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Long-term efficacy and safety of moderate-intensity statin
with ezetimibe combination therapy versus high-intensity
statin monotherapy in patients with atherosclerotic
cardiovascular disease (RACING): a randomised, open-label,
non-inferiority trial

Byeong-Keuk Kim*, Sung-Jin Hong*, Yong-Joon Lee, Soon Jun Hong, Kyeong Ho Yun, Bum-Kee Hong, Jung Ho Heo, Seung-Woon Rha,
Yun-Hyeong Cho, Seung-Jun Lee, Chul-Min Ahn, Jung-Sun Kim, Young-Guk Ko, Donghoon Choi, Yangsoo Jang, Myeong-Ki Hong, on behalf of the
RACING investigatorst

Summary

Background Drug combinations rather than increasing doses of one drug can achieve greater efficacy and lower risks.
Thus, as an alternative to high-intensity statin monotherapy, moderate-intensity statin with ezetimibe combination
therapy can lower LDL cholesterol concentrations effectively while reducing adverse effects. However, evidence from
randomised trials to compare long-term clinical outcomes is needed.

Methods In this randomised, open-label, non-inferiority trial, patients with atherosclerotic cardiovascular disease
(ASCVD) at 26 clinical centres in South Korea were randomly assigned (1:1) 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 primary endpoint was the 3-year composite of cardiovascular death, major cardiovascular
events, or non-fatal stroke, in the intention-to-treat population with a non-inferiority margin of 2.0%. This trial is
registered with ClinicalTrials.gov, NCT03044665 and is complete.

Findings Between Feb 14, 2017, and Dec 18, 2018, 3780 patients were enrolled: 1894 patients to the combination
therapy group and 1886 to the high-intensity statin monotherapy group. The primary endpoint occurred in
172 patients (9-1%) in the combination therapy group and 186 patients (9-9%) in the high-intensity statin monotherapy
group (absolute difference —0-78%; 90% CI -2-39 to 0-83). LDL cholesterol concentrations of less than 70 mg/dL at
1, 2, and 3 years were observed in 73%, 75%, and 72% of patients in the combination therapy group, and 55%, 60%,
and 58% of patients in the high-intensity statin monotherapy group (all p<0-0001). Discontinuation or dose reduction
of the study drug by intolerance was observed in 88 patients (4-8%) and 150 patients (8 -2%), respectively (p<0-0001).

Interpretation Among patients with ASCVD, moderate-intensity statin with ezetimibe combination therapy was
non-inferior to high-intensity statin monotherapy for the 3-year composite outcomes with a higher proportion of
patients with LDL cholesterol concentrations of less than 70 mg/dL and lower intolerance-related drug discontinuation
or dose reduction.
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Introduction
Guidelines and several studies recommend the intensive

clearance of cholesterol from the blood.”® Therefore,
compared with high-intensity statin alone, the addition of

lowering of LDL cholesterol concentrations with
high-intensity ~ 3-hydroxy-3-methylglutaryl-coenzyme A
reductase inhibitors (statins) in patients with established
atherosclerotic ~ cardiovascular diseases (ASCVD)."”
However, rather than increasing doses of one drug, many
are now advocating that greater efficacy and lower risks
can be achieved by use of drug combinations.® Ezetimibe
inhibits cholesterol absorption from the intestine by
blocking the Niemann-Pick Cl-Like 1 receptor, which
leads to a decreased delivery of cholesterol to the liver,
reduction of hepatic cholesterol stores, and increased

ezetimibe to lower-intensity statin could provide an
alternative strategy to not only achieve adequate
LDL cholesterol concentrations but also reduce the
required dose of statins. This would contribute to a
reduction in the adverse effects or potential intolerances
related to high-intensity statin therapy.***In meta-analyses
from several randomised trials, lower-intensity statin
with ezetimibe combination therapy showed significantly
decreased LDL cholesterol concentrations compared with
higher-intensity statin monotherapy.** However, despite
the expectation that lower-intensity statin with ezetimibe
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Research in context

Evidence before this study

We searched PubMed for articles published in English up to
March 31, 2022, to identify relevant published clinical studies
using the search terms “randomised”, “statin”, and “ezetimibe”.
We aimed to identify randomised clinical trials which compare
long-term clinical outcomes (>1 year) between lower-intensity
statin with ezetimibe combination therapy and higher-
intensity statin monotherapy (not add-on ezetimibe treatment
to the same dose statin). However, there were no randomised
clinical trials.

Added value of this study

This was a pivotal multicentre, randomised, controlled trial
with 3780 patients with established atherosclerotic
cardiovascular disease comparing moderate-intensity statin
with ezetimibe combination therapy versus high-intensity
statin monotherapy. Moderate-intensity statin with ezetimibe

combination therapy would lower LDL cholesterol
concentrations more effectively while reducing statin-
associated adverse effects, there were no randomised
clinical trials that compared the long-term clinical
outcomes between these two strategies in patients with
established ASCVD.

Therefore, this RACING trial (randomised comparison
of efficacy and safety of lipid lowering with statin
monotherapy versus statin-ezetimibe combination for
high-risk cardiovascular disease) sought to compare 3-year
clinical efficacy and safety of moderate-intensity statin
with ezetimibe combination therapy versus high-intensity
statin monotherapy in patients who are at very high risk
for cardiovascular diseases. We sought to establish that
adding ezetimibe to moderate-intensity statin could be an
effective treatment for lowering cholesterol.

Methods

Study design

This trial was an investigator-initiated, multicentre,
randomised, open-label, clinical trial done at 26 clinical
centres in South Korea. The trial protocol 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
Helsinki. The final study protocol is available in the
appendix (pp 15-38). There were no major protocol
amendments regarding the sample size, study
population, and clinical endpoint. There were no
planned trial discontinuation rules. Study coordination,
data management, and site management services were
done at the Cardiovascular Research Center (Seoul,
South Korea). Designated trial monitors reviewed the
investigational data at appropriate intervals for accuracy
and completeness and to ensure protocol compliance.
The data and safety monitoring board (DSMB), which

combination therapy was non-inferior to high-intensity statin
monotherapy for the 3-year composite of cardiovascular death,
major cardiovascular events, or non-fatal stroke (9:1% vs 9-9%;
difference -0-78%; 90% Cl -2-39 to 0-83%; prespecified
non-inferiority margin of 2-0% difference) with a higher
proportion of patients who achieved LDL cholesterol
concentration of less than 70 mg/dL and lower intolerance-
related drug discontinuation or dose reduction.

