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BACKGROUND
Lipoprotein(a) levels are genetically determined and, when elevated, are a risk fac-
tor for cardiovascular disease and aortic stenosis. There are no approved pharma-
cologic therapies to lower lipoprotein(a) levels.

METHODS
We conducted a randomized, double-blind, placebo-controlled, dose-ranging trial 
involving 286 patients with established cardiovascular disease and screening 
lipoprotein(a) levels of at least 60 mg per deciliter (150 nmol per liter). Patients 
received the hepatocyte-directed antisense oligonucleotide AKCEA-APO(a)-LRx, re-
ferred to here as APO(a)-LRx (20, 40, or 60 mg every 4 weeks; 20 mg every 2 weeks; 
or 20 mg every week), or saline placebo subcutaneously for 6 to 12 months. The 
lipoprotein(a) level was measured with an isoform-independent assay. The primary 
end point was the percent change in lipoprotein(a) level from baseline to month 
6 of exposure (week 25 in the groups that received monthly doses and week 27 in 
the groups that received more frequent doses).

RESULTS
The median baseline lipoprotein(a) levels in the six groups ranged from 204.5 to 
246.6 nmol per liter. Administration of APO(a)-LRx resulted in dose-dependent 
decreases in lipoprotein(a) levels, with mean percent decreases of 35% at a dose of 
20 mg every 4 weeks, 56% at 40 mg every 4 weeks, 58% at 20 mg every 2 weeks, 
72% at 60 mg every 4 weeks, and 80% at 20 mg every week, as compared with 6% 
with placebo (P values for the comparison with placebo ranged from 0.003 to 
<0.001). There were no significant differences between any APO(a)-LRx dose and 
placebo with respect to platelet counts, liver and renal measures, or influenza-like 
symptoms. The most common adverse events were injection-site reactions.

CONCLUSIONS
APO(a)-LRx reduced lipoprotein(a) levels in a dose-dependent manner in patients 
who had elevated lipoprotein(a) levels and established cardiovascular disease. 
(Funded by Akcea Therapeutics; ClinicalTrials.gov number, NCT03070782.)
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Lipoprotein(a) is composed of a low-
density lipoprotein (LDL)–like moiety bound 
covalently to apolipoprotein(a).1,2 Lipopro

tein(a) potentially contributes to cardiovascular 
disease through proatherogenic effects of its 
LDL-like moiety, proinflammatory effects of its 
oxidized phospholipid content, and prothrom-
botic effects through its inactive, plasminogen-like 
protease domain on apolipoprotein(a). Mechanis-
tic, epidemiologic, and genetic evidence reported 
over the past 20 years provides support for the 
idea that elevated plasma lipoprotein(a) is an in-
dependent genetic risk factor for cardiovascular 
disease and calcific aortic-valve stenosis.3,4 In 
contrast, genetically determined low levels of 
lipoprotein(a) (<30 mg per liter [<75 nmol per 
liter]) are associated with a decreased risk of 
cardiovascular disease but not of other non–car-
diovascular disease adverse phenotypes.5

There are currently no approved pharmaco-
logic therapies that specifically target lipopro
tein(a). Antisense oligonucleotides (ASOs) in-
hibit the production of apolipoprotein(a) in the 
hepatocyte, the source of approximately 99% of 
plasma lipoprotein(a).6 Preclinical proof-of-concept 
studies have established that ASOs targeting 
hepatic LPA messenger RNA (mRNA) specifically 
reduce plasma levels of lipoprotein(a).7,8 Subse-
quent phase 1 and 2 studies of a non–hepato-
cyte-targeted, second-generation ASO showed 
lowering of lipoprotein(a) levels in healthy par-
ticipants who had elevated lipoprotein(a), as well as 
in patients with established cardiovascular disease 
and elevated plasma levels of lipoprotein(a).9,10 
Advances in directing ASOs to hepatocytes by 
conjugation with a triantennary N-acetylgalacto
samine (GalNAc3) moiety, a high-affinity ligand 
for the asialoglycoprotein receptor on the sur-
face of hepatocytes, have resulted in large in-
creases (by a factor of 15 to 30) in their potency,10 
with implications for improvements in the side-
effect profile and safety of ASOs.11,12 AKCEA-
APO(a)-LRx — here referred to as APO(a)-LRx 
and previously called IONIS-APO(a)-LRx — is a 
GalNAc3-conjugated 2′-methoxyethyl chimeric 
second-generation ASO drug targeted to LPA 
mRNA. In a phase 2a trial, APO(a)-LRx was shown 
to result in a dose-dependent reduction of 66 to 
92% in circulating lipoprotein(a) in participants 
with elevated lipoprotein(a) levels.10 The long half-
life of APO(a)-LRx (approximately 1 month) that 
was observed in that trial prompted us to con-

sider longer dosing intervals in the trial we re-
port here.

