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Background: Despite advances in stent design and PCI optimization, stent 

failure remains clinically relevant in patients with coronary artery disease. This 

process is primarily driven by vascular injury and maladaptive healing, leading 

to neointimal hyperplasia, neoatherosclerosis, and recurrent ischemic events. 

A subset of patients remains vulnerable despite angiographically successful 

PCI, reflecting residual risk not fully captured by procedural assessment alone. 

Novel strategies to reduce this residual risk are therefore warranted. Proprotein 

convertase subtilisin/kexin type 9 (PCSK9) inhibitors, beyond potent LDL-C 

reduction, have demonstrated plaque-stabilizing effects. Preclinical data 

suggest that PCSK9 promotes proinflammatory cytokine release, vascular 

smooth muscle cell proliferation, and impaired endothelial repair— 

mechanisms implicated in adverse vascular responses after PCI.

Aim: To determine whether proactive, short-term evolocumab improves 

outcomes in patients with coronary artery disease at high residual risk after PCI.

Methods: The HANYANG-PICK trial is a prospective, randomized, open-label, 

multicenter study enrolling patients with post-PCI maxLCBI4mm ≥200 on NIRS- 

IVUS. Participants will be randomized 1:1 to standard care or standard care 

plus evolocumab 140 mg subcutaneously within 24 h of PCI and at 2 weeks. 

The primary endpoint is the composite of all-cause death, myocardial 

infarction, stroke, or any clinically driven revascularization at 12 months.

Ethics and dissemination: The protocol has been approved by the Institutional 

Review Board of all participating centers. Written informed consent will be 

obtained from all participants. Results will be disseminated in peer-reviewed 

journals and at scientific conferences.

Conclusions: The HANYANG-PICK trial is an exploratory, hypothesis-generating 

randomized study designed to test whether proactive, short-term PCSK9 

inhibition initiated during the early post-PCI period can reduce adverse outcomes 

in patients with high residual risk identified by post-PCI intravascular imaging.
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Clinical Trial Registration: https://clinicaltrials.gov/study/NCT07084259, 

Identifier NCT07084259.
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Introduction

Despite advances in stent technology, intravascular imaging, 

and secondary prevention, stent failure still occurs at an annual 

incidence of approximately 1%–2% in patients with coronary 

artery disease undergoing percutaneous coronary intervention 

(PCI) (1). This entity encompasses stent thrombosis, intimal 

hyperplasia, and neoatherosclerosis—pathophysiological processes 

driven by procedure-related vascular injury and maladaptive 

healing that follow balloon angioplasty and stent deployment 

(1–3). Notably, a subset of patients continues to experience 

these complications despite angiographically successful PCI, 

underscoring the presence of residual biological risk that is 

not fully captured by procedural or angiographic assessment 

alone. Identifying such individuals and developing strategies 

that target these biological pathways therefore remain 

important unmet clinical needs.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, 

through potent LDL-C reduction, have been shown to improve 

clinical outcomes in patients with atherosclerotic cardiovascular 

disease (4–6). Beyond lipid lowering, these agents have been 

associated with favorable changes in plaque composition, including 

reductions in plaque volume and lipid burden, as well as thickening 

of the fibrous cap—features consistent with stabilization of 

vulnerable plaque (7–9). Preclinical evidence further indicates that 

PCSK9 is involved in proin7ammatory cytokine release (10–12), 

vascular smooth muscle cell proliferation (13, 14), and impaired 

endothelial repair (15, 16), all of which may contribute to 

maladaptive vascular healing following PCI. Collectively, these 

observations suggest that PCSK9 inhibition may favorably in7uence 

vascular responses during the early post-PCI period (17–19).

We therefore hypothesize that proactive PCSK9 inhibition 

during the early vulnerable phase after PCI may attenuate 

adverse vascular responses associated with maladaptive healing 

and reduce subsequent cardiovascular risk in selected high-risk 

patients. This early post-PCI period encompasses both the acute 

in7ammatory and subacute proliferative phases (20–23), during 

which plaque-related biological activity remains dynamic. To 

capture this biologically critical window, we selected a short- 

term, 4-week regimen of evolocumab, which provides sustained 

PCSK9 suppression with only one or two injections, thereby 

optimizing both adherence and feasibility within an exploratory, 

hypothesis-generating trial framework.

