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BACKGROUND AND AIMS: Lipoprotein(a) [Lp(a)] is a causal contributor to atherosclerotic cardi
ovascular disease (ASCVD). While no therapies are currently approved solely for lowering Lp(a), 
subgroup analyses suggest that individuals with elevated Lp(a) may gain added benefit from intensive 
lipid-lowering strategies. No prior meta-analysis has compared evolocumab, alirocumab, inclisiran, 
lerodalcibep, and enlicitide in their Lp(a)-lowering efficacy. We aimed to determine whether PCSK9- 
targeted therapies differ significantly in Lp(a) reduction, or whether agent selection can be guided 
primarily by other factors such as dosing frequency, cost, and patient preference.

SOURCES OF MATERIAL: We conducted a systematic review and meta-analysis of randomized 
controlled trials (RCTs) reporting percent change in Lp(a) following treatment with the five PCSK9- 
targeted agents. A random-effects model calculated pooled estimates of percentage Lp(a) change, and 
mixed-effects meta-regression assessed differences between agents.

ABSTRACT OF FINDINGS: Thirty-one RCTs were included. PCSK9 inhibitors and inclisiran reduced 
Lp(a) by a pooled mean of −25.76% versus control (95% CI −29.54 to −21.99; P < .0001). Meta- 
regression revealed no significant differences between agents (alirocumab vs evolocumab: +3.3%, 95% 
CI −1.40 to 8.07, P = .16; inclisiran vs evolocumab: +4.9%, 95% CI −2.31 to 12.16, P = .18; inclisiran 
vs alirocumab: +1.6%, 95% CI −5.38 to 8.55, P = .65). Lerodalcibep and enlicitide demonstrated 
similar approximate 25% reductions; however, insufficient trial numbers precluded a powered head-to- 
head comparison.
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CONCLUSIONS: No statistically significant differences in Lp(a) reduction were observed between 
currently available PCSK9-targeting medications. Agent selection may reasonably be based on non- 
efficacy factors, including administration frequency, cost, and patient preference.
© 2026 National Lipid Association. Published by Elsevier Inc. All rights are reserved, including those 
for text and data mining, AI training, and similar technologies.

Introduction

Lipoprotein(a) [Lp(a)] is a genetically determined, in
dependent, and causal risk factor for atherosclerotic cardi
ovascular disease (ASCVD), with elevated levels 
conferring increased risk for myocardial infarction, stroke, 
and other vascular events.1–4 Despite the established effi
cacy of statins and other conventional lipid-lowering 
therapies in reducing low-density lipoprotein cholesterol 
(LDL-C), these agents have minimal or no effect on Lp(a) 
concentrations, leaving a significant residual risk in patients 
with elevated Lp(a).5–7 Recent advances in lipid-lowering 
therapy have introduced proprotein convertase subtilisin/ 
kexin type 9 (PCSK9) inhibitors (monoclonal antibodies, 
evolocumab and alirocumab) and a small interfering RNA 
(siRNA) agent (inclisiran), enlicitide (an oral macrocyclic 
peptide inhibitor) and lerodalcibep (an injectable re
combinant fusion protein), which target PCSK9 to achieve 
substantial reductions (∼50%–60%) in LDL-C and modest 
reductions (∼15%–30%) in Lp(a).5,8–17

A meta-analysis on the comparative efficacy of non- 
statin lipid-lowering therapies on LDL-C outcomes found 
no significant difference between evolocumab, alirocumab, 
and inclisiran on LDL-C lowering.14 However, evidence 
from clinical outcome trials has suggested that patients with 
elevated Lp(a) may derive extra benefit from intensive 
lipid-lowering strategies with these 3 agents.11,18,19 Meta- 
analyses and pooled analyses of randomized controlled 
trials (RCTs) have suggested that PCSK9 monoclonal an
tibodies and inclisiran reduce Lp(a) by approximately 15% 
to 30%.5,8,12,15,20 Furthermore, emerging data from rando
mized trials of the oral PCSK9 inhibitors enlicitide, 
alongside the fusion protein lerodalcibep, demonstrate re
ductions in Lp(a) that expand the choices of medication 
within this therapeutic class.16,21

