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Abstract

Objective: To evaluate the pharmacologic effect of inclisiran on circulating Lp(a) levels compared
with placebo through a meta-analysis of randomized controlled trials. Methods: A systematic search
of PubMed, Google Scholar, the Cochrane Library, ClinicalTrials.gov, and the EU Clinical Trials
Register identified randomized controlled trials comparing a 284-mg subcutaneous dose of inclisiran
with placebo. Absolute and relative changes in Lp(a) from baseline to the end of follow-up were
assessed. When necessary, medians and interquartile ranges were converted to means and standard
deviations using validated statistical methods. Pooled estimates were calculated using a random-
effects model. Results: Eight publications comprising ten studies and 4,731 participants met the
inclusion criteria. Inclisiran was associated with a weighted mean relative reduction in Lp(a) of
-31.8% compared with placebo-treated participants. At the end of follow-up, inclisiran was
associated with a statistically significant reduction in Lp(a), with a pooled weighted mean difference
of —19.21 nmol/L (95% CI: =16.00 to -22.42; p < 0.00001); percentage of heterogeneity 1>=38% (p=0.13)
. Overall, the included studies demonstrated high methodological quality and a low risk of bias
Conclusions: Pharmacologic inhibition of PCSK9 synthesis with inclisiran results in a modest but
statistically significant reduction in circulating Lp(a), supporting a contributory role of the PCSK9
pathway in Lp(a) metabolism.

Keywords: inclisiran; randomized controlled trials; lipoprotein a; meta-analysis

1. Introduction

Lipoprotein(a) [Lp(a)] is a distinct plasma lipoprotein consisting of a low-density lipoprotein
(LDL)-like particle containing apolipoprotein B-100 covalently bound to apolipoprotein(a), a
glycoprotein structurally related to plasminogen. This composition confers both proatherogenic and
prothrombotic properties and links Lp(a) to vascular inflammation and thrombosis [1]. Genetic,
epidemiologic, and Mendelian randomization studies have established elevated Lp(a) as an
independent and causal risk factor for atherosclerotic cardiovascular disease (ASCVD) and calcific
aortic valve stenosis. Lp(a) levels are largely genetically determined, remain relatively stable over
time, and are minimally affected by lifestyle measures or conventional lipid-lowering agents,
including statins and ezetimibe [2]. These features make Lp(a) a challenging therapeutic target but a
relevant candidate for novel lipid-modifying strategies in translational cardiovascular medicine.

Inclisiran is a chemically synthesized, double-stranded small interfering RNA (siRNA)
conjugated to N-acetylgalactosamine (GalNAc) for targeted delivery to hepatocytes. Following
subcutaneous administration, inclisiran is internalized via the asialoglycoprotein receptor,
incorporates into the RNA-induced silencing complex, and induces site-specific degradation of
hepatic proprotein convertase subtilisin/kexin type 9 (PCSK9) mRNA. The resulting sustained
suppression of circulating PCSK9 increases hepatic low-density lipoprotein receptor (LDLR)
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recycling and surface expression, enhances LDL particle clearance, and produces durable reductions
in LDL-cholesterol (LDL-C) of approximately 50-60% with twice-yearly maintenance dosing [3].

While the LDL-C-lowering efficacy and safety of inclisiran are well described, its impact on
Lp(a) remains less clearly characterized. Data from PCSK9 monoclonal antibody trials indicate that
pharmacologic PCSK9 inhibition can lower Lp(a) modestly, suggesting that the PCSK9-LDLR axis
contributes to Lp(a) handling, but the magnitude and consistency of this effect with siRNA-based
PCSK9 suppression have not been systematically quantified. Given the paucity of effective Lp(a)-
lowering therapies and the translational relevance of RNA-based lipid drugs, clarifying inclisiran’s
effect on Lp(a) has potential implications for risk stratification and treatment algorithms.

This meta-analysis therefore aims to quantitatively evaluate the effects of inclisiran on
circulating Lp(a) concentrations compared with placebo in randomized controlled trials. Particular
attention is paid to the magnitude of Lp(a) lowering, pharmacologic plausibility of the observed
effects, and the potential positioning of inclisiran within emerging multi-target lipid-lowering
strategies.

2. Method

This systematic review and meta-analysis were conducted in accordance with Cochrane
Collaboration methodology and the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [4]. The protocol was not prospectively registered in PROSPERO or
any other registry; this deviation from PRISMA recommendations is acknowledged as a limitation,
although the predefined objectives, eligibility criteria, and analysis plan were agreed upon by all
authors before study selection commenced.