Implications of all the available evidence

Our results support recommending the addition of ezetimibe
for patients who are taking moderate-intensity statins at a
maximal tolerance. Moreover, these findings suggest that
ezetimibe combination therapy might be considered earlier in
the use of moderate-intensity statin therapy rather than
doubling the statin dose for patients at high risk of adverse
effects or statin intolerance with high-intensity statin therapy.

was responsible for ensuring participant safety, acted to
monitor patient safety, evaluate study progress, and
review the process. For safety monitoring, adverse events
were centrally collected, the DSMB reviewed the blinded
safety data, and the DSMB statistician provided
unblinded summary tables. The DSMB discussed and
established whether early stopping was needed or
whether there were safety concerns.

Participants

Patients with documented ASCVD requiring high-
intensity statin therapy and achievement of LDL cholesterol
concentrations of less than 70 mg/dL were enrolled.”
Documented ASCVD was defined as the presence or
occurrence of at least one of the following: previous
myocardial infarction (MI), acute coronary syndrome,
history of coronary revascularisation or other arterial
revascularisation procedures, ischaemic stroke, or
peripheral artery disease (PAD).? Further details about the
inclusion and exclusion criteria are provided in the
appendix (p 4). All participants provided written informed
consent.

Randomisation

The eligible patients were randomly assigned in a
1:1 manner to receive either ezetimibe and moderate-
intensity statin combination therapy (rosuvastatin 10 mg
with ezetimibe 10 mg once daily orally) or high-intensity
statin monotherapy (rosuvastatin 20 mg once daily orally).
A web-response permuted-block randomisation (mixed
blocks of 4 or 6) was used at each participating site to
allocate the patients, who were stratified by LDL cholesterol
concentrations of less than 100 mg/dL and presence of
diabetes at baseline. The allocation sequence was
computer generated by an external programmer who was
not involved in the trial, and physicians or research
coordinators accessed the web-response system.
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Procedures

Maintenance of the initial dose (rosuvastatin 10 mg and
ezetimibe 10 mg for combination therapy and rosuvastatin
20 mg for statin monotherapy) was strongly recommended
during the entire follow-up period. However, after
considering the patient’s compliance, tolerance, and
clinical situations, the up-titration or down-titration of
doses in both groups was at the physician’s discretion and
required a detailed report of reasons. For other medical
treatments, guideline-directed medical therapy was
strongly recommended to control the various health
conditions of the patients (eg, blood pressure or
glycaemia, cessation of smoking, or optimal pharma-
cological treatment for heart failure).

Patient clinical and laboratory findings were assessed at
baseline. Patients were scheduled for follow-up visits at 2
and 6 months and every 1 year thereafter. Assessment of
general health status including muscle-related symptoms,
medication use, and the occurrence of an endpoint or
adverse event was done at baseline, 2, and 6 months; and at
1, 2, and 3 years of follow-up. Serial follow-up of the
patients’ lipid profiles, including total cholesterol, LDL
cholesterol, high-density lipoprotein cholesterol, and
triglyceride concentrations, were done at 1, 2, and 3 years.
When the study drugs were used for the first time at
enrolment or there were changes in the dose or type of
study medications during follow-up, patients were
recommended to present for a laboratory test within
4-6  weeks. Aspartate aminotransferase, alanine
aminotransferase, and creatinine kinase concentrations
were assessed to monitor adverse effects related to the
study medications.

Outcomes

The primary endpoint was the occurrence of
cardiovascular death, major cardiovascular events, or
non-fatal stroke within 3 years. Major cardiovascular
events included coronary or peripheral revascularisation
or hospitalisation for cardiovascular events. Cardio-
vascular death was defined as death owing to MI, sudden
cardiac death, heart failure, stroke, cardiovascular
procedures, cardiovascular haemorrhage, and any case of
death in which a cardiovascular cause cannot be excluded
as adjudicated by a clinical endpoints committee.” MI
was defined as symptoms, electrocardiographic changes,
or abnormal imaging findings, combined with a creatine
kinase MB fraction higher than the upper normal limits
or a troponin T or troponin I concentration greater than
the 99th percentile of the upper normal limit.” Coronary
or peripheral revascularisation included endovascular
and surgical revascularisation of the coronary artery,
carotid artery, or lower extremity artery.** Hospitalisation
for any cardiovascular events included hospitalisation for
ischaemic heart disease, heart failure, or PAD.""?*
Hospitalisation for ischaemic heart disease was defined
as hospitalisation for coronary revascularisation for
typical symptoms and signs of electrocardiographic

changes, exercise, or pharmacological stress, study
evidence for inducible myocardial ischaemia,
angiographic evidence for new or worsening coronary
artery disease or intracoronary thrombus, or
hospitalisation requiring at least an overnight stay
because of substantial worsening of ischaemic symptoms
and signs (electrocardiographic, echocardiographic, or
biomarker changes).” Hospitalisation for heart failure
was defined as hospitalisation requiring at least an
overnight stay in hospital owing to substantial worsening
of heart failure symptoms or signs requiring the
augmentation of oral medications or new administration
of intravenous heart failure therapy including diuretics,
inotropes, or vasodilators.” Hospitalisation for PAD was
defined as hospitalisation for revascularisation or major
or minor amputations.” Non-fatal stroke was defined as
an acute cerebrovascular event resulting in a neurological
deficit of more than 24 h or the presence of acute
infarction shown by imaging studies.”

Secondary endpoints were clinical efficacy and safety.
Efficacy endpoints were proportion of participants whose
LDL cholesterol concentrations are reduced to less than
70 mg/dL at 1, 2, and 3 years; composite of all-cause
death, major cardiovascular events, and non-fatal stroke;
drop in the concentrations of LDL cholesterol, that is, the
percentage reduction of LDL cholesterol from baseline to
follow-up; and any individual component of the primary
endpoint. Because an LDL cholesterol goal of less than
55 mg/dL was newly recommended after the start of this
trial for secondary prevention in patients at very high-
risk according to the latest European guidelines for the
management of dyslipidaemia,' the proportion of
patients whose LDL cholesterol concentrations were less
than 55 mg/dL was also analysed as a post-hoc analysis.
Safety endpoints included the discontinuation or dose
reduction of study medication caused by intolerance and
the occurrence of clinical adverse events including new-
onset diabetes, muscle-related, hepatic-related, or
gallbladder-related adverse effects or cancer diagnosis.
An independent clinical endpoint committee masked to
the therapy assignment and the primary results of the
trial before the locking of the database was responsible
for categorising each clinical event.