The HANYANG-PICK trial (HArnessing Near-infrared 

spectroscopy–intravascular ultrasound imaging for Yielding 

AdvaNced Guidance with a PCSK9 inhibitor for Improving 

Cardiovascular outcomes in high-risK patients) was designed to 

test this hypothesis in patients with high residual intraplaque 

lipid burden after PCI, defined as post-PCI maxLCBI4mm ≥ 200 

on NIRS-IVUS. By using post-PCI intravascular imaging rather 

than angiographic or baseline lesion characteristics alone, this 

imaging-based risk-enrichment strategy aims to identify patients 

with persistently high residual risk despite technically successful 

revascularization. This prospective, investigator-initiated, 

randomized, open-label trial evaluates whether a proactive, 

short-term, 4-week course of evolocumab initiated immediately 

after PCI can favorably in7uence clinical outcomes by targeting 

a high-risk patient population during the early post-PCI period.

Methods

Study design and population

The HANYANG-PICK trial is a prospective, investigator- 

initiated, randomized, open-label, multicenter study conducted 

at university hospitals in Korea and the overall study design is 

illustrated in Figure 1. Eligible patients are aged ≥19 years with 

coronary artery disease, including stable angina, silent ischemia, 

or acute coronary syndromes, undergoing PCI with NIRS-IVUS 

imaging. Post-PCI maxLCBI4mm ≥200 is required for 

randomization. This threshold was selected to identify patients 

with substantial residual risk after angiographically successful 

PCI, as previously associated with increased adverse 

cardiovascular events (24, 25). Key exclusion criteria include 

target lesions involving in-stent restenosis (ISR), hemodynamic 

instability within 24 h prior to PCI, and life expectancy <1 year.

Randomization and intervention

After confirming eligibility and obtaining informed consent, 

patients will be randomized 1:1 to the intervention or control 

arm. The intervention group will receive standard post-PCI care 

plus evolocumab 140 mg subcutaneously within 24 h of PCI and 

again at 2 weeks; the control group will receive standard post-PCI 

care alone, including high-intensity statin therapy. All patients are 

required to receive maximally tolerated high-intensity statin 

therapy, with ezetimibe added according to contemporary 

guideline recommendations, unless contraindicated.

Endpoints

The primary endpoint is the composite of all-cause death, 

myocardial infarction, stroke, or any clinically driven 

Kim et al.                                                                                                                                                                10.3389/fcvm.2026.1761093

Frontiers in Cardiovascular Medicine 02 frontiersin.org

https://clinicaltrials.gov/study/NCT07084259
https://doi.org/10.3389/fcvm.2026.1761093


revascularization at 12 months. Clinically driven revascularization is 

defined as repeat revascularization performed in the presence of 

recurrent ischemic symptoms and/or objective evidence of 

myocardial ischemia, including ischemic electrocardiographic 

changes, stress testing, or imaging findings, according to 

prespecified criteria. Secondary endpoints include each individual 

component of the primary endpoint and target lesion failure, 

defined as cardiac death, target vessel myocardial infarction, or 

clinically driven target lesion revascularization at 12 months.

Sample size

In a previous observational cohort (25), patients with Post-PCI 

maxLCBI4mm ≥200 had a markedly higher 12-month incidence of 

major adverse cardiovascular events (MACE) compared with 

those with Post-PCI maxLCBI4mm <200 (15.1% vs. 2.2%), with the 

overall event rate in the unselected cohort being 7.5%. Given 

these findings, we hypothesized that proactive, short-term PCSK9 

inhibition initiated immediately after PCI in patients with post- 

PCI maxLCBI4mm ≥200 could reduce their MACE rate toward the 

average level observed in the overall population (∼7.5%). Under 

this assumption, a total of 316 patients (158 per group) would 

provide 80% power to detect this difference at a two-sided α of 

0.20, which was chosen to support signal detection and effect-size 

estimation in this exploratory, hypothesis-generating randomized 

trial. To account for an anticipated dropout rate of 10%, the 

target enrollment was set at 352 patients.

