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Pharmacological treatment remains vital in the effective management of atherosclerotic cardiovascular disease
(ASCVD). Low-density lipoprotein (LDL) cholesterol-lowering therapies, such as statins, have consistently
demonstrated robust efficacy in the primary and secondary prevention of cardiovascular events. The introduction
of ezetimibe, bempedoic acid, and proprotein convertase subtilisin/kexin type 9 inhibitors have further strengthened
the effectiveness of LDL cholesterol management, particularly in patients who are statin intolerant or who remain
at high risk despite maximal tolerated statin therapy. In addition to managing LDL cholesterol, addressing residual
lipid risk by targeting elevated triglyceride and lipoprotein(a) levels and low high-density lipoprotein cholesterol
levels has emerged as a potentially important therapeutic consideration, as these are increasingly recognised as
independent cardiovascular risk factors. Concurrently, inflammation is increasingly acknowledged as a significant
contributor to atherogenesis and subsequent cardiovascular events. Clinical trials examining anti-inflammatory
therapies, such as colchicine and interleukin-1f inhibitors (e.g., canakinumab), have demonstrated beneficial
effects in reducing cardiovascular events independent of lipid modification. This narrative review provides an
updated overview targeted specifically at physicians performing coronary artery bypass grafting or percutaneous
coronary intervention. It summarises current evidence regarding established lipid-lowering therapies, emerging
therapeutic approaches to address residual lipid risk, and the evolving role of anti-inflammatory interventions in the
comprehensive management of ASCVD.
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risk  factors for atherosclerotic cardiovascular
disease (ASCVD), a chronic immune-inflammatory
condition of the arterial wall that underpins the majority of
cardiovascular (CV) events'3.
Low-density lipoprotein cholesterol (LDL-C) has long
been established as the primary target of lipid-lowering

l ipid abnormalities are recognised as key modifiable

therapies. Statins remain the cornerstone of treatment,
complemented by agents such as ezetimibe and bempedoic
acid. More recently, novel therapies targeting proprotein
convertase subtilisin/kexin type 9 (PCSK9), angiopoietin-
like protein 3 (ANGPTL3), apolipoprotein B (ApoB),
and microsomal triglyceride transfer protein (MTTP)
have emerged, broadening the arsenal of options to
lower LDL-C. Beyond managing LDL-C, the therapeutic
landscape has expanded to address other lipid fractions,
including lipoprotein(a) [Lp(a)], triglycerides (TG), and
high-density lipoprotein (HDL) cholesterol (HDL-C). These
non-LDL-C targets reflect the growing understanding
of the complex interplay of lipids in the pathogenesis of
ASCVD. Additionally, evidence suggests that inflammatory
biomarkers, such as high-sensitivity C-reactive protein (hs-
CRP), may identify patients with an inflammatory residual
risk phenotype of ASCVD, highlighting the potential role of
novel anti-inflammatory therapies in reducing this residual
risk*.

From a mechanical treatment perspective, it is noteworthy
that the prognostic treatment effect of coronary artery
bypass grafting, and to a lesser degree percutaneous coronary
intervention (PCI), in chronic coronary syndrome (CCS)
appears to be primarily linked to the prevention of myocardial
infarctions (MI)’. The treatment of inducible ischaemia has
not been linked to a life-prolonging effect. Thus, the medical
treatment mechanisms addressed here support the same
outcome as invasive treatments, illustrating their additive
potential and the importance of combining them at all times
(both in primary and secondary prevention).

In this narrative review, we aim to provide an overview of
pharmacological secondary prevention strategies that should
be familiar to all physicians managing ASCVD, whilst also
offering insights into contemporary and emerging therapies
designed to address residual lipid and inflammatory risk in
ASCVD management.

Adjunctive pharmacological strategies for residual risk

LDL-C-lowering therapies

NIACIN, BILE ACID SEQUESTRANTS, FIBRATES

Before statins became the primary lipid-lowering therapy,
agents such as niacin (vitamin B3), bile acid sequestrants, and
fibrates were used; however, they are no longer considered
first-line options'.

STATINS

Statins are the most well-established agents in lipid-lowering
therapy. Their primary mechanism of action involves the
inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, the rate-limiting enzyme in the intracellular
pathway of cholesterol biosynthesis. This pathway uses acetyl
coenzyme A (acetyl-CoA), derived from acetate, as a substrate
for cholesterol production (Central illustration A). This
inhibition suppresses cholesterol synthesis and upregulates
LDL receptor expression, leading to a reduction in circulating
LDL-C levels®. The efficacy of statins has been demonstrated
in primary and secondary prevention trials of coronary
artery disease (CAD). For example, the 4S trial, involving
4,444 patients with hypercholesterolaemia and coronary
heart disease, showed a 35% reduction in LDL-C and a 30%
improvement in survival over a median follow-up of 5.4 years
when comparing simvastatin with placebo’. Similarly, in
the WOSCOPS trial, which enrolled 6,595 individuals with
hypercholesterolaemia and no history of CAD, pravastatin
reduced LDL-C by 26% and lowered cardiovascular events
(defined as non-fatal MI or death from coronary heart
disease) by 31% during a median follow-up of 4.9 years®. The
efficacy and safety of statins have been consistently supported
by numerous meta-analyses, solidifying their role as the first-
line choice in lipid-lowering therapy’.

EZETIMIBE, BEMPEDOIC ACID

Ezetimibe lowers serum LDL-C by blocking the Niemann-
Pick C1-Like 1 (NPC1L1) protein in the small intestine,
thereby inhibiting the absorption of both dietary and
biliary cholesterol (Central illustration A)'°. Its efficacy for
improving cardiovascular outcomes was demonstrated in
the IMPROVE-IT study, which showed that combining
it with simvastatin 40 mg in patients with recent acute
coronary syndromes (ACS) reduced the risk of major adverse
cardiovascular events (MACE) at 7 years (hazard ratio [HR]

APOC3 apolipoprotein C-llI
ASCVD atherosclerotic cardiovascular disease ~ HoFH
ASO  antisense oligonucleotide

CAD  coronary artery disease

CCS  chronic coronary syndrome
CETP cholesteryl ester transfer protein

CRISPR Clustered Regularly Interspaced Short
Palindromic Repeats LDLR

EPA  eicosapentaenoic acid Lp(a)

IL-6 interleukin-6

lipoprotein(a)

hypercholesterolaemia MI

homozygous familial
hypercholesterolaemia

IL-1B8  interleukin-1 beta
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LDL  low-density lipoprotein RNA
low-density lipoprotein receptor

Abbreviations
ACS  acute coronary syndrome HDL  high-density lipoprotein mAb  monoclonal antibody
ApoB  apolipoprotein B HeFH heterozygous familial MACE major adverse cardiovascular events
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mRNA messenger RNA

MTTP microsomal triglyceride transfer protein
NLRP3 NOD-like receptor protein 3

PCSK9 proprotein convertase subtilisin/kexin
type 9

ribonucleic acid
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Pharmacological secondary prevention: targeting lipids and inflammation.

Residual cardiovascular risks remain after revascularisation.
Persistent atherosclerotic disease requires pharmacological strategies, including lipid-lowering
and anti-inflammatory therapies, despite restoration of coronary anatomy.

Lipid metabolism Lipoprotein(a)

Lp(a)-lowering therapies reduce circulating
lipoprotein(a) by suppressing Apo(a) produc-
tion or inhibiting Lp(a) assembly.
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Lipid-lowering therapies (A, B) and anti-inflammatory therapies (C). Created with BioRender.com. ACL: ATP citrate lyase;
ApoA: apolipoprotein A; ApoB-100: apolipoprotein B-100; ANGPTL3-i: angiopoietin-like protein 3 inhibitor; ASO: antisense
oligonucleotide; CETP: cholesteryl ester transfer protein; CETPi: CETP inhibitor; CoA: coenzyme A; EPA: eicosapentaenoic acid;
FA: fatty acids; HDL: high-density lipoprotein; HMG CR: 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase; IDL: intermediate-
density lipoprotein; hs-CRP: high-sensitivity C-reactive protein; IL-18: interleukin-1 beta; IL-6: interleukin-6; 1L-16: interleukin-16;
IL-18: interleukin-18; LDL: low-density lipoprotein; LDLR: low-density lipoprotein receptor; Lp(a): lipoprotein(a);

Lp-PLA2: lipoprotein-associated phospholipase A2; LPL: lipoprotein lipase; mAb: monoclonal antibody; mRNA: messenger
ribonucleic acid; MTTP: microsomal triglyceride transfer protein; NLRP3: nucleotide-binding oligomerisation domain-like
receptor family pyrin domain containing 3; NPC1L1: Niemann-Pick C1-Like 1; PCI: percutaneous coronary intervention;
PCSK9: proprotein convertase subtilisin/kexin type 9; PPAR-a: peroxisome proliferator-activated receptor alpha; RISC: RNA-
induced silencing complex; RNAi: RNA interference; RNaseH1: ribonuclease H1; siRNA: small interfering ribonucleic acid;

TG: triglyceride; TNF-a: tumour necrosis factor alpha; TRL: triglyceride-rich lipoprotein; VLDL: very low-density lipoprotein

INCREASED PLAQUE STABILITY

0.936, 95% confidence interval [CI]: 0.89-0.99; p=0.016)"".
Ezetimibe is also useful in statin-intolerant patients, with
a meta-analysis reporting that ezetimibe monotherapy reduces

LDL-C by 15-20%".

