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IMPORTANCE Lipoprotein(a) (Lp[a]) is associated with atherosclerotic disease and aortic
stenosis. Lp(a) forms by bonding between apolipoprotein(a) (apo[a]) and apo B100.
Muvalaplin is an orally administered small molecule that inhibits Lp(a) formation
by blocking the apo(a)-apo B100 interaction while avoiding interaction with a homologous
protein, plasminogen.

OBJECTIVE To determine the safety, tolerability, pharmacokinetics, and pharmacodynamic
effects of muvalaplin.

DESIGN, SETTING, AND PARTICIPANTS This phase 1 randomized, double-blind, parallel-design
study enrolled 114 participants (55 assigned to a single-ascending dose; 59 assigned to a
multiple-ascending dose group) at 1 site in the Netherlands.

INTERVENTIONS The single ascending dose treatment evaluated the effect of a single dose of
muvalaplin ranging from 1 mg to 800 mg or placebo taken by healthy participants with any
Lp(a) level. The multiple ascending dose treatment evaluated the effect of taking daily doses
of muvalaplin (30 mg to 800 mg) or placebo for 14 days in patients with Lp(a) levels of
30 mg/dL or higher.

MAIN OUTCOMES AND MEASURES Outcomes included safety, tolerability, pharmacokinetics,
and exploratory pharmacodynamic biomarkers.

RESULTS Among 114 randomized (55 in the single ascending dose group: mean [SD] age,
29 [10] years, 35 females [64%], 2 American Indian or Alaska Native [4%], 50 White
[91%], 3 multiracial [5%]; 59 in the multiple ascending dose group: mean [SD] age 32 [15]
years; 34 females [58%]; 3 American Indian or Alaska Native [5%], 6 Black [10%], 47 White
[80%], 3 multiracial [5%]), 105 completed the trial. Muvalaplin was not associated with
tolerability concerns or clinically significant adverse effects. Oral doses of 30 mg to 800 mg
for 14 days resulted in increasing muvalaplin plasma concentrations and half-life ranging from
70 to 414 hours. Muvalaplin lowered Lp(a) plasma levels within 24 hours after the first dose,
with further Lp(a) reduction on repeated dosing. Maximum placebo-adjusted Lp(a) reduction
was 63% to 65%, resulting in Lp(a) plasma levels less than 50 mg/dL in 93% of participants,
with similar effects at daily doses of 100 mg or more. No clinically significant changes in
plasminogen levels or activity were observed.

CONCLUSION Muvalaplin, a selective small molecule inhibitor of Lp(a) formation, was not
associated with tolerability concerns and lowered Lp(a) levels up to 65% following daily
administration for 14 days. Longer and larger trials will be required to further evaluate safety,
tolerability, and effect of muvalaplin on Lp(a) levels and cardiovascular outcomes.
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T he residual risk of cardiovascular events, despite opti-
mal lowering of low-density lipoprotein (LDL) choles-
terol concentration, supports the need to develop new

therapies that modify additional risk factors involved in the
pathogenesis of atherosclerotic cardiovascular disease. Increas-
ing evidence has suggested a causal role of lipoprotein(a) (Lp[a])
in both atherosclerotic cardiovascular disease and aortic
stenosis.1 Observations from cohort2 and genetic3-5 studies di-
rectly associate increasing Lp(a) levels with increased risk of car-
diovascular disease. Although Lp(a) apheresis may be used to
lower Lp(a) levels in some patients, there are no pharmacologi-
cal agents currently approved for lowering Lp(a) levels.6 In re-
cent years, several therapeutic approaches have been devel-
oped that selectively target Lp(a) by reducing hepatic synthesis
of apolipoprotein(a) (apo[a]). Initial studies demonstrated that
Lp(a) was lowered by approximately 80% with an antisense
oligonucleotide7 and by up to 98% with RNA interference.8,9

These agents are now being investigated in large clinical trials
to evaluate the effect Lp(a) lowering has on cardiovascular out-
comes. However, each of these approaches involves injectable
therapies. Development of an oral agent that specifically low-
ers Lp(a) could provide a therapeutic alternative that may en-
able broader use.

