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BACKGROUND
The choice of drug-eluting stent in the treatment of patients with diabetes mellitus 
and coronary artery disease who are undergoing percutaneous coronary interven-
tion (PCI) has been debated. Previous studies comparing paclitaxel-eluting stents 
with stents eluting rapamycin (now called sirolimus) or its analogues (everolimus 
or zotarolimus) have produced contradictory results, ranging from equivalence 
between stent types to superiority of everolimus-eluting stents.

METHODS
We randomly assigned 1830 patients with diabetes mellitus and coronary artery 
disease who were undergoing PCI to receive either a paclitaxel-eluting stent or an 
everolimus-eluting stent. We used a noninferiority trial design with a noninferior-
ity margin of 4 percentage points for the upper boundary of the 95% confidence 
interval of the risk difference. The primary end point was target-vessel failure, 
which was defined as a composite of cardiac death, target-vessel myocardial in-
farction, or ischemia-driven target-vessel revascularization at the 1-year follow-up.

RESULTS
At 1 year, paclitaxel-eluting stents did not meet the criterion for noninferiority to 
everolimus-eluting stents with respect to the primary end point (rate of target-
vessel failure, 5.6% vs. 2.9%; risk difference, 2.7 percentage points [95% confidence 
interval, 0.8 to 4.5]; relative risk, 1.89 [95% confidence interval, 1.20 to 2.99]; P = 0.38 
for noninferiority). There was a significantly higher 1-year rate in the paclitaxel-
eluting stent group than in the everolimus-eluting stent group of target-vessel 
failure (P = 0.005), spontaneous myocardial infarction (3.2% vs. 1.2%, P = 0.004), 
stent thrombosis (2.1% vs. 0.4%, P = 0.002), target-vessel revascularization (3.4% 
vs. 1.2%, P = 0.002), and target-lesion revascularization (3.4% vs. 1.2%, P = 0.002).

CONCLUSIONS
In patients with diabetes mellitus and coronary artery disease undergoing PCI, 
paclitaxel-eluting stents were not shown to be noninferior to everolimus-eluting 
stents, and they resulted in higher rates of target-vessel failure, myocardial in-
farction, stent thrombosis, and target-vessel revascularization at 1 year. (Funded 
by Boston Scientific; TUXEDO–India Clinical Trials Registry–India number, 
CTRI/2011/06/001830).
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Diabetes mellitus is a highly preva-
lent medical condition globally and is 
frequently associated with symptomatic 

coronary artery disease necessitating percutane-
ous coronary intervention (PCI).1 There is, however, 
controversy regarding the choice of a drug-eluting 
stent in patients with diabetes. Fundamental to 
this debate is the finding that there is attenuation 
of the mammalian target of rapamycin (mTOR) 
signaling pathway in patients with type 2 diabe-
tes, which suggests that stents eluting rapa
mycin (now called sirolimus) or its analogues 
(everolimus or zotarolimus) — often termed 
“limus-eluting” stents — could be less effective 
in this cohort, potentially making paclitaxel-
eluting stents an attractive option.2

It is generally accepted that paclitaxel-eluting 
stents are inferior to limus-eluting stents in most 
patients with coronary artery disease. One ex-
ception is patients with diabetes, for whom 
subgroup analyses from large randomized trials, 
small to medium-sized trials, pooled analyses, 
and registries have shown paclitaxel-eluting stents 
to have efficacy and safety similar to those of 
limus-eluting stents.3-5 Everolimus-eluting stents 
have been shown to be superior to paclitaxel-
eluting stents with respect to both angiographic 
and clinical end points in most patients, but the 
results in the population with diabetes have 
been variable.6,7 However, previous randomized 
trials were typically not sufficiently powered to 
assess the clinical outcomes associated with 
various drug-eluting stents among patients with 
diabetes. We therefore performed a prospective, 
randomized trial to compare paclitaxel-eluting 
stents with everolimus-eluting stents in patients 
with diabetes.

