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Abstract

Aims: The aim of this study was to report whether the superiority of the everolimus-eluting stent (EES)
vs. the paclitaxel-eluting stent (PES) at one-year follow-up in the Taxus Element versus Xience Prime in
a Diabetic Population (TUXEDO)-India trial was sustained at longer-term follow-up.
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Methods and results: One thousand eight hundred and thirty (1,830) patients with diabetes mellitus and
coronary artery disease were randomised to EES vs. PES. Follow-up data up to two years were available
in 1,701 (92.9%) patients. The primary endpoint was target vessel failure (TVF), defined as the composite
of cardiac death, target vessel myocardial infarction (TV-MI), or ischaemia-driven target vessel revascu-
larisation (TVR). Treatment with EES had a lower two-year rate of TVF (4.3% vs. 6.6%, p=0.03). Of the
secondary endpoints, EES significantly reduced any MI (1.6% vs. 3.5%, p=0.01), TV-MI (0.7% vs. 3.1%,
p=0.0001), ST (0.4% vs. 2.2%, p=0.001), cardiac death or target vessel MI (2.9% vs. 4.8%, p=0.04) and
TLR (1.9% vs. 3.7%, p=0.02), compared with PES. Between one year and two years, no significant differ-

ences in the clinical outcomes were observed (p >0.05).

interaction

Conclusions: In this adequately powered trial, the benefits of EES vs. PES in a diabetic population seen
at one year were maintained at two years. Trial registration ctri.nic.in. Identifier: CTR1/2011/06/001830.
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Abbreviations

ARC Academic Research Consortium

EES everolimus-eluting stent

eGFR estimated glomerular filtration rate

MACE  major adverse cardiac events

Mi myocardial infarction

ocT optical coherence tomographic

PCI percutaneous coronary intervention

PES paclitaxel-eluting stent

SD standard deviation

ST stent thrombosis

T2DM  type 2 diabetes mellitus

TLR target lesion revascularisation

TUXEDO Taxus Element versus Xience Prime in a Diabetic
Population

TVF target vessel failure

TVR target vessel revascularisation

Introduction

Patients with type 2 diabetes mellitus (T2DM) have worse clinical
outcomes with a significantly higher rate of repeat revascularisation
and stent thrombosis after percutaneous coronary intervention (PCI)
as compared to those without T2DM'. Clinical trials have shown
lower rates of restenosis, target lesion revascularisation (TLR), and
composite endpoints such as major adverse cardiac events (MACE),
with everolimus-eluting stents (EES) than with paclitaxel-eluting
stents (PES)*3. However, contrary to this, a pooled analysis of four
randomised trials demonstrated a marked attenuation of beneficial
effects of EES, as compared with first-generation PES, in a subset
of diabetic patients®. Therefore, the choice of DES for the treatment
of diabetic patients remained debatable until recently.

In the Taxus Element versus Xience Prime in a Diabetic
Population (TUXEDO)-India trial, 1,830 patients with diabetes mel-
litus and coronary artery disease undergoing PCI were randomised
1:1 to PES and EES groups. The one-year rate of the primary end-
point of target vessel failure (TVF) was significantly higher in
the PES than in the EES group (p=0.005), with significant reduc-
tion in individual rates of MI (p=0.004), stent thrombosis (ST)
(p=0.002), target vessel revascularisation (TVR) (p=0.002) and
TLR (p=0.002)". Whether these benefits are robust over time is not
known. In the angiographic follow-up from the Clinical Evaluation
of the XIENCE V Everolimus Eluting Coronary Stent System
(SPIRIT) II trial, there was an incremental late loss with EES com-
pared with PES between six months and two years®. The present
study was conducted to determine the two-year clinical outcomes
from an adequately powered TUXEDO trial and to observe whether
the differences in outcomes between EES and PES in the TUXEDO-
India trial at one year were maintained over two years of follow-up.