Lp(a) is formed via a covalent bond of apo(a) to an apo B100

protein on an LDL-like particle.10,11 This process involves ini-
tial noncovalent binding of apo(a) kringle IV domains 7 and 8
to lysine residues of apo B100 in the hepatocyte and the space
of Disse, followed by the formation of a covalent disulfide
bond. Muvalaplin is a small molecule Lp(a) inhibitor that dis-
rupts the initial noncovalent interaction between apo(a) and
apo B100, thus preventing the disulfide bond and the forma-
tion of Lp(a). This approach mimics naturally occurring vari-
ants in apo(a) that are unable to interact with apo B100, result-
ing in low Lp(a) levels (Figure 1).12,13 Preclinical studies
demonstrated that muvalaplin-mediated reductions in Lp(a) for-
mation in assembly reactions in vitro and in circulating Lp(a)
levels in cynomolgus monkeys treated with muvalaplin (N. Diaz,
et al, unpublished data, Eli Lilly and Co, 2023). Muvalaplin is
the first oral agent specifically developed to lower Lp(a) levels.
The objective of the current study was to evaluate the safety,
tolerability, pharmacokinetics, and exploratory pharmacody-
namic biomarker effects of muvalaplin in a phase 1 trial, repre-
senting the initial evaluation of its effects in humans.

Methods
Study Design
This single-center, randomized, double-blind, placebo-
controlled, phase 1 study of muvalaplin (LY3473329) was
conducted in 2 parts at the ICON facility in Groningen, the
Netherlands (Figure 2). The first part of study was to evaluate
the effect of only 1 dose of muvalaplin in ascending incre-
ments (range, 1 mg to 800 mg) by healthy participants. The sec-
ond part of the study was to evaluate the effect of muvalaplin
taken as a single daily dose in ascending increments (range,
30 mg to 800 mg) taken over 14 days by healthy participants
with elevated Lp(a) plasma levels (≥30 mg/dL).

The study was sponsored and designed by Eli Lilly and
Company. The study protocol was approved by an indepen-
dent ethics committee and was carried out in accordance with
the Declaration of Helsinki and in compliance with current
regulations and standards of Good Clinical Practice. All par-
ticipants provided written informed consent. The sponsor col-
lected the data, and the statistical analyses were performed by
ICON, a contract research organization. The data tables with
all trial results were transferred to the sponsor and the Victorian
Heart Institute, Monash University, for further analysis. The
manuscript figures and tables were produced by academic and
sponsor-employed authors. The first draft of the manuscript
was written by the lead author and modified based on com-
ments by other authors including those employed by the spon-
sor; however, the final decision on content was retained by the
lead author (S.J.N.), who vouches for the accuracy and com-
pleteness of the data and for the fidelity of the trial to the pro-
tocol, available in Supplement 1. (The statistical analysis plan
is available in Supplement 2.)

Study Population
Eligible participants were healthy adults aged 18 through 69
years, with a body mass index of 30 or less (calculated as weight
in kilograms divided by height in meters squared). Partici-
pants randomized to the single ascending dose group were en-
rolled independently of their Lp(a) levels. Participants ran-
domized to the multiple ascending dose group were required
to have an Lp(a) concentration of 30 mg/dL or more. Female
participants with childbearing potential and male partici-
pants agreed to use a reliable method of birth control through-
out the study and for 105 days following the last dose of study
drug. Race was determined by self-selection from closed cat-
egories, which we collect as standard practice.

Treatment Procedures
Participants in the single ascending dose group were ran-
domly assigned to receive either muvalaplin or placebo in a
6:2 ratio. For the first cohort, 2 participants received sentinel

Key Points
Question Can muvalaplin, an orally administered small molecule
inhibitor of lipoprotein(a) (Lp[a]) formation, achieve safe and
tolerable plasma concentrations adequate to reduce steady-state
Lp(a) levels without modulating plasminogen activity in humans?