Me thods

Trial Design

We conducted this phase 2, dose-ranging, ran-
domized, double-blind, placebo-controlled trial 
evaluating APO(a)-LRx at 30 sites in five coun-
tries. Patients were randomly assigned to one of 
five groups; within each group, randomization 
was performed in a 5:1 ratio (APO(a)-LRx:placebo) 
(Fig. S1 in the Supplementary Appendix, available 
with the full text of this article at NEJM.org). 
The patients in each group were given one of five 
regimens, with APO(a)-LRx or placebo administered 
subcutaneously, for a minimum of 6 months: 
APO(a)-LRx at a dose of 20 mg every 4 weeks, 40 mg 
every 4 weeks, 60 mg every 4 weeks, 20 mg every 
2 weeks, or 20 mg every week or physiologic 
saline placebo. By week 25, the groups receiving 
monthly doses would have reached 6 months of 
exposure (after the week 21 dose); however, the 
groups receiving doses every 2 weeks or every 
week would have reached only 5.5 and 5.75 months 
of exposure, respectively. Therefore, the timing of 
the analysis of the primary efficacy end point 
was moved to week 27 for these groups.

To collect additional long-term safety and effi
cacy data, treatment was continued up to 1 year 
or until the last enrolled patient had reached 
6 months of treatment. The post-treatment fol-
low-up period lasted 16 weeks to account for the 
long half-life of the drug.11 Site visits were sched-
uled to occur every 4 weeks to collect efficacy 
and safety data. Platelet counts and renal-function 
tests were performed every 2 weeks, and liver-
function tests were performed every 2 weeks for 
the first 3 months and monthly thereafter 
throughout the treatment period. The platelet 
count was analyzed simultaneously by both cen-
tral and local laboratories, and APO(a)-LRx or pla-
cebo could be administered only if recent (with-
in 14 days) platelet-count results were available. 
Monitoring and stopping rules, which were pre-
specified in the protocol (available at NEJM.org), 
included threshold limits on platelet count and 
renal and liver function.

Akcea Therapeutics sponsored the trial and 
was responsible for its conduct and oversight, 
the collection and management of the data, and 
the statistical analyses and data interpretation. 
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The protocol was approved by the relevant health 
authorities, institutional review boards, and eth-
ics committees. An academic author and an au-
thor who is an employee of the sponsor wrote 
the first draft and last submitted draft of the 
manuscript and vouch for the completeness and 
accuracy of the data and for fidelity of the trial 
to the protocol. All the authors participated in 
revising the manuscript.

Eligibility

Patients who were 18 to 80 years of age and had 
established cardiovascular disease and an elevat-
ed screening plasma lipoprotein(a) level (≥60 mg 
per deciliter [150 nmol per liter]) were eligible 
for enrollment. Patients who were being treated 
with lipid-lowering medications could be enrolled 
if they had been on a stable drug regimen for 
4 weeks before screening and were expected to 
remain on that regimen during the trial. Exclu-
sion criteria included acute coronary syndrome, 
major cardiac surgery, or stroke or transient 
ischemic attack within 6 months before screen-
ing; coronary, carotid, or peripheral revascular-
ization, major noncardiac surgery, or lipoprotein 
apheresis within 3 months before screening; 
heart failure of New York Heart Association 
(NYHA) class IV; uncontrolled hypertension 
(systolic blood pressure, >160 mm Hg; or dia-
stolic blood pressure, >100 mm Hg); an estimated 
glomerular filtration rate of less than 60 ml per 
minute; a ratio of urine protein (in milligrams) 
to creatinine (in grams) of 250 or greater; a ratio 
of urine albumin (in milligrams) to creatinine 
(in grams) of 100 or greater; an alanine amino-
transferase or aspartate aminotransferase level 
exceeding twice the upper limit of the normal 
range; an alkaline phosphatase or total bilirubin 
level exceeding the upper limit of the normal 
range; a platelet count lower than the lower 
limit of the normal range; a history of major 
bleeding or high risk of bleeding diathesis; and 
use of anticoagulant drugs. Additional details, in-
cluding those of the laboratory measurements, are 
provided in the Supplementary Appendix. Trial 
participants provided written informed consent.

End Points

The primary efficacy end point was the percent 
change in lipoprotein(a) level from baseline to 
the primary analysis time point at 6 months of 
exposure (week 25 or week 27) in each APO(a)-

LRx group as compared with the pooled placebo 
group. The unranked secondary end points, 
which were analyzed in the same way, were the 
percent change from baseline in LDL cholesterol 
level, the percent of patients with a plasma lipo
protein(a) level of 50 mg per deciliter (125 nmol 
per liter) or lower, the percent of patients with a 
plasma lipoprotein(a) level of 30 mg per deciliter 
(75 nmol per liter) or lower, the percent change 
from baseline in apolipoprotein B level, the per-
cent change from baseline in the level of oxi-
dized phospholipids on apolipoprotein B, and 
the percent change from baseline in the level of 
oxidized phospholipids on apolipoprotein(a).