Another promising option for statin-intolerant patients is
bempedoic acid. This adenosine triphosphate (ATP) citrate
lyase (ACL) inhibitor targets cholesterol synthesis upstream

of the pathway inhibited by statins (Central illustration A),
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thereby lowering hepatic cholesterol synthesis, increasing
LDL receptor expression, and reducing LDL-C levels'.
The CLEAR Outcomes trial, which enrolled 13,970 statin-
intolerant patients at high cardiovascular risk, showed that
bempedoic acid (180 mg daily) significantly reduced the
incidence of MACE compared to placebo (11.7% vs 13.3%;
HR 0.87, 95% CI: 0.79-0.96; p=0.004)".
highlight the importance of ezetimibe and bempedoic acid as
alternatives for patients who cannot tolerate statins.

These results

PCSK9 INHIBITORS (CURRENTLY USED IN CLINICAL
PRACTICE)

MONOCLONAL ANTIBODY

In recent years, increasing attention has been directed
towards inhibitors of PCSK9 — a protein which binds to low-
density lipoprotein receptors (LDLRs) on hepatocyte surfaces,
promoting their lysosomal degradation (Central illustration A).
This process prevents the recycling of LDLRs to the cell
surface, thereby reducing receptor-mediated clearance of
LDL-C from the bloodstream; it follows that PCSK9
inhibitors restore LDLR recycling, leading to a reduction in
serum LDL-C levels of 50-65%"5.

The PCSK9 inhibitors currently available in clinical practice
include alirocumab (Praluent) and evolocumab (Repatha),
which are monoclonal antibodies (mAb) targeting PCSK9, as
well as inclisiran (Leqvio), a small interfering ribonucleic acid
(siRNA) that prevents the translation of PCSK9.

Two major randomised outcomes trials have demonstrated
the efficacy of mAb PCSK9 inhibitors in significantly
lowering the risk of MACE. The FOURIER trial, which
included 27,564 patients with stable ASCVD who were
followed for a median of 2.2 years, reported a 59%
reduction in LDL-C levels with evolocumab compared to
placebo: LDL-C levels decreased from a median baseline
of 92 mg/dL (2.4 mmol/L) to 30 mg/dL (0.78 mmol/L;
p<0.001). Notably, evolocumab significantly reduced
the risk of MACE (9.8% [1,344 patients] vs 11.3%
[1,563 patients]; HR 0.85, 95% CI: 0.79-0.92; p<0.001)¢.
The ODYSSEY Outcomes trial included 18,924 patients
who experienced an ACS 1 to 12 months before enrolment,
with a median follow-up of 2.8 years. Alirocumab therapy
achieved a median 1-month LDL-C level of 40 mg/dL and
significantly reduced the risk of MACE (9.5% [903 patients]
vs 11.1% [1,052 patients]; HR 0.85, 95% CI: 0.78-0.93;
p<0.001)". Extended follow-up of both trials showed
sustained reductions in MACE without safety concerns,
further establishing their effectiveness!®".

More recently, the VESALIUS-CV trial demonstrated that
evolocumab reduced 3-point MACE (CAD, MI, or ischaemic
stroke) from 8.0% (443 patients) to 6.2% (336 patients;
HR 0.75, 95% CIL 0.65-0.86; p<0.001), and lowered
4-point  MACE (3-point MACE plus ischaemia-driven
revascularisation) from 16.2% (907 patients) to 13.4%
(747 patients; HR 0.81, 95% CI: 0.73-0.89; p<0.001) in
patients without prior myocardial infarction or stroke, with
no safety concerns during 4.6 years of follow-up?.

SMALL INTERFERING RIBONUCLEIC ACID
Inclisiran, an siRNA, is a next-generation PCSK9 inhibitor.
siRNA silences complementary target messenger ribonucleic

Adjunctive pharmacological strategies for residual risk

acids (mRNAs) in a sequence-specific manner through effector
ribonucleic acid (RNA)-induced silencing complexes (RISCs)
(Central illustration A)*'. Inclisiran is incorporated into these
RISCs within hepatocytes where it degrades PCSK9 mRNA.
This reduction in PCSK9 levels prevents LDLR degradation,
thereby increasing LDLR availability, enhancing LDL-C
clearance, and ultimately lowering blood LDL-C levels®.

Inclisiran is administered initially (day 1), at 3 months,
and then every 6 months, offering the advantage of
infrequent dosing. Its efficacy has been confirmed in the
ORION-92%, ORION-10%, and ORION-11 trials**, which
consistently demonstrated significant reductions in LDL-C
levels of 49.7%, 52.3%, and 50% at 17-month follow-up
compared to placebo in patients with heterozygous familial
hypercholesterolaemia (HeFH), established ASCVD, and
ASCVD risk equivalents, respectively. Collectively, these
findings underscore the potential of inclisiran as an effective
and well-tolerated therapeutic option, particularly for
patients requiring intensive, long-term LDL-C management.
Large-scale cardiovascular outcomes trials such as ORION-4
(ClinicalTrials.gov: NCT03705234),  VICTORION-2
PREVENT (NCT05030428), and VICTORION-1
PREVENT (NCT05739383) are anticipated to conclude
in 2026, 2027, and 2029, respectively, with their findings
highly anticipated to further elucidate the potential of
inclisiran in mitigating cardiovascular risk. Complementing
these studies, the V-PLAQUE trial (NCT05360446)
is currently evaluating inclisiran’s effect on coronary
plaque burden by coronary computed tomography (CT)
angiography®.

PCSK9 INHIBITORS (CURRENTLY UNDER CLINICAL
INVESTIGATION)

ANTISENSE OLIGONUCLEOTIDE

Antisense oligonucleotides (ASOs) are nucleic acid polymers
(deoxyribonucleic acid [DNA] or RNA) composed of
a short strand of nucleotide which function by binding
to the complementary (sense) strand on the target mRNA,
inactivating it**. Several PCSK9-targeting ASOs, including
BMS-84421, SPC5001, CiVi007, and AZD8233, have been
developed and evaluated for their lipid-lowering potential.
Notably, the oral drug AZD8233 progressed to a Phase 2b
clinical trial, which showed that a monthly dose of AZD8233
60 mg was safe and generally well tolerated, and resulted
in a statistically significant 62.3% reduction in LDL-C
at 28 weeks compared to placebo, meeting the primary
efficacy endpoint?”’. These findings, however, did not meet
the prespecified efficacy criteria, and AstraZeneca elected
not to advance AZD8233 into Phase 3 development for
hypercholesterolaemia. Consequently, no PCSK9-targeting
ASOs have yet reached the clinical market.

MACROCYCLIC PEPTIDE ORAL PCSK9 INHIBITOR

AZDO0780 is a novel oral small molecule PCSK9 inhibitor
(Central illustration A) assessed in the Phase 2 PURSUIT trial
of 426 statin-treated patients with hypercholesterolaemia. It
achieved dose-dependent LDL-C reductions of up to 50.7%
at 12 weeks and was well tolerated, indicating its potential
as an effective and convenient oral option?®. Similarly,
Enlicitide (MK-0616) is an investigational oral macrocyclic
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peptide that binds to PCSK9 with an affinity similar to
that of mAb (Central illustration A)?°. In a Phase 2b clinical
trial of 380 patients at risk for ASCVD, participants were
randomly assigned (1:1:1:1:1) to receive MK-0616 (6, 12,
18, or 30 mg once daily) or placebo. MK-0616 elicited
dose-dependent, statistically significant, placebo-adjusted
reductions in LDL-C of up to 60.9% at week 8 (p<0.001)
and was well tolerated during the 8-week treatment
period and additional 8-week follow-up*. More recently,
the Phase 3 CORALreef Lipids trial (ClinicalTrials.gov:
NCT05952856) evaluated enlicitide over 52 weeks in 2,909
adults with elevated LDL-C who either had ASCVD or
were at intermediate to high risk of a major ASCVD event.
Participants receiving enlicitide 20 mg once daily showed
placebo-adjusted reductions in LDL-C of 55.8% at week 24
and 47.6% at week 52 (both p<0.001), with rates of adverse
events and treatment discontinuation similar to those of
placebo’. Based on these findings, a Phase 3 trial, the
CORALreef Outcomes trial (NCT06008756), is currently
underway in 14,450 patients at high cardiovascular risk to
compare MACE between a 20 mg dose of MK-0616 and
placebo. The study is anticipated to report in 2029.

