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Summary
Background Moderate-intensity statin role with ezetimibe combination therapy following percutaneous coronary
intervention (PCI) has not been thoroughly investigated, particularly compared to high-intensity statin monotherapy.
We aimed to investigate the effect of ezetimibe combination with moderate-intensity statin in patients with
atherosclerotic cardiovascular disease following PCI.

Methods This was a post-hoc analysis of a subset of patients who underwent PCI in the RACING trial. At 26 centres
in South Korea, patients with atherosclerotic cardiovascular disease (ASCVD) were randomly assigned to receive
either moderate-intensity statin with ezetimibe combination therapy (rosuvastatin 10 mg with ezetimibe 10 mg) or
high-intensity statin monotherapy (rosuvastatin 20 mg). The prespecified endpoints of the RACING trial were
used. The primary endpoint was the 3-year composite of cardiovascular death, major cardiovascular events, and
nonfatal stroke. Event rates between the two groups were compared using log-rank tests, and hazard ratios (HR)
with 95% confidence intervals (CI) were estimated using Cox regression analysis. Consistent with the RACING
trial, the primary and secondary efficacy endpoints were evaluated using an intention-to-treatment approach, and
the safety endpoints were assessed in the safety population. The RACING trial was registered at ClinicalTrials.gov
(NCT03044665).

Findings Between Feb 14, 2017, and Dec 18, 2018, 3780 participants were enrolled in the RACING trial. Prior history
of PCI was found in 2497 patients (67%, median 64 years, 79% male), and was associated with higher rates of the
primary endpoint (hazard ratio [HR], 1.34; 95% confidence interval [CI], 1.06–1.69; p = 0.014). Among patients with
prior PCI, moderate-intensity statin therapy with ezetimibe combination versus high-intensity statin therapy did not
increase the risk of the primary endpoint (HR, 0.95; 95% CI, 0.74–1.24; p = 0.781). The proportion of patients with
low-density lipoprotein cholesterol (LDL-C) <70 mg/dL at 1, 2, and 3 years was 74%, 76%, and 73%, respectively, in
the combination therapy group, and was significantly higher than that in the high-intensity statin monotherapy group
(57%, 62%, and 59%, respectively, all p < 0.001). Discontinuation of lipid-lowering drugs occurred less frequently in
the combination group (4.2% vs. 7.6%, p = 0.001).

Interpretation The effects of ezetimibe combination therapy observed in the RACING trial were consistently
preserved among patients with ASCVD following PCI. Ezetimibe combination could be considered as a suitable
therapeutic strategy to achieve strict control of LDL-C and reduce drug intolerance in patients who underwent PCI.
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Research in context

Evidence before this study
We searched PubMed for articles published in English up to
July 31, 2022, for randomized trials, meta-analyses, systematic
reviews, and observational studies using the search terms
“percutaneous coronary intervention (PCI) or PCI”, “statin”,
and “ezetimibe”. We aimed to compare clinical outcomes
between moderate-intensity statin with ezetimibe
combination therapy and high-intensity statin monotherapy
in patients with prior PCI. However, data regarding the clinical
outcomes of patients with prior PCI are limited.

Added value of this study
Among 3780 patients with established atherosclerotic
cardiovascular disease in the RACING trial, 2497 (67%)
patients with a history of prior PCI were analyzed to compare
the effect of moderate-intensity statin with ezetimibe

combination therapy and high-intensity statin monotherapy.
Moderate-intensity statin with ezetimibe combination
therapy produced 3-year clinical outcomes comparable to
high-intensity statin monotherapy in patients with prior PCI
and was associated with higher achievement of the target
low-density lipoprotein (LDL)-cholesterol goal and less
occurrence of drug intolerance.

Implications of all the available evidence
Our findings suggested that moderate-intensity statin with
ezetimibe combination therapy could be considered a viable
alternative to high-intensity statin monotherapy as a
maintenance therapy in patients with atherosclerotic
cardiovascular disease (ASCVD) following PCI, achieving more
effective LDL-cholesterol reduction and drug adherence
without increasing the risk of adverse clinical events.
Introduction
Dyslipidaemia optimal control is the cornerstone of treat-
ment for the prevention of recurrent cardiovascular events
in patients with documented atherosclerotic cardiovascular
disease (ASCVD).1 Current guidelines on the management
of dyslipidaemia commonly include a history of percuta-
neous coronary intervention (PCI) as a component of the
documented ASCVD and strongly recommend the initial
prescription of a high-intensity statin for sufficient reduc-
tion of low-density lipoprotein (LDL)-cholesterol.2,3