Statistical Analysis

The power calculations are shown in the Supple-
mentary Appendix. All efficacy analyses were 
performed with the full analysis set, defined as 
all patients who had undergone randomization 
and had received at least one dose of APO(a)-LRx 
or placebo. The primary end point and second-
ary end points for oxidized phospholipids on apo
lipoprotein B, oxidized phospholipids on apolipo
protein(a), LDL cholesterol, and apolipoprotein B 
were analyzed with the use of an analysis of 
covariance model with treatment groups as fac-
tors and the log-transformed baseline value for 
each respective measure as covariate. Responder 
analyses (i.e., in which each patient is considered 
as either having a response or having no re-
sponse) were performed with the use of a logistic-
regression model with the log-transformed base-
line level of lipoprotein(a) as the concomitant 
variable. Missing data for the primary and sec-
ondary efficacy end points were handled with a 
multiple-imputation model containing baseline 
and postbaseline values, stratified according to 
treatment group. The imputations were performed 
for postbaseline values by the Markov chain 
Monte Carlo method. Supportive efficacy analy-
ses over time, including primary and secondary 
efficacy data with data collected beyond the 
primary analysis time point, were performed 
with a mixed model of repeated measurements. 
Because of the exploratory nature of this phase 2 
trial, the P values and widths of the 95% confi-
dence intervals were not adjusted for multiplicity. 
All safety analyses were performed in the safety 
population, defined as all patients who under-
went randomization and received at least one 
dose of APO(a)-LRx or placebo.
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R esult s

Patients

Of the 459 patients who underwent assessment 
for eligibility, 286 were randomly assigned to 
one of five APO(a)-LRx regimens or placebo (Figs. 
S1 and S2). The first patient underwent random-
ization on March 27, 2017, and the last patient 
underwent randomization on January 16, 2018.

The mean (±SD) duration of treatment was 
31.6±11.5 weeks (median, 32.1) among patients 
who received APO(a)-LRx and 31.2±12.0 weeks 
(median, 34.0) among those who received place-
bo. Approximately 60% of patients were younger 
than 65 years, and more than 30% were women 
(Table 1). By protocol design, all patients had 
established atherosclerotic cardiovascular dis-
ease, most commonly coronary artery disease; 
4.5% had both carotid and peripheral artery 
disease. Between 35% and 54% of patients in 
each group had premature coronary artery dis-
ease, defined as a first cardiovascular event be-
fore 55 years of age for men and before 65 years 
of age for women. A majority of patients had 
a family history of coronary artery disease, and 
approximately one third had familial hypercho-
lesterolemia. At trial entry, approximately 80 to 
90% of the patients were receiving statin ther-
apy, 50% were receiving ezetimibe, and 20% were 
receiving a PCSK9 inhibitor.

At baseline across all groups, median levels 
of lipoprotein(a) ranged from 205 to 247 nmol 
per liter (the upper limit of the normal range is 
30 mg per deciliter [75 nmol per liter]),13 median 
levels of oxidized phospholipids on apolipopro-
tein B ranged from 20.3 to 24.6 nmol per liter (the 
top quartile in the general population is >8 nmol 
per liter), and median levels of oxidized phos-
pholipids on apolipoprotein(a) ranged from 61.9 
to 67.3 nmol per liter (the top quartile in the 
general population is >20 nmol per liter). Mean 
LDL cholesterol levels ranged from 67.6 to 89.3 mg 
per deciliter (1.75 to 2.31 mmol per liter). Mean 
estimated corrected LDL cholesterol levels ranged 
from 40.8 to 56.4 mg per deciliter, if it is as-
sumed that 30% of lipoprotein(a) mass is choles-
terol.14

Mean Percent Change in Lipoprotein(a) Level

At 6 months of exposure (25 or 27 weeks), dose-
dependent mean percent reductions in lipopro
tein(a) from baseline were noted in all the 

APO(a)-LRx groups, with decreases of 35% at a 
dose of 20 mg every 4 weeks, 56% at 40 mg every 
4 weeks, 58% at 20 mg every 2 weeks, 72% at 
60 mg every 4 weeks, and 80% at 20 mg every 
week, as compared with 6% for the pooled pla-
cebo group (P value range for the comparison 
with placebo, 0.003 to <0.001) (Fig. 1A). The two 
regimens of the same monthly dose (40 mg) — 
40 mg every 4 weeks and 20 mg every 2 weeks 
— lowered lipoprotein(a) to similar extents. The 
lipoprotein(a)-lowering effect was noted within 
the first month and reached near-maximal effect 
by week 16 (Fig. 1B). In addition, dose-dependent 
absolute reductions in lipoprotein(a) levels were 
observed in all the APO(a)-LRx groups (Table 2). 
The lipoprotein(a) levels returned to baseline 
within 16 weeks after the last dose (Fig. S3), a 
finding consistent with previous observations.10 
The mean percent changes in the lipoprotein(a) 
level in individual patients in each treatment 
group are shown in waterfall plots in Figure S4.