ADNECTIN

Adnectins are engineered protein therapeutics like mAb that
bind and inhibit PCSK9, thereby reducing active levels (Central
illustration A). They are derived from the 10 type III domain
of human fibronectin (10Fn3), with variable loops engineered
to enable high affinity and specific binding to therapeutic
targets’>33. Among the most advanced drugs in this class is
lerodalcibep (LIB003), which combines an adnectin with human
serum albumin to extend its half-life. In a Phase 2 dose-ranging
trial, a 300 mg monthly subcutaneous injection of LIB003
resulted in a mean placebo-adjusted LDL-C reduction of
77.3%%. Over 52 weeks, this 300 mg dose was well tolerated,
and led to mean LDL-C reductions of over 60%?3*. In the Phase
3 trial LIBerate-HoFH, conducted in patients with genetically
confirmed homozygous familial hypercholesterolaemia (HoFH),
LIBOO3 reduced LDL-C levels by 9.26% after 24 weeks,
compared with an 11.0% reduction with evolocumab, with
the difference not statistically significant®. The LIBerate-H2H
trial (ClinicalTrials.gov: NCT04790513) aimed to compare the
efficacy and safety of LIBO03 300 mg, evolocumab 420 mg,
and alirocumab 150 mg in patients at high risk for CVD.
While enrolment was completed in September 2022, no results
have been reported to date, and consequently, LIBO03 has not
yet reached the clinical market.

VACCINE/GENE EDITING

Single-treatment approaches that could potentially provide
lifelong reductions in LDL-C are being investigated, with
a focus on vaccines and gene-editing technologies.

The anti-PCSK9 vaccines AT04A and ATO6A have
progressed to clinical trials. In a Phase 1 trial involving
72 healthy subjects with a mean fasting LDL-C level of
117.1 mg/dL at baseline, AT04A resulted in a significant
mean LDL-C reduction of 7.2% compared to placebo (95%
CIL: -10.4 to -3.9; p<0.0001), with no significant reductions
seen with ATO6A in the same trial®*. No recent clinical trial
updates have been reported for these vaccine candidates.

Eurolntervention 2026;22:202-223 » Asahi Oshima et al.

Gene editing is a cutting-edge biotechnology with the
potential for lifelong therapeutic effects by altering DNA itself.
The development of Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR) technology has greatly advanced
this field, enabling targeted treatment of genetic diseases. Non-
clinical and clinical studies for hypercholesterolaemia treatment
are underway®’. VERVE-101, an investigational i vivo CRISPR
base-editing therapy, is designed to permanently deactivate
the PCSK9 gene, thereby reducing hepatic PCSK9 production
and LDL-C levels (Central illustration A). In a preclinical trial
involving 10 cynomolgus monkeys, VERVE-101 reduced
blood PCSKO9 levels by 83% and LDL-C by 69%, with effects
lasting up to 476 days®. In humans, the Phase 1b Heart-1
trial (ClinicalTrials.gov: NCT05398029) enrolled ten patients
with high cardiovascular risk who received VERVE-101 across
four dose cohorts (0.1-0.6 mg/kg). Interim results have been
presented and showed LDL-C reductions of 39% and 48% in
two participants receiving 0.45 mg/kg and a reduction of 55%
in the participant taking 0.6 mg/kg, with this latter reduction
sustained for 180 days. PCSK9 levels decreased by up to
84%3°. Further development of VERVE-101 was halted in April
2024 after one participant experienced transient elevations in
hepatic transaminases and thrombocytopaenia, adverse effects
attributed to the formulation’s lipid-nanoparticle (LNP) coating.

To address these safety signals, a N-acetylgalactosamine
(GalNAc)-targeted LNP version, VERVE-102, is being
investigated in the Heart-2 Phase Ib trial. Fourteen patients
with HeFH and/or premature CAD received single doses of
0.3, 0.45, or 0.6 mg/kg and have completed at least 28 days
of follow-up. VERVE-102 produced dose-dependent declines
in PCSK9 and LDL-C; in the 0.6 mg/kg cohort, the mean and
maximal LDL-C reductions were 53% and 69%, respectively,
mirroring reductions in total hepatic RNA editing. The
therapy was well tolerated, with no dose-limiting toxicities
or serious cardiovascular events, and no clinically significant
changes in liver enzymes or platelet counts*.

While gene editing holds huge potential, challenges such
as ethical concerns and off-target effects require careful
evaluation of its safety and efficacy. Nonetheless, it represents
a promising frontier in the treatment of hypercholesterolaemia.
Current LDL-C-lowering therapies targeting PCSK9 are
summarised in Table 1.

ANGPTL3 INHIBITOR

ANGPTLS3 is another prominent target for LDL-C-lowering
therapies following PCSK9 ANGPTL3 s
a protein, mainly produced and secreted by the liver, that
regulates lipid metabolism by inhibiting lipoprotein lipase
(LPL) and endothelial lipase (EL) (Central illustration A).
ANGPTL3 inhibitors (ANGPTL3-i) restore the activity of
LPL and EL, which promotes the processing and clearance
of very low-density lipoprotein cholesterol (VLDL-C), leading
to reductions in circulating TG and LDL-C*. Currently,
the only ANGPTL3-i available for clinical use is the mAb
evinacumab. In the Phase 3 ELIPSE HoFH trial, conducted in
patients with HoFH, evinacumab resulted in a 49% reduction
in LDL-C relative to placebo (95% CI: 33.1-65.0; p<0.001)
at 24 weeks*. Based on these results, it has been approved
for clinical use in patients aged 12 years or older with HoFH.
Evinacumab has also shown efficacy in reducing LDL-C

inhibition.



Table 1. Current LDL cholesterol-lowering therapies targeting PCSK9.

Adjunctive pharmacological strategies for residual risk

Therapeutic class Drug name Trade name LCED OF n trodu_ctlon to Status for approval
clinical trials

Monoclonal antibody Alirocumab Praluent
Evolocumab Repatha
Bococizumab -
Frovocimab -
Small interfering RNA Inclisiran Leqvio
Antisense BMS-844421 -
oligonucleotide SPC5001 )
Civioo7 -

AZD8233 (ION-863633) -

Mimetic peptide Enlicitide (MK-0616) =
AZD0780 -
Adnectin BMS-962476 -

Lerodalcibep (LIBOO3) -

Anticalin fusion DS-9001a -
proteins

Vaccine AFFITOPE peptide ATO4A -

AFFITOPE peptide ATO6A -

Capsid-VLP PCSK9 -

Gene editing LNP carrying seventh- -

generation ABE (7.10)
messenger RNA and CRISPR
guide RNA

LNP carrying eighth- -
generation ABE (8.8)
messenger RNA and CRISPR
guide RNA (VERVE-101)
(VERVE-102)

2009 Approved by FDA, EMA, and NICE

2010 Approved by FDA, EMA, and NICE

2013 Phase 3 was discontinued because
of antidrug antibody attenuation of
efficacy and lack of strong evidence
in reducing major cardiovascular
events

2011 Terminated at Phase 2

2011 Approved by FDA, EMA, and NICE

2010 Terminated at phase 1

2011 Terminated at phase 1

2018 Phase 2a trial (ClinicalTrials.gov:
NCT04164888) was completed but
not reported

2018 Terminated at Phase 2

2022 Phase 3 trial (NCTO6008756) is
ongoing

2024 Phase 2 trial (NCT06173570)?8 was
reported in 2025

2012 Phase 1
No update since 2013

2018 Phase 3 trial (NCT04790513) was
completed but no results have been
reported

2018 Phase 1
No update since 2013

2015 Phase 1
No update since 2021

2015 Phase 1
No update since 2021

2022 Preclinical

2021 Preclinical

2023 Preclinical

ABE: adenine base editor; CRISPR: Clustered Regularly Interspaced Short Palindromic Repeats; EMA: European Medicines Agency; FDA: U.S. Food and
Drug Administration; LDL: low-density lipoprotein; LNP: lipid nanoparticle; NICE: National Institute for Health and Care Excellence; PCSK9: proprotein
convertase subtilisin/kexin type 9; RNA: ribonucleic acid; VLP: virus-like particle

and TG levels in other populations. In a Phase 1 trial®, it
demonstrated effects in patients with hypertriglyceridaemia,
while in a Phase 2 trial, it reduced LDL-C and TG levels
in patients with refractory hypercholesterolaemia**. These
findings suggest a broader therapeutic potential for ANGPTL3
inhibitors beyond HoFH.

Recent efforts have extended CRISPR-based approaches
to ANGPTL3 as well. In a first-in-human, ascending-dose
Phase 1 trial, a single intravenous dose of CTX310 led to
dose-dependent reductions in circulating ANGPTL3 levels of
up to nearly 80%. These findings indicate that permanent
inactivation of ANGPTL3 may represent a future strategy for
lipid lowering®.