Methods

STUDY DESIGN

The TUXEDO-India study was an investigator-initiated, multi-
centre, randomised clinical trial in which 1,830 patients with

Two-year follow-up of the TUXEDO-India trial

diabetes mellitus and symptomatic coronary artery disease/silent
ischaemia were randomised 1:1 to PES (TAXUS Element; Boston
Scientific, Marlborough, MA, USA) or EES (XIENCE Prime;
Abbott Vascular, Santa Clara, CA, USA) treatment groups using
an interactive web response system with a block size of 8. The
study was approved by the institutional review boards of each par-
ticipating centre. Written informed consent was obtained before
randomisation or PCI but after angiography. The eligibility cri-
teria of patients and main results have been reported earlier’. An
independent data safety monitoring board (DSMB) periodically
reviewed the study data and evaluated patients’ safety, study
conduct and progress. An independent clinical events committee
(CEC) adjudicated the endpoints.

All patients received oral aspirin (350 mg) and a loading dose
of clopidogrel (600 mg), prasugrel (60 mg) or ticagrelor (180 mg)
before the index procedure. Patients continued to take aspirin (75 to
150 mg daily), clopidogrel (at least 75 mg daily), prasugrel (10 mg
daily) or ticagrelor (90 mg twice daily) for at least 12 months after
stent implantation. After a 12-month period, the choice of continu-
ing dual antiplatelet therapy was left to the discretion of the treat-
ing investigator. By necessity, the operators were aware of the stent
being implanted during the procedure; however, the patient and the
follow-up teams were unaware of the randomised group assign-
ment, and a standardised follow-up protocol was implemented to
reduce the risk of bias. The clinical follow-up visits were scheduled
at 30 days, 180 days, one year, and two years post index procedure;
follow-ups at 180 days and one year were on-site, and 30-day and

two-year follow-up visits were performed telephonically.

STUDY ENDPOINTS

The primary endpoint was TVF, a composite of cardiac death, target
vessel-related MI (TV-MI), or ischaemia-driven TVR at two years.
The secondary endpoints included ischaemia-driven TLR; TVR; the
composite of cardiac death or TV-MI; MACE; a composite of cardiac
death, MI or ischaemia-driven TLR; MI (Q-wave and non-Q-wave);
cardiac death; non-cardiac death; all-cause death; cardiac death or
MI; all death or MI and Academic Research Consortium (ARC)-
defined ST at two years. The procedural endpoints were the tech-
nical success rate and clinical procedural success rate at two years.

STATISTICAL METHODS

All the data are presented for the intention-to-treat population,
which includes all patients who underwent randomisation, regard-
less of whether a study stent was implanted. Categorical vari-
ables were compared by the chi-square/Fisher’s exact test and
the continuous variables presented as mean+SD and compared
by t-test. Kaplan-Meier survival estimate curves for time-to-event
variables were obtained for each group and compared by log-
rank test. Hazard ratios and their 95% confidence intervals were
also calculated. Logistic regression was used to calculate interac-
tion p-values between stent type and time (between <1 year and
>1 year). The consistency of treatment effects in pre-specified

subgroups was assessed with the use of logistic regression with
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tests for interaction. All statistical analyses were performed with
SAS software, version 9.3 (SAS Institute, Cary, NC, USA).

Results

PATIENTS

A total of 1,830 patients were randomly assigned to receive PES
(914 patients) or EES (916 patients). The treatment groups were
well matched with respect to baseline characteristics except for
target lesions per patient, which were significantly higher in the
EES-treated patients (Table 1, Table 2). All the patients were
maintained on dual antiplatelet therapy for one year. Following
that, they were left on aspirin, and the continuation of the second
drug was left to the discretion of the local investigator.

CLINICAL OUTCOMES

Follow-up data at two years were available in 1,701 (92.9%)
patients, comprising 836 in the PES group and 865 in the EES
group. EES significantly reduced the two-year rate of TVF as com-
pared to PES (4.3% vs. 6.6%; hazard ratio [HR] 0.63, 95% confi-
dence interval [CI]: 0.42 to 0.94; p=0.03) (Table 3). The two-year
reduction in TVF was driven by a significant reduction in car-
diac death or TV-MI (p=0.04) and ischaemia-driven TLR (p=0.02)
(Table 3). EES also significantly reduced the two-year rates of all
MI (p=0.01), target vessel-related MI (p=0.0001), and non-Q-wave
MI (p=0.03) (Table 3). The two-year rate of ARC definite or prob-
able stent thrombosis was reduced by approximately 72% with