Furthermore, the benefit of high-intensity statin treat-
ment following PCI is well established, making it the most
frequently used treatment modality in patients following
PCI.4–6 High-intensity statin therapy among patients who
underwent PCI have undeniable benefits; however, studies
have found significant underuse of high-intensity statins
in secondary prevention following PCI in real-world
practice.6,7 This reluctance may be explained by concerns
regarding drug-related side effects.8 The results of the
randomised RACING trial (long-term efficacy and safety of
moderate-intensity statin with ezetimibe combination
therapy versus high-intensity statin monotherapy in pa-
tients with atherosclerotic cardiovascular disease) demon-
strated that among the patients with documented ASCVD,
moderated-intensity statin with ezetimibe combination
therapy was non-inferior to high-intensity statin mono-
therapy for the occurrence of 3-year adverse cardiovascular
events, and was more favourable in LDL-cholesterol
reduction and drug adherence.9 In this post-hoc analysis
of the RACING study (long-term efficacy and safety of
moderate-intensity statin with ezetimibe combination
therapy versus high-intensity statin monotherapy in pa-
tients with atherosclerotic cardiovascular disease), we
investigated the effect of ezetimibe in combination with a
moderate-intensity statin in patients with ASCVD
following PCI.
Methods
Study design and population
This was a post-hoc analysis of the RACING trial that
included patients with PCI history. The study design has
previously been published and the study protocol is pro-
vided in the Appendix.9 In brief, this trial was an
investigator-initiated, multicentre, randomised, open-label
clinical trial in 26 clinical centres across South Korea
that enrolled 3780 patients with documented ASCVD
requiring high-intensity statin therapy and achieved LDL-
cholesterol levels <70 mg/dL.10 This study was approved
by the institutional review board at each participating
centre (Yonsei University Health System, Institutional
Review Board, 4-2016-1025). The study was done in
accordance with the principles of the Declaration of Hel-
sinki. All participants provided written informed consent.

Randomisation and follow-up
Patients were randomly assigned in a 1:1 manner to
receive either ezetimibe/moderate-intensity statin
www.thelancet.com Vol 58 April, 2023
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combination therapy (rosuvastatin 10 mg with ezeti-
mibe 10 mg orally once daily) or high-intensity statin
monotherapy (rosuvastatin 20 mg orally once daily). At
each participating site, a web-response permuted-block
randomisation (mixed blocks of 4 or 6) was used to
allocate patients who were stratified by LDL-cholesterol
levels <100 mg/dL and the presence of diabetes melli-
tus at baseline. The initial dose (rosuvastatin 10 mg and
ezetimibe 10 mg for combination therapy and rosuvas-
tatin 20 mg for statin monotherapy) was strongly
advised to be maintained throughout the entire follow-
up period. However, after considering the compliance,
tolerance, and clinical situation of the patients, the up or
down-titration of dosages in both groups was at the
discretion of the physician and required a detailed
report of reasons. Guideline-directed medical therapy is
strongly recommended for other medical treatments to
control the various health conditions of patients (e.g.,
blood pressure or glycaemia, cessation of smoking, or
optimal pharmacologic treatment for heart failure).

The clinical and laboratory reports of the patients
were assessed at baseline. Patients were scheduled for
follow-up visits at 2, 6 months, and every 1-year after
that. At baseline, 2 and 6 months, and 1, 2, and 3 years
of follow-up, general health status was assessed,
including muscle-related symptoms, medication use,
and the occurrence of an endpoint or adverse event.
Serial follow-ups of the lipid profile of the patients,
including total cholesterol, LDL-cholesterol, high-den-
sity lipoprotein cholesterol, and triglyceride levels, were
performed at 1, 2, and 3 years. When the study drugs
were used for the first time at enrollment or when the
dose or type of study medications was changed during
follow-up, patients were advised to undergo laboratory
tests within 4–6 weeks. Aspartate aminotransferase,
alanine aminotransferase, and creatinine kinase levels
were assessed to monitor adverse effects related to the
study medications.