Statistical analysis

The primary objective of this trial was to establish whether
moderate-intensity statin and ezetimibe combination
therapy is non-inferior to high-intensity statin
monotherapy in the occurrence of the primary endpoint
within 3 years of clinical follow-up in the intention-to-
treat population. The secondary objective was to test
whether the combination therapy group was superior to
the high-intensity statin monotherapy group in the
efficacy endpoint of achieving an LDL cholesterol value
of less than 70 mg/dL. If the primary objective was
significant, the secondary objective would be tested. On
the basis of the results of the IMPROVE-IT trial, which
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revealed primary endpoint rates of 32-7% and 34-7% in
the simvastatin-ezetimibe and simvastatin groups,
respectively, with a 6-year median follow-up duration, the
primary endpoint rate in this study was presumed to be
20%, which was lower than in the same duration of the
IMPROVE-IT trial because of our strategy to use a more
potent statin.?”? Therefore, the expected 3-year event
rate was 13% in the combination therapy group and
14% in the high-intensity statin monotherapy group. A
non-inferiority margin of 2-0 percentage points was
primarily chosen because it was considered to be
clinically not different between the two groups. A
previous meta-analysis showed a 19% relative risk
increase in the moderate-statin therapy versus high-
intensity statin therapy for coronary death or any
cardiovascular events (MI, stroke, hospitalisation for
unstable angina, or any revascularisation) in similar
patients.” Taking a conservative approach, 7- 2% of relative
risk increase (38% of the high-intensity statin effect
relative to the moderate-intensity statin) in the moderate-
intensity statin and ezetimibe combination therapy was
thought to be clinically no difference, which corresponds
to a 2-0 percentage-point difference between the groups
in our study. On the basis of the non-inferiority
hypothesis of a 2-0% margin, a total of 1605 patients

were required for each group considering a 5% one-sided
alpha error rate and 80% power. Considering a 15% loss
to follow-up, a total of 3780 patients were required to
prove our hypothesis.

For the secondary objective, the achievement of
LDL cholesterol of less than 70 mg/dL at 1 year was
31% in the simvastatin and 51% in the simvastatin—
ezetimibe groups, in the IMPROVE-IT trial, and
the LDL cholesterol-lowering effect of simvastatin-
ezetimibe 40-10 mg was known to be similar to that of
rosuvastatin 20 mg.”* Therefore, as a clinically important
difference, the proportion of participants achieving
LDL cholesterol of less than 70 mg/dL was presumed to
be 70% in the combination therapy group and 50% in the
high-intensity statin monotherapy group. On the basis of
the superiority hypothesis with a 5% two-sided alpha
error rate, 80% power, and an estimated 15% loss to
follow-up, a total of 220 patients were required, which
was fulfilled sufficiently by the sample size of
3780 patients for the primary objective of this trial.

Categorical data on demographic, medication, and
procedural characteristics are described as numbers
(percentages). Continuous variables are expressed as
mean (SD) or median (IQR) for normal or skewed
distributions. Kaplan-Meier curves for time-to-event

| 3780 patients underwent random assignment*

v

1894 assigned to receive moderate-intensity
statin with ezetimibe combination
therapy (rosuvastatin 10 mg with
ezetimibe 10 mg)

48 did not receive the allocated therapy
N 16 did not comply with protocol

17 investigator choice

15 subject choice

A 4

1846 received the allocated therapy
(included in safety population)

) 88 discontinued the allocated therapy owing
to adverse events or intolerance

A 4

1758 continued the allocated therapy
(included in per-protocol population)

26 died :
¥ 25 lost to follow-up -t
35 withdrew consent '

A 4 '
1894 included in intention-to-treat analysis |<-

v

1886 assigned to receive high-intensity
statin monotherapy (rosuvastatin
20 mg alone)

54 did not receive the allocated therapy
N 25 did not comply with protocol
20 investigator choice

9 subject choice

A 4

1832 received the allocated therapy
(included in safety population)

» 150 discontinued the allocated therapy owing
to adverse events or intolerance

A

1682 continued the allocated therapy
(included in per-protocol population)

22 died
—»{ 12 lost to follow-up
38 withdrew consent

A 4

1886 included in intention-to-treat analysis |< ------------------------------ :

Figure 1: Trial profile

*Study sites were not required to provide screening logs. Data regarding reasons for ineligibility are not available.
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analysis were plotted on the basis of the time of
enrolment to the occurrence of the first event of interest
during follow-up. Event rates between the two groups
were compared by means of log-rank tests, and hazard
ratios (HRs) with 95% Cls were estimated by means of
the Cox regression analysis. A test of non-inferiority was
done for the primary endpoint. It was predetermined
that non-inferiority would be declared if the upper
normal limit of the one-sided 95% CI for the difference
in the incidence of the primary endpoint between the
two groups was less than 2-0%. The upper normal limit
of the one-sided 95% CI was firstly reported because the
sample size was calculated for the non-inferiority test
with 5% one-sided alpha error rate, and the upper
normal limit of the one-sided 97-5% CI for the
difference in the incidence of the primary endpoint
between the two groups was also calculated as a post-
hoc analysis. Secondary endpoints of clinical efficacy
(the composite of all-cause death, major cardiovascular
events, or non-fatal stroke and the individual
components of the primary endpoint) were compared
by means of log-rank tests. Analyses of secondary
endpoints were not adjusted for multiplicity, and
findings should be interpreted as exploratory because of
the potential for type I error.

The primary analysis was done in the intention-to-treat
population with all patients randomly assigned to a
treatment group. Sensitivity analysis was done in the per-
protocol population after the exclusion of the patients
who were not given the allocated therapy (the total period
of the discontinued allocated therapy >5% of the total
follow-up period). The assessment of safety outcomes
was analysed in a safety population after the exclusion of
the patients who were not given the allocated therapy
unless they discontinued or reduced dose because of
intolerance. A prespecified subgroup analysis was done
for clinically relevant factors such as age, sex, body-mass
index, hypertension, diabetes, chronic kidney disease,
previous MI, stroke, PAD, and baseline LDL cholesterol
of less than 100 mg/dL.

Data were collected and analysed according to the
predefined statistical analysis plan. No imputation was
used to infer missing values. Those with missing primary
and secondary endpoint data were censored at the time
of withdrawal of consent or loss to follow-up. All analyses
were done by means of SAS version 9.2. This trial is
registered with ClinicalTrials.gov, NCT03044665.

