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Introduction

Drug eluting stents (DES) have significantly reduced the need for repeat revascularizations as compared to bare metal stents (BMS), and second generation DESs turned out to be safer, as well as more effective, than first generation DESs. [START_REF] Lee | Threeyear patient-related and stent-related outcomes of second-generation everolimuseluting Xience V stents versus zotarolimus-eluting resolute stents in real-world practice (from the Multicenter Prospective EXCELLENT and RESOLUTE-Korea Registries)[END_REF][START_REF] Ormiston | Final 5-year results of the TAXUS ATLAS, TAXUS ATLAS Small Vessel, and TAXUS ATLAS Long Lesion clinical trials of the TAXUS Liberté paclitaxel-eluting stent in de-novo coronary artery lesions[END_REF] However, the rate of restenosis and cardiovascular adverse events was still higher in diabetic patients. [START_REF] Park | Everolimus-Eluting Xience V/Promus Versus Zotarolimus-Eluting Resolute Stents in Patients With Diabetes Mellitus[END_REF][START_REF] Armstrong | Coronary artery revascularization in patients with diabetes mellitus[END_REF] Despite several improvements in drug-eluting stents design, many trials have showed how deep the differences are in terms of ischemic events between diabetic and non-diabetic patients treated with first and even with second generation DESs. [START_REF] Kappetein | Treatment of complex coronary artery disease in patients with diabetes: 5year results comparing outcomes of bypass surgery and percutaneous coronary intervention in the SYNTAX trial[END_REF][START_REF] Stone | Differential Clinical Responses to Everolimus-Eluting and Paclitaxel-Eluting Coronary Stents in Patients With and Without Diabetes Mellitus[END_REF] The Cre8 stent (CID S.p.A, Saluggia, Italy -member of Alvimedica Group) is a new generation polymer-free DES characterized abluminal reservoirs loaded with the Amphilimus TM formulation (Sirolimus + Fatty Acids), in order to obtain a more efficient targeted elution towards the vessel wall. The thin Cobalt-Cromium DES platform, being polymer-free, is covered by a permanent ultra-thin biocompatible i-Carbofilm TM coating (<0,3µm) to increase device haemoand bio-compatibility. Six-month angiographic results reported from the International Randomized Comparison Between DES Limus Carbostent and Taxus Drug-Eluting Stents in the Treatment of De Novo Coronary Lesions (NEXT) trial, that compared the Cre8 amphilimus eluting stent (AES) and the Taxus Liberté paclitaxel eluting stent (PES) in de novo coronary lesions, showed significantly lower in-stent late luminal loss (LLL) than the Taxus Liberté stent did, with a trend toward better 12-month clinical safety and efficacy results, more evident in the diabetic subgroup of patients. [START_REF] Carrié | A multicenter randomized trial comparing amphilimus-with paclitaxel-eluting stents in de novo native coronary artery lesions[END_REF] These promising results have been recently confirmed in the Reservoir-Based Polymer-Free Amphilimus-Eluting Stent Versus Polymer-Based Everolimus-Eluting Stent in Diabetic Patients (RESERVOIR) trial and in real-world multicentric registries. [START_REF] Romaguera | A Randomized Comparison of Reservoir-Based Polymer-Free Amphilimus-Eluting Stents Versus Everolimus-Eluting Stents with Durable Polymer in Patients with Diabetes Mellitus the RESERVOIR Clinical Trial[END_REF][START_REF] Colombo | One-year clinical outcome of amphilimus polymer-free drug-eluting stent in diabetes mellitus patients Insight from the ASTUTE registry ( AmphilimuS iTalian mUlticenTre rEgistry )[END_REF][START_REF] Godino | Midterm and one-year outcome of amphilimus polymer free drug eluting stent in patients needing short dual antiplatelet therapy. Insight from the ASTUTE registry (AmphilimuS iTalian mUlticenTer rEgistry)[END_REF][START_REF] Konigstein | Polymer-free drug-eluting stent in unselected patient population: A single center experience[END_REF][START_REF] Sardella | Clinical outcomes with reservoir-based polymer-free amphilimus-eluting stents in real-world patients according to diabetes mellitus and complexity: The INVESTIG8 registry[END_REF] However, long-term data investigating clinical outcome of this new generation DES are still not available, leaving uncertainty about the durability of the impressive mid-term efficacy and safety profile showed by the Cre8 AES. We sought to initially address these questions based on the 5-year results of the NEXT randomized trial.

Methods

Study design and population

The NEXT trial is a multicentre, randomized, single-blinded trial of Cre8 AES compared to Taxus Liberté Paclitaxel Eluting Stent (Taxus PES) for the treatment of de novo coronary lesions.