Study endpoint
In this analysis, the prespecified endpoints of the
RACING trial were used.9 The primary endpoint was
the occurrence of cardiovascular death, major cardio-
vascular events, or nonfatal stroke within 3 years. Cor-
onary or peripheral revascularisation or hospitalisation
for cardiovascular events was considered major cardio-
vascular events. Cardiovascular death was defined as
death caused by MI, sudden cardiac death, heart failure,
stroke, cardiovascular procedures, cardiovascular hae-
morrhage, or any other case of death in which a clinical
endpoint committee could not exclude a cardiovascular
cause.11 A definition of MI, revascularisation, hospital-
isation, and non-fatal stroke of the endpoints has pre-
viously been described.9 Secondary endpoints were the
clinical efficacy and safety outcomes. Efficacy endpoints
included (1) the proportion of participants who had
their LDL-cholesterol levels reduced to <70 mg/dL or
www.thelancet.com Vol 58 April, 2023
<55 mg/dL at 1, 2, and 3 years; (2) the composite of all-
cause death, major cardiovascular events, and nonfatal
stroke; and (3) any individual component of the primary
endpoint. Safety endpoints included (1) study medica-
tion discontinuation or dose reduction caused by
intolerance and (2) the occurrence of clinical adverse
events, including new-onset diabetes mellitus, muscle-,
hepatic-, or gallbladder-related adverse effects, or cancer
diagnosis. New-onset diabetes mellitus was defined as
the initiation of antidiabetic medication during the
study period or a fasting plasma glucose level of
>125mg/dL in the study.9

Statistical analyses
The rationale for determining the sample size for the
RACING trial was previously presented.9 Categorical
data on demographics, medication, and procedural
characteristics were described as numbers (percent-
ages). Continuous variables were expressed as
mean ± standard deviation or median (interquartile
range) depending on the normality of data distribution
which was assessed by the Kolmogorov–Smirnov test.
The time enrollment to the occurrence of the first event
of interest during follow-up was used to plot the Kaplan–
Meier curves for time-to-event analysis. Event rates be-
tween the two groups were compared using log-rank
tests, and hazard ratios (HR) with 95% confidence in-
tervals (CI) were estimated using Cox regression anal-
ysis, in which the stratification variables (diabetes
mellitus and baseline LDL-cholesterol <100 mg/dL)
were included. The primary and secondary efficacy
endpoints were assessed using an intention-to-
treatment manner, while the secondary safety end-
points were assessed in the safety population that
excluded the participants who were not given the
assigned therapy unless they discontinued or reduced
the dose due to intolerance.9 We performed sensitivity
analyses for the primary and secondary efficacy end-
points using a per-protocol population, and for the
secondary safety endpoint using the intention-to-treat
population. To fill in the missing values, no imputa-
tion was used. Those who lacked primary and secondary
endpoint data were censored during consent withdrawal
or loss to follow-up. All analyses were conducted using
SPSS (version 25.0; IBM Corporation, Chicago, IL,
USA) and R 3.5.3 software (R Foundation). This trial
was registered at ClinicalTrials.gov (NCT03044665).

Role of the funding source
The funder of this study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Baseline characteristics
Between February 14, 2017, and December 18, 2018, a
total of 3780 participants were enrolled in the RACING
3

http://ClinicalTrials.gov
www.thelancet.com/digital-health


Fig. 1: Study profile for this post-hoc analysis of the RACING trial. RACING, randomised comparison of efficacy and safety of lipid-lowering
with statin monotherapy versus statin/ezetimibe combination for high-risk cardiovascular disease; ASCVD, atherosclerotic cardiovascular disease;
PCI, percutaneous coronary intervention.
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trial, and 2497 patients (67%) had a prior history of PCI
at randomisation (Fig. 1). Compared with patients with
ASCVD without prior PCI (n = 1283), those with prior
PCI were older and more likely to be male. The inci-
dence of myocardial infarction (MI) (49.3% vs. 20.2%),
ischaemic stroke (6.3% vs. 4.3%), end-stage kidney
disease (1.0% vs. 0.3%), hypertension (69.6% vs. 61.0%),
and diabetes mellitus (41.4% vs. 28.4%) was higher in
patients with prior PCI. Patients with prior PCI had a
higher proportion of previous treatment with high-
intensity statins (44.1% vs. 26.3%, p < 0.001) and a
lower baseline LDL-cholesterol concentration (77 mg/dL
vs. 91 mg/dL, p < 0.001) before randomisation. Table S1
in Appendix shows the other characteristics associated
with prior PCI. In patients with or without PCI, the
baseline characteristics of patients randomly assigned to
moderate-intensity statin with ezetimibe combination
therapy and high-intensity statin monotherapy were well
balanced (Table 1).