Role of the funding source

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

Results

Between Feb 14, 2017, and Dec 18, 2018, a total of 3780
patients with documented ASCVD were randomly
assigned to receive either combination therapy (n=1894)

<70 mg/dL

rate of less than 60 mL/min per 1.73 m? of body surface area.

Moderate-intensity ~ High-
statin with ezetimibe intensity statin
combination therapy monotherapy
(n=1894) (n=1886)
Age, years 64 (10) 64 (10)
Female sex 474 (25%) 480 (25%)
Male sex 1420 (75%) 1406 (75%)
Height, cm 165 (8) 165 (8)
Weight, kg 68 (11) 68 (11)
Body-mass index, kg/m? 25:0(32) 251(31)
Previous myocardial infarction 744 (39%) 745 (40%)
Previous percutaneous coronary intervention 1258 (66%) 1239 (66%)
Previous coronary bypass graft surgery 132 (7%) 115 (6%)
Acute coronary syndrome 27 (1%) 20 (1%)
Previous ischaemic stroke 101 (5%) 112 (6%)
Chronic kidney disease* 193 (10%) 199 (11%)
End-stage kidney disease on dialysis 13 (1%) 16 (1%)
Peripheral artery disease 66 (4%) 69 (4%)
Hypertension 1246 (66%) 1274 (68%)
Diabetes 701 (37%) 697 (37%)
Diabetes with insulin treatment 50 (3%) 70 (4%)
Current smoker 328 (17%) 310 (16%)
Medication for dyslipidaemia before randomisation
High-intensity statin 711 (38%) 729 (39%)
High-intensity statin with ezetimibe 85 (4%) 63 3%)
Moderate-intensity statin 681 (36%) 685 (36%)
Moderate-intensity statin with ezetimibe 251 (13%) 248 (13%)
Low-intensity statin 6 (<1%) 5 (<1%)
None 160 (8%) 156( %)
Serum LDL cholesterol concentration, mg/dL 80 (64-100) 80 (64-100)
Number of patients with LDL cholesterol concentrations 643 (34%) 616 (33%)

Data are mean (SD), median (IQR), or n (%). *Chronic kidney disease was defined as an estimated glomerular filtration

Table 1: Baseline characteristics of the intention-to-treat population

or high-intensity statin monotherapy (n=1886; figure 1).
The baseline characteristics of the patients were not
statistically different in the two groups (table 1).
The average age was 64 years, 75% were men,
40% had previous MI, 66% had undergone percutaneous
coronary intervention, and 37% had diabetes. Before
random assignment, 38% were taking high-
intensity statin, 36% moderate-intensity statin, and
13% moderate-intensity statin with ezetimibe. All
patients were South Korean. The number of patients
according to the participating centres is presented in the
appendix (p 5). The median follow-up duration was
3 years (IQR 3-3) and 3622 patients (95-8%) completed a
3-year follow-up. In the combination therapy group,
95% were taking the assigned regimen (rosuvastatin
10 mg with ezetimibe 10 mg) at 1 year, 94% at 2 years, and
93% at 3 years; the corresponding rates in the high-
intensity statin monotherapy group (rosuvastatin 20 mg)
were 94%, 91%, and 90%, respectively (appendix p 6).
Other cardiovascular medications were not statistically
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Moderate- High- Absolute difference Hazard ratio (95% Cl) p value
intensity statin intensity statin ~ (90% Cl)
with ezetimibe monotherapy
combination (n=1886)
therapy (n=1894)
Primary endpoint
Composite of cardiovascular death, major cardiovascular event, or non-fatal stroke 172 (91%) 186 (9-9%) -0-78% (-2-39t0 0-83) 0-92 (0-75t0 1:13) 0-43
Secondary efficacy endpoint
Composite of all-cause death, major cardiovascular event, or non-fatal stroke 186 (9-8%) 197 (10-4%) -0-62% (-2-28t0 1-03) 0-94 (0-77 to 1-15) 0-94
Individual clinical endpoint
Cardiovascular death 8 (0-4%) 6 (0:3%) 0-10% (-0-28 to 0-50) 134 (0-46 t0 3-85) 0-59
All-cause death 26 (1-4) 22(1-2) 0-21% (-0-44 to 0-86) 119 (0-67t0 2-09) 0-56
Major cardiovascular events 153 (8:1%) 167 (8-9%) -0-78% (-2-31t0 0-75) 0-91(0-73t0 1-14) 0-41
Coronary artery revascularisation 91 (4-8%) 89 (4:7%) 0-09% (-1-10to 1-27) 1.02 (0-76 to 1:37) 0-88
Percutaneous coronary intervention 87 89
Coronary artery bypass surgery 4 0
Peripheral artery revascularisation 8 (0:4%) 7 (0-4%) 0-05% (-0-35 to 0-46) 115 (0-42 to 3-16) 079
Hospitalisation for ischaemic heart disease 142 (7-5%) 150 (8-0%) -0-46 (-1.93t0 1.01) 0-94 (0-75t0 1-19) 0-62
Stable angina or unstable angina 120 133
Acute myocardial infarction 22 17
Hospitalisation for heart failure 14 (0-7%) 19 (1-0%) -0-27% (-0-83t0 0-28) 0-74 (0-37 to 1-47) 039
Hospitalisation for peripheral artery disease 8 (0:4%) 7 (0-4%) 0-05% (-0-35 to 0-46) 115 (0-42 to 3-16) 079
Non-fatal stroke 15 (0-8%) 14 (0-7%) 0-05% (-0-47 to 0-58) 1.07 (0-52 t0 2:22) 0-85
Ischaemic stroke 11 (0-6%) 11(0-6%) -0-002% (-0-47 to 0-47) 0-99 (0-43t02:31) 1.0
Haemorrhagic stroke 4(0-2%) 3(0-2%) 0-05% (-0-25to 0-37) 134 (0-30t0 5-97) 0-70
Data are the number of events (%).
Table 2: 3-year clinical endpoint in the intention-to-treat population

100 b — High-intensity statin monotherapy
—— Moderate-intensity statin with
15 ezetimibe combination therapy
g Absolute difference-0-78% (90% Cl-2:39 to 0-83)
g 10
3
2
2
&
=3 -
g 5
=3
[e]
0 T T 1
0 1 2 3
Number at risk Time since randomisation (years)
Monotherapy 1886 1786 1711 1639
Combination therapy 1894 1795 1724 1654

Figure 2: Kaplan-Meier curves of the primary endpoint of the intention-to-treat population

different between the two groups during the study period
(appendix p 7).