Details about the device, study design and primary and secondary endpoints have been previously reported. [START_REF] Carrié | A multicenter randomized trial comparing amphilimus-with paclitaxel-eluting stents in de novo native coronary artery lesions[END_REF] Briefly, 323 patients from 11 centers were randomly assigned in a single blinded fashion to receive either Cre8 AES or Taxus PES. Patients were eligible if they had stable or unstable angina or silent ischemia with single de novo lesions <20 mm length, at a maximum of 2 different coronary arteries with a diameter ranging from 3.0 to 3.75 mm. Major exclusion criteria were percutaneous coronary intervention within 30 days, acute myocardial infarction within 72 h, renal failure, left ventricular ejection fraction <30%, or other significant comorbidities. Angiographic exclusion criteria were left main disease, bifurcation and ostial lesions, chronic total occlusions, presence of severe calcification, or excessive tortuosity. The study was approved by each participating institution's ethics committees, conducted according to good clinical practice and to the Declaration of Helsinki. All patients provided written informed consent. Patients, members of the clinical event committee, and angiographic and IVUS core laboratory personnel were masked to treatment allocation.

Study procedures

Randomized patients received a Cre8 AES or a Taxus PES after the lesion was crossed by the guidewire. Thirty patients in each arm were also selected for IVUS substudy, at 3 pre-selected sites. Pre-dilation was mandatory. Available stent sizes were 3.0 and 3.5 mm, whereas stent lengths ranged from 12 to 25 mm. Periprocedural anticoagulation with heparin or bivalirudin and administration of glycoprotein IIb/IIIa inhibitors was according to local practice. Postprocedure dual antiplatelet therapy was mandated for at least 6 months, with indefinite continuation of aspirin. Electrocardiograms were recorded at baseline and within 24 h after the procedure. Creatine kinase (CK) and CK-myocardial band fraction were measured at baseline and within 12 to 24 h after stenting.

All patients underwent angiographic follow-up at 6 months and clinical follow-up at 30 days, 6 months, and annually thereafter for 5 years.

Clinical events (death, myocardial infarction, stent thrombosis, revascularization procedures, and cerebrovascular events) were adjudicated by an independent clinical event committee.

Data managements, definitions and endpoints

Patients, members of the clinical event committee, and angiographic and IVUS core laboratory personnel were masked to treatment allocation.

Primary endpoint was 6-month angiographic in-stent LLL measured by quantitative coronary angiography (QCA). Secondary clinical endpoints included death, myocardial infarction (MI) (according to the World Health Organization definition based on CK and CK-myocardial band rise) [START_REF]Nomenclature and criteria for diagnosis of ischemic heart disease. Report of the Joint International Society and Federation of Cardiology/World Health Organization task force on standardization of clinical nomenclature[END_REF] , target lesion revascularization (TLR) (defined as repeat PCI or coronary artery bypass graft of the target lesion), target vessel revascularization (defined as repeat PCI or coronary artery bypass graft of the target vessel), device oriented composite endpoint (DOCE, defined as the composite of cardiac death, target vessel-related MI, clinically driven TLR), patient oriented composite endpoints (POCE, any death, MI, and all repeat revascularization), major adverse cardiac events (death, MI, and TLR), and stent thrombosis. All the endpoints were adjudicated according to the Academic Research Consortium classification. [START_REF] Cutlip | Clinical end points in coronary stent trials: a case for standardized definitions[END_REF] 

Statistical analysis

The study sample size was determined based on the primary endpoint of 6-month in-stent LLL, assuming no difference in mean, a non-inferiority delta of 0.16 mm, and a standard deviation of 0.50 mm. 250 patients were needed to demonstrate with an 80% power the non-inferiority between the two groups. The sample size was increased by 30% in order to account for dropout and angiographic non-compliances, thus enrolling 323 patients. All analyses were performed according to the intention to treat (ITT) and per protocol (PP) principle. PP analyses excluded four patients from Cre8 arm and three from Taxus arm: the reason for exclusion was always the concomitant use of a device different from the randomized for the treatment of a dissection or of a second lesion.

Continuous variables were reported as mean±standard deviation (SD) and compared with

Student's t test or Wilcoxon-Mann-Whitney test, on the basis of the normality of data (which was verified by Kolmogorov-Smirnov goodness-of-fit test). Categorical variables (such as frequencies or percentages) were compared with χ2 test or the Fisher exact test as appropriate. [START_REF] Conover | Practical Nonparametric Statistics -Third edition[END_REF] The p value for non-inferiority was 1-tailed, and all other p values were 2-tailed.

Statistical significance was set at the 0.05 level for superiority and 0.025 for non-inferiority.

Finally, two multivariate Cox regressions were performed to identify independent predictors of the device oriented composite endpoint: the first was conducted in the overall population stratified by devices while the second was conducted within the two study arms. Kaplan-Meier cumulative incidence estimates were used to analyse outcome events, which were compared between groups using the log-rank test.