PCSK9 therapies reduce Lp(a) primarily through en
hanced clearance of Lp(a) particles by upregulating hepatic 
LDL receptors, which increases the catabolism of Lp(a)- 
containing lipoproteins. Kinetic studies indicate that 
PCSK9 inhibition decreases Lp(a) concentrations by both 
reducing the production rate and, more significantly, by 
accelerating the fractional catabolism of Lp(a) particles.22

Current literature lacks a head-to-head comparison of 
these agents for Lp(a) reduction; consequently, it remains 
unknown if they are therapeutically equivalent or if clinicians 
should prioritize specific drug efficacy over cost and 

convenience. While phase 3 trial results of novel Lp(a) tar
geting are expected in the coming years (remembering po
sitive results are still to be determined), no other agents have 
currently been shown to reduce Lp(a).23,24 Given the 
growing body of evidence and the increasing clinical re
levance of Lp(a) as a therapeutic target, this analysis is 
timely and necessary. The objective of this systematic review 
is to aid the clinician in the aforementioned decision by 
evaluating the comparative efficacy of the PCK9-targeting 
therapies on Lp(a) in adult populations enrolled in RCTs.

Methods

Search strategy and selection criteria

A systematic review and meta-analysis was performed as per 
the Cochrane Handbook for Systematic Reviews of 
Interventions25 and the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) Statement 2020.26

Studies were selected based on predefined eligibility 
criteria informed by the Population, Intervention, 
Comparator, Outcome, and Study Design (PICOS) frame
work (Supplementary Table S2). The search strategy was 
developed to comprehensively identify well-powered RCTs 
evaluating the effects of evolocumab, alirocumab, or in
clisiran on Lp(a) levels (Supplementary Table S2a).

Searches were performed across 3 major databases: 
PubMed, Embase, and Scopus. To ensure that all relevant 
studies were captured, we also screened 4 major trial re
gistries (European Union [EU] Clinical Trials Register, 
Clinical Trials Information System [CTIS], International 
Standard Randomized Controlled Trial Number [ISRCTN] 
Registry, World Health Organization [WHO] International 
Clinical Trials Registry Platform [ICTRP]) to identify on
going or unpublished RCTs. In addition to database 
searching, the reference lists of all included studies and 
relevant prior systematic reviews were manually examined 
to identify potentially eligible articles not captured by the 
electronic searches. Specifically, we reviewed the refer
ences cited in the most recent systematic review on this 
topic to identify earlier or related trials.5 The final search 
was conducted on March 30, 2025.

To be eligible for inclusion, studies were required to meet 
the following criteria. First, the study design had to be an 
RCT. The study population needed to include adults aged 18 
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years or older. Eligible interventions included monotherapy 
with evolocumab, alirocumab, or inclisiran. Studies were 
included if they featured a comparator group receiving pla
cebo or standard care. Studies had to report Lp(a) levels both 
at baseline and after the intervention. To improve precision 
and prioritize larger and more robustly powered studies, we 
excluded trials below the lowest quintile (20th percentile) of 
the sample size distribution from all candidate trials (ex
cluding outliers), ensuring inclusion of more reliable evi
dence and mitigating against bias from small or 
underpowered studies (Supplementary Fig S2). Only full-text 
articles published in English were considered. No restrictions 
were applied based on year of publication.

Studies were excluded if they used nonrandomized de
signs, including observational studies, case reports, reviews, 
and editorials. Animal studies and in vitro experiments were 
excluded, as were studies involving pediatric populations. 
Studies that did not report Lp(a) as an outcome, or measured 
Lp(a) but failed to report the results, were also excluded. 
Abstract-only publications, conference proceedings without 
accessible full texts, and unpublished manuscripts were 
deemed ineligible. When duplicate publications from the 
same study cohort were identified, only the most complete 
and up-to-date version was included in the review.

Subsequent to the literature search, duplicates were re
moved using the Rayaan web application.27 Study selection 
was conducted in 2 stages: an initial screening of titles and 
abstracts (stage 1), followed by a detailed review of full- 
text articles (stage 2). Two reviewers (MDM and RSG) 
independently screened titles and abstracts using Rayaan in 
a blinded fashion.27 After unblinding, discrepancies in ex
tracted data were resolved by discussion, and if consensus 
could not be reached, a third reviewer (RB) was consulted 
for adjudication. This process was repeated for the stage 2 
review of the full-text articles.