The primary endpoint occurred in 172 patients
(9:1%) in the combination therapy group and
186 patients (9-9%) in the high-intensity statin mono-
therapy group (absolute difference —0-78%; 90% CI
-2-39 to 0-83; table 2, figure 2). As a post-hoc analysis,

the upper limit of one-sided 97-5% CI of the difference
in the primary endpoint was 1-13%, which also met the
non-inferiority margin of 2-0% (95% CI -2-69 to 1-13).
Cardiovascular death occurred in eight patients (0-4%) in
the combination therapy group and six patients (0-3%)
in the high-intensity statin monotherapy group (HR 1-34;
95% CI 0-46 to 3-85; p=0-59). Major cardiovascular
events were observed in 153 patients (8-1%) in the
combination therapy group and 167 patients (8-9%) in
the high-intensity statin monotherapy group (HR 0-91;
95% CI 0-73 to 1-14; p=0-41; table 2). The occurrence of
non-fatal stroke was not statistically different between
the two groups (0-8% vs 0-7%; HR 1-07; 95% CI 0-52 to
2-22; p=0-85). As a sensitivity analysis, in the per-
protocol population, baseline characteristics and the
3-year clinical endpoint are provided in the appendix
(pp 8-9). The primary endpoint occurred in 160 patients
(9-1%) in the combination therapy group and 158 patients
(9-4%) in the high-intensity statin monotherapy group
(absolute difference —0-29%; 90% CI -1-97 to 1-37;
appendix pp 9, 12). In post-hoc analyses, the upper limit
of one-sided 97-5% CI of the difference in the primary
endpoint was 1-69%, which also met the non-inferiority
margin of 2-0% (95% CI —2-28 to 1-69).

As for the key secondary endpoint, LDL cholesterol
concentrations of less than 70 mg/dL at 1, 2, and 3 years
in the intention-to-treat population were observed in

6 www.thelancet.com Published online July 18,2022 https://doi.org/10.1016/50140-6736(22)00916-3



Articles

Moderate-intensity statin  High-intensity statin Absolute differences in
with ezetimibe monotherapy proportions, % (95% Cl)
combination therapy
1lyear
Number of patients 1675 1673
Number of patients with LDL cholesterol concentrations <70 mg/dL 1217 (73%) 923 (55%) 17-5(14-2t0 20-7)
LDL cholesterol concentration (mg/dL) 58 (47-71) 67 (55-80)
2 years
Number of patients 1558 1539
Number of patients with LDL cholesterol concentrations <70 mg/dL 1168 (75%) 924 (60%) 14-9 (11-6 t0 18-2)
LDL cholesterol concentration (mg/dL) 57 (45-70) 65 (53-79)
3years
Number of patients 1349 1315
Number of patients with LDL cholesterol concentrations <70 mg/dL 978 (72%) 759 (58%) 14-8 (11-1t0 18-4)
LDL cholesterol concentration (mg/dL) 58 (47-71) 66 (54-80)
Data are number of patients (%) or median (IQR).
Table 3: Proportions of the patients with LDL cholesterol concentrations <70 mg/dL in the intention-to-treat population

1217 (73%) of 1675, 1168 (75%) of 1558, and 978 (72%) of
1349 patients in the combination therapy group and
923 (55%) of 1673, 924 (60%) of 1539, and 759 (58%) of
1315 patients in the high-intensity statin monotherapy
group (table 3; absolute difference 17-5% [95% CI
14-2-20-7] at 1 year; 14-9% [95% CI 11-6-18- 2] at 2 years;
14-8% [95% CI 11-1-18-4] at 3 years; all p<0-0001). As a
post-hoc analysis, LDL cholesterol concentrations of less
than 55 mg/dL at 1, 2, and 3 years were observed in
42%, 45%, and 42% of patients in the combination
therapy group and 25%, 29%, and 25% of patients in the
high-intensity statin monotherapy group, respectively
(absolute difference 17-5% [95% CI 14-3-20-7] at 1 year;
14-9% [95% CI 11-7-18-2] at 2 years; 14-8% [95% CI
11-2-18-3] at 3 years; appendix p 10). The median
LDL cholesterol concentration during the study period
was 58 (48-71) mg/dL in the combination therapy group
and 66 (56-80) mg/dL in the high-intensity statin
monotherapy group (p<0-0001). Serial changes in other
lipid profiles are provided in the appendix (p 11).

Discontinuation or dose reduction of study medication
owing to adverse events or intolerance occurred in
88 patients (4-8%) in the combination therapy group and
150 patients (8-2%) in the high-intensity statin
monotherapy group (p<0-0001; table 4; appendix p 13).
Other clinical adverse events, which were related to study
medications in the two groups are shown in table 4.

The results of prespecified subgroup analyses of the
intention-to-treat population are provided in figure 3.
The effect of combination therapy versus high-intensity
statin monotherapy was consistent as for the primary
endpoint across subgroups. These findings were also
consistent in the per-protocol population (appendix p 14).

Discussion
Among patients with documented ASCVD who are at
very high risk of cardiovascular diseases, moderate-

intensity statin with ezetimibe combination therapy was
non-inferior to high-intensity statin monotherapy for the
3-year composite of cardiovascular death, major
cardiovascular events, or non-fatal stroke. In addition,
the non-inferiority of 3-year clinical outcomes was
achieved with a higher proportion of LDL cholesterol
concentrations of less than 70 mg/dL and a lower
prevalence of discontinuation or dose reduction caused
by intolerance to the study drug.