Findings In this first-in-human phase 1 study involving healthy
participants, muvalaplin administered orally as single ascending
doses ranging from 1 mg to 800 mg and as multiple ascending
doses ranging from 30 mg to 800 mg for 14 days caused
dose-dependent plasma concentration increases. Muvalaplin
administration was not associated with concerns about safety or
tolerability, and it reduced Lp(a) levels but not plasminogen activity.

Meaning The observed safety, tolerability, pharmacokinetics, and
exploratory pharmacodynamics of muvalaplin in healthy
participants support further clinical evaluation in patients with
elevated Lp(a) levels.
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dosing (1 each with muvalaplin and placebo), with subse-
quent administration to the remaining participants in each co-
hort following review by the sponsor of the safety data through
the 24-hour period following dosing. The single ascending dose
levels studied were 1 mg, 10 mg, 30 mg, 100 mg, 200 mg,
400 mg, and 800 mg (eFigure 1 in Supplement 3).

Participants in the multiple ascending dose group were
randomly assigned to receive either muvalaplin or placebo in
an 8:2 ratio in all but the last cohort, which used a 15:2 ratio.
After an 8-hour fast, participants orally ingested either the
study drug or placebo once a day for 14 days (eFigure 1 in
Supplement 3). The planned dosage levels for the multiple
ascending dose group were selected based on safety and
pharmacokinetic data from the single ascending dose part of
the study: 30 mg, 100 mg, 300 mg, 500 mg, and 800 mg
daily. Participants, investigators, and clinical research unit
staff who conducted trial-related activities or with the ability
to influence study outcomes were blinded to muvalaplin and
placebo treatment.

Outcome Measures
Safety assessments included monitoring adverse events, clini-
cal laboratory evaluations, vital signs, 12-lead electrocardio-
gram, physical examination, and body weight. Muvalaplin
plasma pharmacokinetics were estimated via noncompart-
mental analysis of plasma concentration-time data. Explor-
atory pharmacodynamic monitoring involved assessment of
Lp(a), total cholesterol, LDL cholesterol, high-density lipopro-
tein cholesterol, triglyceride, and apo B100 levels. Quantita-
tive measurement of Lp(a) in human serum was measured

with the Atellica CH Analyzer (Siemens Healthcare Diagnos-
tics), calibrated using Atellica CH Lp(a) CAL. The Lp(a) assay
provides results from 10.00 mg/dL to 85.00 mg/dL. Because
a high percentage of sequence identity is shared between apo(a)
and plasminogen,11 additional pharmacodynamic biomark-
ers were monitored, including plasminogen concentration,
plasminogen activity, high-sensitivity C-reactive protein, plas-
minogen activator inhibitor 1, tissue plasminogen activator an-
tigen, and α2-antiplasmin.

Statistical Analysis
The sample size for the single ascending dose cohort was typi-
cal for first-in-human studies designed to address the safety,
tolerability, and pharmacokinetic objectives with no formal
power analyses. The sample size for the multiple ascending
dose cohort was typical for a first-in-human multiple-dose
study, except for the final cohort. The sample size for the fi-
nal cohort was determined through simulations using FACTS
version 6.4 software, to detect an Lp(a) decrease of at least 60%
(placebo-adjusted) 90% of the time if the true decrease was
75% or more. Placebo-treated participants from each cohort
were pooled into a single-treatment group within each part of
the study. Pharmacokinetic and exploratory pharmacody-
namic analyses were conducted using data from all partici-
pants who received at least 1 dose of muvalaplin drug and had
evaluable data. In addition, exploratory pharmacodynamic
analyses included participants who received at least 1 dose of
placebo. Results are summarized by dosage level using de-
scriptive statistics. Analyses for the primary objective of safety
were conducted for all enrolled participants.