The entire screening process, including counts of records 
at each stage, is reported in the PRISMA flow dia
gram (Fig 1).

Following peer review, an updated targeted search was 
conducted on January 28, 2026, to identify RCTs for 
emerging non-monoclonal antibody PCSK9 inhibitors. We 
specifically searched Medline, Google Scholar, Cochrane, 
and Scopus for studies involving the oral macrocyclic 
peptide ‘enlicitide’ (MK-0616) and the recombinant fusion 
protein ‘lerodalcibep’ (LIB003) (Supplementary Tables S2b 
and S2c). This update resulted in the inclusion of 3 addi
tional phase 3 trials (CORALreef HeFH, LIBERATE-HR, 
and LIBerate-HeFH) to the final analysis.

Data analysis

Data were manually extracted from each included study 
using a standardized data extraction form developed by the 
review team. Studies were grouped according to the specific 
intervention evaluated (evolocumab, alirocumab, inclisiran, 
lerodalcibep, or enlicitide) and compared against placebo or 
standard care. The primary outcome of interest was the 

percent change in Lp(a) levels vs control. Secondary out
comes included changes in LDL-C, apolipoprotein B (Apo- 
B), and, where available, major adverse cardiovascular 
events (MACE) and reported adverse events. Risk of bias 
was also recorded, informed by the Cochrane 
Collaboration’s Risk of Bias tool.28

The primary outcome of interest for each study was cal
culated by first determining the difference between post- 
treatment and baseline Lp(a) levels within each group and 
then expressing the difference in the intervention group as a 
percentage relative to the control. The corresponding SE was 
either extracted directly or derived from reported summary 
statistics. Each study contributed a single, independent esti
mate of the treatment effect, with all analyses conducted at 
the study level. In addition to the investigation of the primary 
outcome, similar secondary analyses were also conducted to 
examine the percentage reduction in LDL-C and Apo-B 
across the intervention drugs relative to control.

A random-effects model was fitted using restricted max
imum likelihood (REML)29,30 to estimate the pooled treatment 
effect and its uncertainty, along with between-study hetero
geneity. REML was chosen for its superior performance in 
estimating between-study heterogeneity for continuous data 
relative to the Der Simonian and Laird method.31 The be
tween-study heterogeneity was assessed using Cochran’s Q 
test to determine its statistical significance and was quantified 
using the I² statistic. The robustness of the meta-analysis re
sults was assessed using leave-one-out influence diagnostics, 
while publication bias was evaluated using a funnel plot25 and 
tested with Egger’s regression test.32

Sensitivity analyses were conducted to assess the stabi
lity of results. First, based on the influence diagnostics, we 
refitted the model after excluding studies with high influ
ence and SEs. Second, because of the potential for high 
heterogeneity, we compared results from the standard 
REML method with those from the Sidik–Jonkman esti
mator,33 which provides more reliable estimates when 
heterogeneity is large.31,33 Finally, we examined whether 
the type of drug (alirocumab, evolocumab, or inclisiran) 
used in the studies affected the treatment effect. Head-to- 
head comparison of lerodalcibep and enlicitide with other 
agents was not assessed in this analysis, as the data were not 
adequately powered, containing only 2 and 1 studies eval
uating these agents, respectively. In addition, the 2 studies 
having a strong influence were also excluded to minimize 
bias. All analyses were performed in R (v4.4.1; R Core 
Team) using the metafor package.34

All data used have been published previously; the 
amalgamated database is available by request from the 
authors. Ethical approval was not required, as this study 
utilized only publicly available published data.

Results

A total of 3764 records were identified through searches 
of PubMed, Embase, and Scopus, along with trial registry 
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searches across ClinicalTrials.gov, EU Clinical Trials 
Register (CTIS), ISRCTN Registry, and the WHO ICTRP. 
After removal of 1148 duplicates, 2616 unique records were 
screened at the title and abstract level. Of these, 2584 were 
excluded, and 32 full-text articles were retrieved for further 
assessment. After full-text screening, 4 reports were ex
cluded (1 trial ongoing, 2 without Lp(a) reporting, and 1 
without percentage change outcomes).

A total of 31 randomized, double-blind phase 3 trials were 
included in the final quantitative synthesis (Fig 1).35–61 Included 
trial characteristics are described in Supplementary Table S3.