Clinical efficacy outcomes
Fig. 2A depicts the primary endpoint incidence rates in
patients with and without prior PCI. The primary
endpoint was higher in patients who underwent PCI
than in those who did not undergo PCI (10.4% vs. 7.6%;
hazard ratio [HR], 1.34; 95% confidence interval [CI],
1.06–1.69; p = 0.014). Among patients who underwent
PCI, no significant difference was observed in the
occurrence of the primary endpoint based on a history
of prior MI (10.1% vs. 11%, p = 0.474) (Fig. 2B). Three-
year clinical outcomes of patients with and without prior
PCI are presented in Table 2. There was no significant
difference in the occurrence of the primary endpoint
between the combination therapy and high-intensity
statin monotherapy among patients with a history of
prior PCI (HR, 0.95; 95% CI, 0.74–1.24; p = 0.781) and
without (HR, 0.79; 95% CI, 0.53–1.18; p = 0.253)
(Fig. 3). Consistently, the rates of secondary efficacy
endpoints were not different between the two treatment
groups among patients with and without prior PCI. At
sensitivity analyses for patients with prior PCI, the effect
of ezetimibe combination therapy versus high-intensity
statin monotherapy in terms of the primary and sec-
ondary efficacy endpoints appeared consistent
throughout the per-protocol analysis (Appendix,
Tables S2 and S3), subgroup analyses according to prior
coronary revascularisation (Fig. S1 in Appendix), prior
MI (Appendix, Table S4 and Fig. S2) or key comorbid-
ities (Appendix, Fig. S3).

Lipid profiles
Table 3 shows the serial changes in serum LDL-cholesterol
levels measured at 1, 2, and 3 years after randomisation in
patients with and without prior PCI. Among patients with
www.thelancet.com Vol 58 April, 2023
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Characteristics Prior PCI (N = 2497) No prior PCI (N = 1283)

Moderate-intensity statin
with ezetimibe (N = 1258)

High-intensity statin
monotherapy (N = 1239)

P-value Moderate-intensity statin
with ezetimibe (N = 636)

High-intensity statin
monotherapy (N = 647)

P-value

Age, years 63.8 ± 9.5 64.6 ± 9.6 0.133 63.2 ± 9.5 63.0 ± 9.7 0.799

Female sex 264 (21.0) 268 (21.6) 0.696 210 (33.0) 212 (32.8) 0.485

Male sex 994 (79.0) 971 (78.4) 0.696 426 (67.0) 435 (67.2) 0.485

Height, cm 165.5 ± 8.0 165.1 ± 8.0 0.166 164.1 ± 8.4 163.8 ± 8.6 0.454

Weight, kg 69.1 ± 11.4 68.5 ± 11.0 0.200 67.1 ± 11.2 67.6 ± 10.9 0.409

Body mass index, kg/m2 25.0 ± 3.1 25.1 ± 3.1 0.585 25.0 ± 3.2 25.1 ± 3.1 0.080

Prior myocardial infarction 623 (49.5) 607 (49.0) 0.810 121 (19.0) 138 (21.3) 0.169

Prior coronary artery bypass
surgery

76 (6.0) 64 (5.2) 0.384 56 (8.8) 51 (7.9) 0.614

Acute coronary syndrome 27 (2.1) 20 (1.6) 0.378 0 0 –

Prior ischaemic stroke 73 (5.8) 85 (6.9) 0.286 28 (4.4) 27 (4.2) 0.474

Chronic kidney diseasea 134 (10.7) 139 (11.2) 0.654 59 (9.3) 60 (9.3) 0.537

End-stage kidney disease on
dialysis

11 (0.9) 14 (1.1) 0.552 2 (0.3) 2 (0.3) 0.681

Peripheral artery disease 30 (2.4) 28 (2.3) 0.895 36 (5.7) 41 (6.3) 0.640

Hypertension 868 (69.0) 870 (70.2) 0.514 378 (59.4) 404 (62.4) 0.277

Diabetes mellitus 524 (41.7) 509 (41.1) 0.776 177 (27.8) 188 (29.1) 0.665

Diabetes mellitus with insulin
treatment

38 (3.0) 50 (4.0) 0.193 12 (1.9) 20 (3.1) 0.114

Current smoker 211 (16.8) 194 (15.7) 0.480 117 (18.4) 116 (17.9) 0.442

Dyslipidaemia treatment before
randomisation

0.154 0.107

High-intensity statin 554 (44.0) 548 (44.2) 157 (24.7) 181 (28.0)

High-intensity statin with
ezetimibe

67 (5.3) 51 (4.1) 18 (2.8) 12 (1.9)

Moderate-intensity statin 441 (35.1) 481 (38.8) 240 (37.7) 204 (31.5)