EES compared with PES (0.4% vs. 2.2%; HR 0.20, 95% CI: 0.07
to 0.57; p=0.001) (Table 3). There was no statistically significant
difference noted between the treatment groups with respect to the
other clinical outcomes. The analysis of the data between one year
and two years revealed no significant difference in the clinical out-
comes between the PES and EES groups (Figure 1). Assessment of
potential interaction between stent type and time (between <1 year
and >1 year) showed no significant interaction for the majority of
clinical endpoints except TVR, TLR, and the composite of death,
MI or TVR, for which the outcomes were numerically higher with
EES when compared with PES between one and two years of fol-
low-up (Table 3). In addition, the logistic regression analyses with
interaction testing demonstrated that two-year reduction in TVF
with EES compared with PES was consistent across 12 pre-speci-
fied subgroups. However, a trend for higher TVF was found in PES
compared to EES in all subgroups. The current analysis revealed
a non-significant interaction in patients with an estimated glomeru-
lar filtration rate (eGFR) of <60 ml/min versus >60 ml/min, which
was contrary to our one-year outcome report where a borderline
interaction was noted (Figure 2)7.

Discussion

The TUXEDO-India trial demonstrated that treatment with EES, as
compared with PES, resulted in significant reductions in TVF (2.9%
vs. 5.6%, p=0.005), spontaneous MI (1.2% vs. 3.2%, p=0.004), ST
(0.4% vs. 2.1%, p=0.002), TVR (1.2% vs. 3.4%, p=0.002), and

Table 1. Patient characteristics at baseline according to randomised groups.

Treatment group

Demographic features p-value
EES (n=916) PES (n=914)

Age, years, mean+SD 58.34+9.12 58.40+9.21 0.88
Body mass index (kg/m?), mean+SD 25.87+4.25 25.77+4.02 0.58
Male sex, n (%) 696 (76.0) 681 (74.5) 0.46
Hypertension, n (%) 604 (65.9) 613 (67.1) 0.61
Hypercholesterolaemia, n (%) 710 (77.5) 702 (76.8) 0.72
Requiring insulin, n (%) 385 (42.0) 368 (40.3) 0.44
HbAlc, %, mean+SD 8.18+1.66 8.40+1.84 0.01
Diabetes duration (years) 6.04+6.67 6.73+7.09 0.04
Current smoker, n (%) 145 (15.8) 128 (14.0) 0.27
Previous myocardial infarction, n (%) 366 (40.0) 376 (41.1) 0.61
Unstable angina, n (%) 531 (58.0) 544 (59.5) 0.50
Previous percutaneous coronary intervention, n (%) 68 (7.4) 77 (8.4) 0.43
Previous coronary artery bypass graft surgery, n (%) 18 (2.0) 14 (1.5) 0.48
Left ventricular ejection fraction, % 54.81+11.85 54.70+12.27 0.84
Left ventricular ejection fraction <40%, n (%) 80 (8.7) 87 (9.5) 0.56
Clinical presentation at Acute coronary syndrome 479 (52.3) 495 (54.2) 0.42
ARGESE, n (72 Chronic stable angina 253 (27.6) 268 (29.3) 0.42

Post-STEMI 118(12.9) 94 (10.3) 0.08

Asymptomatic ischaemia 66 (7.2) 57 (6.2) 0.41
EES: everolimus-eluting stent; PES: paclitaxel-eluting stent; STEMI: ST-segment elevation myocardial infarction




Table 2. Target lesion characteristics at baseline according to randomised groups.