Percent of Patients Attaining Prespecified 
Lipoprotein(a) Levels

The percent of patients with a lipoprotein(a) 
level of 50 mg per deciliter (125 nmol per liter) 
or lower at 6 months of exposure was 23% in the 
group that received 20 mg of APO(a)-LRx every 
4 weeks, 63% in the group that received 40 mg 
every 4 weeks, 65% in the group that received 
20 mg every 2 weeks, 81% in the group that re-
ceived 60 mg every 4 weeks, and 98% in the 
group that received 20 mg every week. The cor-
responding odds ratios for this end point in 
comparison with the placebo group were 5.0 
(95% confidence interval [CI], 1.2 to 21.0), 31.1 
(95% CI, 7.3 to 131.4), 43.8 (95% CI, 9.8 to 
195.0), 122.8 (95% CI, 24.0 to 627.4), and 1124.6 
(95% CI, 109.3 to 11,571) (Fig. 1C).

The percent of patients with a lipoprotein(a) 
level of 30 mg per deciliter (75 nmol per liter) or 
lower at 6 months of exposure ranged from 6% 
in the group that received 20 mg every 4 weeks 
to 71% in the group that received 20 mg every 
week. The odds ratios for this end point in com-
parison with the placebo group were 7.3 (95% 
CI, 0.3 to 155.3) for 20 mg every 4 weeks, 27.9 
(95% CI, 1.5 to 521.5) for 40 mg every 4 weeks, 
59.9 (95% CI, 3.2 to 1128.0) for 20 mg every 
2 weeks, 113.9 (95% CI, 6.2 to 2098.5) for 60 mg 
every 4 weeks, and 347.0 (95% CI, 18.3 to 6597.9) 
for 20 mg every week.
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Other Prespecified Measures
At 6 months of exposure, we observed mean 
reductions in levels of oxidized phospholipids on 
apolipoprotein B and levels of oxidized phospho-
lipids on apolipoprotein(a) in all APO(a)-LRx 
groups. The mean percent reductions in oxi-
dized phospholipids on apolipoprotein B were 
37% at a dose of 20 mg every 4 weeks, 57% 
at 40 mg every 4 weeks, 64% at 20 mg every 
2 weeks, 79% at 60 mg every 4 weeks, and 88% 
at 20 mg every week, as compared with a 14% 
increase in the placebo group. The ratios of 
geometric mean reductions from baseline 
(APO(a)-LRx:placebo) were 0.55 (95% CI, 0.38 to 
0.81), 0.37 (95% CI, 0.26 to 0.54), 0.32 (95% CI, 
0.22 to 0.46), 0.18 (95% CI, 0.13 to 0.27), and 
0.11 (95% CI, 0.07 to 0.16) in the groups that 
received 20 mg every 4 weeks, 40 mg every 
4  weeks, 20 mg every 2 weeks, 60 mg every 
4 weeks, and 20 mg every week, respectively. 
(A  ratio of geometric means of <1 indicates a 
larger reduction from baseline in the APO(a)-LRx 
group than in the placebo group.)

The mean percent reductions in oxidized 
phospholipids on apolipoprotein(a) were 28% at 
a dose of 20 mg every 4 weeks, 49% at 40 mg 
every 4 weeks, 45% at 20 mg every 2 weeks, 63% 
at 60 mg every 4 weeks, and 70% at 20 mg every 
week, as compared with a 20% decrease in the 
placebo group. The ratios of the geometric mean 
reductions from baseline (APO(a)-LRx:placebo) 
were 0.91 (95% CI, 0.68 to 1.21), 0.64 (95% CI, 
0.48 to 0.86), 0.69 (95% CI, 0.52 to 0.92), 0.46 
(95% CI, 0.35 to 0.62), and 0.38 (95% CI, 0.28 
to 0.51) for 20 mg every 4 weeks, 40 mg every 
4 weeks, 20 mg every 2 weeks, 60 mg every 

Placebo  APO(a)-LRx

Pooled placebo
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Figure 1. Effect of APO(a)-LRx on Lipoprotein(a) Level.

Panel A shows the least-squares mean percent changes 
from baseline to the primary analysis time point (PAT) 
(i.e., 6 months of exposure [at week 25 in the groups 
that received monthly doses and at week 27 in the 
groups that received more frequent doses]). I bars 
denote 95% confidence intervals. Panel B shows the 
least-squares mean percent changes from baseline in 
lipoprotein(a) over time. Error bars denote 95% confi-
dence intervals. Panel C shows the percent of patients 
with lipoprotein(a) levels of less than 50 mg per deci
liter (125 nmol per liter) in each group at the primary 
analysis time point.
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4  weeks, and 20 mg every week, respectively 
(Table 2 and Fig. S5A and S5B). We found mean 
reductions from baseline to 6 months in apoli-
poprotein B levels (ideal levels are <80 mg per 
deciliter in high-risk patients) and in laboratory-
measured LDL cholesterol levels in all treatment 
groups (Table 2 and Fig. S5C and S5D). Waterfall 
plots of individual patients’ percent changes 
from baseline in levels of oxidized phospholipids 
on apolipoprotein B, oxidized phospholipids on 
apolipoprotein(a), apolipoprotein B, and LDL 
cholesterol are shown in Figures S6 through S9.

