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Abstract

Objects: We aim at examining the long-term clinical outcome after Xience

everolimus-eluting stent (X-EES) implantation.

Background: Long-term clinical outcomes beyond 5 years after X-EES implantation

remain unclear.

Methods: This retrospective study has collected data from 1184 consecutive

patients, corresponding to 1463 lesions, who were treated with X-EES alone in the

Nagoya Heart Center between January 2010 and December 2013. The primary end-

point was the 10-year cumulative incidence of target lesion failure (TLF), defined as

cardiac death, target vessel myocardial infarction (MI), and clinically indicated target

lesion revascularization (TLR). Definite/probable stent thrombosis (ST) was evaluated

as a secondary outcome.

Results: At 10 years, the cumulative incidence of TLF was recorded to be 12.4%,

whereas that of cardiac death, target vessel MI, and clinically indicated TLR was at

4.4%, 4.1%, and 7.8%, respectively. The cumulative rate of definite/probable ST was

observed to remain low (0.3% at 30 days; 0.3% at 1 year; 0.6% at 5 years; and 1.1%

at 10 years). In the multivariate analysis, the risk factors of TLF were insulin-treated

diabetes (hazard ratio (HR), 1.93; 95% confidence interval (CI), 1.13-3.29; P = .02),

left ventricular dysfunction (HR, 2.28; 95% CI, 1.43-3.62; P < .01), hemodialysis (HR,

2.22; 95% CI, 1.39-3.56; P < .01), prior percutaneous coronary intervention

(HR, 1.68; 95% CI, 1.18-2.41; P < .01), peripheral vascular disease (HR, 1.70; 95% CI,

1.07-2.69; P < .01), severe calcification (HR, 2.08; 95% CI, 1.36-3.09; P < .01), and

in-stent restenosis (HR, 2.93; 95% CI, 1.64-4.89; P < .01).

Conclusions: The incidence rates of the long-term adverse effects after X-EES

implantation, such as late TLR and ST, were determined to be low in this study;

however, they increased over time until 10 years after stent implantation.

1 | INTRODUCTION

Drug-eluting stents (DESs) have been seen to reduce the risk of reste-

nosis compared with bare-metal stents (BMS).1-3 However, real-world

clinical studies on first-generation DES implants have revealed some

of their long-term adverse effects such as very late stent thrombosis

(VLST) and late target lesion revascularization (TLR).4,5 The Xience

everolimus-eluting stent (X-EES) has been the most widely used

second-generation DES in Japan; compared with the first-generation

DES, X-ESS is associated with superior safety and efficacy outcomes.6-8
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Also, compared with the other second-generation DES, the X-ESS has

never been reported to be superiority to safety and efficacy in mid- to

long term.9,10 However, the occurrence rate of its long-term (beyond

5 years) clinical effects, including its risk factors, remains unclear.

Therefore, this retrospective cohort study investigated the long-term

safety and efficacy of X-EES.