Following peer review, 167 additional records relating to 
studies on enlicitide and lerodalcibep were identified, and 

following removal of duplicates, abstract review, and full- 
text review, 2 trials on lerodalcibep and 1 trial of enlicitide 
met criteria.

The median age of participants in the included studies 
was 61.3 years (IQR, 57.5-62.4). Median follow-up was 6 
months (IQR, 5.2-12.3). Eight studies did not have the 
SE of Lp(a) reduction available.36,37,41,43,44,56,57 SEs and 
95% CIs were imputed by taking the median of the re
maining trials that reported Lp(a) SEs. Total sample sizes 
ranged from 233 participants (ODYSSEY CHOICE II 
phase 3 trial of alirocumab 150 mg every 4 weeks in pa
tients with hypercholesterolemia [ODYSSEY CHOICE II]) 
to 27,564 participants Further Cardiovascular Outcomes 

Figure 1. PRISMA flow diagram. Abbreviations: CTIS, Clinical Trials Information System; EU, European Union; ICTRP, International 
Clinical Trials Registry Platform; ISRCTN, International Standard Randomized Controlled Trial Number; Lp(a), lipoprotein(a); PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-analyses; WHO, World Health Organization.
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Research With PCSK9 Inhibition in Subjects With Elevated 
Risk (FOURIER).41,48

In the primary random-effects meta-analysis including 
all trials, therapy with alirocumab, evolocumab, inclisiran, 
lerodalcibep, or enlicitide lowered Lp(a) by −25.76% vs 
control (95% CI: −29.53 to −21.99; I² = 94.67%; 
P  <  .0001) (Fig 2 and Table 1). These estimates remained 
virtually unchanged when applying the Sidik–Jonkman es
timator (–25.76%; 95% CI: –29.54 to –21.98; I² = 94.69%; 
P  <  .0001), indicating the results were stable across esti
mation approaches.

In a sensitivity analysis performed by excluding the 2 
outlier studies identified by influence diagnostics Global 
Assessment of Plaque Regression With a PCSK9 Antibody as 
Measured by Intravascular Ultrasound and EvolocumaB 
Efficacy for LDL‑C Reduction in Subjects With Type 2 
Diabetes On Background StatiN Therapy (GLAGOV and 
BERSON), the pooled effect remained directionally consistent 
and clinically similar with lower heterogeneity (−23.68% vs 
control; 95% CI: −25.74 to −21.61; I² = 79.32%; 
P  <  .0001 (Supplementary Table S5). Overall risk for bias 
was considered low for the included RCTs (Supplementary 
Table S3). Egger’s test showed no evidence of funnel-plot 
asymmetry in the primary model (P = .70) and remained 
nonsignificant in the sensitivity dataset (P = .40).

Comparing agents head-to-head, a mixed-effects meta- 
regression identified that there was no significant difference 

according to which agent was used. Using evolocumab as 
the referent, there was no significant difference between 
alirocumab and evolocumab (+3.33%; 95% CI: −1.40 to 
8.07; P = .16) (Table 2). Similarly, using evolocumab as the 
referent, there was no significant difference between in
clisiran and evolocumab (+10.64%; −2.31 to 12.16; P = .18) 
(Table 2). Using alirocumab as the referent, there was no 
significant difference between inclisiran and alirocumab 
(+1.59%; 95% CI: −8.07 to 1.40; P = .65) (Table 2).

For the secondary outcomes, intervention with alir
ocumab, evolocumab, or inclisiran lowered LDL-C by 
−51.44% vs control (95% CI: −55.27 to −47.61; 
I² = 96.69%; P  <  .0001) (Supplementary Table S6 and 
Supplementary Fig S7) and ApoB by −41.29% vs control 
(95% CI: −44.34 to −38.25; I² = 94.60%; P  <  .0001) 
(Supplementary Table S7 and Supplementary Fig S8).