Follow-Up and data collection

Patients will be followed at 2-, 6-, 12-, and 48-weeks post-PCI. 

At the 6-week visit, lipid profiles will be reassessed, and subsequent 

lipid-lowering therapy will be optimized in accordance with 

contemporary guideline-directed medical therapy targeting an 

LDL-C level <55 mg/dL; continuation or initiation of PCSK9 

inhibitors is recommended when clinically indicated. At each 

visit, primary and secondary endpoints will be assessed and 

recorded. If a patient does not attend a scheduled visit, the 

FIGURE 1 

Study flow and schematic overview of the HANYANG-PICK trial design. This figure illustrates the overall study flow and design of the HANYANG-PICK 

trial. Patients with coronary artery disease undergoing NIRS-IVUS–guided PCI are screened immediately after PCI, and those with high residual 

intraplaque lipid signal defined as post-PCI maxLCBI4mm ≥200 are enrolled. Eligible patients are randomized in a 1:1 ratio to standard guideline- 

directed lipid-lowering therapy alone or standard therapy plus short-term evolocumab initiated within 24 h after PCI and repeated at 2 weeks. 

Clinical follow-up visits are scheduled at 2, 6, 12, and 48 weeks after PCI. The primary endpoint, a composite of all-cause death, myocardial 

infarction, stroke, or any clinically driven revascularization, is assessed at 12 months.
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investigator or research coordinator will promptly contact the 

patient by telephone to reschedule the appointment, thereby 

minimizing the risk of underreporting clinical events. All clinical 

endpoints will be adjudicated by an independent committee 

blinded to treatment allocation. Data will be recorded in a secure, 

password-protected electronic case report form.

Statistical analysis

Primary analyses will use the intention-to-treat population. 

Kaplan–Meier survival curves will be generated for time-to- 

event endpoints, with between-group differences assessed by 

log-rank test. Hazard ratios with 95% confidence intervals will 

be estimated using Cox proportional hazards models. 

Continuous variables will be compared using Student’s t-test or 

Mann–Whitney U test, and categorical variables with chi-square 

or Fisher’s exact test, as appropriate. Prespecified exploratory 

subgroup analyses, including analyses according to sex, will be 

performed to assess potential effect modification.

Ethics and dissemination

The protocol has been approved by the Institutional Review 

Board of all participating centers. Written informed consent will 

be obtained from all participants. Results will be disseminated in 

peer-reviewed journals and at scientific conferences.

Trial Status

The first patient was enrolled on July 23, 2025. Patient 

recruitment is planned to continue for approximately 3 years, 

with enrollment expected to be completed by July 2028. Final 

follow-up is scheduled to be completed 4 years after trial initiation.

Study governance and oversight

The HANYANG-PICK trial is an investigator-initiated study 

supported by DOTTER Inc. The trial will be led by the Study 

Chairman (Prof. Woohyeun Kim) in collaboration with the 

steering committee, which is responsible for the medical, scientific, 

and operational conduct of the study. The steering committee will 

oversee protocol adherence, site coordination, and data quality. An 

independent clinical endpoint committee, whose members are not 

involved in the conduct of the trial, will adjudicate all clinical 

events during follow-up according to prespecified definitions, using 

source documentation and other relevant medical records.The 

authors will be solely responsible for the study design, conduct, 

statistical analyses, and preparation of the manuscript, including 

drafting, critical revision, and final approval of the content. The 

trial will be conducted in accordance with the principles of the 

Declaration of Helsinki, the International Conference on 

Harmonization–Good Clinical Practice guidelines, and applicable 

regulatory requirements. Hanyang University Seoul Hospital will 

serve as the trial sponsor, with delegated responsibilities carried out 

by its Clinical Research Center to ensure compliance with national 

regulations governing clinical trials.

Discussion

Study objectives

The HANYANG-PICK trial addresses an unmet clinical need 

by focusing on patients with high residual risk after PCI—a 

population that remains vulnerable to recurrent cardiovascular 

events despite successful revascularization and contemporary 

secondary prevention strategies. The primary objective is to 

determine whether proactive, short-term PCSK9 inhibition, 

initiated during the early post-PCI period, can favorably 

in7uence post-PCI vascular responses and reduce adverse 

cardiovascular outcomes in this high-risk subset.