TABLE 1 Patient characteristics according to the occurrence of TLF

Overall TLF (+) TLF (�)
N = 1184 N = 127 N = 1057 P Value

Median follow-up duration (days) 3277 2808 3313 <.01

Age (years) 68.3 ± 10.1 69.5 ± 9.2 68.2 ± 10.2 .2

≧75 years 364 (30.7%) 37 (29.1%) 327 (30.9%) .7

Female gender 305 (25.8%) 32 (25.2%) 234 (25.8%) .4

Body mass index 23.9 ± 3.4 23.7 ± 3.4 24.0 ± 3.3 .3

Hypertension 928 (78.4%) 106 (83.5%) 822 (77.8%) .1

Dyslipidemia 870 (73.5%) 97 (76.4%) 773 (73.1%) .4

Diabetes mellitus 508 (42.9%) 62 (48.8%) 446 (42.2%) .2

Insulin-treated diabetes 66 (5.6%) 16 (12.6%) 50 (4.7%) <.01

Treated with oral medication only 353 (29.8%) 38 (29.9%) 315 (29.8%) 1.0

Treated with diet therapy only 90 (7.6%) 8 (6.3%) 82 (7.8%) .6

Current smoker 272 (23.0%) 29 (22.8%) 243 (23.0%) 1.0

Creatinine (mg/dL) 1.51 ± 2.07 1.83 ± 2.23 1.21 ± 1.47 <.01

Hemodialysis 95 (8.0%) 24 (18.9%) 71 (6.7%) <.01

Ejection fraction (%) 57.3 ± 14.5 53.9 ± 15.9 57.7 ± 14.3 <.01

Left ventricular dysfunction (LVEF <35%) 106 (9.0%) 22 (17.3%) 84 (7.9%) <.01

Clinical presentation

Stable coronary artery disease 1006 (85.0%) 107 (84.3%) 899 (83.4%) .8

Unstable angina 48 (4.0%) 9 (7.1%) 39 (3.9%) .09

Acute myocardial infarction 130 (11.0%) 11 (8.7%) 119 (12.6%) .2

Prior myocardial infarction 283 (23.9%) 38 (29.9%) 245 (23.2%) .09

Prior percutaneous coronary intervention 506 (42.7%) 72 (56.7%) 434 (41.1%) <.01

Prior coronary-artery bypass grafting 40 (3.4%) 7 (5.5%) 33 (3.1%) .2

Peripheral vascular disease 139 (11.7%) 25 (19.7%) 114 (10.8%) <.01

Prior stroke 143 (12.1%) 16 (12.6%) 127 (12.1%) .9

Atrial fibrillation 99 (8.4%) 12 (9.4%) 87 (8.2%) .2

Medications

Dual antiplatelet therapy 1176 (99.3%) 126 (99.2%) 1050 (99.4%) .8

Aspirin 1177 (99.4%) 126 (99.2%) 1051 (99.5%) .6

Thienopyridines 1174 (99.2%) 127 (100.0%) 1049 (99.2%) .2

Clopidogrel 1120 (94.7%) 115 (90.6%) 1005 (95.2%) .03

Ticlopidine 56 (4.7%) 12 (9.4%) 44 (4.2%) <.01

Anticoagulants 106 (9.0%) 8 (10.3%) 98 (9.9%) .5

Warfarin 103 (8.7%) 15 (11.8%) 88 (8.5%) .2

Direct-acting oral anticoagulants 1 (0.8%) 0 (0.0%) 1 (0.9%) .7

B-blockers 333 (28.1%) 33 (26.0%) 300 (28.4%) .6

ACE-I/ARB 726 (61.3%) 82 (64.6%) 644 (58.1%) .2

Calcium-channel blockers 462 (39.1%) 53 (41.7%) 409 (38.7%) .5

Statins 888 (75.1%) 85 (66.9%) 803 (76.0%) .02

Note: Values are expressed as mean ± SD or number (%).

Abbreviations: ACE-I, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; LVEF, left ventricular ejection fraction; TLF, target

lesion failure.
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2 | METHODS

2.1 | Patient population

Between January 2010 and December 2013, 1184 consecutive patients

with 1463 lesions have undergone percutaneous coronary intervention

(PCI) with alone at the Nagoya Heart Center. All patients gave their written

informed consent for the procedure and the follow-up protocol, and the

study has also received approval from the ethics committee of our hospital.

2.2 | Procedures

The PCI strategy was left to the discretion of the operating

surgeon. Patients who were scheduled for PCI received daily oral aspirin

(≥81 mg/day) and P2Y12 inhibitor (75 mg/day clopidogrel), while

ticlopidine (200 mg/day) was administered only in those who cannot

tolerate clopidogrel. Patients with acute coronary syndromes, namely,

STEMI (ST elevation myocardial infarction) and NSTE-ACS (non-ST eleva-

tion acute coronary syndrome), received loading doses of aspirin (200 mg)

and P2Y12 inhibitor (300 mg clopidogrel). During the procedure,

unfractionated heparin (100 U/kg) was administered to all the patients

who reached an activated clotting time of 250 seconds. After the proce-

dure, all patients were prescribed with optimal pharmacologic therapy

based on the current guidelines, including statins, beta-blockers, or renin-

angiotensin system blockers. Moreover, the duration of dual antiplatelet

therapy (DAPT) was also dependent on the surgeon's discretion.