Me thods

Study Design

The Taxus Element versus Xience Prime in a 
Diabetic Population (TUXEDO)–India study is an 
investigator-initiated, multicenter, randomized 
clinical trial. The trial protocol, which is avail-
able with the full text of this article at NEJM.org, 
was designed by the principal investigator (the 
first author). The trial was funded by Boston 
Scientific, the manufacturer of the paclitaxel-
eluting stent (Taxus Element). A commitment to 
ensure consistent availability of the everolimus-
eluting stent (Xience Prime) for the trial was 
provided by Abbott Vascular, the manufacturer 

of the stent. Neither manufacturer participated 
in the design or conduct of the trial or had ac-
cess to the data. The institutional review board 
at each participating center approved the study. 
The data were gathered and analyzed by a con-
tract research organization (Max Neeman Inter-
national) that was appointed by the principal 
investigator. The principal investigator had full 
access to the data, prepared the first draft of the 
manuscript, made the decision to submit the 
manuscript for publication, and vouches for the 
completeness, authenticity, integrity, and reliabil-
ity of the data, as well as for the fidelity of this 
report to the trial protocol.

Study Eligibility and Procedures

Patients were considered to be eligible if they 
had diabetes mellitus and either symptomatic 
coronary artery disease or silent ischemia. The 
angiographic criteria required for eligibility in-
cluded lesions 34 mm or less in length and a 
reference-vessel diameter between 2.25 mm and 
4.0 mm (determined by visual estimation from 
angiograms). The full list of eligibility criteria is 
provided in Table S1 in the Supplementary Ap-
pendix, available at NEJM.org. Written informed 
consent was obtained from the patients after 
angiography but before randomization or PCI.

With the use of an interactive Web-based re-
sponse system, eligible patients were randomly 
assigned in a 1:1 ratio to receive either a pacli-
taxel-eluting stent or an everolimus-eluting stent. 
Randomization was performed in randomly alter-
nating blocks of eight patients. Multiple lesions 
in a patient were treated with the same type of 
stent. The characteristics of the two stents are 
summarized in Table S2 in the Supplementary 
Appendix.

All patients received oral aspirin (350 mg) 
and a loading dose of clopidogrel (600 mg), pra-
sugrel (60 mg), or ticagrelor (180 mg) before the 
index procedure. Patients continued to take aspi-
rin (75 to 150 mg daily) plus clopidogrel (at least 
75 mg daily), prasugrel (10 mg daily), or ticagre-
lor (90 mg twice daily) for at least 12 months 
after stent implantation. The choice of the sec-
ond antiplatelet drug and the specifics of the 
performance of the PCI procedure were at the 
discretion of the on-site investigator. Guideline-
based medical management for secondary pre-
vention of vascular events was recommended for 
all patients.8

Routine follow-up angiography was discour-
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aged unless it was clinically indicated. The staff 
performing the PCI were by necessity aware of 
the type of stent being implanted during the 
procedure; however, the patient and the follow-
up team were unaware of the randomized group 
assignment, and a standardized follow-up proto-
col was implemented to reduce the risk of bias. 
The clinical follow-up assessments were sched-
uled at 30 days, 180 days, 1 year, and 2 years 
after the index procedure. The follow-up assess-
ments at 180 days and 1 year were required to be 
on site. The 30-day and 2-year follow-up assess-
ments could be performed over the telephone.

Patient data were recorded on electronic case-
report forms. All serious adverse events were 
adjudicated by the members of the clinical event 
adjudication committee. The members of the 
data and safety monitoring committee periodi-
cally reviewed the safety data and recommended 
that the trial should continue.