2.1. Search Strategy and Study Selection

A comprehensive literature search was undertaken in PubMed, Google Scholar, the Cochrane
Library, ClinicalTrials.gov, and the EU Clinical Trials Register from database inception to January
2026. The search strategy combined controlled vocabulary and free-text terms related to the
intervention, lipid target, and study design, including “inclisiran,” “lipoprotein(a),” “Lp(a),”
“PCSK9,” “randomized controlled trial,” “clinical trial,” and “adult.” Search terms were adapted to
the syntax of each database, and Boolean operators (AND, OR) were used to maximize sensitivity.
No language restrictions were applied at the search stage; non-English full texts, when identified,
were assessed if an English abstract and adequate data tables were available.

All retrieved records were imported into a reference manager, where duplicates were identified
and removed. Screening and selection proceeded in two stages. First, two reviewers independently
screened titles and abstracts to exclude clearly ineligible records (e.g., preclinical studies, non-
randomized designs, reviews, editorials, conference abstracts without extractable data). Second, the
same reviewers assessed the full text of potentially relevant articles against prespecified inclusion
and exclusion criteria. Eligible studies were randomized controlled trials in adults (=18 years) that:
(1) compared a 300-mg dose of sodium inclisiran (equivalent to 284 mg inclisiran) administered
subcutaneously with placebo; and (2) reported baseline and follow-up Lp(a) concentrations or
sufficient information to derive changes in Lp(a). Trials evaluating other inclisiran doses were
considered if a 300-mg arm was present and analyzable.

Observational studies, case series, case reports, pediatric trials, non-randomized interventional
studies, modeling studies, and publications lacking extractable Lp(a) data were excluded. When
multiple publications reported overlapping populations, the most complete or recent dataset was
retained, and supplementary publications were used to clarify or complement outcome data.
Disagreements at any stage were resolved by discussion; when consensus could not be reached, a
third reviewer adjudicated. Reasons for full-text exclusion were documented to facilitate transparent
reporting in the PRISMA flow diagram.
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2.2. Data Extraction and Risk of Bias Assessment

Data were extracted independently by two reviewers using a standardized, pilot-tested
extraction form. Extracted variables included: study characteristics (first author, year of publication,
trial name, country or region, setting), design features (phase, randomization ratio, blinding), details
of the intervention and control (inclisiran dose, dosing schedule, route of administration, concomitant
background lipid-lowering therapy), and participant characteristics (sample size per arm, age, sex
distribution, baseline cardiovascular risk category, presence of familial hypercholesterolemia,
baseline Lp(a) and LDL-cholesterol levels). Lp(a) outcomes included baseline values, absolute and/or
relative changes at the prespecified primary time point, and measurement units (nmol/L, mg/dL).
Where studies reported multiple follow-up time points, the time point corresponding to the primary
lipid endpoint or the longest available follow-up within the randomized comparison was
preferentially used.

If numerical data were not directly reported in the text but were presented graphically, values
were approximated from figures when feasible. When important data were missing or unclear,
attempts were made to contact the corresponding authors. Any discrepancies in extracted data were
resolved by consensus, with recourse to a third reviewer when necessary.

Risk of bias for each included trial was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool,
which evaluates bias arising from the randomization process, deviations from intended
interventions, missing outcome data, outcome measurement, and selective reporting. Each domain
was rated as low risk, some concerns, or high risk, and an overall risk-of-bias judgment was assigned
accordingly. Assessments were performed independently by two reviewers, with disagreements
resolved by discussion.

2.3. Outcomes

The primary outcome was the change in Lp(a) from baseline to the end of follow-up, comparing
inclisiran with placebo. This was expressed both as an absolute difference in Lp(a) levels (nmol/L)
and as a relative percentage change. When trials reported results in mg/dL only, conversions to
nmol/L were undertaken using accepted approximate conversion factors when necessary, and
analyses were conducted on a common unit to the extent possible. Secondary outcomes relevant to
the translational lipid-lowering profile of inclisiran, such as changes in LDL-cholesterol or other
lipoprotein fractions, were collected descriptively when available but were not the focus of the pooled
quantitative analysis.

Relative changes in Lp(a) were summarized descriptively across trials to provide an overview
of proportional effects. Quantitative meta-analysis was restricted to absolute differences when
sufficient, commensurable data were available from at least two trials.

2.4. Statistical Analysis

For continuous outcomes, mean changes in Lp(a) and their standard deviations were extracted
or derived. When Lp(a) was reported as medians with interquartile ranges, these were converted to
approximate means and standard deviations using validated methods described in the quantitative
literature. If only change-from-baseline and baseline standard deviations were reported separately,
change standard deviations were calculated using established formulas when correlation coefficients
could reasonably be assumed or derived.