2.3 | Data collection and clinical follow-up

All the patients were followed up at 1, 3, 6, and 12 months after their

index procedure and annually thereafter. Additional information was

obtained by telephone communication or medical records, as needed,

TABLE 2 Lesion and procedural characteristics according to the occurrence of TLF

Overall TLF (+) TLF (�)
N = 1463 N = 144 N = 1319 P Value

Target-vessel location

Left main coronary artery 59 (4.0%) 7 (4.9%) 52 (3.9%) .6

Left anterior descending coronary artery 669 (45.8%) 60 (41.7%) 609 (46.2%) .3

Left circumflex coronary artery 294 (20.1%) 27 (18.8%) 267 (20.2%) .7

Right coronary artery 439 (30.0%) 49 (34.0%) 390 (30.0%) .3

Bypass graft 2 (0.1%) 1 (0.7%) 1 (0.1%) .06

Number of treated lesions per patient 2.04 ± 0.78 2.16 ± 0.78 2.03 ± 0.78 .04

Ostium 87 (5.9%) 11 (7.6%) 76 (5.8%) .4

Bifurcation 499 (34.1%) 48 (33.3%) 451 (34.2%) .8

Diffuse lesion (lesion length > 20 mm) 473 (32.3%) 48 (33.3%) 425 (32.2%) .7

Severe tortuosity 95 (6.5%) 10 (6.9%) 85 (6.4%) .8

Severe calcification 193 (13.2%) 30 (20.8%) 163 (12.4%) <.01

Thrombus 69 (5.4%) 15 (10.4%) 54 (9.5%) .7

Ulceration 46 (3.3%) 4 (2.8%) 42 (5.0%) .2

Chronic total occlusion 148 (10.1%) 14 (9.7%) 134 (10.2%) .9

In-stent restenosis 68 (4.6%) 15 (10.4%) 53 (4.0%) <.01

ACC/AHA lesion type B2/C 1090 (74.7%) 115 (79.9%) 975 (74.1%) .1

Number of stents used per patient 1.22 ± 0.51 1.22 ± 0.45 1.21 ± 0.51 .9

Stent diameter (mm) 2.89 ± 0.35 2.90 ± 0.37 2.88 ± 0.35 .7

Total stent length per patient (mm) 26.2 ± 14.1 25.3 ± 12.1 26.3 ± 14.3 .4

Post dilatation 1035 (70.7%) 105 (72.9%) 930 (70.5%) .5

Balloon size (mm) 3.04 ± 0.49 2.98 ± 0.43 3.04 ± 0.50 .2

Maximal inflation pressure (atm) 19.0 ± 4.6 18.7 ± 5.1 19.1 ± 4.6 .4

Distal protection 161 (11.0%) 18 (12.5%) 143 (10.8%) .5

Thrombectomy 115 (7.9%) 12 (8.3%) 103 (7.8%) .8

Imaging device used 1463 (100.0%) 144 (100.0%) 1319 (100.0%) 1.0

Rotablator used 181 (12.4%) 25 (17.4%) 156 (11.8%) .06

Note: Values are expressed as mean ± SD or number (%).

Abbreviations: ACC/AHA, American College of Cardiology/American Heart Association; TLF, target lesion failure.
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TABLE 3 Clinical outcomes up to
10 years

No. of patients with at least one event

(Cumulative incidence)

1 year 5 years 10 years

All-cause death 31 (2.8%) 108 (9.8%) 189 (18.2%)

Cardiac death 16 (1.4%) 31 (2.8%) 45 (4.4%)

Noncardiac death 15 (1.3%) 77 (7.2%) 144 (14.4%)

Clinically indicated target lesion revascularization 20 (1.8%) 59 (5.5%) 78 (7.8%)

Clinically indicated target vessel revascularization 29 (2.6%) 88 (8.2%) 122 (12.2%)

Any myocardial infarction 10 (0.9%) 35 (3.2%) 59 (6.0%)

Target vessel myocardial infarction 7 (0.6%) 26 (2.4%) 41 (4.1%)

Stent thrombosis 7 (0.6%) 19 (1.9%) 33 (3.3%)

Definite/Probable stent thrombosis 4 (0.3%) 7 (0.6%) 11 (1.1%)

Definite stent thrombosis 2 (0.2%) 5 (0.5%) 9 (1.0%)

Note: Values are expressed as number (%). Cumulative incidences of events are calculated by the Kaplan–
Meier method.

