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even after the use of drug-eluting stent. This prospective, multicenter, randomized study
compared the relative efficacy and safety of resolute zotarolimus-eluting stent (R-ZES) and
sirolimus-eluting stent (SES) implantation in diabetic patients with coronary artery disease.
The primary end point was noninferiority of angiographic in-segment late loss at 9 months.
Clinical events were also monitored for at least 12 months. Patient recruitment was
prematurely stopped after enrollment of 256 patients (127 in R-ZES group and 129 in SES)
because of discontinuing production of SES. The R-ZES was noninferior to the SES for 9-
month in-segment late loss (0.34 – 0.30 vs 0.39 – 0.43 mm; difference L0.048; 95%
confidence interval L0.157 to 0.061; upper 1-sided 95% confidence interval 0.044; p <0.001
for noninferiority). In addition, in-stent late loss (0.22 – 0.29 vs 0.21 – 0.40 mm, p [ 0.849)
and the rates of in-segment (1.2% vs 6.7%, p [ 0.119) and in-stent (1.2% vs 3.3%,
p [ 0.621) binary restenoses were similar between the 2 groups. At 12 months, there were
no statistical differences between the 2 groups in the incidence of any clinical outcomes
(death, myocardial infarction, stent thrombosis, ischemia-driven target lesion revasculari-
zation, ischemia-driven target vessel revascularization, and composite outcomes). In
conclusion, despite having reduced power because of early study termination, our study
suggests that the R-ZES has noninferior angiographic outcomes at 9 months to the SES in
diabetic patients with coronary artery disease. Crown Copyright � 2013 Published by
Elsevier Inc. All rights reserved. (Am J Cardiol 2013;112:1565e1570)
Patients with diabetes mellitus (DM) have a greater
burden of atherosclerosis, smaller coronary arteries, and
a greater risk of repeat revascularization after implantation
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of a bare-metal stent compared with nondiabetic patients.1

Although the use of drug-eluting stent (DES) has been
shown to improve both angiographic and clinical
outcomes compared with bare-metal stent,2 DM has been
known as a key predictor of worse prognostic outcome
even after DES use.3,4 Recently, the relative efficacies of
various DES including sirolimus-eluting stents (SES) in
patients with DM have been evaluated in several
randomized studies, in which SES showed long-term
favorable clinical outcomes with sustained efficacy.5,6

However, the selection of a specific type of DES in
patients with DM remains a controversial issue.7 The
recently introduced resolute zotarolimus-eluting stents (R-
ZES) have shown promising clinical and angiographic
outcomes in large registry and randomized trials.8e15

However, there were also limited usable data for the
R-ZES in patients with DM.16 Furthermore, little has been
known regarding whether there are differences in efficacy
and safety between R-ZES and SES in diabetic patients.
To address these issues, this prospective randomized study
compared angiographic and clinical outcomes of R-ZES
and SES in diabetic patients.
www.ajconline.org
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Table 1
Baseline clinical characteristics

Variable R-ZES (n ¼ 127) SES (n ¼ 129)

Age (yrs) 63.4 � 8.6 62.7 � 8.9
Men 70 (55.1) 88 (68.2)
Hypertension 88 (69.3) 93 (72.1)
Treatment of diabetes mellitus
Oral hypoglycemic agent 102 (80.3) 101 (78.3)
Insulin 17 (13.4) 19 (14.7)
Dietary therapy alone 8 (6.3) 9 (7.0)

Glycosylated hemoglobin (%) 7.6 � 1.4 7.8 � 1.5
Total cholesterol �200 mg/dl 75 (59.1) 65 (50.4)
Current smoker 35 (27.6) 47 (36.4)
Previous percutaneous

coronary intervention
7 (5.5) 7 (5.4)

Previous MI 6 (4.7) 3 (2.3)
Clinical diagnosis
Stable angina 71 (55.9) 77 (59.7)
Unstable angina 46 (36.2) 39 (30.2)
Acute MI 10 (7.9) 13 (10.1)

Left ventricular ejection fraction (%) 62.3 � 7.2 61.2 � 7.7
Multivessel disease 62 (48.8) 60 (46.5)

Data are expressed as mean � SD or number (percentage).
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Methods