Moderate-intensity statin with
ezetimibe

162 (12.9) 134 (10.8) 89 (14.0) 114 (17.6)

Low-intensity statin 4 (0.3) 2 (0.2) 2 (0.3) 3 (0.5)

None 30 (2.4) 23 (1.9) 130 (20.4) 133 (20.6)

Median serum LDL-C level, mg/dL 77 (61–93) 76 (61–92) 0.404 91 (71–115) 90 (72–118) 0.602

No. of patients with LDL-C levels
<55 mg/dL (%)

205 (16.3) 199 (16.1) 0.913 50 (7.9) 47 (7.3) 0.752

No. of patients with LDL-C levels
<70 mg/dL (%)

494 (39.3) 472 (38.1) 0.287 149 (23.4) 144 (22.3) 0.332

Data are presented as mean ± SD, median (interquartile range), or number (%). PCI, percutaneous coronary intervention; LDL-C, low-density lipoprotein cholesterol. aChronic kidney disease was defined as
an estimated glomerular filtration rate of <60 ml per min per 1.73 m2 of body surface area.

Table 1: Baseline characteristics according to treatment assignment and prior PCI status.

Articles
prior PCI, the treatment goal of LDL-cholesterol <70 mg/
dL was achieved in 823/1117 (73.6%), 790/1046 (75.5%),
and 673/921 (73.1%) patients assigned to the combination
therapy group, and 637/1113 (57.2%), 643/1038 (61.9%),
and 517/883 (58.6%) patients assigned in the high-
intensity statin monotherapy group. Similarly, the pro-
portion of patients with LDL-cholesterol <55 mg/dL was
also significantly higher in the combination therapy group.
Significant differences in the median LDL-cholesterol
concentrations were observed during the follow-up
period (57 mg/dL vs. 66 mg/dL at 1 year; 56 vs. 64 at 2
years; 58 vs. 65 at 3 years; all p < 0.001). The favourable
effect of combination therapy on reducing LDL-cholesterol
during the study period was also observed in patients who
had not previously undergone PCI.
www.thelancet.com Vol 58 April, 2023
Safety endpoint
There was no significant difference in the occurrence of
death, new-onset diabetes mellitus, muscle-related
adverse events, gallbladder-related adverse events, ma-
jor bleeding, cancer diagnosis, new-onset neuro-
cognitive disorder, or cataract surgery among the
patients who underwent PCI who were randomly
assigned to either combination therapy or high-intensity
statin monotherapy (all p > 0.05, Fig. 4). However, 52
patients (4.2%) in the combination therapy group and 92
patients (7.6%) in the high-intensity statin monotherapy
group discontinued or reduced the assigned treatment
drug due to intolerance or adverse events, with a
significantly lower incidence in the combination therapy
group (odds ratio [OR], 0.52; 95% CI, 0.37–0.74;
5
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Fig. 2: Time-to-event curves of the primary endpoint according to (A) prior PCI and (B) history of myocardial infarction among patients
with prior PCI. Time-to-event curves were plotted using Kaplan–Meier survival analysis. HR, hazard ratio; CI, confidence interval; PCI, percu-
taneous coronary intervention; MI, myocardial infarction.
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p = 0.001) (Fig. 4). Similarly, in patients that did not
undergo PCI, the occurrence of intolerance leading to
discontinuation or dose reduction of the study drug was
lower in the combination group (5.8% vs. 9.3%; OR,
0.61; 95% CI, 0.39–0.94; p = 0.023), and there was no
difference in the risk of other drug-related adverse
events between the treatment groups (Appendix,
Fig. S4). As a sensitivity analysis, the secondary safety
outcomes of patients with prior PCI according to the
intention-to-treat population are presented in Fig. S5 in
Appendix.
Discussion
The principal findings were as follows: 1) patients who
underwent PCI had a higher risk of recurrent ischaemic
events than those without PCI; 2) moderate-intensity
statin with ezetimibe combination therapy revealed a
similar clinical outcome compared to high-intensity
statin monotherapy in terms of a primary endpoint; 3)
combination therapy was used to achieve the recom-
mended LDL-cholesterol level more frequently than
high-intensity statin monotherapy; 4) statin discontinu-
ation following PCI was less frequently observed in the
moderate-intensity statin with ezetimibe combination
therapy group compared to the high-intensity statin
monotherapy group.