Pooled effects were estimated using weighted mean differences (WMDs) with corresponding
95% confidence intervals (Cls), treating Lp(a) as a continuous variable. A fixed-effects model was
prespecified as the primary analytic approach, conditional on the absence of substantial between-
study heterogeneity. Statistical heterogeneity was quantified using the I? statistic and Cochran’s Q
test; I values >50% were interpreted as indicating substantial heterogeneity, in which case the
robustness of findings under a random-effects model was explored in sensitivity analyses. Where the
number of contributing studies was small, heterogeneity estimates were interpreted cautiously.
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A two-sided p value <0.05 was considered statistically significant for the primary analysis.

Potential small-study effects and publication bias were evaluated visually using funnel plots and,

where at least ten studies were available, analytically using the Egger regression test. All statistical

analyses were performed with Review Manager (RevMan) version 5.3 (Cochrane Collaboration).

3. Results

3.1. Study Selection

The search yielded 3,236 records. The number of records retrieved from each database was as
follows: PubMed (n = 11), Google Scholar (n = 3,160), the Cochrane Library (n = 50), the EU Clinical
Trials Register (n =9), and ClinicalTrials.gov (n = 6). After removal of duplicates and application of

the predefined inclusion and exclusion criteria, seven publications comprising nine randomized

clinical trials of inclisiran versus placebo were included in the meta-analysis (Table 1).

Table 1. Characteristics of randomized clinical trials included in the study.

Author, Study name | Countr | No  of | Population Follow | Lp(a)Relativ
year, y patients -up e reduction
[reference analyzed
]
Fitzgerald | PHASE 1 | UK Inclisira | Mean age 46 years. | 84 days | Single dose:
, TRIAL n single | Male (79%). Healthy 48.1%
2017 [6] dose volunteers Two doses:

(n=3), 13.2%

placebo

(n=6).

Inclisira

n 2 doses

(n=3),

placebo

(n=6)
Ray KK, | ORION 1 Several | Inclisira | Mean age 62 years. | 180 Single dose:
2018 [7] world n 1 | Men (65%). | days 30.1%

regions | dose Established Ccv

(n=60), disease  or  risk Two doses:

placebo | equivalent 44.4%

(n=64).

Inclisira

n 2 doses

(n=59),

placebo

(n=61)
Raal  FJ, | ORION 9 Several | Inclisira | Heterozygous 540 17.2%
2020 [8] world n familiar days

regions | (n=241), | hypercholesterolemi

placebo | a

(n=240)
Ray KK, | ORION 10 us Inclisira | Mean age 66 years. | 540 43.1%
2020 [9] n Men (69%). | days

(n=781), | Established Ccv

placebo | disease  or  risk

(n=780) equivalent
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Ray KK, | ORION 11 US and | Inclisira | Mean age 66 years. | 540 27.8%
2020 [10] South n Men (72%). | days
Africa (n=810), | Established cv

placebo | disease  or  risk
(n=807) | equivalent

Yamashit | ORION 15 Japan Inclisira | Mean age 63.6 years. | 360 40%
as, n (n=99), | Men 74.4%). Patients | days
2024 [11] placebo | with established CV

(n=57) disease o risk

equivalent
Koren MJ, | VICTORIO | US Inclisira | Mean age 67 years. | 330 21.9%
2024[12] | N n Men (69.1%). | days
INITIATE (n=225), | Established Ccv

placebo | disease.

(n=225)
Taub PR | VICTORIO | Several | Inclisira | Mean age 45 years, | 150 25.2%
2025 [12] N MONO world n Men (40.2%). No | days

regions | (n=174), | CV disease and a
placebo | predicted risk <7.5%
(n=87)

3.2. Characteristics of Included Studies

Table 1 summarizes the main characteristics of the included trials. The studies were conducted
across multiple geographic regions and clinical settings and evaluated inclisiran in different
cardiovascular risk populations.

e  The phase 1 trial by Fitzgerald et al. [6], enrolled healthy volunteers in the United Kingdom and
evaluated single-dose and two-dose inclisiran regimens versus placebo. The mean age was 46
years, and 79% of participants were male. Follow-up was 84 days. The relative reduction in Lp(a)
was 48.1% with a single dose and 13.2% with two doses.

e ORION-1 [7], was a multicenter study conducted across several world regions. Participants had
established cardiovascular disease or a risk-equivalent condition, with a mean age of 62 years
and 65% men. The trial compared one-dose and two-dose inclisiran regimens with placebo and
followed patients for 180 days. The relative reductions in Lp(a) were 30.1% with a single dose
and 44.4% with two doses.