Identifying patients with high residual risk 
after PCI

Accurate identification of high residual risk is essential to target 

therapies effectively. In this trial, high residual risk is defined by the 

presence of residual lipid burden with a post-PCI maxLCBI4mm ≥200 

as measured by NIRS-IVUS (Figure 2) (24, 25). This imaging 

phenotype has been reported to be associated with future adverse 

events, even in the setting of optimal PCI and medical therapy in 

previous studies (24, 25). Leveraging NIRS-IVUS not only allows 

for precise plaque characterization but also enables an imaging- 

based risk-enrichment strategy, thereby enhancing the likelihood 

of detecting a meaningful treatment effect.

Mechanistic and temporal rationale for 
early short-duration PCSK9 inhibition

PCSK9 inhibitors have consistently demonstrated potent LDL- 

C lowering and significant reductions in cardiovascular events 

among patients who fail to achieve target LDL-C levels despite 

maximally tolerated statin plus ezetimibe therapy (4–6). Beyond 

lipid lowering, these agents have been shown to reduce plaque 

volume, decrease lipid burden, and increase fibrous cap 

thickness, thereby stabilizing vulnerable plaques (7–9). 

Preclinical evidence further suggests that PCSK9 may be 

involved in maladaptive vascular responses through promoting 

proin7ammatory cytokine release (10–12), vascular smooth 

muscle cell proliferation (13, 14), and impaired endothelial 

repair (15, 16), processes that are implicated in the development 

of stent thrombosis, intimal hyperplasia, and neoatherosclerosis. 

Although these pathways are not directly interrogated in the 

present trial, early PCSK9 inhibition during the acute 

in7ammatory and subacute proliferative phases following PCI 

may attenuate adverse vascular responses during this vulnerable 
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period (17–19). A 4-week treatment course was chosen to target 

this biologically dynamic phase of vascular healing (20–22) 

while maintaining treatment feasibility, adherence, and cost- 

effectiveness. Importantly, the HANYANG-PICK trial is 

designed to evaluate the effect of proactive, short-term PCSK9 

inhibition in patients with high residual risk after PCI, as 

defined by post-PCI intravascular imaging rather than baseline 

lipid levels alone.

Limitations

The strengths of the HANYANG-PICK trial include the use of 

NIRS-IVUS to identify patients with high residual risk, a 

multicenter randomized design, and clinically relevant hard 

endpoints. The pragmatic 4-week treatment duration balances 

biological plausibility, feasibility, and considerations of 

adherence and cost.

Several limitations should be acknowledged. The open-label 

design could introduce bias; however, the use of an 

independent clinical endpoint committee blinded to treatment 

allocation is expected to mitigate this concern. The relatively 

short treatment duration and modest sample size may limit 

the statistical power to detect differences in individual 

components of the composite endpoint. Accordingly, this trial 

is positioned as an exploratory, hypothesis-generating study 

intended to inform the design of future confirmatory trials 

rather than to provide definitive efficacy estimates. In 

addition, although exploratory subgroup analyses according to 

sex are planned, the trial is not specifically powered to detect 

sex-specific treatment effects, and any such findings should 

therefore be interpreted with caution.

Conclusion

If successful, the HANYANG-PICK trial will provide the first 

randomized evidence on whether proactive, short-term PCSK9 

inhibition during the early vulnerable period after PCI can 

favorably in7uence clinical outcomes in patients with high 

residual risk identified by post-PCI intravascular imaging, 

potentially establishing a novel framework for imaging-guided 

residual risk management after coronary intervention.
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FIGURE 2 

Angiographically successful PCI with divergent post-PCI maxLCBI4mm assessed by NIRS-IVUS. (A) Shows a representative case with post-PCI 

maxLCBI4mm ≥200, in which a high residual intraplaque lipid signal was detected by NIRS-IVUS despite angiographically successful PCI, followed 

by target lesion failure during follow-up. (B) Shows a representative case with post-PCI maxLCBI4mm < 200, with minimal residual lipid signal and 

no target lesion failure. Chemograms and corresponding IVUS cross-sectional images reveal residual intraplaque lipid burden that is not apparent 

on angiography.
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