Advances have been made in procedural techniques
and the broad adoption of newer-generation drug-
eluting stents during contemporary PCI; however, the
risk of recurrent adverse cardiovascular outcomes re-
mains considerably high.12 Therefore, current lipid
management guidelines recommend stringent control
of LDL-cholesterol in patients with ASCVD with risk
factors for recurrent cardiovascular events, such as prior
PCI.2,3 Prior PCI is one of the high-risk conditions
constituting the definition criteria of a very high risk of
future ASCVD events requiring high-intensity statin in
the latest AHA/ACC lipid management guidelines pre-
sented in 2018.2 High-intensity or maximally tolerable
doses of statins are strongly recommended for patients
with ASCVD at very high risk (Class I), and the addition
of ezetimibe should be considered in patients with
LDL-cholesterol ≥70 mg/dL (Class IIa). The recent 2019
ESC/EAS guidelines also classified patients with prior
PCI as a very high-risk population and strongly recom-
mended intensive lipid-lowering therapy with an LDL-
cholesterol goal of <55 mg/dL and ≥50% reduction
from baseline (Class Ia).3 Despite designating patients
with prior PCI as very high-risk subset of ASCVD and
highlighting the significance of strict LDL-cholesterol
lowering, the results of studies investigating the ef-
fects of ezetimibe combination in this subgroup are
extremely limited. In case of insufficiently reduced LDL-
cholesterol levels despite a maximally tolerated dose of
statin, combination therapy with ezetimibe should be
considered (Class Ia). Prior studies have investigated the
effect of strict lipid-lowering therapy with the additional
use of non-statin lipid-lowering agents in patients with
prior PCI based on the heightened risk of recurrent
adverse cardiovascular events.13–15 A post-hoc analysis of
the FOURIER (Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in patients with
Elevated Risk) trial for patients with prior PCI, revealed
that evolocumab significantly reduced the risk of major
adverse cardiovascular events, including the risk of
coronary revascularisation in patients with prior PCI
including patients with complex coronary disease.13,14

Additionally, in a post-hoc analysis of the REDUCE-IT
(Reduction of Cardiovascular Events with Icosapent
www.thelancet.com Vol 58 April, 2023
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Prior PCI (N = 2497) No prior PCI (N = 1283) P for
interaction

Moderate-intensity
statin with
ezetimibe
(N = 1258)

High-intensity
statin
monotherapy
(N = 1239)

HR (95% CI) P-value Moderate-intensity
statin with
ezetimibe
(N = 636)

High-intensity
statin
monotherapy
(N = 647)

HR (95% CI) P-value

Primary endpoint
Composite of cardiovascular
death, major cardiovascular
event, or nonfatal stroke

129 (10.3) 131 (10.6) 0.95 (0.74–1.24) 0.781 43 (6.8) 55 (8.5) 0.79 (0.53–1.18) 0.253 0.402

Secondary efficacy endpoint
Composite of all death, major
cardiovascular event, or
nonfatal stroke

137 (10.9) 139 (11.2) 0.97 (0.76–1.22) 0.783 49 (7.7) 58 (9.0) 0.86 (0.59–1.25) 0.426 0.592

Individual clinical endpoint

Cardiovascular death 5 (0.4) 5 (0.4) 1.02 (0.26–3.92) 0.978 3 (0.5) 1 (0.2) 3.08 (0.32–29.63) 0.330 0.401

All-cause of death 17 (1.4) 15 (1.2) 1.12 (0.56–2.24) 0.755 9 (1.4) 7 (1.1) 1.34 (0.50–3.60) 0.564 0.775

Major cardiovascular events 117 (9.3) 118 (9.5) 0.92 (0.71–1.21) 0.564 36 (5.7) 49 (7.6) 0.75 (0.49–1.15) 0.182 0.296

Coronary artery
revascularisation

68 (5.4) 64 (5.2) 1.04 (0.74–1.47) 0.801 23 (3.6) 25 (3.9) 0.94 (0.54–1.66) 0.842 0.777

Percutaneous coronary
intervention

65 (5.2) 64 (5.2) 22 (3.5) 25 (3.9)

Coronary artery bypass
surgery

3 (0.2) 0 1 (0.1) 0

Peripheral artery
revascularisation

3 (0.2) 5 (0.4) 0.58 (0.24–2.43) 0.457 5 (0.8) 2 (0.3) 2.54 (0.49–13.13) 0.265 0.178

Hospitalisation for ischaemic
heart disease

107 (8.5) 109 (8.8) 0.97 (0.74–1.26) 0.810 35 (5.5) 41 (6.3) 0.87 (0.56–1.37) 0.550 0.719

Hospitalisation for heart
failure

11 (0.9) 10 (0.8) 1.07 (0.45–2.52) 0.875 3 (0.5) 9 (1.4) 0.35 (0.09–1.28) 0.113 0.145