Safety Analyses

Adverse events occurred in 90% of patients re-
ceiving APO(a)-LRx and in 83% of those receiving 
placebo during the treatment period; most of the 
events were mild or moderate (Table 3). Serious 
adverse events occurred in 10% of the patients 
receiving APO(a)-LRx and in 2% of those receiv-
ing placebo. Neither the overall incidence of ad-
verse events nor the incidence of serious adverse 
events showed a dose-dependent pattern (Ta-
ble  3). Overall, 5% of patients who received 
APO(a)-LRx and 4% of those who received place-
bo discontinued participation in the trial owing 
to adverse events. The most frequent adverse 

events leading to discontinuation among pa-
tients who received APO(a)-LRx were myalgia or 
arthralgia or postinjection general discomfort 
(malaise). No patients discontinued participation 
for protocol-defined reasons. Injection-site reac-
tions, the most frequently reported adverse event, 
occurred in 27% of the patients who received 
APO(a)-LRx and in 6% of those who received pla-
cebo during the trial. Approximately 7% of injec-
tions were associated with injection-site reactions 
irrespective of the dose or regimen (Table  3). 
These reactions were mostly mild, and the most 
common was erythema (26%). One patient dis-
continued treatment with APO(a)-LRx because of 
injection-site reactions.

Other adverse events that occurred in more 
than 10% of patients who received APO(a)-LRx 
and were more frequent than in the placebo 
group were urinary tract infection (13% vs. 6%), 
myalgia (12% vs. 11%), and headache (11% vs. 
8%). The incidence of influenza-like symptoms 
was similar in the APO(a)-LRx group and the 
placebo group (7% and 6%, respectively). Platelet-
count monitoring that was conducted every 2 weeks 
did not reveal a dose- or time-dependent effect 
of APO(a)-LR, and no patient had a platelet count 
lower than 100,000 per cubic millimeter (Table 3 

Measure APO(a)-LRx

Pooled Placebo 
(N = 47)

20 mg 
Every 4 Wk 

(N = 48)

40 mg 
Every 4 Wk 

(N = 48)

20 mg 
Every 2 Wk 

(N = 48)

60 mg 
Every 4 Wk 

(N = 47)

20 mg 
Every Wk 
(N = 48)

Lipoprotein(a) — nmol/liter −95.9±94.4 −116.9±71.7 −130.3±66.1 −149.5±67.4 −187.8±80.3 −15.2±34.6

Lipoprotein(a) — mg/dl −38.4±7.7 −46.8±28.7 −52.1±26.4 −59.8±27.0 −75.1±32.1 −6.1±13.8

OxPL-apoB — nmol/liter −8.0±10.3 −11.3±11.0 −12.2±7.9 −14.9±10.3 −20.1±8.5 3.7±8.1

OxPL-apo(a) — nmol/liter −16.8±14.3 −24.5±20.1 −25.9±17.2 −33.3±16.8 −41.6±16.5 −12.3±14.7

LDL cholesterol — mg/dl −5.6±27.4 −13.5±30.1 −13.2±19.8 −8.2±17.3 −16.4±14.8 −1.2±17.8

Apolipoprotein B — mg/dl −2.2±17.4 −8.3±18.2 −6.3±11.6 −3.9±13.5 −10.9±10.9 0.6±12.0

Total cholesterol — mg/dl −3.9±32.1 −11.6±32.1 −11.6±24.4 −3.9±23.2 −11.6±20.9 −3.9±21.3

HDL cholesterol — mg/dl 0.0±6.2 0.0±9.7 3.7±8.9 3.7±11.6 3.7±10.1 0.0±6.6

Triglycerides — mg/dl −8.9±32.8 −8.9±31.0 0.0±52.3 0.0±50.5 −8.9±41.6 0.0±51.4

hsCRP — mg/liter −0.9±4.24 −0.7±4.24 −0.3±2.84 −0.5±2.22 −0.1±6.30 −0.8±5.13

*	�Plus–minus values are means ±SD. The primary analysis time point was at 6 months of exposure: week 25 in the groups that received 
monthly doses and week 27 in the groups that received more frequent doses. To convert the values for cholesterol to millimoles per liter, 
multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129.

Table 2. Absolute Change from Baseline at 6 Months of Exposure.*
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and Fig. S10). No patient had liver or renal toxic 
effects that met the predetermined thresholds 
for treatment discontinuation. There were no 
clinically significant changes in other laboratory 
measures (including coagulation panel), vital 
signs, or electrocardiographic measures. High-
sensitivity C-reactive protein (CRP) levels were 
measured as a safety outcome to gauge potential 
proinflammatory effects of APO(a)-LRx. Baseline 
high-sensitivity CRP levels were between 2 and 
3 mg per liter across the groups (Table 1). The 
absolute mean changes in the high-sensitivity CRP 
level at 6 months of exposure were −0.9±4.2 mg 
per liter in the group that received 20 mg every 
4 weeks, −0.7±4.2 mg per liter in the group that 
received 40 mg every 4 weeks, −0.3±2.8 mg per li
ter in the group that received 20 mg every 2 weeks, 
−0.5±2.2 mg per liter in the group that received 
60 mg every 4 weeks, and −0.1±6.3 mg per liter 
in the group that received 20 mg every week, as 
compared with −0.8±5.2 mg per liter in the 
pooled placebo group.