OTHER THERAPIES (APOB INHIBITOR, MTTP INHIBITOR)
Other clinically approved therapies to reduce LDL-C include
mipomersen and lomitapide, although their clinical roles
differ significantly. Mipomersen, an antisense oligonucleotide
targeting ApoB-100 mRNA, is now rarely used clinically
because of severe side effects, including injection site
reactions, flu-like symptoms, and significant hepatotoxicity.
In contrast, lomitapide - an MTTP inhibitor - remains
approved and is actively used for the treatment of HoFH,
despite causing modest increases in liver fat that typically
stabilise over time***’. An overview of novel LDL-C-lowering
therapies along with their clinical approval status is presented
in Table 2.
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Table 2. Novel LDL-C-lowering therapies with their clinical approval status.

Target Therapeutic Drug name | Trade name Delivery method Indications for usage statusifor
class and dosage approval

PCSK9 Anti-PCSK9
human
monoclonal

antibody

Alirocumab Praluent

PCSK9 Anti-PCSK9
human
monoclonal

antibody

Evolocumab Repatha

PCSK9 Small interfering  Inclisiran

RNA

Leqvio

ANGPTL3 Anti-ANGPTL3
human
monoclonal

antibody

Evinacumab Evkeeza

Antisense
oligonucleotide

ApoB Mipomersen Kynamro

MTTP Small molecular

inhibitor of MTTP

Lomitapide Juxtapid (US
and Canada),

Lojuxta (EU)

Subcutaneous ASCVD requiring additional ~ FDA, EMA, NICE
injection: 75 mg LDL cholesterol reduction;
biweekly or 300 mg primary
monthly hypercholesterolaemia;
adjunct for homozygous FH
Subcutaneous ASCVD with major cardiac FDA, EMA, NICE
injection: 140 mg event risk; primary
biweekly or 420 mg hyperlipidaemia; adjunct
monthly for homozygous FH
Subcutaneous ASCVD requiring LDL FDA, EMA, NICE
injection: 284 mg cholesterol reduction;
initial dose, follow-up adjunct to diet and statin
at 3 months, then therapy in heterozygous FH
every 6 months
Intravenous infusion:  Adjunct to LDL cholesterol- FDA, EMA

15 mg/kg monthly

Subcutaneous
injection: 200 mg

lowering therapies in
individuals aged 12+ with
homozygous FH

As a supplementary therapy
alongside diet modification

FDA (with Risk
Evaluation and

weekly and lipid-reducing Mitigation
medications in patients Strategies
with homozygous FH programme)

Oral capsule: 5 mg As a supplementary therapy FDA, EMA

daily, titrate to max

60 mg/day

alongside diet modification
and lipid-reducing

medications in patients
with homozygous FH

ANGPTL3: angiopoietin-like 3; ApoB: apolipoprotein B; ASCVD: atherosclerotic cardiovascular disease; EMA: European Medicines Agency; FDA: Food and
Drug Administration; FH: familial hypercholesterolaemia; LDL: low-density lipoprotein; MTTP: microsomal triglyceride transfer protein; NICE: National
Institute for Health and Care Excellence; PCSK9: proprotein convertase subtilisin/kexin type 9

Lp(a)-lowering therapy

Recently, Lp(a) has emerged as an important focus for
cardiovascular research. Structurally, it is-a small LDL
particle, <30 nm in diameter, which allows it to cross the
endothelial barrier freely, similar to LDL-C. Upon crossing,
it can directly or indirectly interact with local tissues,
promoting inflammation and atherogenesis®.. Unlike most
dyslipidaemias, Lp(a) levels are determined by genetics in
more than 90% of patients and are minimally influenced by
lifestyle modifications such as diet or exercise, and therefore,
numerous clinical guidelines recommend having an Lp(a)
measurement at least once in a lifetime>*S.

Although there is no universally established threshold for
elevated Lp(a), prior studies indicate that cardiovascular
disease risk increases significantly at levels above
approximately 30 mg/dL or 50 mg/dL. In the Copenhagen
City Heart Study, individuals with Lp(a) levels exceeding
30 mg/dL had a significantly higher risk of MI. Specifically,
the adjusted HR was 1.6 (95% CI: 1.1-2.2) for those with
levels between 30 mg/dL and 76 mg/dL and 1.9 (95% CI: 1.2-
3.0) for levels between 77 mg/dL and 117 mg/dL, compared
to individuals with levels below 5 mg/dL*. A meta-analysis
of 36 prospective studies, encompassing 126,634 patients
with baseline Lp(a) measurements and long-term clinical
outcomes, found a significant increase in the risk of MI for
Lp(a) levels above 24 mg/dL*°. More recently, a large analysis
from the UK Biobank, including 460,506 participants,

Eurolntervention 2026;22:202-223 » Asahi Oshima et al.

demonstrated a clear linear relationship between Lp(a)
concentration and ASCVD risk®'. Additionally, a large
population study involving 532,359 individuals estimated
that approximately one in five individuals has an Lp(a) level
over 50 mg/dL32.

Currently, there are no drugs specifically approved for
lowering Lp(a); however, some existing therapies have
demonstrated a bystander effect in reducing Lp(a). For
instance, niacin has shown an up to 20% reduction in Lp(a)
levels®3, while PCSK9 inhibitors (alirocumab and evolocumab)
can reduce Lp(a) levels by up to 30%, with these reductions
contributing significantly to the observed decrease in MACE
among patients with high baseline Lp(a)!'”-*.

SIRNA, ASOS, SMALL MOLECULE INHIBITORS OF LP(A)

Although no therapies specifically targeting Lp(a) have been
approved to date, several drugs, including ASOs, siRNAs,
and small molecules, are currently in Phase 2 and Phase 3
trials (Table 3, Central illustration B). In the ALPACAR-360
trial, zerlasiran - an siRNA targeting Lp(a) - significantly
reduced Lp(a) levels among 178 patients with ASCVD.
Compared with the pooled placebo group, the least-
squares mean time-averaged percentage changes in Lp(a)
concentration from baseline to week 36 were -85.6%
(95% CI: =90.9% to —80.3%), —82.8% (95% CI: -88.2%
to =77.4%), and -81.3% (95% CI: —86.7% to =76.0%) for
the three dosing groups, 450 mg every 24 weeks, 300 mg
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[
Table 3. Clinical trials for novel Lp(a)-lowering therapies. n<:
Zlis Delivery ClinicalTrials.gov or Ly
Drug Trial Study population completion date or method article reference =
results L
o
Pelacarsen Lp(a)HORIZON 3 Antiapo(a) High Lp(a) (=70 mg/dL) 8323  May 2025 Subcutaneous  NCT04023552 -
ASO and established ASCVD injection ongoing —_
<T
=
Pelacarsen Lp(a) 2 Antiapo(a) High Lp(a) (=175 nmol/L), 502 December 2028 Subcutaneous  NCT05646381 \
FRONTIERS ASO mild-moderate AS and injection ongoing
CAVS optimally treated
cardiovascular risk factors
Olpasiran OCEAN(a) 3 Antiapo(a) High Lp(a) (=200 nmol/L) 7,000  December 2026 Subcutaneous  NCT05581303
siRNA and established ASCVD injection ongoing
Zerlasiran/ ALPACAR-360 2 Antiapo(a) High Lp(a) (=125 nmol/L) 172 Zerlasiran reduced Subcutaneous 55
SLN360 siRNA at high risk of ASCVD time-averaged Lp(a) injection
events with BMI concentration by more
18-32 kg/m? than 80% for 36 weeks
and was well tolerated
Lepodisiran ACCLAIM- 3 Antiapo(a) High Lp(a) (=175 nmol/L) 12,500  March 2029 Subcutaneous  NCT06292013
Lp(a) siRNA with any of the following: injection ongoing
(1) established ASCVD
with a previous event;
(2) aged >55 years with
established ASCVD;
(3) FH;
(4) a combination of risk
factors, and at high risk
of a first event
Lepodisiran ALPACA 2 Antiapo(a) High Lp(a) (=175 nmol/L) 254 Lepodisiran reduced Subcutaneous 58
siRNA on stable lipid-lowering or Lp(a) by 41-94% vs injection
endocrine drugs/ placebo from day 60
supplements with BMI to day 180 and was
18.5-40 kg/m? well tolerated
Muvalaplin KRAKEN 2 Oral small Lp(a) >175 nmol/L with 233 Muvalaplin reduced Oral 57
molecule ASCVD, DM, or FH Lp(a) by 70-86%
inhibitor of measured using intact

Lp(a) formation Lp(a) and
apolipoprotein(a)-based
assays and was well

tolerated

Antiapo(a): antiapolipoprotein(a); AS: aortic stenosis; ASCVD: atherosclerotic cardiovascular disease; ASO: antisense oligonucleotide; BMI: body mass index; DM: diabetes mellitus; FH: familial
hypercholesterolaemia; Lp: lipoprotein; MI: myocardial infarction; siRNA: small interfering ribonucleic acid