Hospitalisation for peripheral
artery disease

3 (0.2) 5 (0.4) 0.58 (0.14–2.43) 0.457 5 (0.8) 2 (0.3) 2.54 (0.49–13.12) 0.265 0.178

Nonfatal stroke 10 (0.8) 9 (0.7) 1.11 (0.45–2.73) 0.824 5 (0.8) 5 (0.8) 1.02 (0.30–3.53) 0.973 0.923

Ischaemic stroke 7 (0.6) 8 (0.6) 0.87 (0.32–2.40) 0.788 4 (0.6) 3 (0.5) 1.05 (0.23–4.74) 0.950 0.557

Haemorrhagic stroke 3 (0.2) 1 (0.1) 2.79 (0.28–27.51) 0.379 1 (0.2) 2 (0.3) 0.82 (0.05–13.24) 0.887 0.154

Data are the number of events percentages. Hazard ratios were calculated by Cox regression analysis in which the stratification variables (diabetes mellitus and baseline low-density lipoprotein cholesterol
<100 mg/dL) were included. PCI, percutaneous coronary intervention.

Table 2: Three-year clinical efficacy endpoint according to treatment strategy and history of PCI.
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Ethyl-Intervention Trial) study, the addition of icosapent
ethyl to statin significantly reduced the risk of coronary
revascularisation by 39% in a subset of patients with
prior MI, with approximately 80% of patients having a
history of prior PCI.15 Taken together, patients with
ASCVD with prior PCI are considered a high-risk pop-
ulation requiring adequate LDL-cholesterol reduction;
therefore, high-intensity statin is the guideline-
endorsed, and the most common pharmacological
therapy in patients with prior PCI.2,3,6

However, despite the well-established benefit of
high-intensity statins in the secondary prevention of
documented ASCVD and prior PCI, there is a signifi-
cant gap between guideline recommendations and real-
world practice.7,16 Discontinuation of lipid-lowering
drugs was observed in 42% of the patients during the
7-year follow-up of the IMPROVE-IT trial (IMProved
Reduction of Outcomes: Vytorin Efficacy International
Trial), which investigated the additive benefit of
www.thelancet.com Vol 58 April, 2023
ezetimibe combination in addition to a fixed dose of
statin (simvastatin 40 mg) after acute coronary syn-
drome.17 Only 18 patients at very high risk achieved the
target cholesterol level in the DA VINCI registry ac-
cording to guideline recommendations that included
2794 patients with ASCVD from 18 European countries
between 2017 and 2018.18 Noteworthily, high-intensity
statins were used in only 38% of high-risk patients
with documented ASCVD; instead, moderate-intensity
statin monotherapy was the most frequently used
lipid-lowering treatment modality, even in very high-risk
patients, and only 16% met the 2019 ESC/EAS guideline
LDL-cholesterol goal.18 Furthermore, the under-
utilisation of high-intensity statins following PCI has
been consistently observed globally.6,19–21 In addition to
intolerance or poor adherence of the patients based on
the concerns for the side effects of high-intensity statin,
other numerous factors could contribute to this signif-
icant gap between the guidelines and practice, such as
7
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Fig. 3: Time-to-event curve of the primary endpoint according to treatment strategy and prior PCI status. Kaplan–Meier survival curves for
the primary outcomes among patients (A) with prior PCI, (B) without prior PCI. HR, hazard ratio; CI, confidence interval; PCI, percutaneous
coronary intervention.

1 year

No. of patients

No. of patients with LD
levels <70 mg/dL (%)

No. of patients with LD
levels <55 mg/dL (%)

LDL-C level (mg/dL)

2 years

No. of patients

No. of patients with LD
levels <70 mg/dL (%)

No. of patients with LD
levels <55 mg/dL (%)

LDL-C level (mg/dL)

3 years

No. of patients

No. of patients with LD
levels <70 mg/dL (%)

No. of patients with LD
levels <55 mg/dL (%)

LDL-C level (mg/dL)

Data are presented as media

Table 3: Serial serum LDL
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reluctance of the physicians to prescribe high-intensity
statin or increase the dosage, high drug costs, poly-
pharmacy, a lack of education, socioeconomic environ-
ment, caregiver involvement, or insurance issues.20

Given the indispensable benefit of strict LDL-
cholesterol control by using high-intensity statin fol-
lowing PCI and the contrasting under-utilisation in
Prior PCI (N = 2497)

Moderate-intensity statin with
ezetimibe (N = 1258)