F IGURE 1 Cumulative incidence of the primary endpoint and its individual components up to 10 years. A, TLF; B, cardiac death; C, target
vessel MI; D, clinically indicated TLR
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and follow-up angiography was recommended in patients based on

clinical symptoms and findings of noninvasive tests.

2.4 | Endpoints and definitions

The primary endpoint of this study was the target lesion failure (TLF)

up to 10 years after the index procedure, which is defined as a com-

posite of cardiac death, target vessel myocardial infarction (MI), and

clinically indicated TLR. The secondary endpoint included individual

components of the composite primary endpoints and definite/

probable stent thrombosis (ST) at various time points. Risk factors of

clinically indicated TLR and definite/probable ST rate in the cases

of acute MI (AMI) were also evaluated.

Death was, by default, considered as cardiac unless an unequivocal

noncardiac cause could be established. MI and ST were defined as per

the Academic Research Consortium.11 TLR was defined as either PCI or

coronary artery bypass grafting due to restenosis or thrombosis of the

target lesion that included both proximal and distal edge segments

(within 5 mm) as well as the ostium of the side branches. Clinically

driven TLR was defined as TLR performed because of ischemic symp-

toms, electrocardiographic changes at rest, or positive stress test results.

2.5 | Statistical analyses

Categorical variables are presented as numbers and percentages,

whereas the continuous variables are expressed as mean ± SD or

median with inter-quartile range. Cumulative incidence was estimated

using the Kaplan-Meier method, and differences were assessed. For

TLF and clinically indicated TLR, we used landmark analysis with 1-year

intervals to examine the late events after the first year. Patients with

individual endpoint events before 1 year were excluded in the landmark

analysis. A Cox proportional hazards model was used to identify the

independent risk factors for clinically indicated TLR during the follow-

up period of 10 years. Continuous variables were based on clinically

meaningful reference values. To determine the independent risk fac-

tors, variables that were significant (P < .10) after univariate analysis

were subjected to multivariable modeling, and adjusted hazard ratios

and their 95% confidence intervals were then calculated; a P-value of

<.05 was considered significant. Statistical analyses were performed

using JMP version 14.0 (SAS Institute Inc., Cary, North Carolina, USA).

3 | RESULTS

3.1 | Baseline characteristics

Baseline patient, lesion, and procedural characteristics are summarized

in Tables 1 and 2. High-risk factors such as diabetes mellitus, hemodial-

ysis, prior MI, prior PCI, and peripheral vascular diseases were also

found prevalent in the study population (Table 1), as were complex

lesion characteristics (AHA/ACC type B2/C lesions) such as bifurcation,

diffuse lesion, severe calcification, chronic total occlusion, and in-stent

restenosis (Table 2). The median follow-up duration was 3277 days

(first and third quartiles [Q1-Q3]: 2574-3677), and the 10-year clinical

follow-up was completed in 1133 (95.7%) of the 1184 patients.

3.2 | Clinical outcomes

The cumulative incidence of each clinical event for the 10-year period

is summarized in Table 3.

TLF after X-EES implantation was observed to occur in 36 patients

(3.1%) at 1 year, in 91 patients (8.2%) at 5 years, and in 127 patients

(12.4%) at 10 years (Table 3, Figure 1A). The cumulative incidence of

each individual component of TLF at 10 years was determined to be

at 4.4%, 4.1%, and 7.8% for cardiac death, target vessel MI, and clini-

cally indicated TLR, respectively (Table 3, Figure 1B-D). As shown in

F IGURE 2 Cumulative incidence of the secondary up to
10 years. A, Definite/probable ST; B, definite ST
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the landmark analysis, both the TLF and individual components of TLF

were found to continue increasing gradually after the first year.

For secondary endpoints, the cumulative 10-year incidence of

definite/probable ST was determined to be at 0.3% at 1 year, 0.6% at

5 years, and 1.1% at 10 years (Table 3, Figure 2). There was no signifi-

cant difference in the definite/probable ST rates among AMI and non-

AMI cases (Figure 3).