e ORION-9 [8] enrolled patients with heterozygous familial hypercholesterolemia from several
world regions. The trial compared inclisiran (n = 241) with placebo (n = 240) over 540 days. The
relative reduction in Lp(a) with inclisiran was 17.2%.

e ORION-10 [9], was conducted in the United States in patients with established cardiovascular
disease or a risk-equivalent condition. The mean age was 66 years, and 69% were men. Inclisiran
(n=781) was compared with placebo (n=780) over 540 days, yielding a 43.1% reduction in Lp(a).

e ORION-11 [10] included participants from the United States and South Africa with established
cardiovascular disease or risk-equivalent conditions. The mean age was 66 years, and 72% were
men. Inclisiran (n = 810) was compared with placebo (n = 807) over 540 days, with a 27.8%
reduction in Lp(a).

e ORION-15 [11] was conducted in Japan and enrolled patients with established cardiovascular
disease or risk-equivalent conditions. The mean age was 63.6 years, and 74.4% were men.
Inclisiran (n=99) was compared with placebo (n=>57) over 360 days, resulting in a 40% reduction
in Lp(a).

e  VICTORION-INITIATE [12], performed in the United States, enrolled patients with established
cardiovascular disease, with a mean age of 67 years and 69.1% men. Inclisiran (n = 225) was
compared with placebo (n = 225) over 330 days, with a 21.9% reduction in Lp(a).
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e  VICTORION-MONO [13]; not fully shown in the excerpt) evaluated inclisiran in a lower-risk
primary prevention cohort with no established cardiovascular disease and a predicted 10-year
cardiovascular risk below 7.5%. Participants were younger (mean age 45 years), and 40.2% were
men. Follow-up was 150 days, and the relative reduction in Lp(a) was 25.2%.

Across all trials, inclisiran was evaluated as an adjunct to standard-of-care lipid-lowering
therapy in randomized, placebo-controlled designs. No major methodological limitations that would
invalidate the Lp(a) comparisons were identified.

3.3. Patient Populations

Overall, 4,789 participants were included in the analysis. Of these, 4,249 (89.8%) had established
cardiovascular disease or a risk-equivalent condition, 482 (10.2%) had heterozygous familial
hypercholesterolemia, 261 (5.44%) belonged to a lower-risk primary prevention cohort with a
predicted 10-year cardiovascular risk below 7.5%, and 18 (0.37%) were healthy volunteers. Thus, the
evidence base is dominated by high-risk secondary prevention populations, with smaller but
informative contributions from familial hypercholesterolemia, primary prevention, and phase 1
studies.

3.4. Effects of Inclisiran on Lp(a)

Across the nine randomized comparisons, the weighted mean relative reduction in Lp(a) at the
end of follow-up with inclisiran versus placebo was -31.8%. One trial reported only relative
percentage changes in Lp(a) and did not provide sufficient data to estimate absolute weighted mean
differences, so it was included in the descriptive relative analysis but not in the pooled absolute effect.

A total of 4,570 participants from seven trials contributed data suitable for quantitative pooling
of absolute Lp(a) changes. In the meta-analysis, inclisiran was associated with a statistically
significant reduction in Lp(a) compared with placebo, with a pooled weighted mean difference of
-19.21 nmol/L (95% confidence interval: —22.42 to -16.00; p < 0.00001). This effect was directionally
consistent across studies, indicating a reproducible Lp(a)-lowering effect of inclisiran in diverse
patient populations and clinical settings.

Between-study heterogeneity was modest (I = 38%; p = 0.13), suggesting that most of the
variability in effect sizes can be attributed to sampling error rather than systematic differences in
study design or populations. Visual inspection of funnel plots and results of the Egger test did not
reveal substantial small-study effects or publication bias. Overall, the methodological quality of the
included trials and the risk-of-bias assessments were favorable, supporting the robustness of the
pooled estimates (Figure 1). In all trials, inclisiran also produced the expected substantial reductions
in LDL-cholesterol compared with placebo, consistent with its established lipid-lowering profile,
while the present analysis specifically quantified its effect on Lp(a)