Study End Points

The primary end point was target-vessel failure 
at 1 year; target-vessel failure was defined as a 
composite of cardiac death, target-vessel myocar-
dial infarction, or ischemia-driven target-vessel 
revascularization. The secondary end points 
were ischemia-driven target-lesion revasculariza-
tion, target-vessel revascularization, the compos-
ite of cardiac death or target-vessel myocardial 
infarction, major adverse cardiac events (a com-
posite of cardiac death, myocardial infarction, 
or ischemia-driven target-lesion revascularization), 
myocardial infarction (Q-wave and non–Q-wave), 
cardiac death, noncardiac death, death from any 
cause, cardiac death or myocardial infarction, all 
death or myocardial infarction, and Academic 
Research Consortium–defined stent thrombo-
sis.9 The procedural end points were the rate of 
technical success and the rate of clinical proce-
dural success. Definitions of all trial end points 
are provided in the Supplementary Appendix.

Statistical Analysis

The trial was powered to detect noninferiority 
with respect to the primary end point of target-
vessel failure at 1 year. On the basis of available 
data from the Clinical Evaluation of the Xience 
V Everolimus Eluting Coronary Stent System in 
the Treatment of Patients with De Novo Native 
Coronary Artery Lesions (SPIRIT) IV trial,10 we 
assumed a 1-year rate of target-vessel failure of 
8.4% with each stent. Assuming this event rate, 

a 10% attrition rate, and a noninferiority margin 
(delta) of 4 percentage points for the upper 
boundary of the 95% confidence interval of the 
absolute difference in incidence rates, we calcu-
lated that with 915 patients in each group (1830 
patients in total), the study would have at least 
90% power to show the noninferiority of the 
paclitaxel-eluting stent to the everolimus-eluting 
stent, at a one-sided 5% significance level.

All data are presented for the intention-to-
treat population, which included all patients who 
underwent randomization, regardless of whether 
a study stent was implanted. For the per-protocol 
analyses, all patients who underwent random-
ization, had the assigned study stent implanted, 
and had 1-year follow-up data available were in-
cluded.

Categorical variables were compared with the 
use of the chi-square test or Fisher’s exact test; 
Student’s t-test was used for comparison of con-
tinuous variables. Relative risks and risk differ-
ences were calculated for the primary end point, 
and 95% confidence intervals were constructed. 
A two-group Farrington–Manning test was used 
for testing the hypothesis of noninferiority with 
respect to the proportion of patients with target-
vessel failure, with the use of a one-sided P value 
for noninferiority of 0.05. For testing the superi-
ority of the everolimus-eluting stent to the pacli-
taxel-eluting stent, a two-sided alpha level of 0.05 
was used. Kaplan–Meier survival estimate curves 
for time-to-event variables were generated for 
each group and were compared with the use of 
a log-rank test. Hazard ratios and the corre-
sponding 95% confidence intervals were also 
calculated. The consistency of treatment effects 
in prespecified subgroups was assessed with the 
use of logistic regression with tests for interac-
tion. All statistical analyses were performed 
with the use of SAS software, version 9.3 (SAS 
Institute).

R esult s

Baseline Characteristics

Between June 23, 2011, and March 12, 2014, a 
total of 1851 patients with diabetes, at 46 sites, 
gave written consent for participation in the study 
(Fig. 1). Of these, 21 patients were not included 
in the trial because they did not meet an inclu-
sion criterion, met an exclusion criterion, or with-
drew consent; the remaining 1830 patients were 
randomly assigned to receive a paclitaxel-eluting 
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stent (914 patients) or an everolimus-eluting stent 
(916 patients). After randomization, 42 patients 
did not receive the assigned stent, for reasons 
shown in Figure 1. A total of 1788 patients re-
ceived the study stent; 889 patients received a 
paclitaxel-eluting stent, and 899 patients received 
an everolimus-eluting stent.

The treatment groups were well matched with 
regard to the patients’ baseline characteristics 
(Table 1). At admission, acute coronary syndrome 
(unstable angina or non–ST-segment elevation 
myocardial infarction) was present in 974 patients 
(53.2%), chronic stable angina in 521 (28.5%), 
post–ST-segment elevation myocardial infarction 
in 212 (11.6%), and asymptomatic ischemia in 
123 (6.7%).