3.3 | Risk factors of TLF

We used multivariate analysis to identify the risk factors for TLF.

Insulin-treated diabetes (hazard ratio (HR), 1.93; 95% confidence inter-

val (CI), 1.13-3.29; P = .02), left ventricular dysfunction (HR, 2.28; 95%

CI, 1.43-3.62; P < .01), hemodialysis (HR, 2.22; 95% CI, 1.39-3.56;

P < .01), prior percutaneous coronary intervention (HR, 1.68; 95% CI,

1.18-2.41; P < .01), peripheral vascular disease (HR, 1.70; 95% CI, 1.07-

2.69; P < .01), severe calcification (HR, 2.08; 95% CI, 1.36-3.09;

P < .01), and in-stent restenosis (HR, 2.93; 95% CI, 1.64-4.89; P < .01)

were considered significant throughout the follow-up (Table 4).

3.4 | Risk factors of clinically indicated TLR

We used multivariate analysis to identify the risk factors for clinically

indicated TLR and insulin-treated diabetes (HR, 2.03; 95% CI, 1.01-

3.69; P = .04), hemodialysis (HR, 2.48; 95% CI, 1.38-4.27; P < .01),

peripheral vascular disease (HR, 2.28; 95% CI, 1.35-3.73; P < .01), and

in-stent restenosis (HR, 3.17; 95% CI, 1.58-5.23; P < .01) as they are

considered significant throughout the follow-up (Table 5). In this

cohort, lesion and procedural characteristics, except in-stent resteno-

sis, were not independent risk factors of clinically indicated TLR

(Table 1).

TABLE 4 Univariate and multivariate cox models for TLF

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Diabetes mellitus treated with insulin 2.63 (1.50-4.31) <.01 1.93 (1.13–3.29) .02

Left ventricular dysfunction (LVEF <35%) 2.66 (1.64-4.14) <.01 2.28 (1.43–3.62) <.01

Hemodialysis 3.46 (2.17-5.30) <.01 2.22 (1.39-3.56) <.01

Prior percutaneous coronary intervention 1.76 (1.24-2.51) <.01 1.68 (1.18–2.41) <.01

Peripheral vascular disease 2.17 (1.37-3.31) <.01 1.70 (1.07–2.69) <.01

Ticlopidine use instead of clopidogrel 2.29 (1.20-3.98) .01 1.73 (0.94-3.15) .08

Statins nonuse 1.63 (1.12-2.35) .01 1.47 (1.00-2.16) .05

Severe calcification 2.23 (1.47-3.30) <.01 2.08 (1.36–3.09) <.01

In-stent restenosis 2.48 (1.39-4.10) <.01 2.93 (1.64–4.89) <.01

Abbreviations: CI, confidence interval; HR, hazard ratio; LVEF, left ventricular ejection fraction; TLF, target lesion failure.

TABLE 5 Univariate and multivariate
cox models for CI-TLR

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Hypertension 1.86 (1.03-3.71) .04 1.41 (0.77-2.85) .28

Diabetes mellitus treated with Insulin 2.61 (1.31-4.70) <.01 2.03 (1.01–3.69) .04

Hemodialysis 3.67 (2.11-6.05) <.01 2.48 (1.38-4.27) <.01

Peripheral vascular disease 3.01 (1.85-4.90) <.01 2.28 (1.35–3.73) <.01

In-stent restenosis 3.32 (1.66-5.98) <.01 3.17 (1.58–5.23) <.01

Abbreviations: CI, confidence interval; CI-TLR, clinically indicated target lesion revascularization; HR,

hazard ratio.

F IGURE 3 Subanalysis of the definite/probable ST: AMI vs
non-AMI
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4 | DISCUSSION

The main findings of this study are as follows: (a) While the rate of

incidence of late adverse events after X-EES implantation was low, it

continued to increase gradually over time up to 10 years after stent

implantation; and (b) insulin-treated diabetes, left ventricular

dysfunction (LVEF <35%), hemodialysis, peripheral vascular disease,

and in-stent restenosis were independent risk factors of clinically

indicated TLF.