Discussion

This meta-analysis is the first to directly assess the 
comparative efficacy of PCSK9-targeting medications on 
Lp(a) lowering across RCTs. The principal findings are as 
follows: (1) in a pooled analysis, therapy lowered Lp(a) by 
approximately 25% vs control; (2) head-to-head compar
isons revealed no meaningful variation in the magnitude of 
Lp(a) reduction between the agents; (3) results were robust 

Figure 2. Pooled mean percent difference in lipoprotein(a) [Lp(a)] with PCSK9-targeting therapies vs control. Abbreviation: Lp 
(a), lipoprotein(a); PCSK9, proprotein convertase subtilisin/kexin type 9.
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in sensitivity analyses excluding 2 influential outliers, with 
a similar pooled effect and substantially lower hetero
geneity. These findings support the view that, for Lp(a) 
lowering, the PCSK9-targeting options provide broadly 
comparable efficacy, allowing clinicians to prioritize other 
efficacy outcomes and pragmatic considerations such as 
dosing schedule, access, and cost.

Meta-analyses and network meta-analyses of RCTs have 
directly compared evolocumab, alirocumab, and inclisiran 
for their effects on LDL-C and ASCVD. In a network meta- 
analysis of 20 trials including patients with ASCVD or high 
cardiovascular risk on maximally tolerated statins, in
clisiran, alirocumab, and evolocumab provided similar and 
clinically meaningful reductions in LDL-C, with no sig
nificant differences between agents (mean difference for 
inclisiran vs alirocumab: −1.93% [95% CI: −8.56 to 4.20]; 
inclisiran vs evolocumab: 2.00% [95% CI: −4.58 to 
8.60]).14 Another meta-analysis of 32 trials (30,718 pa
tients) found a statistically significant but modest difference 
favoring alirocumab 75 mg over inclisiran 300 mg for LDL- 
C reduction at 24 weeks (alirocumab: −51.5% vs inclisiran: 
−41.3%, P = .05).11

For cardiovascular outcomes, a systematic review and 
network meta-analysis of 26 RCTs (64,921 patients) found 
no significant differences between alirocumab and evolo
cumab in reducing MACE, myocardial infarction, stroke, or 
coronary revascularization (relative risk [RR]: 0.99, 95% 
CI: 0.88-1.11).62 For inclisiran, pooled patient-level ana
lyses of ORION clinical trial program of inclisiran for 
LDL‑cholesterol lowering (ORION)-9, 10, and 11 suggest a 
reduction in composite MACE,63 but direct head-to-head 
comparative outcome data with PCSK9 monoclonal anti
bodies are not yet available.

For Lp(a) outcomes, analyses consistently show that 
PCSK9 monoclonal antibodies (alirocumab and evolocumab) 
and inclisiran each significantly reduce Lp(a) levels by ap
proximately 15% to 30% from baseline, with greater absolute 
reductions in those with higher baseline Lp(a).5,8,9,20 With 
regards to head-to-head comparison, 1 meta-analysis identified 
no statistically significant difference in Lp(a) reduction be
tween alirocumab and inclisiran.11 No previously published 
meta-analysis has directly compared all agents head-to-head 
for Lp(a) outcomes.

The 2024 meta-analysis by Saad Cleto et al. compared 
inclisiran with alirocumab and found no significant differ
ence in Lp(a) reduction, which aligns with our central 
finding of comparable Lp(a) efficacy across agents.11

Huang et al. focused on the 2 PCSK9 monoclonal anti
bodies and reported Lp(a) lowering in the approximately 
20% to 30% range.9 Our analysis corroborates that mag
nitude and updates the evidence base by explicitly in
corporating inclisiran and formally testing for drug-class 
differences. Xie et al. conducted a meta-analysis of lipid- 
lowering drugs (including the 3 agents studied here) and 
their effect on Lp(a) and found similar reductions of 29% 
with the PCSK9 monoclonal antibodies and 22% with in
clisiran. However, Xie et al. emphasized broader lipid 
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outcomes and did not directly compare evolocumab, alir
ocumab, and inclisiran on Lp(a) with head-to-head mod
eling. In addition, 7 trials (Cambridge Neuropsychological 
Test Automated Battery [CANTAB], ODYSSEY EAST 
phase 3 trial of alirocumab in Asian patients with hy
percholesterolemia [ODYSSEY EAST], ODYSSEY 
COMBO II trial of alirocumab plus statin therapy in 
high‑risk patients with hypercholesterolemia [ODYSSEY 
COMBO II], ODYSSEY ALTERNATIVE trial of alir
ocumab versus ezetimibe in statin‑intolerant patients 
[ODYSSEY ALTERNATIVE], ODYSSEY OPTIONS I 
trial of alirocumab as add‑on to atorvastatin versus other 
lipid‑lowering strategies [ODYSSEY OPTIONS I], 
ODYSSEY OPTIONS II trial of alirocumab as add‑on to 
rosuvastatin versus other lipid‑lowering strategies 
[ODYSSEY OPTIONS II], and Goal Achievement After 
Utilizing an Anti‑PCSK9 Antibody in Statin‑Intolerant 
Subjects‑3 [GAUSS-3]) were included in our paper that 
were not included in their analysis.5