Figure 1. Lipoprotein(a) Biology and Therapeutic Approaches to Lower Lipoprotein(a)

Oral small molecule inhibitor therapy: Muvalaplin binds to apo(a) 
to prevent formation of Lp(a)

Injectable RNA-based therapies: Antisense oligonucleotides and small 
interfering RNA (siRNA) prevent translation of LPA messenger RNA (mRNA) 

Muvalaplin

A Structure of lipoprotein(a) (Lp[a]) B Mechanisms of action of investigative therapies to lower Lp(a) levels

Lp(a) is a low-density lipoprotein (LDL)–like lipoprotein with 
apolipoprotein(a) [apo(a)] bonded to apolipoprotein B100 (apo B100)

Initial noncovalent bond of apo(a) kringle domains 7 and 8
(KIV7 and KIV8) to lysine residues of apo B100, followed
by the formation of a covalent disulfide bond
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LDL–like
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Increased levels of Lp(a) are an 
independent and causal risk factor 
for atherosclerotic cardiovascular
disease and cannot be modified 
by diet or exercise.
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LPA mRNA degradation blocks production of apo(a) necessary for Lp(a) synthesis
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KIV7 and KIV8 prevents bond 
between apo(a) and apo B100
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Figure 2. Flow of Patients Through Both Parts of the Study of Muvalaplin for Lipoprotein(a) Inhibition
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muvalaplin
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Single-ascending-dose groupA

596 Healthy adults (18-69 y) with body mass index 
≤30, ≥30 Lp(a) mg/dL were assessed for eligibility

537 Excluded
449 Laboratory values outside inclusion criteria

10 >30 BMI
3 Abnormal ECG
1 Withdrew consent
1 Medication use

33 Other reasons

22 Poor venous access
18 Medical history

59 Randomized

11 Randomized 
to receive
placebo

2 Excluded
1 COVID-19
1 Withdrew

(personal
reasons)

1 Excluded
(medical
history)

1 Excluded
(personal
reasons)

1 Excluded
(personal
reasons)

1 Excluded
(personal
reasons)

8 Randomized to 
receive 30 mg 
muvalaplin

8 Randomized to 
receive 100 mg 
muvalaplin

9 Randomized to 
receive 300 mg
muvalaplin

8 Randomized to 
receive 500 mg
muvalaplin

15 Randomized to 
receive 800 mg
muvalaplin

Multiple-ascending-dose groupB

Within each study part, participants were randomly assigned to receive either
muvalaplin or placebo in a 6:2 ratio for the single ascending dose part, and in a 8:2
ratio for the first 4 cohorts and 15:2 ratio in the last cohort of the multiple
ascending dose study part. Two participants were given sentinel 1-mg doses in the

single ascending dose part of the study prior to dosing the full cohort. The primary
analysis assessed safety.
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared; ECG, electrocardiogram.
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Results

Study Population
Screening of participants commenced in August 2020 and the
final follow-up visit was conducted in November 2021. A total
of 114 participants were enrolled in the study (55 in the single
ascending dose group and 59 in the multiple ascending dose
group). Of these participants, 89 were treated with muvalap-
lin and 25 were treated with placebo (Figure 2). A total of 105
participants completed the study (Figure 2). Baseline demo-
graphics and medical history were similar between partici-
pants treated with muvalaplin and placebo in each treatment
group (Table 1). Participants in the single ascending dose group
were a mean (SD) age of 29 (10) years, 35 females (64%),
2 American Indian or Alaska Native (4%), 50 White (91%), and
3 multiracial individuals (5%). Participants in the multiple as-
cending dose group were a mean (SD) age of 32 (15) years; 34
females (58%); 3 American Indian or Alaska Native (5%), 6 Black
(10%), 47 White (80%), and 3 multiracial individuals (5%).

Among participants in the single ascending dose group,
the baseline median Lp(a) levels were 10.3 mg/dL (IQR, 9.9-
41.2 mg/dL) and the LDL cholesterol levels, 104.4 mg/dL
(IQR, 81.2-123.7 mg/dL), and among the multiple-ascending
group, the median Lp(a) levels were 58.3 mg/dL (IQR, 38.4-
79.8 mg/dL), and the LDL cholesterol levels, 116.0 mg/dL
(IQR, 100.5-127.6 mg/dL; eFigures 4 and 5 in Supplement 3).
(To convert LDL cholesterol from mg/dL to mmol/L, multiply
by 0.0259.) Medication usage during the study included
3 participants who were administered ibuprofen (2 par-
ticipants took it once, 1 took it as needed for 2 days) and 3
participants who were administered COVID-19 vaccines.
No participant was administered statin therapy.