Widespread use of second-generation DES has resolved several

clinical issues related to major adverse cardiac events.12-14 In our

cohort, the TLF was dominated by clinical indicated TLR and the

annual incidence of late clinical indicated TLR beyond 5 years after X-

EES implantation remained at 0.67% per year; this rate is much lower

than that reported by previous studies.6,7,12,13 Serruys et al, based on

intravascular ultrasound (IVUS) findings, have suggested that X-EES is

more effective in reducing neointimal hyperplasia than the first-

generation DES.15 It is known that IVUS-guided PCI is superior to

angiography-guided PCI with respect to reducing the risk of clinically

indicated TLR or ST16; in this study, the IVUS-guided PCI was per-

formed for all the cases. Furthermore, as the risk factors of TLF in this

cohort, insulin-treated diabetes, hemodialysis, peripheral vascular dis-

ease, and in-stent restenosis were those of clinically indicated TLR

(Tables 4 and 5). However, achieving complete resolution in such

patients is considered to be difficult, even with the IVUS-guided PCI

using second-generation DES. Therefore, more careful follow-up dur-

ing routine clinical practice is required in such patients.

To date, several large-scale registries of first-generation DES have

recorded annual VLST incidence rates of 0.21% to 0.53%.4,5,16 In con-

trast, some studies on X-EES have reported annual VLST incidence

rates of 0.13% to 0.18%, although this is based on data up to 5 years

only.6,7,13 Thus, it is possible that the use of the X-EES is associated

with a lower incidence of long-term events such as late ST and VLST

compared with the first-generation DES.17,18 Multiple causes of ST

have been generally reported to depend on the malapposition of the

deployed stent, antiplatelet therapy, and clinical presentation

(whether AMI or not).19,20 As mentioned above, the use of IVUS-

guided PCI could have contributed to the lower TLR and ST rate16;

thus, the low prevalence of ST in this study might be due to the use of

IVUS. Specifically, in our hospital, the optimal stenting endpoint (mini-

mal stent area > 5.5 mm2) is decided using IVUS imaging and is based

on evidence from previous studies.21,22 In three VLST cases of this

study, the optimal stenting from the findings of the quantitative coro-

nary angiography (QCA) and IVUS at the index PCI procedure was

observed; however, in the other eight ST cases, malapposition and

stent deformation were observed. All VLST cases had been prescribed

with single antiplatelet therapy (aspirin 100 mg/day) at event occur-

rence, and two VLST cases had discontinued all antiplatelet therapy

due to active bleeding. Of the patients who had acute and subacute

ST in this study, all were AMI patients except one case who was

prescribed with cilostazol due to clopidogrel intolerance. However,

it is important to highlight here that the incidence rate of definite/

probable ST was similar among AMI and non-AMI cases. Also, in

this study, the incidence of late or very late ST after the X-EES

implantation seemed to be low, but it gradually continued to

increase up to 10 years. In the recent study, an individual's suscep-

tibility to increasing ST rate is reported to be multifactorial and

results from interactions between severe clinical factors, endothe-

lial biology, hypersensitivity and/or inflammatory reactions, blood

rheology, platelet reactivity, clotting factors, and physical and

mechanical properties of the stent.23,24 Therefore, the evidence-

based recommendation such as intravascular-imaging-informed

percutaneous coronary intervention strategy combined with opti-

mized antiplatelet therapy should be proposed for successful VLST

clinical management.

5 | LIMITATIONS

There are several important limitations to our study. First, this was a

retrospective, single-center study, which might have significantly

affected some results, especially because confounding factors were

not controlled for. Therefore, these results, which represent the post-

hoc analysis of a trial, should be used only for hypothesis generation.

Next, no information on bleeding complications during the follow-up

period was available, and this outcome was, therefore, not analyzed.

6 | CONCLUSIONS

In conclusion, the incidence rates of long-term outcomes such as late

TLR and definite/probable ST after X-EES implantation were very low

in this study; however, they gradually increased during the follow-up

period of 10 years. Larger trials based on clinical follow-up are needed

to confirm the use of X-EES as an optimal long-term strategy.
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