This prospective randomized study included 256
patients aged 18 years and older with coronary artery
disease. The study involved 8 cardiac centers in Korea
from September 2008 to January 2012. Patients were
considered eligible if they had DM with either stable
angina or an acute coronary syndrome and who had at
least 1 coronary lesion (defined as stenosis of >50% and
visual reference diameter of �2.5 mm) suitable for stent
implantation. The diagnosis of DM was confirmed in all
patients receiving active treatment with an oral hypogly-
cemic agent or insulin. For patients with a diagnosis of
DM who were on a dietary therapy alone, documentation
of an abnormal blood glucose level after an overnight fast
was required. Patients were excluded if they had contra-
indication to aspirin and clopidogrel, unprotected left
main disease (diameter stenosis �50% by visual estimate),
graft vessel disease, left ventricular ejection fraction
<30%, recent history of hematologic disease or leukocyte
count <3,000/mm3 and/or platelet count <100,000/mm3,
hepatic dysfunction with aspartate aminotransferase or
alanine aminotransferase �3� the upper normal reference
limit, history of renal dysfunction or serum creatinine
level of �2.0 mg/dl, serious noncardiac co-morbid disease
with a life expectancy <1 year, primary angioplasty for
acute myocardial infarction (MI) within 24 hours, or
inability to follow the protocol. In patients with multiple
lesions fulfilling the inclusion and exclusion criteria, the
first stented lesion was considered as the target lesion. The
institutional review board at each participating center
approved the protocol. All patients provided written
informed consent.

Once the guidewire had crossed the target lesion, patients
who met the inclusion and exclusion criteria were randomly
assigned in a 1:1 ratio to R-ZES (Endeavor Resolute,
Medtronic Cardiovascular, Santa Rosa, California) or SES
(Cypher Select Plus, Cordis, Johnson & Johnson, Warren,
New Jersey) implantation using interactive Web response
system. The allocation sequence was computer generated,
stratified according to participating, center and blocked with
block sizes of 4 and 6 varying randomly. Random assign-
ments were stratified according to participation sites. The
procedure was performed according to standard techniques.
Administration of glycoprotein IIb/IIIa inhibitors was at the
discretion of the operator. After the procedure, all patients
received 100 mg/day of aspirin indefinitely and 75 mg/day
of clopidogrel for at least 12 months. A 12-lead electro-
cardiogram was obtained after the procedure and before
discharge. Serum levels of creatine kinase, its MB isoen-
zyme, were assessed 8, 12, and 24 hours after the procedure,
and thereafter if considered necessary.

The primary end point of this trial was in-segment late loss at
9-month angiographic follow-up. The secondary end points
included 9-month angiographic outcomes of in-stent late
loss, in-stent and in-segment binary restenoses at 9 months
(diameter stenosis of �50%). At 12 months, stent thrombosis,
ischemia-driven target lesion revascularization, ischemia-
driven target vessel revascularization, and major adverse
cardiac events including death fromany cause,MI, or ischemia-
driven target lesion revascularization were also assessed.
Angiographic success was defined as in-segment
diameter stenosis of <30% by quantitative coronary
angiographic analysis. MI was defined as creatine kinase-
MB elevation of >3� or creatine kinase elevation of >2�
the upper normal limit with at least 1 of the following:
ischemic symptoms, development of pathologic Q waves,
and ischemic electrocardiographic changes. Revasculari-
zation was defined as ischemia driven if there was stenosis
of �50% of the diameter, as documented by a positive
functional study, ischemic changes on an electrocardio-
gram, or ischemic symptoms, or in the absence of docu-
mented ischemia, if there was stenosis of �70% as
assessed by quantitative coronary analysis. Stent throm-
bosis was assessed according to the Academic Research
Consortium definitions17 and was classified by the timing
of the event (acute, 0 to 24 hours; subacute, 1 to 30 days;
and late, >31 days).

Repeat coronary angiography was mandatory at 9 months
after stenting, or earlier if indicated by clinical symptoms or
evidence of myocardial ischemia. Clinical follow-up visits
were scheduled at 30, 120, and 240 days and 1 year. At each
participating center, patient data were recorded prospectively
on standard case report forms and gathered in the central data
management center (Asan Medical Center, Seoul, Korea). All
adverse clinical events were adjudicated by an independent
events committee blinded to the treatment groups.

Coronary angiograms were obtained after intracoronary
nitroglycerin administration. Procedural (baseline), post-
procedural, and follow-up angiograms were submitted to
the angiographic core analysis center (Asan Medical
Center, Seoul, Korea). Digital angiograms were analyzed
using an automated edge detection system (CASS II; Pie
Medical, Maastricht, The Netherlands). Angiographic
variables included absolute lesion length, stent length,
reference vessel diameter, minimum lumen diameter,
percent diameter stenosis, binary restenosis rate, acute
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Table 2
Angiographic and procedural characteristics

Variable R-ZES (n ¼ 127) SES (n ¼ 129)