Procedural and Angiographic Outcomes
The total number of stents per patient and per 
lesion was significantly lower in the paclitaxel-
eluting stent group than in the everolimus-
eluting stent group (Table S3 in the Supplemen-
tary Appendix). The maximum stent diameter 
per lesion was significantly higher in the pac
litaxel-eluting stent group than in the everoli
mus-eluting stent group (P = 0.008). The extent 
of stenosis (percentage of the diameter) was 
significantly higher with paclitaxel-eluting 
stents than with everolimus-eluting stents im-
mediately after the procedure (P = 0.01). The 
concomitant medications in the two groups are 
outlined in Table S4 in the Supplementary Ap-
pendix.

Figure 1. Screening, Randomization, and Follow-up.

1830 Underwent randomization

1851 Patients were assessed for eligibility

21 Were excluded during screening
5 Did not meet clinical inclusion criteria
3 Did not meet angiographic inclusion

criteria
1 Did not meet clinical and angiographic

inclusion criteria
3 Met clinical exclusion criteria
5 Met angiographic exclusion criteria
4 Withdrew consent

914 Were assigned to paclitaxel-eluting stent
889 Received paclitaxel-eluting stents for a total of

1133 lesions
25 Did not receive paclitaxel-eluting stent

13 Did not receive any stent
7 Received nonstudy stent
3 Received everolimus-eluting stent
1 Received more than one type of stent
1 Received study stent and nonstudy stent

916 Were assigned to everolimus-eluting stent
899 Received everolimus-eluting stents for a total

of 1191 lesions
17 Did not receive everolimus-eluting stent

10 Did not receive any stent
3 Received nonstudy stent
3 Received paclitaxel-eluting stent
1 Received more than one type of stent

887 Completed 1-yr follow-up, with a total of 1108
lesions included in the analysis

27 Discontinued study
12 Withdrew consent
10 Were lost to follow-up
5 Were withdrawn by investigator

896 Completed 1-yr follow-up, with a total of 1176
lesions included in the analysis

20 Discontinued study
9 Withdrew consent
9 Were lost to follow-up
2 Were withdrawn by investigator

916 Were included in the intention-to-treat population
890 Were included in the per-protocol population

914 Were included in the intention-to-treat population
875 Were included in the per-protocol population
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Characteristic

Paclitaxel-Eluting 
Stents 

(N = 914)

Everolimus-Eluting 
Stents 

(N = 916)

Patients

Age — yr 58.40±9.21 58.34±9.12

Body-mass index† 25.77±4.02 25.87±4.25

Male sex — no. (%) 681 (74.5) 696 (76.0)

Hypertension — no. (%) 613 (67.1) 604 (65.9)

Hypercholesterolemia — no. (%)‡ 702 (76.8) 710 (77.5)

Current smoker — no. (%) 128 (14.0) 145 (15.8)

Insulin-requiring diabetes — no. (%) 365 (39.9) 382 (41.7)

Glycated hemoglobin — %§ 8.40±1.84 8.18±1.66

Duration of diabetes — yr 6.75±7.09 6.14±6.69

Previous myocardial infarction — no. (%) 376 (41.1) 366 (40.0)

Previous percutaneous coronary intervention — no. (%) 77 (8.4) 68 (7.4)

Previous coronary-artery bypass graft surgery — no. (%) 14 (1.5) 18 (2.0)

Left ventricular ejection fraction — % 54.70±12.27 54.81±11.85

Left ventricular ejection fraction <40% — no. (%) 87 (9.5) 80 (8.7)

Clinical presentation at admission — no. (%)

Acute coronary syndrome: unstable angina or non-STEMI 495 (54.2) 479 (52.3)

Chronic stable angina 268 (29.3) 253 (27.6)

Post-STEMI 94 (10.3) 118 (12.9)

Asymptomatic ischemia 57 (6.2) 66 (7.2)

Target lesions to be treated — no. (%)¶

One 688 (75.3) 656 (71.6)