Pharmacokinetic Measurements
Pharmacokinetic measurements for both parts of the study are
presented in Table 2. In the single ascending dose group, plasma
muvalaplin levels were below the limit of quantitation
(1.0 ng/mL) in the 1-mg dose cohort. Muvalaplin reached maxi-
mum observed plasma concentration between 2 and 5 hours
after dosing, across the 10-mg to 800-mg dose range and ex-
hibited a multiphasic decline thereafter (Figure 3, panel A).
Elimination half-life ranged from 12.1 hours to 67.0 hours across
the 30-mg to 800-mg dose range, increasing with dose. The
maximum observed plasma concentration of muvalaplin and
area under the concentration-time curve (AUC) from time 0
extrapolated to infinite time for muvalaplin increased with in-
creasing single doses (Table 2) but was not dose proportional
(eTable 1 in Supplement 3).

In the multiple ascending dose group, the time of the maxi-
mum observed plasma concentration of muvalaplin oc-
curred between 2 and 6 hours after dosing on day 1 and be-
tween 2 and 4 hours after dosing on day 14, across the 30-mg
to 800-mg dose range, and exhibited a multiphasic decline
thereafter (Table 2 and Figure 2, panels B and 2C). The elimi-
nation half-life of muvalaplin ranged from 70.9 to 414 hours
and increased with doses from 30 mg to 500 mg. The muva-
laplin maximum observed plasma concentration and AUC dur-

ing a dosing interval also increased with dose after multiple
dosing, and there was minimal accumulation between days 1
and 14. Analysis of increases in the maximum observed plasma
concentration on days 1 and 14 and AUC during a dosing in-
terval was not dose proportional (eTable 1 in Supplement 3).

Exploratory Pharmacodynamic Measurements
Effects of muvalaplin administration on Lp(a) levels and other
biomarkers are illustrated in Figure 3 and eFigures 2 and 3 in
Supplement 3. Reductions in Lp(a) levels from baseline were
observed as early as day 2 with multiple dosing. The placebo-
controlled reduction in Lp(a) was 63% to 65% at doses of
100 mg or more, occurring on days 14 and 15. Lp(a) levels re-
turned to baseline by day 29 for the 30-mg dose, day 43 for the
100-mg dose, and day 64 for the 300-mg to 800-mg doses.
Changes in levels of other parameters, including total choles-
terol, LDL cholesterol, HDL cholesterol, triglyceride, and apo B100

levels, were not significant for any dose of muvalaplin com-
pared with placebo (eFigure 2 in Supplement 3). Modest corre-
lations were observed between changes in Lp(a) and both apo
B100 and LDL cholesterol levels (eFigure 6 in Supplement 3).

Safety and Tolerability
Safety outcomes assessed during the studies are summarized
in Table 3 and eTables 2 and 3 in Supplement 3. Most adverse
events associated with treatment were mild in severity, tran-
sient, and resolved without sequelae. There was no dose de-
pendency for the frequency of participants reporting adverse
events. No deaths or serious adverse events were reported. Four
participants discontinued the study due to COVID-19 infec-
tion. In the single ascending dose group, 34 participants (62%)
reported a total of 71 adverse events, the most common being
headache (33%), back pain (13%), and fatigue (11%). Seven ad-
verse events (headache, fatigue, and vomiting) were consid-
ered by the investigator to be related to study drug for 5 par-
ticipants, 4 of whom received the 800-mg dose. The other
participant received placebo. In the multiple ascending dose
group, 47 participants (80%) reported a total of 175 adverse
events, the most common being headache (31%), diarrhea
(20%), abdominal pain (15%), nausea (10%), and fatigue (10%).
One adverse event (acne) was considered by the investigator
to be related to study drug. No discernible prolongation of the
corrected QT interval was noted with any dose of muvalap-
lin. No hematological or hepatic biochemical adverse events
were observed.