Target coronary artery
Left anterior descending 80 (63.0) 70 (54.3)
Left circumflex 20 (15.7) 28 (21.7)
Right 27 (21.3) 31 (24.0)

TIMI flow grade 0 or 1 5 (3.9) 3 (2.3)
Bifurcation lesions 17 (13.4) 16 (12.4)
Thrombus 2 (1.6) 3 (2.3)
Moderate to severe tortuosity 3 (2.4) 4 (3.1)
Moderate to severe calcification 16 (12.6) 12 (9.3)
Number of used stents at the

target lesion
1.1 � 0.3 1.2 � 0.4

Maximal inflation pressure (atm) 11.7 � 3.3 13.5 � 3.5
Use of intravascular ultrasound 95 (74.8) 90 (69.8)
Use of glycoprotein IIb/IIIa inhibitor 0 (0) 1 (0.8)
Predilation before stenting 123 (96.9) 121 (93.8)
Poststenting adjunctive balloon

dilatation
84 (66.1) 92 (71.9)

Largest balloon size for adjunctive
dilatation (mm)

3.56 � 0.42 3.55 � 0.48

Multivessel stenting 44 (34.6) 33 (25.6)
Number of angiographic

follow-up patients
85 (66.9) 90 (69.8)

Data are expressed as mean � SD or number (percentage).
TIMI ¼ thrombolysis in myocardial infarction.

Table 3
Quantitative angiographic measurements

Variable R-ZES (n ¼ 127) SES (n ¼ 129) p

Reference diameter (mm) 3.06 � 0.50 3.02 � 0.45 0.436
Lesion length (mm) 21.1 � 12.2 21.8 � 11.3 0.673
Stented length at the

target lesion (mm)
27.2 � 11.6 26.7 � 11.0 0.724

Minimum lumen
diameter (mm)

In segment
Before procedure 1.06 � 0.41 1.08 � 0.43 0.742
After procedure 2.31 � 0.56 2.29 � 0.44 0.843
At follow-up 2.25 � 0.56 2.14 � 0.57 0.192

In stent
After procedure 2.71 � 0.48 2.67 � 0.42 0.502
At follow-up 2.54 � 0.57 2.45 � 0.58 0.302

Diameter stenosis (%)
In segment

Before procedure 65.5 � 12.2 64.4 � 12.5 0.506
After procedure 18.4 � 11.2 17.0 � 9.9 0.305
At follow-up 21.9 � 12.0 25.0 � 21.0 0.232

In stent
After procedure 7.5 � 9.0 7.5 � 7.2 0.966
At follow-up 15.2 � 11.0 16.7 � 15.5 0.474

Acute gain (mm)
In segment 1.25 � 0.59 1.21 � 0.47 0.613
In stent 1.65 � 0.52 1.59 � 0.45 0.359

Late loss (mm)
In segment 0.34 � 0.30 0.39 � 0.43 0.391
In stent 0.22 � 0.29 0.21 � 0.40 0.849

Binary angiographic restenosis
In segment 1/85 (1.2) 6/90 (6.7) 0.119
In stent 1/85 (1.2) 3/90 (3.3) 0.621

Data are expressed as mean � SD or as number (percentage).
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gain, late loss, and the patterns of restenosis. Quantitative
coronary angiographic measurements of target lesions
were obtained for the stented segment (in stent) and the
margins 5 mm proximal and distal to the stent (in
segment). In-segment late loss was calculated within the
analysis segment itself, but separately considering stented
segment, proximal and distal edges and taking the
maximum change in minimum lumen diameter within
those 3 segments and applying it to this segment as a whole
(maximal regional late loss method).18 Patterns of angio-
graphic restenosis were assessed using the Mehran
classification.19

On the basis of results from previous trial,20 we assumed
an in-segment angiographic late loss of 0.43 � 0.45 mm in
both arms. Calculation of the sample size was based on
a margin of noninferiority for in-segment late loss of
0.129 mm, which is equal to 30% of an assumed mean late
loss after the implantation of SES. Using a 1-sided 5%
significance level, we estimated that 152 patients per group
were needed to demonstrate noninferiority of R-ZES with
a statistical power of 80%. Expecting that approximately
20% of the patients would not return for follow-up angi-
ography, total sample size was estimated to be 380 patients.
Analyses of the 2 groups were performed according to the
intention-to-treat principle. Continuous variables are pre-
sented as mean � SD or median (interquartile range) and
were compared using Student unpaired t or Mann-Whitney
U test. Categorical variables are presented as numbers or
percentages and were compared using chi-square or Fisher’s
exact test. The noninferiority hypothesis was assessed
statistically using a Z-test, by which 1-sided p values for
noninferiority were calculated to compare differences
between groups with margins of noninferiority, according
the method of Chow and Liu.21 All p values are 2-sided,
except those from noninferiority testing of the primary
end point. A p value <0.05 was considered to indicate
a significant difference. All statistical analyses were per-
formed using SAS, version 9.1 (SAS Institute, Cary, North
Carolina).