Two-year follow-up of the TUXEDO-India trial

Treatment group
p-value
EES (n=916) PES (n=914)
Target lesions treated, n (%) One 656 (71.6) 689 (75.4) 0.07
Two 209 (22.8) 182 (19.9) 0.13
Three 38 (4.1) 26 (2.8) 0.13
Target lesions per patient, mean+SD 1.32+0.55 1.26+0.50 0.03
Target lesion stenosis, n (%) 50-70% 84 (9.2) 97 (10.6) 0.30
71-90% 640 (72.1) 646 (70.7) 0.52
91-99% 273 (29.8) 243 (26.6) 0.13
Target lesions, n 1,188 1,131 -
Lo;ation of lesions - no. of Left anterior descending 554 (46.6) 548 (48.5) 0.38
lesions (%) Left circumflex 313 (26.3) 260 (23.0) 0.06
Right 320 (26.9) 323 (28.6) 0.38
Missing 1(0.1) 0(0.0) =
Reference vessel diameter, mm 2.87+0.36 2.90+0.36 0.047
Diameter stenosis, % 87.63+8.25 87.33+8.48 0.38
Lesion length, mm 20.14+7.67 20.12+7.60 0.96
EES: everolimus-eluting stent; PES: paclitaxel-eluting stent
A 6 1-year HR p:8% Treatment group B 6 1-year HR Treatment group
0.51(0.32-0.82) EES 051 (0.32-0.82) EES
p=0.005 PES p=0.005 PES
Y] D4
g g 35%
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PES 914 863 843 826 813 832 828 820 627 PES 914 868 848 831 817 832 828 820 627
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Figure 1. Time-to-event curves up to one year and between one- and two-year follow-up. Time-to-event curves for target vessel failure (4),
ischaemia-driven target lesion revascularisation (B), cardiac death or target vessel myocardial infarction (C) and stent thrombosis (D).
EES: everolimus-eluting stent(s); HR: hazard ratio; PES: paclitaxel-eluting stent(s)
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Table 3. Summary of clinical and procedure endpoints - <1 year, hetween 1 and 2 years, and at two-year follow-up.

<1 year outcome

. Between 1- and 2-year outcome . 2-year outcome
Interaction Interaction
Outcome, no. (%) pvalue®
HR (95% C1) HR (85% C1) HR (95% CI)
Target vessel failure 27(29) | 51(56) | 051(032t00.82) | 0005 | 12(13) | 9(L0) |131(0551310) | 051 | 006 | 39(43) | 60(66) | 0.63(042t00.94) | 003
Al 2123) | 2325 09005000162 | 075 | 809 | 809 |098(037t260 | 099 | 087 | 2932 | 3134 | 092005510152 | 079
Cardiac death 16(17) | 16(18) |098(049t0197) | 099 | 505 | 708 |070022t0220) | 056 | 062 | 21(23) | 23(25 | 090(050t0162) | 0.75
Non-cardiac death 505 | 708 |070(022t0220) | 058 | 3003 | 10D [293(030t02818)] 062 | 027 809 | 8(09) | 0.98(037t0262) | 09%

Myocardial infarction

Al 11(1.2) | 29(32) |0.37(0.18t00.74) | 0.003 | 4(0.4) 3(0.3) | 1.30(0.29t05.80) | >0.99 0.13 15(16) | 32(3.5) | 0.46(0.25t00.84) | 0.01
Target vessel-related 5(0.5 | 26(2.8) | 0.19(0.07t00.49) | <0.0001 | 1(0.1) 2(0.2) | 0.49(0.04105.37) 0.62 0.46 6(0.7) 28(3.1) | 0.21(0.09t00.50) | 0.0001
Non-target vessel-related 6(0.7) 5(0.5 | 1.18(0.36t0 3.86) | >0.99 3(0.3) 1(0.1) |2.92(0.30t028.07)| 0.62 0.48 9(1.0) 6(0.7) | 1.47(0.52t04.13) | 0.44
Q-wave 1(0.1) 8(0.9) | 0.12(0.02t00.98) | 0.02 3(0.3) 1(0.1) |2.92(0.30t028.08) | 0.62 0.04 4(0.4) 9(1.0) | 0.44(0.13t01.42) | 0.16
Non-Q-wave 10(1.1) | 22(24) | 0.44(0.21t00.94) | 0.03 1(0.1) 2(0.2) | 0.49(0.04t05.37) | 0.62 0.93 11(12) | 24(2.6) | 045(0.22t00.91) | 0.03
Death or myocardial infarction 31(34) | 47(5.1) | 0.64(0.41t01.01) | 0.06 12(1.3) 9(1.0) | 1.30(0.55t03.09) | 0.51 0.14 43(47) | 56(6.1) | 0.75(0.50t0 1.11) | 0.18
Cardiac death or myocardial infarction 26(2.8) | 40(4.4) |0.63(0.39t01.04) | 0.08 9(1.0) 8(0.9) |1.10(0.42t02.85 | 0.81 0.30 35(3.8) | 48(5.3) | 0.71(0.46t01.10) | 0.14
Cardiac death or target vessel myocardial infarction| 21(2.3) | 37(4.0) | 0.55(0.32t00.94) | 0.03 6(0.7) 7(0.8) |0.84(0.28t02.49) | 0.78 0.49 27(29) | 44(4.8) | 0.60(0.37100.96) | 0.04