Triglyceride-lowering therapy
Elevated TG levels have garnered increasing attention as
a contributor to the residual risk of ASCVD.

every 16 weeks, and 300 mg every 24 weeks, respectively*.
In the KRAKEN trial, oral muvalaplin, a small molecule
that reduces Lp(a) synthesis by preventing the disulfide
bond formation between apolipoprotein A (ApoA) and

Lp(a)’¢, was evaluated in 233 patients with an Lp(a) 2175  FIBRATES

nmol/L and ASCVD, diabetes, or heart failure. Muvalaplin
showed placebo-adjusted reductions in Lp(a) of 47.6%
(95% CI: 35.1-57.7%), 81.7% (95% CI: 78.1-84.6%), and
85.8% (95% CI: 83.1-88.0%) for the 10 mg/day, 60 mg/
day, and 240 mg/day dosages, respectively’. Results of the
Phase 2 ALPACA trial, reported in March 2025, further
reinforced the therapeutic promise of Lp(a) silencing. In
320 adults with a median baseline Lp(a) of 254 nmol/L,
lepodisiran achieved placebo-adjusted, time-averaged Lp(a)
reductions from day 60 to day 180 of 41% (16 mg), 75%
(96 mg) and 94% (pooled 400 mg groups). The effects
persisted up to one year, and no treatment-related serious
adverse events were observed®®. Ongoing and recent clinical
trials are listed in Table 3 and aim to establish the clinical
efficacy of Lp(a)-targeting therapies, and their results are
eagerly awaited.

Fibrates primarily act by activating peroxisome proliferator-
activated receptor-alpha (PPAR-a), leading to the upregulation
of LPL and enhanced catabolism of TG-rich lipoproteins,
which effectively lowers TG and modestly raises HDL-C
levels (Central illustration A)*.

Early landmark trials, such as the HHS trial® and the
VA-HIT trial®!, demonstrated significant reductions in
cardiovascular events with gemfibrozil, particularly in
patients with low HDL-C and moderately elevated TG levels.
Notably, these trials were conducted before the efficacy of
statin therapy was established, and neither trial included
participants taking statins. Subsequent studies yielded
mixed results, with the FIELD®* and ACCORD Lipid trials®
failing to demonstrate statistically significant cardiovascular
benefits of fenofibrate on the primary endpoints in the
overall population. Nonetheless, subgroup analyses suggested
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potential benefits in patients with elevated TG and low
HDL-C levels, indicating that fibrates might be most effective
in specific lipid profiles. More recently, pemafibrate -
a selective PPAR-a modulator - failed to significantly reduce
MACE in the PROMINENT trial of 10,497 patients with
type 2 diabetes and high TG levels over a median 3.4-year
follow-up®. Consequently, while fibrates may benefit certain
patient subsets — particularly those with high TG and low
HDL-C levels — their role in contemporary lipid management
remains questionable.

HIGH-DOSE OMEGA-3 FATTY ACIDS

High-dose omega-3 fatty acids, particularly eicosapentaenoic
acid (EPA), have emerged as another strategy for addressing
residual cardiovascular risk. The JELIS trial demonstrated
that 1,800 mg/day of EPA combined with statins reduced
coronary events by 19%, with greater benefits observed
in patients with TG 2150 mg/dL%. The REDUCE-IT trial
enrolled 8,179 patients on statins with TG levels between
135 mg/dL and 499 mg/dL and further established the role
of high-purity EPA. Treatment with 4 g/day of icosapent
ethyl resulted in respective reductions in MACE and
cardiovascular deaths of 25% and 20%°%. Conversely, trials
evaluating combinations of EPA and docosahexaenoic acid
(DHA), such as the STRENGTH® and OMEMI® trials,
have not demonstrated a cardiovascular benefit. Moreover,
a meta-analysis of randomised trials reported an
approximately 25% increased risk of atrial fibrillation with
omega-3 supplementation, particularly at doses greater
than 1 g/day®. From the perspective of “pharmacological
revascularisation”, the EVAPORATE trial showed that
treatment with icosapent ethyl (4 g/day) led to only
a 17% increase in low-attenuation plaque volume over
18 months, compared to a 109% increase in the placebo
group (p=0.006). These results highlight EPA’s potential
to modulate plaque progression and support its role in
enhancing vascular health”. Of note, the benefit of EPA
was independent of baseline TG levels, with the change in
TG levels also not correlating to the reduction in MACE.
Hence, the benefit of EPA was not considered to relate to
the modest change in TG levels but rather to reflect a direct
beneficial effect of EPA following its incorporation into the
cellular membranes of various cells. Examples of approved
drugs to lower TG levels are shown in Table 4.

APOLIPOPROTEIN C-11I, ANGPTL3 INHIBITOR

RNA-targeting therapies targeting apolipoprotein C-III
(APOC3) and ANGPTLS3 are currently under investigation for
treating mixed hyperlipidaemia, familial chylomicronaemia
syndrome (FCS), and severe hypertriglyceridaemia. A brief
summary of drugs undergoing clinical trials for lowering
TG, along with the promising results from recent trials, is
shown in Table 5. Olezarsen, an antisense oligonucleotide
targeting APOC3 (Central illustration A), was shown to
significantly reduce TG levels compared to placebo in the
Phase 2b Bridge-TIMI 73a trial of patients with moderate
(TG levels 150-499 mg/dL) or severe hypertriglyceridaemia
(TG 2500 mg/dL)"’!, and in the Phase 3 BALANCE trial of
patients with FCS and fasting TG >880 mg/dL72. Another
agent targeting APOC3 is plozasiran, an siRNA (Central
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illustration A) which, likewise, has shown significant
reductions in TG levels compared to placebo in the Phase
2b SHASTA-2 trial of patients with FCS and severe
hypertriglyceridaemia (fasting TG levels 500-4,000 mg/
dL)73, the Phase 3 PALISADE trial of patients with FCS (TG
>880 mg/dL or genetically confirmed)”, and the Phase 2b
MUIR trial, of patients with mixed hyperlipidaemia (TG
150-499 mg/dL and LDL-C >70 mg/dL or non-HDL-C
>100 mg/dL)7.

Therapies targeting ANGPTL3 have also shown promising
results. Zodasiran, an RNA interference (RNAi) therapy
directed against ANGPTL3 expression in the liver (Central
illustration A), was examined in the Phase 2b ARCHES-2 trial
in 204 patients with mixed hyperlipidaemia (fasting TG 150-
499 mg/dL and LDL-C 270 mg/dL or non-HDL-C 2100 mg/
dL). At 24 weeks, dose-dependent reductions in TG levels of
51, 57, and 63 percentage points were observed compared
with placebo (p<0.001 for all comparisons)”.

These consistent findings underscore the growing interest
in therapies designed to reduce TG levels by targeting APOC3
and ANGPTL3. However, following the disappointing results
of pemafibrate in the PROMINENT trial, it has become clear
that novel agents are most likely required to reduce both TG
levels and the total number of atherogenic particles, estimated
by apolipoprotein B. Ongoing clinical trials and longer-
term studies will be crucial in clarifying the role of these
agents in routine clinical practice and in addressing residual
cardiovascular risk.

HDL-C therapy

Low levels of HDL-C, alongside elevated TG, represent
a significant component of residual risk for atherosclerosis.
Markedly low HDL-C has been associated with an increased
risk of all-cause mortality, prompting the development of
pharmacological agents aimed at raising HDL-C levels or
enhancing cholesterol efflux’””. In this context, ongoing
research includes the evaluation of cholesteryl ester transfer
protein (CETP) inhibitors and mAb.

CETP INHIBITORS
CETP facilitates the transfer of cholesteryl esters from HDL-C
to other lipoproteins, thereby influencing plasma levels of
HDL-C and LDL-C (Central illustration A). Consequently,
CETP inhibition has been investigated as a strategy to raise
HDL-C and lower LDL-C levels. Several agents have been
developed for this purpose, as shown in Table 6, along with
their most prominent trial results’®. The initial trials with
torcetrapib and dalcetrapib confirmed expected increases
in HDL-C levels and reductions in LDL-C levels; however,
these changes did not lead to improved cardiovascular
outcomes’®”. Notably, in the ILLUMINATE trial, which
enrolled 15,067 high-risk patients, torcetrapib was associated
with higher risks of MACE (HR 1.25, 95% CI: 1.09-1.44;
p=0.001) and total mortality (HR 1.58, 95% CI: 1.14-2.19;
p=0.006) compared with atorvastatin monotherapy, which
were predominantly attributed to an off-target toxicity (blood
pressure increase).