Results

Patient recruitment was prematurely halted on January
2012, owing to discontinuing production of SES. From
September 2009 to January 2012, 256 patients were enrolled
(127 in R-ZES group and 129 in SES). Table 1 lists similar
baseline clinical characteristics between 2 groups, except
more men in the SES group (p ¼ 0.031). The similar
angiographic and procedural characteristics are also listed in
Table 2, except the more maximal inflation pressure in the
SES group (p <0.001). The angiographic success rate was
100% in both groups.

The 2 groups had similar baseline and postprocedural
quantitative coronary angiographic characteristics (Table 3).
Follow-up angiography was performed in 175 patients
(68.4%), with 85 (66.9%) of R-ZES and 90 (69.8%) of SES
patients. The median duration of angiographic follow-up
was similar in 2 groups (290 days [interquartile range 263 to
310] and 293 days [interquartile range 259 to 339] for the
R-ZES and SES groups, respectively, p ¼ 0.931). Patients



Figure 1. Cumulative rates of in-segment late loss at follow-up
angiography.

Table 4
Clinical outcomes at 12 months

Variable R-ZES (n ¼ 127) SES (n ¼ 129) p

Death 0 1 (0.8) 0.999
Cardiac 0 0
Noncardiac 0 1 (0.8)

MI 1 (0.8) 1 (0.8) 0.999
Q wave 0 1 (0.8)
NoneQ wave 1 (0.8) 0

Ischemia-driven TLR 2 (1.6) 1 (0.8) 0.621
Drug-eluting stent 1 (0.8) 0
Cutting balloon 1 (0.8) 1 (0.8)

Stent thrombosis 0 1 (0.8) 0.999
Acute 0 0
Subacute 0 1 (0.8)
Late 0 0

Procedure-related
noneQ-wave MI

12 (9.4) 4 (3.1) 0.036

Ischemia-driven TVR 4 (3.1) 2 (1.6) 0.445
Death/MI/

ischemia-driven TVR
5 (3.9) 3 (2.3) 0.498

MACE (death/MI/
ischemia-driven
TLR)

3 (2.4) 2 (1.6) 0.683

Data are expressed as number (percentage).
MACE ¼ major adverse cardiac event; TLR ¼ target lesion revascu-

larization; TVR ¼ target vessel revascularization.
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undergoing angiographic follow-up were more likely to
have stable angina (p ¼ 0.033) than those who did not return
for angiographic follow-up. Those with angiographic
follow-up have similar anatomical and procedural charac-
teristics, except the more maximal inflation pressure (p ¼
0.037). Quantitative coronary angiographic measurements at
follow-up are listed in Table 3. In-segment late loss of R-
ZES using maximal regional late loss method, the pre-
specified primary end point, was noninferior to that of SES
group (0.34 � 0.30 vs 0.39 � 0.43 mm; difference, �0.048;
95% confidence interval, �0.157 to 0.061; upper 1-sided
95% confidence interval, 0.044; p <0.001 for noninferiority;
Figure 1). In-segment late loss using analysis segment late
loss method was similar between the R-ZES and SES
groups (0.11 � 0.30 vs 0.17 � 0.37 mm; dif-
ference, �0.052; 95% confidence interval, �0.153 to 0.050;
p ¼ 0.317). In-stent late loss and the rates of in-segment and
in-stent binary restenosis were not statistically different
between the 2 groups. There was no significant difference
for the patterns of restenosis between the 2 groups. In the
R-ZES group, 1 was focal (class IC). In the SES group, 4
were focal (3 in class 1B and 1 in class 1C) and 2 were
diffuse (1 in class II and 1 in class IV).

Clinical outcomes during follow-up are listed in Table 4.
Although there were no significant differences in lesion
characteristics, more procedure-related noneQ-wave MI
occurred in R-ZES group. However, in-hospital events,
including Q-wave MI, emergency bypass surgery, or death,
did not occur in either group. At 12 months, the incidence of
individual and composite clinical outcomes did not signifi-
cantly differ between the 2 groups. During 12 months, 1
definite stent thrombosis occurred in the SES group, which
was a subacute stent thrombosis.