Our analysis was robust even with the exclusion of 2 
outliers (GLAGOV and BERSON). Both trials produced 
unusually large Lp(a) reductions relative to the rest of the 
evidence base (GLAGOV −55.7%; BERSON −62.4% vs 
control, when most estimates clustered ∼15%-35%). 
GLAGOV was an Intravascular ultrasound (IVUS) imaging 
study of statin-treated patients receiving monthly 420 mg 
evolocumab; participants started with very low median Lp(a) 
(∼11 mg/dL), so small absolute shifts inflate percent change, 
and the imaging-trial enrichment plus long 76-week follow-up 
make its context atypical.43 BERSON’s population differed 
from other studies, enrolling only people with type 2 diabetes, 
who may have differing lipoprotein metabolism.37

Following peer review, trials of enlicitide and ler
odalcibep were added to the overall analysis. Given that only 
2 trials of lerodalcibep and 1 trial of enlicitide met criteria, 
the quantity of studies did not provide sufficient power for a 
direct head-to-head comparison with other agents. Enlicitide 
(MK-0616), an oral macrocyclic peptide inhibitor of PCSK9, 
represents a novel approach to PCSK9 inhibition through an 
orally bioavailable formulation.17,64 Similar to our overall 
findings, in the phase 3 CORALreef Lipids phase 3 program 
of oral PCSK9 inhibitor enlicitide decanoate for LDL‑cho
lesterol lowering (CORALreef Lipids) trial, once-daily oral 
enlicitide 20 mg reduced LDL-C by 57.1% at week 24 
compared with placebo, with a median Lp(a) reduction of 
24.7% (P  <  .001).21 The oral route of administration may 
offer advantages over injectable therapies in terms of patient 
preference and adherence.65

Lerodalcibep (LIB003), a recombinant fusion protein 
consisting of a PCSK9-binding adnectin linked to human 
serum albumin, provides an alternative injectable PCSK9 
inhibitor with reduced dose volume compared with mono
clonal antibodies.16,66 In a 52-week trial, monthly sub
cutaneous lerodalcibep 300 mg reduced LDL-C by 56.2% at 
week 52, with median Lp(a) reductions of 23.7%.16 Ler
odalcibep is stable at ambient temperatures, potentially 
offering practical advantages over therapies requiring re
frigeration.16

As all agents lower Lp(a) by approximately 25%, with no 
significant between-agent differences between evolocumab, 
alirocumab, and inclisiran (with data from enlicitide and 
lerodalcibep suggestive but insufficiently powered to allow 
head-to-head comparison), the available data suggest that 
choice between agents can be individualized according to 
other efficacy outcomes and nonefficacy-related factors, in
cluding dosing schedule, access, cost, and patient preference.

Other medications, including statins, ezetimibe, bempe
doic acid, omega-3 fatty acids, and fibrates, do not lower Lp 
(a) concentrations. Statins may even modestly increase Lp 
(a) in some individuals, but this effect is not clinically 
significant compared with their established benefit in re
ducing cardiovascular events through LDL-C lowering. 
Ezetimibe, bempedoic acid, omega-3 fatty acids, and fi
brates have a neutral effect on Lp(a) levels and are not used 
for Lp(a) reduction.67–70 Niacin can lower Lp(a) by ap
proximately 20% to 30%, but its use is limited by adverse 
effects and lack of demonstrated cardiovascular benefit in 
contemporary trials.67,68 Cholesteryl ester transfer pro
tein inhibitors can reduce Lp(a) by 20% to 30%, but these 
agents are not approved for clinical use.68