Contemporary studies have been more positive, and
in the REVEAL trial, which included 30,449 adults with
established ASCVD, treatment with 100 mg of anacetrapib
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led to a 9% reduction in cardiovascular events over
four years (95% CI: 3-15%; p=0.004) with no serious
adverse events reported®. Obicetrapib was studied in
the BROOKLYN trial, involving 354 participants with
HeFH and inadequate LDL-C control. A 10 mg dose of
obicetrapib was well tolerated and, compared to placebo,
resulted in significant reductions in LDL-C and favourable
changes in other lipid parameters, including increased
HDL-C and decreased non-HDL-C, Lp(a), and ApoB,
with no significant adverse events®'. The BROADWAY
trial, involving 2,530 patients with HeFH or a history of
ASCVD who were receiving the maximum tolerated doses
of lipid-lowering therapy, demonstrated that obicetrapib
reduced LDL cholesterol levels by 29.9% at 84 days versus
placebo in high-risk patients (mean baseline LDL-C 98 mg/
dL), with a between-group difference of —32.6 percentage
points (p<0.001) and similar adverse event rates in both
groups®. Running in parallel, the ongoing PREVAIL trial
(ClinicalTrials.gov: NCT05202509) is evaluating whether
obicetrapib reduces the risk of MACE in ASCVD patients
who are not adequately controlled on lipid-lowering
therapy, with results expected in the first quarter of 2026.

MONOCLONAL ANTIBODY (MEDI5884)

MEDI5884 is a humanised mAb developed to neutralise EL,
thereby augmenting HDL-C levels (Central illustration A). As
detailed in Table 6, in the LEGACY Phase 2a trial which
enrolled 132 patients with CCS on statin therapy, MEDI5884
produced a dose-dependent increase in HDL-C, together
with significant increases in the number of functional HDL
particles and ApoA-I levels, without causing any serious
adverse events®. However, given the negative Mendelian
randomisation study for EL, it is highly questionable whether
the increase in HDL-C by MEDI5884 will translate into any
improvement in cardiovascular outcomes.

FUTURE DIRECTIONS FOR HDL-C-TARGETED THERAPIES
Following the large number of negative trials attempting to
increase HDL-C as a means of reducing residual ASCVD
risk, recent research in HDL therapeutics has shifted toward
enhancing HDL functionality, particularly by improving
cholesterol efflux capacity and promoting reverse cholesterol
transport. However, clinical trials in this area have thus far
yielded mixed results®. In the Phase 2 MILANO-PILOT trial
involving 122 patients with ACS, infusions of the HDL mimetic
MDCO-216 (containing ApoA-I Milano) did not significantly
reduce coronary plaque burden, with only a 0.21% decrease
in percent atheroma volume (PAV) and a 6.4 mm? reduction
in total atheroma volume (TAV)®. Despite these modest
findings, interventions designed to enhance cholesterol efflux
capacity may still hold promise, particularly in patients with
profoundly low baseline efflux capacity®®. Other studies
using ApoA-I mimetics, such as CSL111/112 and CER-001,
have also yielded negative surrogate outcome data®®¥’. As
a consequence, all programmes targeting HDL increase by
infusions have been discontinued.

Ultimately, while CETP inhibitors and novel mAb offer
intriguing mechanisms for modulating HDL-C levels and
function, their impact on cardiovascular events remains
highly questionable, as the evidence supporting a beneficial

Adjunctive pharmacological strategies for residual risk

impact of HDL “functionality” on cardiovascular outcome
is at equipoise.

The immunological facet of cardiovascular
disease

Atherosclerosis has been directly linked to inflammation, and
this often underappreciated relationship may contribute to
the persistent burden of ASCVD despite the widespread use
of maximal lipid-lowering therapies®®. This section explores
atherosclerosis as an immune-mediated process and provides
an overview of inflammatory biomarkers and targeted
therapeutic approaches.

HOW INFLAMMATION FUELS PLAQUE GROWTH

Following exposure to stressors such as smoking, elevated
LDL-C levels, or hypertension, blood vessels respond by
expressing adhesion molecules that facilitate the attachment
of white blood cells, particularly monocytes and T-cells, to
the vessel wall. Monocytes migrate beneath the endothelial
layer and differentiate into macrophages, which ingest
oxidised LDL, transforming them into foam cells, which are
characteristic features of early plaque formation. Concurrently,
T-cells infiltrate the lesion and release cytokines that sustain
the inflammatory process. As plaques expand, a cascade of
cytokines (e.g., interleukin-1f [IL-1pB], interleukin-6 [IL-6],
and tumour necrosis factor [TNF]-a) propagates through
the affected area, exacerbating the inflammatory state. This
ongoing inflammation weakens the fibrous cap that stabilises
the plaque, increasing the risk of plaque rupture®.

Anti-inflammation therapy

COLCHICINE

Colchicine, which has anti-inflammatory properties including
an antitubulin effect that inhibits neutrophil function, has
received attention for its impact on cardiovascular disease
(Central illustration C)*°, with several key clinical trials
providing evidence of its cardiovascular benefits.

The LoDoCo trial, which was a randomised, open-label,
blinded-endpoint (PROBE) study involving only 532 patients
with CCS, demonstrated that colchicine (0.5 mg/day)
reduced the risk of MACE by 67% (HR 0.33; p<0.001) over
a median follow-up of 3 years, suggesting a potential role in
secondary prevention’!. Validation of these findings came in
the double-blind, placebo-controlled, randomised LoDoCo2
trial in 5,522 patients with CCS, which confirmed a 31%
relative risk reduction (HR 0.69; p<0.001) in MACE over
a median follow-up of 28.6 months, reinforcing colchicine’s
efficacy and safety®?. The regional variation of the beneficial
effect with an HR of 0.46 in 1,800 Australian patients versus
an HR of only 0.92 in 3,300 Dutch patients has raised
some questions relating to the variability of a potential
benefit?2. The randomised, placebo-controlled COLCOT trial
investigated colchicine in 4,745 post-MI patients and reported
a 23% reduction in MACE (HR 0.77; p=0.02), though
concerns arose regarding non-cardiovascular mortality®.
A recent meta-analysis integrating these studies concluded
that colchicine reduces adverse cardiovascular events by 33%,
further supporting its role in secondary prevention®.

At variance with these, the recent CLEAR trial®’, which
assessed colchicine in 7,062 patients with acute MI who were

Eurolntervention 2026;22:202-223 ¢ Asahi Oshima et al.

-
(=4
<
L
=
=
L.
<
Ll
[
<T
[
(%]

213



aInssaid poo|q a1|03sAs :4gs *Apoqriue [euojaouow gy |0Jajsaloyd utajoidodi| Aysuap-mol :9-1q1

‘urajosdodi| AyISuap-mo| Q7 ‘013ed piezey :yH ‘elwae|oia)sa|oydsadAy |eifiwey SnogAzosslay :H48H ‘|0J83S8|0Yd TQH *9-10H ‘ureloidodi| ASuap-ysiy <1qH *1e[nIsenoIpIed :\J ‘|eAIa}ul 80UBPIILO0D () :_._Boa Jajsuely Ja)sa |Auaysa|oy :d139 ‘|-y utejoidodijode :|-yody

(1000°0>d 2 L1212

10 %G6) %L°GE *, SIana |-yody
(1000°0=d “£'12-T'L 1 %S56)
%91 :|, selorued 1aH [euonauny
(1000°0>d