A reduction of LDL cholesterol concentrations has
been associated with more favourable clinical outcomes,
and the use of statins has been recommended as
the cornerstone lipid-lowering therapy.”® In particular,
patients with documented ASCVD are classified
as at very high risk for cardiovascular diseases.! For
such patients, high-intensity statin therapy with an
LDL cholesterol concentration goal of less than 70 mg/dL
or a more intensive goal of less than 55 mg/dL is strongly
recommended.” To achieve the LDL cholesterol goals
set for patients at very high risk, the use of statins with
higher potency, such as rosuvastatin or atorvastatin, was
inevitable at the maximum tolerable dose if necessary."
However, rather than increasing doses of one drug, use
of drug combinations can also achieve greater
efficacy and lower risks.® Ezetimibe could decrease
LDL cholesterol concentrations by 13-20%; therefore,
the use of ezetimibe plus statins could effectively aid in
achieving the target LDL cholesterol concentrations
without the need to increase the statin dose.”™"
Furthermore, as adverse effects of statin therapy are
more associated with the use of high-intensity statins,
the addition of ezetimibe was consequently expected to
reduce the risk of these adverse effects.”™ According to
the latest dyslipidaemia guidelines issued after the
start of the current study, a dual goal of achieving
LDL cholesterol concentrations of less than 55 mg/dL
and LDL cholesterol reduction of at least 50% from
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Moderate- High- Absolute difference (95% Cl)
intensity statin intensity statin

with ezetimibe monotherapy

combination (n=1832)

therapy (n=1846)

Serious adverse events

Death 26 (1-4%) 22 (12%) 0-21 (-5-88t01.01)

Adverse events

Discontinuation or dose reduction of study drug due to intolerance 88 (4-8%) 150 (8-2%) -342 (-5:07 to -1-80)
Reported symptoms

Dizziness or general weakness 10 21
Chest discomfort or headache 7 12
Gastrointestinal symptoms 4

Urticaria or itching sensation 6

Myalgia 7 22
Other 5 3

Physician discretion

Liver enzyme elevation 15 32
Creatine kinase elevation 25 33
Fasting glucose concentration elevation 5 6
Other 4 5

New-onset diabetes 145 (7-9%) 159 (8-7%) -0-82 (-2-65t0 1-00)

New-onset diabetes with anti-diabetic medication initiation 95 (5-1%) 107 (5-8%) .

Muscle-related adverse events 21 (1-1%) 34 (1:9%) 0-69 (-2-22t0 0-82)
Myalgia 17 (0-9%) 29 (1-6%) 0-66 (-1:46 t0 1.06)
Myopathy 2(0-1%) 4(0-2%) -0-11(-0-50to 0-25)
Myonecrosis* 11 (0-6%) 13 (0:7%) 0-11 (-0-72 to 0-48)

Mild 8 9
Moderate 2 3
Severe including rhabdomyolysis 1 1

Gallbladder-related adverse events 13 (0:7%) 7 (0-4%) 0-32 (-0-22 to 0-89)

Major bleeding 17 (0-9%) 13 (0:7%) 0-21(-0-44t0 0-87)

Cancer diagnosis 37 (2:0%) 28 (1-5%) 0-48 (-0-43t0 0-14)

New-onset neurocognitive disorder 4(0-2%) 2 (0-1%) 0-11 (-0-25 to 0-50)

Cataract surgery 19 (1-0%) 21 (1-1%) -0-12 (-0-86 t0 0:62)

Data are n (%). These events were adverse events of special interest in this study. ULN=upper limit of normal. *Severity of myonecrosis was classified by an elevation of
creatine kinase concentration compared with either baseline concentration or the ULN: mild >3 times ULN; moderate =10 times ULN; severe =50 times ULN.
Table 4: Secondary safety endpoint of the safety population

baseline in patients with documented ASCVD has been
recommended, which is more difficult to achieve with
mere up-titration of statin monotherapy.'

Although the addition of ezetimibe (combination
therapy) on clinical outcomes was evaluated in two large
randomised trials (the IMPROVE-IT trial and the
HIJ-PROPER trial),»* the studies focused on the
additive effect of ezetimibe on same-dose statin regimen,
but not the dose reduction of statins in the test group.
Thus, the clinical benefit was mainly due to the add-on
effect of ezetimibe. In addition, the statin intensity was
moderate in these two trials, and not a high-intensity
statin. When statins are first started in patients with
documented ASCVD in current daily clinical practice,
high-intensity statins as an initial therapy are usually
prescribed. According to the meta-analysis with

randomised trials comparing intensive versus moderate
intensity statin therapy, intensive statin therapy showed
superiority over moderate statin therapy in terms of
coronary death or any cardiovascular event.”” From this
result, we firstly hypothesised that high-intensity statin
therapy (rosuvastatin 20 mg) would be superior to
moderate-intensity statin therapy (rosuvastatin 10 mg),
and it would be clinically acceptable when our
experimental therapy is at least the moderate-intensity
statin therapy, particularly for the clinical outcomes if
adverse events can be reduced. Therefore, in our study,
we primarily assessed whether moderate-intensity statin
and ezetimibe combination therapy was non-inferior to
high-intensity statin monotherapy in the context of the
primary endpoint. The LDL cholesterol concentration
and the event rate of the primary endpoint in the control
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Number/total (%) Absolute differences (90% Cl)
Combination therapy ~ Monotherapy
All patients 172/1894 (9-1) 186/1886 (9-9) — -0-78 (-2:39 10 0-83)
Age, years
<60 41/625 (6-6) 50/585 (8-5) — B 199 (-4-65t0 0-63)
=60 131/1269 (10-3) 136/1301 (10-5) —l— -0-06 (-2-05t0 1-95)
Sex :
Men 134/1420 (9-4) 146/1406 (10-4) —— -0-95 (-2-85t0 0-95)
Women 38/474 (8-0) 40/480 (8-3) -0-32(-3-41t02-78)
Body-mass index,kg/m?
<25 94/1022 (9-2) 93/997(9:3) d -013(-2-33t02:07)
225 78/872(8-9) 93/889 (10-5) —a— -1:52 (-3-92 t0 0-89)
Diabetes :
Yes 69/701(9-8) 771697 (11:0) ——— -1:20 (-4-01t0 1-60)
No 103/1193 (8-6) 109/1189 (9-2) —— -0-53 (-252 to 1-45)
Hypertension
Yes 126/1246 (10-1) 127/1274 (10-0) —u— 014 (-1-89t0 218)
No 46/648 (7:1) 59/612 (96) —a— 254 (-5:26 10 1.40)
Chronic kidney disease :
Yes 26/193 (13-5) 24/199 (12-1) B 141 (-4-53t07:39)
No 146/1701 (8-6) 162/1687 (9-6) —B 102 (-2:69t0 0-65)
Previous myocardial infarction
Yes 791744 (10-6) 75/745 (10-1) + 0-55 (-2-15t0 3-25)
No 93/1150 (8-1) 111/1150 (9-7) —i— -1.57 (-3-59 to 0-45)
Previous stroke :
Yes 12/101 (11.9) 16/112 (143) < | -2:40 (-10-67 to 6:08)
No 160/1793 (8-9) 170/1774 (9-6) — B -0-66 (-2:30t0 0-98)
Previous peripheral artery disease
Yes 6/66 (9-1) 11/69 (159) <+—fik : -6-85 (-17-36 t0 3-82)
No 166/1828 (9-1) 175/1817 (9-:6) B -0-55(-218 t0 1-08)
Baseline LDL cholesterol, mg/dL '
<100 121/1406 (8-6) 142/1411 (10-1) —— 146 (-332t0 0-40)
=100 51/488 (10-5) 44/475(9-3) ——.— 119 (-214 to 4-51)
T T i T 1
-10 -5 0 2 5 10
+— —»
Favours combination therapy Favours monotherapy