Two 182 (19.9) 209 (22.8)

Three 27 (3.0) 39 (4.3)

Target lesions per patient§ 1.26±0.50 1.32±0.55

Target-lesion stenosis — no. (%)

50–70% 98 (10.7) 85 (9.3)

71–90% 646 (70.7) 660 (72.1)

91–99% 243 (26.6) 273 (29.8)

Target lesions

Total no. of lesions 1133 1191

Location of lesions — no. of lesions (%)‖

Left anterior descending 548 (48.4) 555 (46.6)

Left circumflex 260 (22.9) 313 (26.3)

Right 325 (28.7) 322 (27.0)

Reference-vessel diameter — mm§ 2.90±0.36 2.87±0.36

Diameter stenosis — % 87.26±8.61 87.54±8.43

Lesion length — mm 20.13±7.60 20.12±7.71

*	�Plus–minus values are means ±SD. Data are shown for the intention-to-treat population. STEMI denotes ST-segment 
elevation myocardial infarction.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�Hypercholesterolemia was considered to be present if the triglyceride level was greater than 150 mg per deciliter (1.7 

mmol per liter), low-density lipoprotein cholesterol greater than 130 mg per deciliter (3.4 mmol per liter), and high-
density lipoprotein cholesterol less than 40 mg per deciliter (1.0 mmol per liter).

§	� The difference between treatment groups was significant (P<0.05).
¶	�Numbers do not sum to the total numbers of patients because 29 patients did not receive stents.
‖	�One lesion in the everolimus-eluting stent group was excluded because it was in the left main coronary artery (a proto­

col violation).

Table 1. Patient and Target-Lesion Characteristics at Baseline.*
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Clinical Outcomes

A total of 1783 patients (97.4%) completed the 
1-year follow-up. In the intention-to-treat analy-
sis, paclitaxel-eluting stents did not meet the 
criterion for noninferiority to everolimus-eluting 
stents with respect to target-vessel failure at 1 year 
(5.6% vs. 2.9%; risk difference, 2.7 percentage 
points [95% confidence interval {CI}, 0.8 to 4.5]; 
relative risk, 1.89 [95% CI, 1.20 to 2.99]; P = 0.38 
for noninferiority) (Table 2). In a test of superi-
ority, everolimus-eluting stents were superior to 
paclitaxel-eluting stents with respect to the pri-
mary end point of the 1-year rate of target-vessel 
failure (relative risk, 0.53; 95% CI, 0.33 to 0.83; 
P = 0.005).

At 1 year, patients assigned to receive a pacli-
taxel-eluting stent had significantly higher rates 
of ischemia-driven target-vessel revascularization 
and target-lesion revascularization than did pa-
tients assigned to receive an everolimus-eluting 
stent (3.4% vs. 1.2% for both end points, P = 0.002), 
as well as significantly higher rates of spontane-
ous myocardial infarction (3.2% vs. 1.2%, P = 0.004), 
stent thrombosis (2.1% vs. 0.4%, P = 0.002), the 
composite of cardiac death or target-vessel myo-
cardial infarction (4.0% vs. 2.3%, P = 0.03), and 
major adverse cardiac events (5.9% vs. 3.4%, 
P = 0.01) (Table 2 and Fig. 2). There was no sig-
nificant difference between the treatment groups 
with respect to the other outcomes. The rates of 
technical success and procedural success were 
similar in the two groups.