Stent thrombosis

Protocol definition 4(04) | 19(21) |0.21(0.07t00.61) | 0.001 - 1(0.1) - 0.50 - 4(04) | 20(2.2) | 0.20(0.07t00.57) | 0.001
<24 hrs: acute thrombosis - 1(0.1) - 0.50 - - - - - - 1(0.1) - 0.50
24 hrs—30 days: subacute thrombosis 1(0.1) | 10(1.1) | 0.10(0.01t00.77) | 0.006 - - - - - 1(0.1) | 10(1.1) | 0.10(0.01t00.77) | 0.006
>30 days to 1 year: late thrombosis 3(0.3) 8(0.9) | 0.37(0.10t01.39) | 0.14 - - - - - 3(0.3) 8(0.9) | 0.37(0.10t0 1.39) | 0.13
>1 year: very late thrombosis - - - - - 1(0.1) - 0.50 - - 1(0.1) - 0.50

ARC definition

Al 404) | 1921 | 02100710061 | 0001 | - 1(0.1) - 0.50 - 404) | 2022 | 020(0.07t0057) | 0.001
Definite 3(03) | 14(15) | 021(006t00.73) | 0007 | - 1(0.1) - - - 3(03) | 15(16) | 0.20(0.06100.68) | 0.004
Probable 10.) | 5005 |020(0.02t169) | 0.12 - - - - - 101 | 5(05 | 020(002t0169) | 012
Target vessel revascularisation 11(12) | 3134 | 034(0.17t0069) | 0.001 | 7(0.8) | 4(04) | 171(050t0585) | 037 0.02 18(20) | 35(3.8) | 0.50(0.28t00.88) | 0.02
Target lesion revascularisation 11(12) | 3134 | 034(0.17t0069) | 0002 | 6(0.7) | 3(03) | 196(049t07.82) | 051 0.03 17(19) | 38(37) | 048(027t0087) | 0.02
Major adverse cardiac events 31(34) | 54(5.9) | 0.56(0.36t00.87) | 0.01 14 (1.5) 10(1.1) | 1.37(0.61 to 3.08) 0.41 0.05 45(4.9) | 64(7.0) | 0.68(0.46t01.00) | 0.06
Al deaths or myocardial infarction or target vessel | g5 36y | 61(67) | 0.57(038t0086) | 0.009 | 18(20) | 11(12) | 160(0.76%0339) | 0.19 0.02 54(59) | 727.9) | 0.72(051t01.03) | 0.08

revascularisation

*Interaction testing was calculated by logistic model between stent type and time (between <1 year and >1 year). Cl: confidence interval; EES: everolimus-eluting stent; HR: hazard ratio; PES: paclitaxel-eluting stent
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Figure 2. Two-year rates of TVF in 12 pre-specified subgroups according to stent randomisation.

TLR (1.2% vs. 3.4%, p=0.002) at one year. There was, however, no
significant difference in all-cause or cardiac mortality. This resulted
in the one-year primary endpoint of TVF being reduced by approxi-
mately 48% (absolute risk reduction 2.7%) with EES as compared
to PES’. The same results were reproduced at the end of the two-
year follow-up period where patients treated with the EES had an
approximately 37.0% relative and 2.3% absolute reduction in the
rate of the primary clinical endpoint of TVF (4.3% vs. 6.6%, HR
0.63, 95% CI: 0.42 to 0.94; p=0.03) as compared with PES. In addi-
tion, a statistically significant reduction in cardiac death or TV-MI,
ST, and ischaemia-driven TLR and TVR was reported with EES.

This confirms that the benefits of EES compared with PES at one
year were maintained at the end of two years.

Between one and two years of follow-up after stent implantation,
the clinical outcomes were comparable between the two treatment
groups. This observation is in agreement with the SPIRIT IV trial but
differs from that seen in the COMPARE trial, in which the advan-
tages of EES as compared to PES continued to increase over time®!°.
The follow-up finding in the present study revealed maintenance
of clinical efficacy of EES and PES between one and two years.