High-intensity statin
monotherapy (N = 1239)

P-value

1117 1113

L-C 823 (73.6) 637 (57.2) <0.001

L-C 475 (42.5) 281 (25.2) <0.001

57 (46–70) 66 (54–79) <0.001

1046 1038

L-C 790 (75.5) 643 (61.9) <0.001

L-C 492 (47.0) 327 (31.5) <0.001

56 (44–69) 64 (52–77) <0.001

921 883

L-C 673 (73.1) 517 (58.6) <0.001

L-C 392 (42.6) 234 (26.5) <0.001

58 (46–70) 65 (54–80) <0.001

ns (interquartile ranges) or numbers (%). PCI, percutaneous coronary intervention; LDL-C,

cholesterol level during the study period among patients with and without p
real-world practice, initial consideration of non-statin
lipid-lowering therapy and statin intensity reduction
could be a reasonable approach. In contrast to previous
randomised controlled trials that investigated the addi-
tional benefit of non-statin lipid-lowering modality in
addition to a fixed dose of statin17,22–24 the randomised
RACING trial was used to investigate the clinical impact
No prior PCI (N = 1283)

Moderate-intensity statin with
ezetimibe (N = 636)

High-intensity statin
monotherapy (N = 647)

P-value

558 560

394 (70.6) 286 (51.1) <0.001

220 (39.4) 134 (23.9) <0.001

59 (47–73) 69 (55–83) <0.001

512 501

378 (73.8) 281 (56.1) <0.001

216 (42.2) 124 (24.8) <0.001

58 (47–71) 66 (55–83) <0.001

428 432

305 (71.3) 242 (56.0) <0.001

171 (40.0) 96 (22.2) <0.001

58 (47–72) 67 (55–81) <0.001

low-density lipoprotein cholesterol.

rior PCI.
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Fig. 4: Effect of ezetimibe combination therapy on safety endpoint in patients with prior PCI. *The incidence of new-onset diabetes mellitus
was determined specifically for participants who had no prior history of diabetes mellitus at the time of randomisation. **Muscle-related adverse
events were defined as a composite of rhabdomyolysis, myopathy, myalgia, and myonecrosis. CI, confidence interval. Odds ratios were calculated by
the logistic regression analysis in which age, sex, diabetes mellitus, and baseline low-density lipoprotein cholesterol <100 mg/dL were included for
adjustment.

Articles
of initial ezetimibe combination with a moderate-
potency statin strategy in patients with ASCVD.9

Consistent with the findings of the main trial, the pre-
sent secondary analysis for the subset of patients with
prior PCI from the RACING trial revealed that
moderate-intensity statin with ezetimibe combination
versus high-intensity statin found that comparable 3-
year clinical outcomes in terms of the primary
endpoint and was associated with higher achievement of
target LDL-cholesterol goal and lesser occurrence of
drug intolerance or dose reduction. Furthermore, these
favourable effects of combination therapy were consis-
tently maintained in sensitivity analyses when patients
with a history of MI who underwent PCI or prior cor-
onary revascularisation were targeted, implying that
moderate-intensity statin with ezetimibe combination
therapy could be a feasible treatment modality for pa-
tients with coronary artery disease who may not tolerate
long-term high-intensity statin therapy.

The present study had some limitations. First, this is
an exploratory analysis from the randomised RACING
trial; therefore, the results for patients with prior PCI
may have limited statistical power and there is a po-
tential for type I error due to multiple comparisons.
Second, the current analyses were not pre-specified, the
randomisation procedure was not stratified based on
prior PCI history, and information regarding the coro-
nary anatomy or procedural complexity was not avail-
able. Therefore, the current findings should be
considered hypothesis-generating, as it cannot be
excluded that the results may have arisen by chance.
www.thelancet.com Vol 58 April, 2023
Third, the proportion of acute coronary syndrome at
study randomisation was very small; therefore, our
findings may only reflect the clinical impact of the initial
combination therapy in stabilised patients following
PCI, and caution is warranted when applying it to all
patients undergoing PCI. Finally, the 3-year study
period was not enough to evaluate whether difference in
LDL-cholesterol according to treatment strategy leads to
disparities in clinical outcome, therefore long-term
follow-up studies are required.

In conclusion, among patients with ASCVD with
prior PCI, moderate-intensity statin with ezetimibe
combination therapy produced clinical outcomes
comparable to high-intensity statin monotherapy and
was associated with higher achievement of the target
LDL-cholesterol goal and less occurrence of drug
intolerance.
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