PCSK9 inhibitors (alirocumab, evolocumab, inclisiran) are 
FDA-approved for lowering LDL-C and reducing cardiovas
cular risk, but not for Lp(a) reduction as a labeled indica
tion.71–74 The available literature indicates that approximately 
a 25% reduction in Lp(a) concentrations is associated with a 
modest reduction in cardiovascular risk, but the clinical sig
nificance of this degree of lowering requires further RCT 
evidence. Analyses from large cardiovascular outcomes trials 
(FOURIER, ODYSSEY OUTCOMES) and Mendelian ran
domization studies suggest that a 25% reduction in Lp(a) 
(typically achieved with PCSK9 inhibitors) yields an RR re
duction for MACE of about 10% to 15% in patients with 
elevated baseline Lp(a).75,76 Ongoing phase 3 trials of anti
sense oligonucleotides and siRNA therapies, which can 
achieve much greater Lp(a) reductions, are expected to clarify 
the clinical impact of Lp(a) lowering.77

Table 2. Comparative effects on Lp(a) (meta-regression excluding outlier studies). 

Drug comparison Estimate (SE) 95% CI Z P
Alirocumab vs evolocumab +3.33 (2.41) 1.40 to 8.07 1.38 .16
Inclisiran vs alirocumab +1.59 (3.56) –8.07 to 1.40 0.44 .65
Inclisiran vs evolocumab +10.64 (6.59) –2.31 to 12.16 1.33 .18

Abbreviation: Lp(a), lipoprotein(a).

Mulligan et al. 7  



Our review has several strengths. It is, to our knowledge, 
the first study-level meta-analysis to synthesize RCT evidence 
for all PCSK9-targeting agents (evolocumab, alirocumab, in
clisiran, enlicitide, and lerodalcibep) on Lp(a), using a pre
specified protocol, a comprehensive multidatabase and registry 
search, and compare them in a head-to-head fashion to answer 
this clinically important question. We prioritized larger, well- 
powered RCTs via a sample-size threshold, improving preci
sion and reducing small-study noise. However, important 
limitations remain. Heterogeneity was high, reflecting diverse 
populations, differing background lipid therapy, and follow-up 
durations. Some trials required imputation of SEs, which may 
add uncertainty despite sensitivity checks.

Another limitation is that in the clinical trials discussed, 
reduction of Lp(a) was not the primary endpoint, and the 
study population did not specifically include patients with 
elevated Lp(a). These trials typically enrolled broad popu
lations with established cardiovascular disease or risk fac
tors, without selecting participants based on elevated Lp(a) 
levels.78 The majority of participants had baseline con
centrations in the low-to-normal range, with median values 
around 26.5 mg/dL (IQR: 21.6-33.5 mg/dL).76,78 Recent 
and ongoing Lp(a)-targeted trials (such as AKCEA‑APO 
(a)‑LRx antisense oligonucleotide targeting apolipoprotein 
(a) using ligand‑conjugated antisense (LICA) technology 
[APO(a)-LRx] zerlasiran, Lp(a)HORIZON outcomes trial 
of pelacarsen: effect of lipoprotein(a) lowering on major 
cardiovascular events in patients with established cardio
vascular disease and elevated Lp(a) [Lp(a)HORIZON], and 
OCEAN(a)‑PreEvent: Olpasiran Trials of Cardiovascular 
Events And LipoproteiN(a) Reduction to Prevent First 
Major Cardiovascular Events [OCEAN(a)]) now require 
elevated Lp(a) for enrolment, with median baseline con
centrations exceeding 200 nmol/L, but this represents a shift 
from prior study designs.76,79,80 Therefore, the clinical 
significance of Lp(a) reduction in these earlier trials is 
limited by the lack of targeted enrolment and endpoints 
directly related to Lp(a) lowering.

Finally, the field lacks direct head-to-head RCTs pow
ered for between-drug differences on Lp(a), so our com
parative conclusions rely on meta-regression rather than 
randomized comparisons. While secondary analysis of prior 
RCTs has suggested that Lp(a) lowering, independent of 
LDL-C lowering, is linked to improved cardiovascular 
outcomes,18,19 clinical implications specific to Lp(a) low
ering alone are pending outcomes from future RCTs.

Given the comparable approximately 25% Lp(a) low
ering across agents, clinician choice can be guided by other 
efficacy outcomes and practical factors, including dosing 
schedule, cost, and patient preference.
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