Subgroup Analyses

We performed logistic-regression analyses with 
interaction testing to determine whether the 
higher rate of target-vessel failure at 1 year (the 
primary end point) with paclitaxel-eluting stents, 
as compared with everolimus-eluting stents, was 
consistent across prespecified subgroups (Fig. 3). 
There was no significant interaction between 
stent type and target-vessel failure in subgroups 
of patients categorized according to age, sex, 
insulin therapy requirement, glycated hemoglo-
bin level, angina status, lesion length, number of 
treated lesions, lesion type, reference-vessel di-
ameter, target vessel, or duration of diabetes. A 
significant interaction between estimated glo-
merular filtration rate and stent type was found 
with respect to target-vessel failure (P = 0.047 for 
the interaction). The rate of target-vessel failure 

was consistently higher with paclitaxel-eluting 
stents than with everolimus-eluting stents in all 
12 prespecified subgroups and in post hoc sub-
groups based on the number of diseased vessels 
(Table S5 in the Supplementary Appendix); the 
exception was the subgroup of patients with an 
estimated glomerular filtration rate of 60 ml per 
minute or less (rate of target-vessel failure, 7.1% 
with paclitaxel-eluting stents and 7.3% with 
everolimus-eluting stents; relative risk, 0.97; 95% 
CI, 0.46 to 2.07).

We performed per-protocol analyses that in-
cluded the 1765 patients who received the as-
signed stent and for whom 1-year follow-up data 
were available. The results of these analyses 
were largely similar to the results of the inten-
tion-to-treat analyses (Fig. S1 and S2 and Tables 
S6 and S7 in the Supplementary Appendix).

Discussion

In this trial comparing paclitaxel-eluting stents 
and everolimus-eluting stents in patients with 
diabetes, the paclitaxel-eluting stent was not 
noninferior to the everolimus-eluting stent with 
respect to the primary outcome of target-vessel 
failure. The results for secondary outcomes were 
consistent with the result of the primary out-
come, with higher rates in the paclitaxel-eluting 
stent group than in the everolimus-eluting stent 
group of myocardial infarction, stent thrombo-
sis, target-vessel revascularization, target-lesion 
revascularization, the composite of cardiac death 
or target-vessel myocardial infarction, and major 
adverse cardiac events.

Controversy regarding the efficacy and safety 
of paclitaxel versus sirolimus analogues in drug-
eluting stents that are implanted in patients with 
diabetes has existed since the era of first-gener-
ation drug-eluting stents. In patients who do not 
have diabetes, the superiority of sirolimus-elut-
ing stents over paclitaxel-eluting stents has been 
consistently reported for clinical outcomes, but 
the data for patients who have diabetes are con-
troversial, with several studies reporting similar 
clinical outcomes with paclitaxel-eluting stents 
and sirolimus-eluting stents.3-5

This controversy has lingered in the era of 
newer-generation drug-eluting stents. A pooled 
analysis of four trials showed substantially lower 
rates of death, myocardial infarction, stent 
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Outcome

Paclitaxel-Eluting 
Stents 

(N = 914)

Everolimus-Eluting 
Stents 

(N = 916) P Value†

no. of patients (%)