Inclisiran Placebo Mean Difference Mean Difference Risk of Bias
Study or Subgroup _ Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl ABCDEFG
Fitzgerald K 313 476 18 36 307 8 1% -24.80[5550,5.70] - [T TITTT]
Karen hJ 9.6 187 201 23 188 178 T1.7% -21.00[26.68,-18.11] | (1111}
ORION 10 A28 120 781 21 125 TBO B.8%  -14.60[26.81,-2.39] —
ORION 11 78 119 810 01 121 807 7.5%  -7.90[18.60,3.80] —
Raal FJ 35 17 242 37 122 240 23%  -17.20[38.54, 4.14] — (1111
RayKK (single dose)  -11.4 822 60 7.1 955 64 1.1% -16.50 [49.81,12.81] — LT
RayKi qwodoses)  -236 94 53 7.5 103 61 1.5% -31.10[57.06,-5.14] e
Taub PR 0.3 352 174 -302 482 BT T8%  -T.28[18.68 4.17] —r CL L LT L1
Total (95% CI) 2345 2225 100.0% -19.21[-22.42, -16.00] 4
Heterogeneity, Chi®= 11.25, df= 7 (P = 0.13); F= 38%

00 -50 0 50 100

Testfor averall effect: Z=11.72 (P = 0.00001) Favours Inclisiran  Favours Placebo

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Figure 1. meta-analysis showing weighted mean difference in the reduction of LDL cholesterol and risk of bias

for each study.

4. Discussion

This meta-analysis demonstrates that inclisiran produces a modest but statistically significant
reduction in Lp(a), with an average relative decrease of approximately 32% and an absolute reduction
of about 19 nmol/L (8.9 mg/dL) compared with placebo. Although smaller in magnitude than the
50-60% reductions typically achieved in LDL-C, this Lp(a) effect is clinically relevant in view of the
strong causal link between elevated Lp(a) and ASCVD and the lack of approved, high-efficacy Lp(a)-
targeted therapies.

The observed Lp(a) reduction with inclisiran is consistent with data from PCSK9 monoclonal
antibody trials, where alirocumab and evolocumab typically lower Lp(a) by 20-30%, corresponding
to absolute reductions of about 5-10 mg/dL [14,15]. Together, these findings support a
mechanistically plausible role of PCSK9-LDLR modulation in Lp(a) metabolism. Proposed
mechanisms include increased hepatic LDLR expression with reduced LDL particle burden, resulting
in less competition between LDL and Lp(a) for LDLR binding and facilitating greater Lp(a) uptake
and catabolism [16-18]. However, because Lp(a) production is driven by apolipoprotein(a) synthesis,
which is not directly targeted by PCSK9-directed therapies, the capacity of this pathway to lower
Lp(a) is inherently limited.

From a translational pharmacology perspective, inclisiran offers a distinct modality of PCSK9
inhibition—RNA interference—providing sustained target suppression and a twice-yearly
maintenance schedule after the initial loading doses. This long-acting profile may be advantageous
for real-world implementation, particularly in patients with suboptimal adherence to more frequent
injectable therapies. Nevertheless, the magnitude of Lp(a) lowering observed with inclisiran suggests
that its contribution to Lp(a)-mediated risk reduction will be incremental and mainly relevant when
Lp(a) elevation coexists with markedly elevated LDL-C.

In contrast, emerging Lp(a)-specific therapies, including antisense oligonucleotides and siRNA
agents directed against apolipoprotein(a), have achieved Lp(a) reductions exceeding 70-90% in phase
2 studies, heralding a potential shift in the management of Lp(a)-driven residual risk [19]. Within this
evolving landscape, inclisiran is unlikely to serve as a primary Lp(a)-lowering agent. Instead, it may
be integrated into combination regimens, in which robust LDL-C reduction from PCSK9 silencing is
complemented by potent, production-targeted Lp(a) inhibition. Such multi-target approaches align
with the translational goal of addressing overlapping lipid and lipoprotein pathways that contribute
to residual cardiovascular risk.

The strengths of this analysis include restriction to randomized, placebo-controlled trials,
relatively large pooled sample size, and low risk of bias. Heterogeneity was modest, suggesting that
the Lp(a) effect of inclisiran is consistent across different clinical scenarios. Important limitations
should be acknowledged: Lp(a) was a secondary endpoint in all trials; assays and units were not fully
standardized; and the available data do not allow separation of Lp(a)-mediated benefits from those
attributable to LDL-C reduction alone. Prospective outcome studies incorporating standardized
Lp(a) measurement and stratification by baseline and achieved Lp(a) levels will be required to clarify
the clinical impact of the observed Lp(a) reduction with inclisiran.

In conclusion, inclisiran confers a modest but statistically significant reduction in Lp(a),
supporting a contributory role of PCSK9-LDLR modulation in Lp(a) metabolism. While unlikely to
provide sufficient Lp(a) lowering as monotherapy in patients with markedly elevated Lp(a),
inclisiran represents a rational pharmacologic component of comprehensive, multi-target lipid-
lowering strategies that will be increasingly relevant as Lp(a)-specific agents enter clinical practice.
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