Two deaths occurred during the trial, both in 
patients receiving APO(a)-LRx. One patient in the 
group that received 60 mg every 4 weeks died in 
a road traffic accident, and one patient in the 
group that received 20 mg every week commit-
ted suicide as a result of depression.

Discussion

APO(a)-LRx treatment resulted in dose-dependent 
reductions in lipoprotein(a) levels in patients with 
cardiovascular disease; these reductions were 
significant at all doses studied, with a mean 80% 
reduction at the highest dose (20 mg weekly). At 
the highest cumulative dose regimen, which was 
equivalent to 80 mg monthly, 98% of patients 
attained a lipoprotein(a) level of 50 mg per deci-
liter (125 nmol per liter) or lower, a target value 
supported by European15 and U.S.16 guidelines 
and by empirical data from patients treated with 
statins.17 We found reductions in levels of oxi-
dized phospholipids on apolipoprotein B and 
oxidized phospholipids on apolipoprotein(a), both 
of which are proinflammatory components that 
are present on lipoprotein(a) and on apolipopro
tein(a) and are linked to a higher atherothrom-
botic risk.18-20 Finally, we noted reductions in 
LDL cholesterol and apolipoprotein B in patients 
receiving APO(a)-LRx, beyond those achieved with 
aggressive background lipid-lowering therapy.

The patients enrolled in this trial all had es-
tablished cardiovascular disease, even though two 
thirds of the patients were under 65 years of age, 
which is generally younger than is typical in car-
diovascular trials. This age profile was consis-
tent with the lipoprotein(a) level being geneti-
cally determined and therefore a lifelong risk 
factor. Other ways in which the patients in the 
pooled trial population differed from participants 
in other cardiovascular trials were the relatively 
high percentages of patients with premature 
cardiovascular disease (40%) and familial hyper-
cholesterolemia (approximately 30%) and the 
relatively low body-mass index and likelihood of 
having type 2 diabetes. That 97% of the patients 
were white is a limitation of the trial.

Patients with elevated lipoprotein(a) levels of-
ten cannot reach very low LDL cholesterol levels 
even with aggressive LDL-lowering therapy, be-
cause lipoprotein(a) cholesterol is comeasured 
with LDL cholesterol.21 Consistent with this ob-
servation is the fact that, in the current trial, 
mean LDL cholesterol levels at baseline were 
approximately 70 to 80 mg per deciliter despite 
treatment with up to three drugs. In the Fur-
ther Cardiovascular Outcomes Research with 
PCSK9 Inhibition in Subjects with Elevated Risk 
(FOURIER) trial, patients in whom very low LDL 
cholesterol levels could not be achieved had 
markedly elevated lipoprotein(a) levels.22 Most 
LDL-lowering drugs do not substantially lower 
lipoprotein(a), and statins often have a neutral or 
modest lipoprotein(a)-increasing effect.17,23

Evidence from studies of primary prevention 
indicate that elevated lipoprotein(a) levels are 
associated with an increased atherothrombotic 
risk — in particular, an increased risk of myo-
cardial infarction.4 The role of lipoprotein(a) in 
the context of secondary prevention remains con-
troversial. Although meta-analyses have intrinsic 
limitations, we would note that in a patient-level 
meta-analysis of statin outcomes trials that in-
cluded 5751 events and 95,576 person-years at 
risk, the risk of elevated lipoprotein(a) was al-
most linearly associated with the risk of cardio-
vascular disease, and lipoprotein(a) levels greater 
than 50 mg per deciliter (125 nmol per liter) 
among patients who were taking statins were 
associated with significantly higher risk.17 Fur-
thermore, a recent analysis of data from the pla-
cebo group in the FOURIER trial showed that 
higher levels of lipoprotein(a) are associated with 
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an increased risk of cardiovascular events in 
patients with established cardiovascular disease, 
irrespective of LDL cholesterol levels.24

Among lipoproteins, lipoprotein(a) is the high-
est-capacity carrier of oxidized phospholipids,25 
which are responsible for many of its proinflam-
matory effects.26-28 In our trial, dose-dependent 
reductions were noted in oxidized phospholipids 
on apolipoprotein B and oxidized phospholipids 
on apolipoprotein(a) in plasma which, we posit, 
reflects effects of APO(a)-LRx on the oxidized 
phospholipid content of lipoprotein(a). In previ-
ous studies, oxidized phospholipids on apolipo-
protein B, primarily reflecting the oxidized phos-
pholipid content of lipoprotein(a), predicted first 
and recurrent myocardial infarction, stroke, and 
aortic stenosis.18-20

The reduction in LDL cholesterol and apolipo-
protein B levels by ASOs targeting LPA mRNA, 
in the presence of aggressive lipid-lowering ther-
apy, has been documented in previous studies.9,10 
Such findings may indicate that, when the syn-
thesis of apolipoprotein(a) is inhibited in the 
liver, apolipoprotein B lipoproteins — which 
would otherwise be destined to become lipo

protein(a), with relatively low plasma clearance 
as a result of weak interactions with the LDL 
receptor — are converted to LDL particles with 
relatively strong affinity for the LDL receptor 
and hence a relatively quick and efficient clear-
ance from the blood.10

We did not observe marked changes in plate-
let, renal, or liver function, nor a between-group 
difference in the risk of influenza-like symp-
toms. The most common adverse events among 
patients who received APO(a)-LRx were injection-
site reactions, which were generally mild.