Target-vessel failure‡§ 51 (5.6) 27 (2.9) 0.005

Death

All 23 (2.5) 21 (2.3) 0.75

Cardiac 16 (1.8) 16 (1.7) 1.00

Noncardiac 7 (0.8) 5 (0.5) 0.56

Myocardial infarction

Spontaneous 29 (3.2) 11 (1.2) 0.004

Target-vessel 26 (2.8) 5 (0.5) <0.001

Non–target-vessel 5 (0.5) 6 (0.7) 0.77

Q-wave 8 (0.9) 1 (0.1) 0.02

Non–Q-wave 22 (2.4) 10 (1.1) 0.03

Periprocedural 32 (3.5) 29 (3.2) 0.69

Death or myocardial infarction 47 (5.1) 31 (3.4) 0.06

Cardiac death or myocardial infarction 40 (4.4) 26 (2.8) 0.08

Cardiac death or target-vessel myocardial infarction 37 (4.0) 21 (2.3) 0.03

Stent thrombosis

Academic Research Consortium definition 19 (2.1) 4 (0.4) 0.002

Acute thrombosis, <24 hr after procedure 1 (0.1) 0 —

Subacute thrombosis, 24 hr to 30 days after 
procedure

10 (1.1) 1 (0.1) 0.006

Late thrombosis, >30 days after procedure 8 (0.9) 3 (0.3) 0.13

Definite 14 (1.5) 3 (0.3) 0.007

Probable 5 (0.5) 1 (0.1) 0.12

Target-vessel revascularization§ 31 (3.4) 11 (1.2) 0.002

Target-lesion revascularization§ 31 (3.4) 11 (1.2) 0.002

Major adverse cardiac events§¶ 54 (5.9) 31 (3.4) 0.01

Technical success‖ 896 (98.0) 904 (98.7) 0.27

Procedural success** 892 (97.6) 902 (98.5) 0.18

*	� Percentages are crude rates and are from the intention-to-treat analysis.
†	� P values were calculated with the use of a chi-square or Fisher’s exact test.
‡	� Target-vessel failure was defined as any ischemia-driven target-vessel revascularization, target-vessel myocardial in­

farction (Q-wave and non–Q-wave), or cardiac death. The relative risk of failure was 1.89 (95% confidence interval 
[CI], 1.20 to 2.99). The risk difference was 2.7 percentage points (95% CI, 0.8 to 4.5) (P = 0.38 for noninferiority at the 
4-percentage-point margin).

§	� All events are ischemia-driven events.
¶	� Major adverse cardiac events was a composite end point of cardiac death, myocardial infarction, or target-lesion re­

vascularization.
‖	� Technical success was defined as the successful delivery and deployment of the study stent to the target vessel, with­

out balloon rupture or stent embolization.
**	� Clinical procedural success was defined as a mean lesion diameter stenosis of less than 30% in two near-orthogonal 

projections with a Thrombolysis in Myocardial Infarction flow grade of 3 (normal coronary blood flow), as visually as­
sessed by the physician, without the occurrence of in-hospital myocardial infarction, target-vessel revascularization, or 
cardiac death.

Table 2. Clinical Outcomes at 1-Year Follow-up.*
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thrombosis, and ischemia-driven target-lesion 
revascularization with everolimus-eluting stents 
than with paclitaxel-eluting stents among patients 
without diabetes. However, among 1869 patients 
with diabetes, there was no significant differ-
ence with regard to any efficacy or safety out-
come.6 In contrast, in a meta-analysis of 42 ran-
domized studies that compared various stents 
and included 22,844 patient-years of follow-up of 

patients with diabetes, everolimus-eluting stents, 
as compared with other drug-eluting stents and 
bare metal stents, were found to be the most 
efficacious and safe stents, and they had a high 
probability of being associated with the lowest 
rate of restenosis, myocardial infarction, and 
stent thrombosis.7 The discordance in the results 
between these meta-analyses is possibly a result 
of differences among the studies that were in-

Figure 2. Clinical Outcomes.

Time-to-event curves are shown for patients in the intention-to-treat population who were randomly assigned to receive a paclitaxel-
eluting stent or an everolimus-eluting stent. The event rates were calculated with the use of Kaplan–Meier methods and compared with 
the use of the log-rank test; they differ slightly from the rates in the text and Table 2, which were calculated as categorical variables and 
compared with use of chi-square test. In each panel, the inset shows the same data on an enlarged y axis. CI denotes confidence inter­
val, and F–M Farrington–Manning.
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cluded in each analysis and the fact that no 
single trial was adequately powered to answer 
the question. The lack of consistent superiority 
of limus-eluting stents over paclitaxel-eluting 
stents in studies involving patients with diabetes 
has led to the question of whether diabetes is 
the “Achilles’ heel” of limus-eluting stents.11

Various explanations based on the mechanisms 

of action of the two drugs in bench-testing mod-
els have been proposed to explain this differen-
tial effect12: limus-eluting stents use the mTOR 
signaling pathway, which is attenuated in patients 
with type 2 diabetes, and limus-eluting stents 
interfere with the process of cellular mitosis, 
which is regulated by glycosylation-dependent 
enzymes. The TUXEDO–India trial thus may 

Figure 3. Prespecified Subgroup Analyses of the Primary End Point.