Figure 3: Subgroup analyses for the primary endpoint of the intention-to-treat population
The vertical dashed line indicates the prespecified absolute difference 2:0% non-inferiority margin.

group are similar to a previous trial with high-intensity
statin therapy.” It was also possible to design our trial as
a superiority trial considering that initially the greater
reduction in the LDL cholesterol concentration was
expected in our experimental group. However, the need
for a much greater number of patients was a main
limitation to evaluating the clinical outcomes as a
superiority design. Further studies might be required.
Similar to our design, several randomised trials
compared the efficacy of lower-intensity statin with
ezetimibe combination therapy versus higher-intensity
statin monotherapy,”* but these trials were limited by
relatively short-term follow-up of a relatively small
number of patients: the longest follow-up was 24 weeks
and the largest trial included 891 patients. In addition,
these trials had the primary endpoint of surrogate
markers or LDL cholesterol concentration,”* not clinical
outcomes such as cardiovascular death, MI, stroke, or

arterial revascularisation, which are more important
endpoints for patients with ASCVD. Thus, even though
these meta-analyses with randomised trials showed
significantly decreased LDL cholesterol concentrations in
patients with moderate-intensity statin and ezetimibe
combination therapy versus high-intensity statin
monotherapy,** because of the lack of long-term clinical
follow-up evidence, guidelines recommend the use
of ezetimibe only in individuals who have high
LDL cholesterol concentrations despite a maximal statin
monotherapy or are intolerant to statin.” Our results
support the guidelines that recommend the addition of
ezetimibe for patients who are taking moderate-intensity
statins at a maximal tolerance. Moreover, our results
suggest that ezetimibe combination therapy might be
considered earlier in the use of moderate-intensity statin
therapy instead of doubling the statin dose for patients at
high risk of adverse effects or statin intolerance with
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high-intensity statin therapy. In a meta-analysis, older
age, female sex, obesity, diabetes, hypothyroidism,
chronic liver disease, and renal failure were significantly
associated with statin intolerance.”

In the present study, a significant reduction of LDL
cholesterol concentration in the combination therapy
group might be one possible explanation for the non-
inferiority of moderate-intensity statin with ezetimibe
combination therapy versus high-intensity statin
monotherapy in 3-year clinical outcomes. According to
the latest meta-analyses, every 38-7 mg/dL (1 mmol/L)
reduction in LDL cholesterol was associated with a risk
reduction of major vascular events independent of drug
class, suggesting that the benefits from statins, ezetimibe,
and PCSK9 inhibitors are probably derived from the
cholesterol-lowering effects of these drugs.* Importantly,
the extent of LDL cholesterol reduction was the strongest
independent predictor of a reduction in the risk of major
vascular events.” The effects of ezetimibe unrelated to
cholesterol lowering could be another explanation, for
example, ezetimibe-related potentiation of plaque
regression, modulation of genes related to inflam-
mation or oxidative stress, inhibition of monocyte or
macrophage differentiation, inhibition of smooth muscle
cell proliferation, and inhibition of platelet aggregation.”?

Our study has several limitations. First, this was an
open-label trial. Physicians and the patients were aware of
group assignment, which could potentially have led to
bias in reporting patient symptoms. The nocebo effect of
the statin therapy should be considered. However, an
independent clinical endpoint committee masked to the
therapy assignment adjudicated all clinical events
including death, MI, stroke, or arterial revascularisation.
Second, although our trial showed that moderate-intensity
statin with ezetimibe combination therapy was non-
inferior to high-intensity statin monotherapy, the lower
than anticipated event rates might indicate that the fixed
non-inferiority margin of 2.0 percentage points allowed
for a more generous CI. Third, although a test for non-
inferiority as the primary endpoint was done in this trial,
the comparison of the individual clinical outcomes of the
primary endpoint might be difficult because of the small
number of events.

In conclusion, among patients with documented
ASCVD, moderate-intensity statin with ezetimibe
combination therapy was non-inferior to high-intensity
statin monotherapy in terms of a 3-year composite of
cardiovascular death, major cardiovascular events, or
non-fatal stroke with a higher proportion of patients who
achieved LDL cholesterol concentration of less than
70 mg/dL and lower drug discontinuation or dose
reduction owing to intolerance.

Contributors

B-KK, S-JH, YJ, and M-KH designed this study and participated

in the final analyses and data interpretation. All authors participated
in enrolment of patients and did clinical follow-up, along with revising

the draft critically for important intellectual content. This report was
drafted by B-KK, S-JH, Y-JL, YJ, and M-KH. All authors approved the

final version of the manuscript and ensured that the accuracy or
integrity of any part of the work was appropriately investigated and
resolved. All authors accessed and verified the data in the study and had
final responsibility for the decision to submit for publication.

Declaration of interests

M-KH has received speaker’s fees from Medtronic, Abbott Vascular,
and Pfizer. Y] has received institutional research grants from Biotronik
and Hanmi. B-KK has received speaker’s fees from Medtronic and
Abbott Vascular. All other authors declare no competing interests.

Data sharing

Data access will be via application with a study proposal to the study
steering commiittee via the corresponding authors of this Article.

Data will only be shared with the approval of the steering committee and
institutional review board.

Acknowledgments

This study was funded by Hanmi Pharmaceutical, Seoul, South Korea,
and supported by the Cardiovascular Research Center, Seoul, South
Korea. Members of the Data Safety Monitoring Board were Jae Sun Uhm
(Yongin Severance Hospital, Seoul); Jong-Chan Youn (Seoul St Mary’s
Hospital, Seoul); Junbeom Park (Ewha Womans University Hospital,
Seoul); and Dong-Ho Shin (statistician; Severance Hospital, Seoul).

References

1 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines
for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. Eur Heart ] 2020; 41: 111-88.

2 Catapano AL, Graham I, De Backer G, et al. 2016 ESC/EAS
guidelines for the management of dyslipidaemias. Eur Heart | 2016;
37:2999-3058.