Elevated levels of lipoprotein(a) are a cardio-
vascular risk factor for which no effective pharma-
cological therapy currently exists. In this trial, 
we found that APO(a)-LRx provided potent reduc-
tions in levels of lipoprotein(a) in patients with 
cardiovascular disease.
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Supported by Akcea Therapeutics.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
We thank the following employees of Akcea Therapeutics: 

Chelsey Jensen and Philip Piscitelli for overseeing the conduct of 
the trial, Eunju Hurh for critical data analysis, and Victoria 
Bartlett for project management.

Appendix
The authors’ affiliations are as follows: the Divisions of Cardiovascular Medicine (S.T.) and Endocrinology and Metabolism (J.L.W.), 
University of California, San Diego, La Jolla, and Ionis Pharmaceuticals, Carlsbad (S.T., S.X., N.J.V.) — both in California; Akcea 
Therapeutics, Boston (E.K.-P., J.G., L.O.); Polyclinic for Endocrinology, Diabetes and Preventive Medicine, University of Cologne, Co-
logne, Germany (I.G.-B.); Montreal Heart Institute, Université de Montréal, Montreal (J.-C.T.); Excel Medical Clinical Trials, Boca Raton, 
FL (S.J.B.); the Department of Endocrinology and Metabolism, Charité-Universitätsmedizin Berlin, Freie Universität Berlin, Humboldt-
Universität Berlin, Berlin Institute of Health, Berlin (E.S.-T.), and the Division of Geriatrics, University Medicine Greifswald, Greifswald 
(E.S.-T.) — both in Germany; the Center for Preventive Cardiology, Knight Cardiovascular Institute, Oregon Health and Science Univer-
sity, Portland (M.D.S.); the Department of Vascular Medicine, Academic Medical Center, Amsterdam (E.S.S.); the Division of Clinical 
Pharmacology, Department of Internal Medicine, University of Kansas Medical Center, Kansas City (P.M.M.); and the Department of 
Clinical Biochemistry and the Copenhagen General Population Study, Herlev and Gentofte Hospital, Copenhagen University Hospital, 
Herlev (B.G.N.), and the Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, Copen-
hagen (B.G.N.) — all in Denmark.

References
1.	 Berg K. A new serum type system in 
man — the Lp system. Acta Pathol Micro-
biol Scand 1963;​59:​369-82.
2.	 Schmidt K, Noureen A, Kronenberg F, 
Utermann G. Structure, function, and ge-
netics of lipoprotein (a). J Lipid Res 2016;​
57:​1339-59.
3.	 Tsimikas S, Fazio S, Ferdinand KC,  
et al. NHLBI working group recommen-
dations to reduce lipoprotein(a)-mediated 
risk of cardiovascular disease and aortic 
stenosis. J Am Coll Cardiol 2018;​71:​177-
92.
4.	 Nordestgaard BG, Langsted A. Lipo-
protein (a) as a cause of cardiovascular 
disease: insights from epidemiology, ge-

netics, and biology. J Lipid Res 2016;​57:​
1953-75.
5.	 Emdin CA, Khera AV, Natarajan P,  
et al. Phenotypic characterization of ge-
netically lowered human lipoprotein(a) 
levels. J Am Coll Cardiol 2016;​68:​2761-72.
6.	 Crooke ST, Witztum JL, Bennett CF, 
Baker BF. RNA-targeted therapeutics. Cell 
Metab 2018;​27:​714-39.
7.	 Merki E, Graham MJ, Mullick AE, et al. 
Antisense oligonucleotide directed to hu-
man apolipoprotein B-100 reduces lipopro
tein(a) levels and oxidized phospholipids 
on human apolipoprotein B-100 particles 
in lipoprotein(a) transgenic mice. Circu-
lation 2008;​118:​743-53.

8.	 Merki E, Graham M, Taleb A, et al. 
Antisense oligonucleotide lowers plasma 
levels of apolipoprotein (a) and lipopro-
tein (a) in transgenic mice. J Am Coll Car-
diol 2011;​57:​1611-21.
9.	 Tsimikas S, Viney NJ, Hughes SG,  
et al. Antisense therapy targeting apolipo
protein(a): a randomised, double-blind, 
placebo-controlled phase 1 study. Lancet 
2015;​386:​1472-83.
10.	 Viney NJ, van Capelleveen JC, Geary 
RS, et al. Antisense oligonucleotides tar-
geting apolipoprotein(a) in people with 
raised lipoprotein(a): two randomised, 
double-blind, placebo-controlled, dose-
ranging trials. Lancet 2016;​388:​2239-53.