“T'L9-L'GE 10 %56) %' 16

S|ang|

(3w ‘1 9-1QH 3w 005 9-10H Bunjuawsne
006 40 ‘Bw 0ge ‘3w (1000°0>d 7'€5-8'12 fdelayy unels Aqaiayy ‘ased)|
(Pllw) 00z ‘3w 0QT ‘3w () 9 %S6) %G'L€ *|, 9-10H 3w 002 uo aseaslp fiape |el|3yjopus asijenau
SUOIJOBA)  $3SOp SN03UEBINIAQGNS (8%°0=d ‘612 0} £01— fieuolod a|gels 0} padojanap
€8 a}s uofoaful Alypuow-soug 19 %56) %8G *|, 9-10H 3w 0§ €1 YlIM Sjusiied el JNIRE] qyw pasiuewny 7886103 qyw
9-1071 Butanpau
pue 9-1QH Sunenss
1 g uisjoudodijody snyy ‘suigjosdodi|
1 (e)uejoudodn J13y30 03 9-1QH
|elo 1 9-10H H48H woJ} $18)sa |f8)sa|oyd
18 Paleiojo} JIsm ‘fl1ep-aauo Sw 1 %€9¢ T 0101 ¥Ge Uum spuediolped € NATMO00Yd J0 J3jsuel} spqiyu qidesipa1q0 Jojqiyur 4139
9-107 8utanpa
pue 9-1aH Sunensd
SUENE] 1043U09 9-70H snyj ‘sugjoidodi|
aslanpe /9-107 8enbapeul 13430 0} 9-1QH
NIGIEN |elo (100°0>d ‘G'62— pue H4aH woJj S18)sa |f48)S8]0yd
(8  J030USPIAS ON ‘fl1ep-aguo Sw 1 01 8'GE— 10 %G6) %9°¢€ 1 101 0€5'2 Unm syuediorped € AYMavoug 40 Jajsuel} syuqyu| qidesda1q0 lojqiyur 4139
dn-moj|o} Jeak-z Jano
(100°0>d *%62-0T “19 %56) T %02 9-1071 Butanpa
sleaf 7 1ano pue 9-7aH 3uieasis
SUETE] (700°0=d *%ST-€ 10 %56) T %6 9seas|p Jejnasen snyy ‘sutgjoidodi|
aslanpe SJUBAS A9 911018]25013y}e 13430 0} 9-1QH
snoLas Tp 8w /11107 paysi|gelsa woJj SI8)sa |f18)sa|0yd
08  J03JUSPIAS ON [eJo ‘Aj1ep 3w 00T Tp/3W gy : | T0H Byv'0€ Yl sjusiied € YIAY 10 Jajsuel} suqyu| loyqiyur 4139
9-107 8u1anpa
260=d pue 9-1aH Sunensld
“9T°1-€6'0 19 %56 ‘70°'T ¥H *%0'8 sny} ‘sutejoidodi
eluwosul :0q39e|d ‘94¢°g :qidel}adlep :Sjuana awolpufs Lieuolod 13430 0} 9-1QH
‘eaoyielp D JU811NJ831 J0 YSI Ul UoIaNpal EMIRIRIERE)] SIN0ILNO  Woly S18)sa |usysaloyd
6/  ‘uoisuapadfy [eJo ‘Ajiep 3w 009 Jueaiyiusis oN %0v-1€ | 9-10H 1/8'GT € U}IM sjusiied € -led 40 Isjsuel} suquyu| qidenjaojeq Joyqiyur 4139
dydepesy 9000=d 61°Z-¥T'T
‘eaoudsAp 19 %G6 ‘8G°T YH :€8kN|eHow [ejo] 9-1071 Su1anpa
‘sojoad 100°0=d *¥¥'1-60'T “I9 pue 9-1aH Sunensjd
euigue %G6 ‘GZ'T YH *€8SIUBN3 \D JO SIY sny} ‘suiejoidodi
‘BWapao SHWW ¥°G :¢8dds 13410 03 3-1QH
|esayduad % 672 1 9-101 Sl Je|nasenolpied woJj SIa)sa |K18)s3]0yd
8/  ‘uoisuapadfy [eJo ‘Ajiep 3w 09 %1°¢L:] O-10H [90°GT Y31y Je sjustyed JLYNINNTT 10 Isjsuel} suquyu| qidesgaio] Joyqiyur 4139

S3Jualiajay

SJU3A3
asJanpy

1Y¥V-3H1-40-311V1S

agesop pue
poylaw K1anaq

suonendod
j1adie]

3

H

uonouny
10 Wsiueyaayy

EH

*s|et} [eaiun]d ur Auanuna Adelayy 9-1aH 104 s3nip jo sajdwex] "9 ajqel

22:202-223 » Asahi Oshima et al.

’

Eurolntervention 2026

214



Table 7. Major randomised controlled trials on colchicine and cardiovascular outcomes.

m -
populations

LoDoCo 2013 Colchicine vs

no colchicine

(a randomised,
open-label,
blinded-endpoint

study)

LoDoCo2 2020 Colchicine vs

placebo

COPS 2020 Colchicine vs

placebo

coLcot 2019 Colchicine vs

placebo

CLEAR 2024 Colchicine vs

placebo

COLICA 2024 Colchicine vs

placebo

Patients with
stable CAD
receiving aspirin
and/or clopidogrel
(93%) and statins
(95%)

Patients with CCS

Patients with ACS
and evidence of
coronary artery
disease on coronary
angiography
managed with
either percutaneous
coronary
intervention or
medical therapy

Patients recruited
within 30 days
after MI

Patients who had
acute Ml and were
due to receive
either colchicine or
placebo

Patients with AHF,
requiring >40 mg
of intravenous
furosemide,
regardless of their
left ventricular
ejection fraction
and inpatient or
outpatient setting

282
(colchicine 0.5
mg/day)

250

(no colchicine)

2,762
(colchicine 0.5
mg/day)
2,760
(placebo)

396
(colchicine 0.5
mg/day)

399 (placebo)

2,366
(colchicine 0.5
mg/day)
2,379
(placebo)

3,528
(colchicine 0.5
mg/day)

3,534 (placebo)

141
(colchicine 0.5
mg/day)

137 (placebo)

Adjunctive pharmacological strategies for residual risk

Follow-up
duration

3 years
(median)

28.6 months
(median)

12 months

22.6 months
(median)

3 years (median)

8 weeks

“

The primary outcome (composite of ACS,
fatal or non-fatal out-of-hospital cardiac
arrest, or non-cardioembolic ischaemic
stroke) occurred in 5.3% in the colchicine
group and 16.0% in the no-colchicine
group (HR 0.33, 95% CI: 0.18 to 0.59;
p<0.001, NNT 11)

The primary outcome (a composite of 92
cardiovascular death, spontaneous
[non-procedural] M, ischaemic stroke, or
ischaemia-driven coronary

revascularisation) occurred in 6.8% in the
colchicine group and in 9.6% in the

placebo group (incidence: 2.5 events vs 3.6
events per 100 person-years; HR 0.69, 95%

Cl: 0.57 to 0.83; p<0.001)

The primary outcome (a composite of 114
all-cause mortality, ACS, ischaemia-driven
[unplanned] urgent revascularisation, and
non-cardioembolic ischaemic stroke in a
time-to-event analysis) occurred in 6.0%

in the colchicine group and in 9.5% in the

placebo group (log-rank p=0.09)

The primary outcome (a composite of death 93
from cardiovascular causes, resuscitated

cardiac arrest, Ml, stroke, or urgent
hospitalisation for angina leading to

coronary revascularisation in a

time-to-event analysis) occurred in 5.5%

of the patients in the colchicine group, as
compared with 7.1% of those in the

placebo group (HR 0.77, 95% CI: 0.61 to

0.96; p=0.02)

The primary outcome (a composite of death 95
from cardiovascular causes, recurrent M,

stroke, or unplanned ischaemia-driven

coronary revascularisation, evaluated in a
time-to-event analysis) occurred in 9.1%

in the colchicine group and 9.3% in the

placebo group (HR 0.99, 95% CI: 0.85 to

1.16; p=0.93)

The primary outcome, the time-averaged 96
reduction in NT-proBNP levels at 8 weeks,
did not differ between the colchicine group
(-62.2%, 95% Cl: —68.9% to —54.2%)
and the placebo group (-62.1%, 95% Cl:
—68.6% to —54.3%; ratio of change 1.0)
The reduction in inflammatory markers was
significantly greater with colchicine: ratio
of change 0.60 (p<0.001) for CRP and 0.72
(p=0.019) for IL-6

No differences in new or worsening HF
episodes (14.9% with colchicine vs 16.8%
with placebo; p=0.698); the need for
intravenous furosemide during follow-up
was lower with colchicine (p=0.043)

ACS: acute coronary syndrome; AHF: acute heart failure; CAD: coronary artery disease; CCS: chronic coronary syndrome; Cl: confidence interval; CRP: C-reactive protein; HF: heart failure;
HR: hazard ratio; IL-6: interleukin-6; MI: myocardial infarction; NNT: number needed to treat; NT-proBNP: N-terminal pro B-type natriuretic peptide

followed up for 3 years, and the COLICA trial®, in patients
with acute decompensated heart failure, found no significant

reduction in MACE (HR 0.99; p=0.93).

These findings

highlight the need for further research to clarify colchicine’s

role across different cardiovascular populations.

Major

randomised controlled trials on colchicine and cardiovascular
outcomes are shown in Table 7.
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THERAPIES TARGETING THE INFLAMMATORY PATHWAYS
Among the pathways involved in inflammatory signalling,
IL-1pB, IL-6, and the NOD-like receptor protein 3 (NLRP3)
inflammasome have emerged as key therapeutic targets. The
CANTOS trial demonstrated that canakinumab, an mAb
against IL-1B, reduced recurrent cardiovascular events by
15% in patients with elevated C-reactive protein following
an MI, even though LDL levels did not change much®”. This
finding was one of the first large-scale demonstrations that
turning down a single part of the inflammatory network
could help. However, high costs and (albeit minor) infection
risks have limited its widespread use.

Building on this concept, IL-6 inhibition has gained
attention as a viable strategy. In the Phase 2 RESCUE trial,
patients at high atherosclerotic risk had substantial reductions
in inflammatory markers when treated with the IL-6 ligand
inhibitor ziltivekimab®®. These findings underscore the
pivotal role of IL-6 in plaque formation and suggest that
targeted blockade may help mitigate residual cardiovascular
risk; however, currently, IL-6 inhibition has not yet reached
clinical use.