3 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the
American College of Cardiology/American Heart Association Task
Force on clinical practice guidelines. ] Am Coll Cardiol 2019;

73: e285-350.

4 Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of
cholesterol-lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of statins. Lancet
2005; 366: 1267-78.

5  Baigent C, Blackwell L, Emberson J, et al. Efficacy and safety of
more intensive lowering of LDL cholesterol: a meta-analysis of data
from 170,000 participants in 26 randomised trials. Lancet 2010;

376: 1670-81.

6 Chow CK, Atkins ER, Hillis GS, et al. Initial treatment with a single
pill containing quadruple combination of quarter doses of blood
pressure medicines versus standard dose monotherapy in patients
with hypertension (QUARTET): a phase 3, randomised,
double-blind, active-controlled trial. Lancet 2021; 398: 1043-52.

7 Sudhop T, Liitjohann D, Kodal A, et al. Inhibition of intestinal
cholesterol absorption by ezetimibe in humans. Circulation 2002;
106: 1943-48.

8  Knopp RH, Gitter H, Truitt T, et al. Effects of ezetimibe,

a new cholesterol absorption inhibitor, on plasma lipids in
patients with primary hypercholesterolemia. Eur Heart | 2003;
24:729-41.

9  Adhyaru BB, Jacobson TA. Safety and efficacy of statin therapy.
Nat Rev Cardiol 2018; 15: 757-69.

10  Serban MC, Colantonio LD, Manthripragada AD, et al. Statin
intolerance and risk of coronary heart events and all-cause mortality
following myocardial infarction. ] Am Coll Cardiol 2017; 69: 1386-95.

11  Bytyci I, Penson PE, Mikhailidis DP, et al. Prevalence of statin
intolerance: a meta-analysis. Eur Heart | 2022; published online
Feb 16, 2022. https://doi.org/10.1093 /eurheartj/ehac015.

12 Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident
diabetes: a collaborative meta-analysis of randomised statin trials.
Lancet 2010; 375: 735-42.

13 Dormuth CR, Filion KB, Paterson JM, et al. Higher potency statins
and the risk of new diabetes: multicentre, observational study of
administrative databases. BM] 2014; 348: g3244.

14  Colantonio LD, Huang L, Monda KL, et al. Adherence to high-
intensity statins following a myocardial infarction hospitalization
among Medicare beneficiaries. JAMA Cardiol 2017; 2: 890-95.

www.thelancet.com Published online July 18,2022 https://doi.org/10.1016/50140-6736(22)00916-3



Articles

15

16

17

18

19

20

21

Ambegaonkar BM, Tipping D, Polis AB, Tomassini JE,
Tershakovec AM. Achieving goal lipid levels with ezetimibe plus
statin add-on or switch therapy compared with doubling the statin
dose. A pooled analysis. Atherosclerosis 2014; 237: 829-37.

Gudzune KA, Monroe AK, Sharma R, Ranasinghe PD,
Chelladurai Y, Robinson KA. Effectiveness of combination therapy
with statin and another lipid-modifying agent compared with
intensified statin monotherapy: a systematic review. Ann Intern Med
2014; 160: 468-76.

Hicks KA, Tcheng JE, Bozkurt B, et al. 2014 ACC/AHA key data
elements and definitions for cardiovascular endpoint events in
clinical trials: a Report of the American College of Cardiology/
American Heart Association Task Force on clinical data standards
(Writing committee to develop cardiovascular endpoints data
standards). Circulation 2015; 132: 302-61.

Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC
guideline on the management of patients with lower extremity
peripheral artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on clinical
practice guidelines. ] Am Coll Cardiol 2017; 69: €71-126.

Zannad F, Garcia AA, Anker SD, et al. Clinical outcome endpoints
in heart failure trials: a European Society of Cardiology Heart
Failure Association consensus document. Eur | Heart Fail 2013;
15: 1082-94.

Patel MR, Conte MS, Cutlip DE, et al. Evaluation and treatment of
patients with lower extremity peripheral artery disease: consensus
definitions from Peripheral Academic Research Consortium
(PARC). ] Am Coll Cardiol 2015; 65: 931-41.

Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of
stroke for the 21st century: a statement for healthcare professionals
from the American Heart Association/American Stroke
Association. Stroke 2013; 44: 2064-89.

22

23

24

25

26

27

28

Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added to
statin therapy after acute coronary syndromes. N Engl | Med 2015;
372: 2387-97.

Cannon CP, Steinberg BA, Murphy SA, Mega JL, Braunwald E.
Meta-analysis of cardiovascular outcomes trials comparing intensive
versus moderate statin therapy. ] Am Coll Cardiol 2006; 48: 438—45.
Kashani A, Sallam T, Bheemreddy S, Mann DL, Wang Y, Foody JM.
Review of side-effect profile of combination ezetimibe and statin
therapy in randomized clinical trials. Am J Cardiol 2008; 101: 1606-13.
Hagiwara N, Kawada-Watanabe E, Koyanagi R, et al. Low-density
lipoprotein cholesterol targeting with pitavastatin + ezetimibe for
patients with acute coronary syndrome and dyslipidaemia:

the HIJ-PROPER study, a prospective, open-label, randomized trial.
Eur Heart ] 2017; 38: 2264-76.

Wang N, Fulcher ], Abeysuriya N, et al. Intensive LDL cholesterol-
lowering treatment beyond current recommendations for the
prevention of major vascular events: a systematic review and meta-
analysis of randomised trials including 327 037 participants.

Lancet Diabetes Endocrinol 2020; 8: 36—49.

Tsujita K, Sugiyama S, Sumida H, et al. Impact of dual
lipidlowering strategy with ezetimibe and atorvastatin on coronary
plaque regression in patients with percutaneous coronary
intervention: the multicenter randomized controlled PRECISE-
IVUS trial. ] Am Coll Cardiol 2015; 66: 495-507.

Crea F, Niccoli G. Ezetimibe and plaque regression: cholesterol
lowering or pleiotropic effects? ] Am Coll Cardiol 2015; 66: 508-10.

www.thelancet.com Published online July 18, 2022 https://doi.org/10.1016/50140-6736(22)00916-3

11



	Long-term efficacy and safety of moderate-intensity statin with ezetimibe combination therapy versus high-intensity statin monotherapy in patients with atherosclerotic cardiovascular disease (RACING): a randomised, open-label, non-inferiority trial
	Introduction
	Methods
	Study design
	Participants
	Randomisation
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