The New England Journal of Medicine 
Downloaded from nejm.org on May 17, 2021. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;3  nejm.org  January 16, 2020 255

Lipoprotein(a) Reduction in Cardiovascular Disease

11.	 Yu RZ, Gunawan R, Post N, et al. Dispo-
sition and pharmacokinetics of a GalNAc3-
conjugated antisense oligonucleotide tar-
geting human lipoprotein (a) in monkeys. 
Nucleic Acid Ther 2016;​26:​372-80.
12.	Crooke ST, Baker BF, Xia S, et al. In
tegrated assessment of the clinical per-
formance of GalNAc3-conjugated 2′-O- 
methoxyethyl chimeric antisense oligo-
nucleotides. I. human volunteer experience. 
Nucleic Acid Ther 2019;​29:​16-32.
13.	 Kostner GM, Avogaro P, Cazzolato G, 
Marth E, Bittolo-Bon G, Qunici GB. Lipo-
protein Lp(a) and the risk for myocardial 
infarction. Atherosclerosis 1981;​38:​51-
61.
14.	 Viney NJ, Yeang C, Yang X, Xia S, Witz
tum JL, Tsimikas S. Relationship between 
“LDL-C”, estimated true LDL-C, apolipo-
protein B-100, and PCSK9 levels following 
lipoprotein(a) lowering with an antisense 
oligonucleotide. J Clin Lipidol 2018;​12:​
702-10.
15.	 Catapano AL, Graham I, De Backer G, 
et al. 2016 ESC/EAS guidelines for the 
management of dyslipidaemias. Eur Heart 
J 2016;​37:​2999-3058.
16.	 Grundy SM, Stone NJ, Bailey AL, et al. 
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/APhA/ASPC/NLA/PCNA guide-
line on the management of blood choles-
terol: executive summary: a report of the 
American College of Cardiology/Ameri-
can Heart Association Task Force on Clin-

ical Practice Guidelines. J Am Coll Cardiol 
2019;​73:​3168-209.
17.	 Willeit P, Ridker PM, Nestel PJ, et al. 
Baseline and on-statin treatment lipo
protein(a) levels for prediction of cardio-
vascular events: individual patient-data 
meta-analysis of statin outcome trials. 
Lancet 2018;​392:​1311-20.
18.	 Tsimikas S, Willeit P, Willeit J, et al. 
Oxidation-specific biomarkers, prospective 
15-year cardiovascular and stroke out-
comes, and net reclassification of cardio-
vascular events. J Am Coll Cardiol 2012;​
60:​2218-29.
19.	 Byun YS, Lee JH, Arsenault BJ, et al. 
Relationship of oxidized phospholipids 
on apolipoprotein B-100 to cardiovascular 
outcomes in patients treated with inten-
sive versus moderate atorvastatin therapy: 
the TNT trial. J Am Coll Cardiol 2015;​65:​
1286-95.
20.	Byun YS, Yang X, Bao W, et al. Oxi-
dized phospholipids on apolipoprotein 
B-100 and recurrent ischemic events fol-
lowing stroke or transient ischemic attack. 
J Am Coll Cardiol 2017;​69:​147-58.
21.	 Yeang C, Witztum JL, Tsimikas S. 
‘LDL-C’= LDL-C + Lp(a)-C: implications of 
achieved ultra-low LDL-C levels in the 
proprotein convertase subtilisin/kexin 
type 9 era of potent LDL-C lowering. Curr 
Opin Lipidol 2015;​26:​169-78.
22.	Giugliano RP, Pedersen TR, Park JG, 
et al. Clinical efficacy and safety of 

achieving very low LDL-cholesterol con-
centrations with the PCSK9 inhibitor evo-
locumab: a prespecified secondary analy-
sis of the FOURIER trial. Lancet 2017;​390:​
1962-71.
23.	 Tsimikas S, Gordts PLSM, Nora C, 
Yeang C, Witztum JL. Statin therapy in-
creases lipoprotein(a) levels. Eur Heart J 
2019 May 20 (Epub ahead of print).
24.	O’Donoghue ML, Fazio S, Giugliano 
RP, et al. Lipoprotein(a), PCSK9 inhibi-
tion, and cardiovascular risk. Circulation 
2019;​139:​1483-92.
25.	 Leibundgut G, Scipione C, Yin H, et al. 
Determinants of binding of oxidized 
phospholipids on apolipoprotein (a) and 
lipoprotein (a). J Lipid Res 2013;​54:​2815-
30.
26.	 van der Valk FM, Bekkering S, Kroon J, 
et al. Oxidized phospholipids on lipo
protein(a) elicit arterial wall inflamma-
tion and an inflammatory monocyte re-
sponse in humans. Circulation 2016;​134:​
611-24.
27.	 Scipione CA, Sayegh SE, Romagnuolo 
R, et al. Mechanistic insights into Lp(a)-
induced IL-8 expression: a role for oxi-
dized phospholipid modification of apo(a). 
J Lipid Res 2015;​56:​2273-85.
28.	Que X, Hung MY, Yeang C, et al. Oxi-
dized phospholipids are proinf lamma-
tory and proatherogenic in hypercholes-
terolaemic mice. Nature 2018;​558:​301-6.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on May 17, 2021. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