Giventheclosehomologybetweenapo(a)andplasminogen,11

it is theoretically possible that lowering Lp(a) concentration
may impact hemostatic parameters, and accordingly, addi-
tional analyses were performed to evaluate hemostasis-
related biomarkers and plasminogen activity and levels in
the multiple ascending dose study. Small reductions in plas-
minogen activity at the 2 highest doses (maximum reduction
of approximately 14% with the 500-mg dose) were observed
(Figure 4). These differences were most evident on day 14
and returned to baseline after dosing cessation. No dose or
time-dependent changes were observed in plasminogen con-
centration, plasminogen activator inhibitor 1, tissue plas-
minogen activity antigen or α2-antiplasmin (eFigure 3 in
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Supplement 3). No significant changes were observed in
high-sensitivity C-reactive protein levels at day 14 (eFigure 3
in Supplement 3).

Discussion
Muvalaplin is a small molecule that inhibits formation of Lp(a)
by interfering with the binding of apo(a) to apo B100. This first-
in-human, placebo-controlled, phase 1 study demonstrated that
administration of muvalaplin for up to 14 days was not associ-
ated with tolerability concerns or any serious adverse events.
Daily administration of muvalaplin produced dose-dependent
lowering of Lp(a) by up to 65% by day 14 of daily dosing. Re-
duced Lp(a) levels, compared with baseline, persisted up to 50
days after the last muvalaplin dose. In those participants with
elevated Lp(a) levels, treatment with muvalaplin at the high-
est dose resulted in 93% of participants with Lp(a) trough lev-
els of 50 mg/dL or less at the end of the 14-day treatment pe-

riod. Muvalaplin had no significant effects on other lipids in
healthy participants with elevated Lp(a) levels.

Increasing epidemiological and genetic evidence sug-
gests that Lp(a) has a causal role in atherosclerotic cardiovas-
cular disease and calcific aortic valve disease. Evaluation of
460 506 participants of the UK Biobank, with median follow-up
of 11.2 years, demonstrated a linear relationship of Lp(a) con-
centrations with incident atherosclerotic cardiovascular dis-
ease, with a hazard ratio of 1.11 (95% CI, 1.10-1.12) per 50-nmol/L
increment in Lp(a) concentration observed in the overall
population.14 Estimation of Lp(a) lowering needed to reduce
major adverse cardiovascular events from the Copenhagen
General Population Study suggests that lowering Lp(a) by
50 mg/dL within a 5-year period would potentially reduce the
risk of cardiovascular disease events by 20% for secondary
prevention.15 This contrasts with estimates of potential need
for greater Lp(a) lowering in analyses from the UK Biobank,
which included a much broader range of individuals across the
cardiovascular risk spectrum.5

Figure 3. Plasma Muvalaplin Concentration-Time Profile Following Single and Multiple Daily Doses of Muvalaplin
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on day 14.
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Recent developments of therapeutics that inhibit hepatic
production of apo(a) through nucleic acid therapeutics have
demonstrated effective Lp(a) lowering and good tolerability.7-9

These agents are currently undergoing further evaluation in
large clinical cardiovascular outcome trials, and they have the
potential to transform the treatment of patients with high Lp(a)

levels. However, the requirement for parenteral administra-
tion may present a potential barrier to widespread use.
Muvalaplin is distinct, given both its once daily oral adminis-
tration and mechanism of action that disrupts Lp(a) forma-
tion by blocking the initial noncovalent interaction between
apo(a) and apo B100. Maximal dose-dependent reduction in

Figure 4. Effect of Multiple Daily Doses of Muvalaplin on Lipoprotein(a) and Plasminogen Activity
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A, The absolute change in lipoprotein(a) (Lp[a]) levels in participants with levels
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B, The mean percent change from baseline in Lp(a) levels over time.

C, The absolute change in plasminogen activity.

D, The mean percent change from baseline in plasminogen activity in the same
participants and during the same time shown in panels A and B.