The angiographic in-stent late loss (LL), as assessed in the
SPIRIT I trial, showed a reduction of approximately 88% at

m
=
S
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
pr
.
—
w
—
=
©
H
e
N
o
=




m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
)]
©
—
=
—
w
—
=
©
H
T
o
N
o
=

six months and 71% at 12 months in the EES compared with the
BMS group'2, The findings from the SPIRIT II and SPIRIT III
trials further revealed the superiority of EES over PES in reduc-
ing in-stent LL*3. Moreover, the superiority of EES over PES, in
terms of LL reduction (0.24 mm), was also expressed in the dia-
betic subset of the SPIRIT II trial at six months®>. The SPIRIT II
angiographic substudy had shown incremental late loss (in mm)
between six months (0.17+0.32 vs. 0.33+0.32, p=0.01) and two
years (0.33+£0.37 vs. 0.34+0.34, p=0.84) with EES as compared to
PES®. Angiographically assessed late loss may artificially increase
the rates of TLR preferentially for stents with an increased degree
of late loss'®. Our study had no angiographic follow-up assessment,
but only a clinical follow-up which can eliminate such bias. The tar-
get lesion failure (TLF) rate was further reported to be significantly
lower for the EES (7.7% vs. 13.8%, p<0.005), as compared to PES,
in the SPIRIT III trial at two-year follow-up*. Our study in diabet-
ics, on the other hand, did not show an increase in TVF between
one and two years. The benefits of EES as compared to PES at one
year could also be explained by earlier endothelialisation in EES.
In a rabbit aorto-iliac model it was shown that stent re-endothelial-
isation occurs more rapidly with EES than with other DES™. Tt is
therefore likely that these experimental observations translate into
improved safety of EES in humans. Serial optical coherence tomo-
graphic (OCT) studies can confirm the same in humans.

Prior trials had shown sustained benefit of EES over PES in
an all-comers cohort; however, whether this benefit is maintained
in patients with diabetes in the long term is not known'?. Patients
with diabetes have rapidly progressing atherosclerosis and have
higher rates of restenosis and stent thrombosis!. The results of this
adequately powered trial in patients with diabetes provide reassur-
ance about the continued clinical benefit of EES over PES not just
in terms of reduction of restenosis-related endpoints, but also for
the hard endpoints of cardiac death, TV-MI and spontaneous MI.
Furthermore, the two-year benefits of EES compared with those of
PES were consistent across 12 pre-specified subgroups. Notably,
interaction of eGFR with stent type for TVF, which was statisti-
cally significant at one year, became insignificant at two years,
thus reducing the relevance of this finding.

The occurrence of definite or probable stent thrombosis dur-
ing the two years of follow-up was low in the EES group (four
patients) compared to the PES group (20 patients), indicating
greater safety of the EES up to two years. The results are in con-
currence with previous studies (SPIRIT FIRST, II, and III con-
stituting 866 patients) where only 10 (1.2%) patients developed
a definite or probable stent thrombosis with EES at two-year fol-
low-up*'®. Our results support the current worldwide practice of
the use of new-generation EES in patients with diabetes mellitus.

Study limitations

The study does not report the effect of dual antiplatelet therapy
after one year in either stent arm. The continuation of dual anti-
platelet therapy was left to the discretion of the treating inves-
tigator after one year and has not been captured systematically.

The patients included represent a selected medium risk/com-
plexity population with only 6.9% of patients with three-vessel
disease. Therefore, the results of the current study may not be
applicable in patients with more extensive disease. No angio-
graphic assessment on follow-up was carried out except for those
requiring reintervention for the target vessel(s), hence data on in-
segment LL are not available. With technological advances and
understanding in stent design, EES have shown improvement in
terms of safety, intimal hyperplasia and subsequent restenosis
compared to PES, with a loss of the clinical relevance of PES

in clinical practice.

Conclusions

The benefits of EES when compared to PES resulting in signi-
ficantly lower rates of TVF, MI, ST, TVR, TLR, and a composite
of cardiac death or TV-MI present at one year were maintained
over a two-year follow-up period in diabetic patients undergoing
PCI, highlighting the consistency of these differences.

Impact on daily practice

The sustained clinical benefits of EES compared with PES at
two-year follow-up in diabetic patients will help clinicians in
choosing the appropriate DES in clinical practice.
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