The American College of Cardiology and the American Heart Association classify coronary lesions as type A (simple; very short, concen­
tric lesions), B (moderately complex), or C (very complex, including very long lesions, very tortuous lesions, and chronic total occlusions). 
The abbreviation eGFR denotes estimated glomerular filtration rate, and LAD left anterior descending artery.
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serve to resolve a long-standing concern in inter-
ventional cardiology.

In a subgroup analysis, the results among 
patients who required insulin for their diabetes, 
a group that constituted approximately 40% of 
the patient population in our study, were no dif-
ferent from the results among patients who did 
not require insulin. This result differs from the 
findings of the SPIRIT studies, which showed a 
trend toward worse outcomes with everolimus-
eluting stents than with paclitaxel-eluting stents 
among patients with diabetes who required in-
sulin.6 The only prespecified subgroup in which 
paclitaxel-eluting stents and everolimus-eluting 
stents had similar outcomes were patients with 
an estimated glomerular filtration rate of 60 ml 
per minute or less. Given the small number of 
patients in this subgroup and the multiple sub-
groups examined, this is probably a chance 
finding, but it should be evaluated in future 
studies.

Although paclitaxel-eluting stents are still 
available worldwide, they have largely been re-
placed in clinical practice by newer-generation 
drug-eluting stents. Nevertheless, the results of 
our trial provide insight into the decade-long 
debate about the efficacy of limus-eluting stents 
in patients with diabetes. In addition, the ques-
tion about the efficacy and safety of everolimus-
eluting stents relative to those of paclitaxel-
eluting stents in patients with diabetes also has 
important implications for the translatability of 
the results from previous randomized trials in-
volving patients with diabetes that were conduct-
ed with first-generation stents into modern-day 
practice of PCI with newer-generation drug-
eluting stents. These trials include, in particular, 
the Future Revascularization Evaluation in Pa-
tients with Diabetes Mellitus: Optimal Manage-
ment of Multivessel Disease (FREEDOM) trial13 
and the Bypass Angioplasty Revascularization 
Investigation in Type 2 Diabetes (BARI 2D) trial14. 
In the FREEDOM trial, which evaluated coro-

nary-artery bypass grafting (CABG) surgery ver-
sus PCI with the use of first-generation drug-
eluting stents (including paclitaxel-eluting stents) 
in patients with diabetes, outcomes were supe-
rior with CABG, including significantly lower 
all-cause mortality.13 Similarly, in the BARI 2D 
trial, which involved patients with diabetes who 
were randomly assigned to receive intensive 
medical therapy or prompt revascularization 
(with either CABG or PCI; only 35% of patients 
received drug-eluting stents, all of which were 
first-generation stents), there was no benefit of 
prompt revascularization over medical therapy 
alone.14 The results of our study raise the ques-
tion of whether the results of the FREEDOM and 
BARI 2D trials would have been different if the 
trials had been performed with newer-generation 
drug-eluting stents, especially everolimus-eluting 
stents.15,16

One limitation of our study is the fact that the 
event rates were lower than anticipated. This is 
probably a result of the newer stent design with 
thinner struts and the use of more potent anti-
platelet therapy than in the SPIRIT IV trial, on 
which our event-rate estimates were based. In 
addition, we could not perform subgroup analy-
ses based on the Synergy between PCI with 
Taxus and Cardiac Surgery (SYNTAX) score, be-
cause we did not have access to an angiographic 
core laboratory.17 Moreover, the study partici-
pants were Asian Indians, and the results may 
not be applicable universally.

In conclusion, our study did not show nonin-
feriority of paclitaxel-eluting stents to everolimus-
eluting stents in patients with coronary artery 
disease and diabetes mellitus. Everolimus-eluting 
stents were superior to paclitaxel-eluting stents 
with regard to several end points, including 
target-vessel failure, myocardial infarction, and 
stent thrombosis.
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