Data markers indicate the mean; error bars, SEM.
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Lp(a) concentration with muvalaplin was 65%, and the mol-
ecule was not associated with any serious adverse effects in
this short-term study. The current study involved partici-
pants younger than those in the trials evaluating nucleic acid
therapeutics, pelacarsen, and olpasiran.8,9 Although muva-
laplin lowers Lp(a) levels to a lesser degree than parenteral
therapies currently in development, the extent of reduction
required for clinical benefit has not been established and re-
mains controversial.16

Current treatment guidelines consider elevated Lp(a) lev-
els as a risk-enhancing factor, supporting the need for inten-
sification of lipid-lowering therapy.17 The only established treat-
ment option, apheresis, is reserved for those patients with
severe Lp(a) elevations and is cumbersome.18,19 Post hoc analy-
ses of clinical trials of proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors demonstrated that moderate reduc-
tion of Lp(a) levels was associated independently with a re-
duction in cardiovascular events.20,21 The degree of Lp(a) low-
ering observed in these trials was modest (approximately
5 mg/dL, or 25%).

An additional area of importance involves the potential im-
pact of muvalaplin on plasminogen activity. A high-percent se-
quence identity is shared between apo(a) and plasminogen, a
factor involved in the fibrinolytic system.11 Preclinical stud-
ies in rats demonstrated that multivalent molecules, similar
to muvalaplin, bind to rat plasminogen kringle IV domains in
vitro and cause reductions in plasminogen activity in vivo.
However, species comparison of plasminogen primary pro-
tein sequences revealed a greater number of targeted interac-
tion motifs in rat plasminogen compared with human plas-
minogen, suggesting the possibility of a lesser impact of
muvalaplin on human plasminogen. In this study, minimal ef-
fects on plasminogen were observed with muvalaplin at the
500-mg dose (maximal 14% reduction in activity), with no dose
effect noted, suggesting that this agent will not adversely affect
fibrinolysis. The clinical consequences of such lowering of plas-
minogen levels in patients with high Lp(a) levels or with car-
diovascular disease are unknown.

In developing Lp(a)-lowering therapies, the absence of
standardized assays of Lp(a) levels remains an ongoing chal-
lenge. Variable reporting of Lp(a) levels according to mass or

molar quantity and no standardization of conversion factors
between the 2 limits direct comparisons between research
studies.22 The anti-apo(a) polyclonal antibody–based clinical
immunoturbidometric assays to quantify Lp(a) levels have
the potential to underestimate Lp(a) lowering during treat-
ment with apo(a)-apo B100 disrupters because these methods
also likely measure apo(a) bound to muvalaplin in the circu-
lation. Accordingly, the degree of true Lp(a) lowering with
muvalaplin may be greater than observed with currently
used assays.

Limitations
Several limitations should be noted. First, this is a phase 1 study
involving a small number of participants to establish an ini-
tial characterization of Lp(a) lowering and tolerability of mu-
valaplin during administration for 14 days. Establishing the
safety profile of muvalaplin will require larger and longer clini-
cal trials in more diverse populations, including patients with
established cardiovascular disease. Second, the study in-
cluded evaluation of the effect of muvalaplin in participants
with both low and moderately elevated Lp(a) levels. How-
ever, this drug would likely be used in the clinical setting of
participants with greater Lp(a) elevations. Third, the effect of
muvalaplin on additional factors related to platelet activa-
tion in the setting of elevated Lp(a) levels has not been inves-
tigated. Fourth, it remains uncertain whether Lp(a) lowering
with muvalaplin will reduce cardiovascular risk.

Conclusions
In summary, increasing evidence has implicated Lp(a) as
a causal factor in both atherosclerosis and aortic stenosis.
Accordingly, there is interest in developing effective ap-
proaches that will lower Lp(a) levels and reduce cardiovascu-
lar risk. Muvalaplin is the first oral agent specifically devel-
oped to lower levels of Lp(a) by disrupting its formation with
once daily administration, introducing a different option for
targeting Lp(a) in clinical development. These initial phase 1
clinical findings demonstrate that muvalaplin effectively low-
ers Lp(a) with no serious adverse effects.
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