Beyond cytokines, the NLRP3 inflammasome has gained
prominence as a central regulator of IL-1p and IL-18
maturation. Peptidomimetic inhibitors of caspase-1, such
as VX-765 and VX-740, aim to reduce proinflammatory
cytokine release at an upstream level (Central illustration C)*.
Although large-scale cardiovascular outcome trials are lacking,
early-phase studies and animal models have demonstrated
that these agents attenuate vascular inflammation and plaque
development. Additionally, natural compounds like arglabin
have shown similar inhibitory effects on NLRP3 activation!?’,
but human clinical data remain limited.

Targeting key inflammatory mediators such as IL-1B,
IL-6, and the NLRP3 inflammasome represents a promising
frontier in the management of CAD. While trials like
CANTOS and RESCUE provide compelling evidence for
the efficacy of specific anti-inflammatory therapies, further
research is essential to establish their long-term safety and
clinical applicability.

INFLAMMATION AND IMAGING: EMERGING STRATEGIES TO
ADDRESS RESIDUAL RISK

Persistent inflammation continues to play a central role in
residual cardiovascular risk. In the ASCOT-LLA 20-year
follow-up, baseline hs-CRP was found to be a strong
independent predictor of cardiovascular events and all-cause
mortality, despite optimal blood pressure and lipid control'°!,

These findings are supported by contemporary data
in suspected ACS, where even mildly elevated hs-CRP
(<15 mg/L) was independently associated with increased
short- and medium-term mortality, regardless of troponin
levels'®2.,

In parallel, progress has been made in the development
of imaging agents that may allow direct visualisation of
high-risk plaque biology (Figure 1). LO1, an mAb against
malondialdehyde-modified LDL, and LO9, an immunoglobulin
G (IgG) autoantibody that recognises a cryptic epitope on
matrix-adherent native LDL, have both shown selective
localisation to plaque in preclinical models. LO1 enables
near-infrared fluorescence imaging of oxidised lipid within

Eurolntervention 2026;22:202-223 » Asahi Oshima et al.

a necrotic core, while LO9 targets subendothelial native LDL
deposits in murine and human atherosclerotic tissue!>1%4
(Figure 1). Both agents remain in the preclinical phase and are
being refined for potential first-in-human studies.

These tools are mechanistically distinct from circulating
immunoglobulin M (IgM) antibodies to oxidised LDL, which
serve as systemic biomarkers. Lower titres of IgM anti-MDA-
LDL have been associated with incident coronary events
and with greater necrotic core burden and lipid-rich plaque
features in imaging substudies from NORDIL and IBIS-3'%,

Together, these advances in systemic biomarker profiling and
lesion-targeted imaging provide complementary perspectives
on atherosclerotic disease activity and hold promise for more
precise approaches to secondary prevention.

COST-EFFECTIVENESS, REIMBURSEMENT AND
THERAPEUTIC PRIORITISATION/OPTIMISATION IN
SECONDARY PREVENTION

The cost-effectiveness of a new therapy, whether
pharmacological or an implantable device, is a rapidly
evolving area in medicine that strongly relies on the uniqueness
of the product, the exclusivity of the manufacturer, and the
competitive market. Reimbursement is primarily dependent
on approval by regulatory bodies and the socioeconomic
structures of healthcare systems in different countries and
continents.

A 2024 study assessed the impact of China’s National Drug
Price Negotiation policy on the accessibility and affordability
of  PCSK9 inhibitors (evolocumab and alirocumab):
a reimbursement coverage of about 70% led to a massive
drop in out-of-pocket costs — from catastrophic levels (~89%)
down to manageable (~6%). This offers a compelling example
of how national negotiation policies can shift affordability in
lipid-lowering drugs!°.

As discussed earlier in this review, although PCSK9 inhibitors
have demonstrated strong efficacy in clinical trials, a small
subset of patients may show a suboptimal LDL-C response
in real-world practice. Most apparent cases are explained by
modifiable factors such as missed doses, improper injection
technique, or suboptimal concomitant therapy'®’. Identifying
and addressing these factors is essential to enhance the cost-
effectiveness of treatment and to maximise the sustained CV
risk reduction achieved with these agents.

In terms of strategies, it is advisable to use drugs that have
become generic and potentially combine them in a single
pill with multiple pharma components with complementary
pharmacological activities, such as rosuvastatin+ezetimibe.
This approach follows the example given by Salim Yusuf
and his colleagues, who have demonstrated the benefit of
a polypill combining an antiplatelet agent, a statin, a beta
blocker, and angiotensin inhibitors!%.

Finally, treatment of the highest-risk patients must be
prioritised, and they must benefit from the most aggressive
and high-intensity pharmacological treatment; by default,
patients either surgically or percutaneously revascularised
belong to “high” or “extremely high” risk categories®?.

Conclusions
In this narrative review, we have provided an overview of
lipid-lowering and anti-inflammatory therapies for patients
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Figure 1. The vision for inflammation-based theranostics for residual inflammatory risk. Systemic biomarkers such as high-
sensitivity C-reactive protein (hs-CRP) and circulating antibodies to malondialdebyde-modified low-density lipoprotein (MDA-

LDL) provide measures of inflammatory and immune status. Lesion-targeted imaging with monoclonal antibodies LO1 (against
MDA-LDL) and LO9Y (against matrix-adberent native LDL) would in future enable the detection of localised plaque’s biological
characteristics (e.g., with near-infrared fluorescence [NIRF] imaging). Created with BioRender.com. IgG: immunoglobulin G;

IgM: immunoglobulin M; mAb: monoclonal antibody

with CAD, encompassing both well-established medications,
such as statins, and the latest investigational drugs in
development. Our previous research has demonstrated that
in patients with severe CAD, the absence of statin therapy is
associated with significantly worse 10-year outcomes'®. Yet
the contemporary INTERASPIRE study of 4,548 patients
from 14 countries across all six World Health Organization
(WHO) regions continues to show that the vast majority
of coronary patients do not achieve the LDL-C target
of <1.4 mmol/L with wide variations in care between
110, For all physicians managing CAD, statins
are indispensable as a foundation treatment prescribed at
optimal doses to achieve guideline-based targets together
with other evidence-based drugs for the optimal lipid
profile in all our patients. The concept of “pharmacological
revascularisation” is exemplified by the EVAPORATE
trial”®" which ~ demonstrated significant
plaque regression and improved coronary physiology
with icosapent ethyl. Similarly, Han et al''?,; showed that
18 months of evolocumab treatment led to a favourable
shift toward lower-risk quantitative plaque phenotypes
and reduced microcalcification activity. Together these
studies highlight the emerging potential of medical therapy
to manage, and possibly reverse, progression of CAD. As
a practical proposal to address the question of how we, as
interventional cardiologists and cardiac surgeons, should
approach dyslipidaemia and inflammation in daily practice,

countries

coronary

a suggested strategy is displayed in a flowchart, which
is included to provide guidance for real-world clinical
decision-making (Figure 2)>!3, We hope that this review aids
in selecting additional therapeutic options beyond statins,
thereby enhancing the management of lipid disorders and
inflammation in CAD.
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Secondary prevention

Measure lipoprotein(a) once in a

/ Extreme-risk* patients \

1. Recurrent vascular events

lifetime
(=50 mg/dL is considered high

recurrent

High-intensity statin treatment
Atorvastatin 40-80 mg/day
Rosuvastatin 20-40 mg/day

risk)

2. Polyvascular arterial disease

Assessment of residual risk

Colchicine

® i
%+,J(+ ,
e

Lipid residual risk:
measure LDL-C

NLRP3
inflammasome

IL-18

Inflammatory residual risk:
measure hs-CRP

LDL-C <55 mg/L
(<40 mg/dL for
extreme-risk* patients)

LDL-C >55 mg/L
(>40 mg/dL for
extreme-risk* patients)

hs-CRP <2 mg/L

hs-CRP >2 mg/L

Consider
- ; : anti-inflammatory
Continue follow-up Adldoenz]etllglhe Continue follow-up treatment
g/day Colchicine 0.5 mg/day

Add PCSK9-i

Add bempedoic acid + Evolocumab

180 mg/day Alirocumab

Inclisiran
In patients with HoFH,
adding evinacumab should be considered

Figure 2. Suggested strategy for managing residual lipidic and inflammatory risk. *Extreme-risk patients are defined as those
with ASCVD who experience recurrent vascular events despite maximally tolerated statin-based therapy, and those with
polyvascular arterial disease (e.g., coronary and peripheral). Created with BioRender.com. ASCVD: atherosclerotic
cardiovascular disease; HoFH: homozygous familial bypercholesterolaemia; hs-CRP: high-sensitivity C-reactive protein;

IL-1: interleukin-1 beta; LDL-C: low-density lipoprotein cholesterol; NLRP3: nucleotide-binding oligomerisation domain-like
receptor family pyrin domain containing 3; PCSK9-i: proprotein convertase subtilisin/kexin type 9 inhibitor; Pro

IL-18: precursor form of interleukin-1 beta
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