Discussion

In this randomized trial involving patients with DM and
coronary artery disease, R-ZES was noninferior to SES as
assessed by 9-month angiographic in-segment late luminal
loss. Moreover, both R-ZES and SES showed comparable
low rates of clinical outcomes for 12 months, suggesting
that both stents appear to be effective in the treatment of
coronary artery disease in diabetic patients.

The use of DES significantly improved both angiographic
and clinical outcomes compared with bare-metal stent in
patients with DM.2 However, DM still remains a major
determinant of worse prognostic outcome even after DES
use.3,4 Therefore, an investigation to identify the relative
efficacies of particular DES is clinically important to the
physician’s choice of devices in the management of these
high-risk patients. The previous comparison of everolimus-
eluting stent versus sirolimus-eluting Stent implantation for
de novo coronary artery disease in patients with diabetes
mellitus (ESSENCE-DIABETES) randomized trial showed
that everolimus-eluting stents were noninferior to SES in
angiographic outcomes and comparable in clinical out-
comes.22 The present study further investigated relative effi-
cacies between R-ZES and SES in diabetic patients using
a randomized controlled study design.

In this trial, R-ZES was noninferior to SES for in-
segment late loss using maximal regional late loss method,
the prespecified primary end point. In-segment late loss
using analysis segment late loss method and in-stent late
loss were not statistically different between the 2 groups. In
earlier nonselective population studies, R-ZES was associ-
ated with low in-stent and in-segment late losses (in-stent:
0.22 to 0.29 mm, in-segment: 0.12 to 0.15 mm) and was
comparable with that observed in our study.10,12,15,23 In
previous studies with diabetic population, the late loss of
SES (in-stent: 0.09 to 0.26 mm, in-segment: 0.06 to
0.43 mm) was also comparable with that observed in this
study.5,6 Angiographic measurements such as in-stent and
in-segment late losses have been used as suitable surrogate
markers for clinical stent efficacy and primary end points in
DES trials.24 Therefore, in diabetic patients with coronary
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artery disease, R-ZES may have a comparable efficacy to
SES.

We also observed that in-segment and in-stent restenosis
rates were not significantly different between R-ZES and
SES in diabetic patients. In our R-ZES group, the restenosis
rates were comparable with those of previous nonselective
population studies (in-stent restenosis rate: 1.0% to 4.2%,
in-segment restenosis rate: 2.1% to 13.4%).10,12,15,23 In
previous studies with diabetic population, restenosis rates of
SES group (in-stent restenosis: 3.4% to 6.7%, in-segment
restenosis: 3.5% to 8.5%) were also comparable with those
observed in our study.5,6 The major advance of R-ZES
compared with the earlier version of ZES is its polymer
coatings, enabling sustained release of zotarolimus to
control neointimal hyperplasia in more difficult patient
subsets.23 Consistent with previous studies comparing 2
ZES generations,25e27 in our diabetic population, these
improved biocompatible polymer coatings of R-ZES may
favorably affect to control neointimal hyperplasia.

All clinical events were not statistically different, in line
with previous studies demonstrating similar efficacy and
safety for R-ZES and SES.6,12,27 Recently, in diabetic
patients with R-ZES implantation, a pooled analysis
described that the R-ZES was safe and effective in patients
with DM and obtained Food and Drug Administration
approval for the expanded indication for the use in diabetic
patients.28 Consistent with these previous findings, the
present study also showed that clinical outcomes of R-ZES
were excellent and were comparable with those of SES,
which had been known as more effective first-generation
DES in high-risk patients with DM.16

The present study has several limitations. First, in this
study, patient enrollment was prematurely stopped after
enrollment of 256 patients because of discontinuing
production of SES. Furthermore, angiographic follow-up
rate was 68.4%, which was lower than the protocol-based
estimated rate. Second, our study was to evaluate angio-
graphic outcomes not powered for clinical outcomes.
Furthermore, in-segment late loss using maximal regional
late loss method, the prespecified primary end point, was
similar to that of analysis segment late loss method in
clinical relevance.18 Third, the SES group included signifi-
cantly more men. There was an imbalance of the maximal
pressure in procedural characteristics. Nevertheless,
considering these potential effects, our overall findings
would not change. Fourth, diabetic patients taking insulin
has consistently been shown to be an independent predictor
of adverse outcomes after stent implantation. The overall
results in studies of patients with diabetes could depend on
the percentage of patients with diabetes taking insulin.29

However, in our study, the proportion of patients taking
insulin was fewer than previous studies,28 which would
affect favorable results. Finally, in the R-ZES group, the
more procedure-related non-Q MI occurred. However, there
were no differences in the 9-month angiographic and
12-month clinical outcomes. These differences may be
a chance factor because of the small sample size.
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