). Vertical bar indicates 95%
confidence interval.
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evolocumab compared with placebo, MDS TBR of the index vessel
did not change significantly compared with placebo in this study. In
comparison, previous LDL-C-lowering strategies reported a 2.1–
3.2% reduction in MDS TBR of the arterial wall for every 10% reduc-
tion in LDL-C in patients with CVD.13,29 Several factors may have
contributed to this discrepancy. First, we included patients with Lp(a)
elevation.33 A direct consequence is that a small Lp(a) reduction fol-
lowing evolocumab still leads to elevated post-treatment levels [me-
dian 188.0 nmol/L (75.2 mg/dL)].5,33 In a prior study, Lp(a) levels in
this range were associated with a pro-inflammatory effect on the ar-
terial wall in untreated patients.3 Second, the absence of an effect of
modest Lp(a) reduction on MDS TBR fits with recent data obtained
from Mendelian randomization studies,34 estimating that an absolute
Lp(a) reduction of 100 mg/dL (250 nmol/L) may be required to
achieve a meaningful cardiovascular risk reduction. The need for sub-
stantial Lp(a) changes is further supported by the absence of clinical
benefit by other compounds offering only modest Lp(a)-lowering po-
tential.10,11 Third, our findings could relate to the absence of an anti-
inflammatory effect specifically when targeting the PCSK9 pathway.35

Since no prior study has addressed arterial wall inflammation
assessed with PET/CT after PCSK9-antibody-induced LDL-C lower-
ing, this is currently being investigated in a separate study evaluating
the impact of PCSK9 inhibition on arterial wall inflammation in partic-
ipants at increased CV-risk but normal Lp(a) levels (EU Clinical Trials
register 2016-004794-41). However, since multiple other modes of
LDL-C lowering associate with MDS TBR lowering13,28,29 and PCSK9
inhibition was also found to attenuate cellular inflammation,36 it is
less likely that the mode of LDL-C lowering is responsible. Prior

studies as well as ours show that PCSK9 inhibitors do not reduce the
inflammatory marker C-reactive protein (CRP). However, CRP is
not a good biomarker for arterial wall inflammation, since CRP level
is not correlated with MDS-TBR in patients with cardiovascular risk
factors.37 Finally, a causal role of other inflammatory pathways, unre-
sponsive to LDL-C lowering, may also contribute.

Clinical implications
In contrast to the anti-inflammatory effect of LDL-C lowering in pre-
vious studies, PCSK9 antibody treatment does not reduce arterial
wall inflammation in patients with persistent Lp(a) elevation. In this
environment, lowering other modifiable risk factors in patients with
elevated Lp(a)5 may be less likely to fully mitigate the increased car-
diovascular risk. Highly potent Lp(a)-lowering antisense can be
expected to reduce pro-inflammatory changes, as 80% Lp(a) reduc-
tion was found to reduce cellular inflammatory responses.4

A strength of our trial is that it is a randomized, placebo-controlled
study, and the largest lipid lowering-PET/CT trial focusing on arterial
wall inflammation to date. A potential limitation of our study is that
the 16-week timeframe may not be sufficient to observe a change in
arterial wall inflammation. However, arterial wall inflammation meas-
ured by PET/CT is a dynamic functional parameter and 12 weeks of
statin therapy or a single apheresis episode have been associated
with significant reductions in arterial wall inflammation.13,29 A second
limitation is the absence of a correlation between baseline Lp(a) and
MDS TBR. However, in this study we deliberately excluded all
patients with normal Lp(a) levels. This exclusion minimizes the
chance of demonstrating a significant relation between (elevated)

Take home figure The combination of lowering low-density lipoprotein cholesterol by 61% compared with placebo to a mean of 1.6 mmol/L
(60 mg/dL), and lipoprotein(a) by 14% compared with placebo to a median of 188 nmol/L (75 mg/dL) with PCSK9 inhibition does not reduce inflam-
matory activity in the arterial wall of patients with lipoprotein(a) elevation, highlighting an unmet need for potent lipoprotein(a)-lowering interven-
tions in order to adequately test the benefit of such an intervention.
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Lp(a) and MDS TBR. Finally, an additional limitation is that this study
evaluated just one potential mechanism of the effect of Lp(a) on car-
diovascular risk. The mechanism by which Lp(a) may mediate CVD
risk is multifactorial, comprising arterial wall inflammation,3 pro-
thrombogenic effects,38 and other pro-atherogenic effects.2 Hence,
absence of a significant anti-inflammatory effect does not indicate ab-
sence of a potential plaque stabilizing effect of the lipid reduction
observed in this study.

Conclusion

Sixteen weeks of PCSK9 inhibition with evolocumab 420 mg led to
large percent reductions in LDL-C and modest percent reductions in
Lp(a) plasma levels in patients with median baseline Lp(a) of
200 nmol/L (80 mg/dL), resulting in persistent Lp(a) elevation during
evolocumab therapy. This persistent elevation may have contributed
to the observation that lipid lowering by evolocumab did not lead to
a reduction in arterial wall inflammation. These data support further
evaluation of novel therapies with a potent Lp(a) lowering effect on
both arterial wall inflammation and, eventually, cardiovascular
outcome.

Supplementary material

Supplementary material is available at European Heart Journal online.
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