Statistical analysis, performed by CID company and independently reviewed by the study coordinating investigator, was conducted according to implanted study devices.

As previously reported, Cre8 AES showed significantly lower in-stent LLL at 6 months (primary efficacy endpoint) than the Taxus Liberté PES did (0.14+0.36 mm vs. 0.34+0.40 mm), reaching statistical significance both for non-inferiority (p<0.001), and for superiority (p<0.001).

There were no significant differences in terms of MACE reported at 1 year, (6.1% vs. 6.8%, Cre8 AES vs. Taxus PES, respectively, p=0.812), with a more evident, although not significant, trend toward more frequent MACE in the Taxus arm in the diabetic subset, (4.5% vs. 11.1%, Cre8 AES vs. Taxus PES, respectively).

Results

Between October 2009 and September 2010, 323 patients from 11 sites were randomly assigned to Cre8 AES (n=162) or Taxus PES (n=161) implantation. In total, 8 patients were excluded: 7 received additional non-study stents in the target lesion (3 patients in Cre8 AES and 4 in Taxus PES), and 1 in Cre8 AES group withdrew from the study. Baseline clinical characteristics were well-balanced across treatment groups (Table 1).

Final 5-year follow up was available for 292/315 treated patients (93% -flow-chart of the study is reported in figure 1), and included 148 (94%) and 144 (92%) patients in the Cre8 AES and Taxus PES arms, respectively. Clinical adverse events at 5-year follow-up are reported in Table 2.

Comparable rate of all the components of the composite endpoints were reported in the two groups: death from all causes (6.0% vs. 7.3%, Cre8 vs. Taxus, respectively, p=0.632), cardiac death (2.6% vs. 2.6%, Cre8 AES vs. Taxus PES, respectively, p>0.999), any MI (4.0% vs. 8.7%, Cre8 AES vs. Taxus PES, respectively, p=0.094), TV-MI (0.7% vs. 5.6%, Cre8 AES vs.

Taxus PES, respectively, p=0.018), clinically driven TLR (4.1% vs. 7.6%, Cre8 AES vs. Taxus PES, respectively, p=0.190), and TVR (7.9% vs. 10.0%, Cre8 AES vs. Taxus PES, respectively, p=0.533). Per protocol and intention to treat analyses showed similar results.

Despite similar rate of adverse events in the first year after randomization among groups, the incidence of adverse events (Figure 2) resulted significantly lower inCre8 AES over Taxus PES after the first year of follow-up, as shown by the landmark analysis (DOCE cumulative incidence between 1 and five years: 2.1% vs. 9.3%, Cre8 AES vs. Taxus PES, respectively, plog-rank=0.009).

Stent thrombosis were rare and comparable among groups. Three definite stent thromboses have been recorded: a sub-acute (happened 2 days after procedure) and a very late stent thrombosis (57 months after procedure) were reported in the Taxus Liberté arm; the event listed in the Cre8 AES arm was related to a myocardial infarction occurred at 356 days, and therefore it has been classified as late stent thrombosis. Two possible late stent thromboses (after 3 and 11 months) related to sudden deaths, have been included in the Cre8 AES arm, while three patients in the Taxus PES arm had possible very late stent thromboses: two were related to sudden deaths (after 39 and 41 months); 59 months from the procedure a patient was hospitalized due to acute abdomen and the same day the patient died, probably due to MI.

Multivariate analysis

At multivariate analysis (Figure 3) at five years of follow-up, there were not clinical or angiographic variables found to be independent predictors of DOCE. The same multivariate analysis conducted separately in the two separated arms showed that, within the Taxus PES arm, diabetes was the only predictor of DOCE (HR 2.64; 95%CI 1.112-6.278) while in the Cre8 AES arm no clinical or angiographic variable were found predictors of DOCE. In particular, diabetic and non-diabetic patients showed the same risk of DOCE within the Cre8 arm (HR 1.04; 95%CI 0.320-3.374). Evaluation of the modification of stent effect suggests that diabetes is a modifier of the effect, even if the statistical significance is not reached due to the relatively small sample size (plog-rank=0.077)

Discussion

This is the first randomized clinical trial to assess long-term outcomes of the Cre8 AES. The main findings of this comparison among Cre8 AES and Taxus Liberté PES for treatment of de novo coronary lesions are as follows: 1) no significant differences in term of POCE were observed between the two groups; 2) DOCE occurrence, after the first year of follow-up, was significantly lower in CRE8 AES; 3) at 5-year, there were no differences among diabetic and non-diabetic patients treated with the Cre8 AES, while among patients treated with the Taxus PES, diabetic patients had a significantly higher incidence of DOCE compared to non-diabetic patients. The statistical analysis suggests the presence of an interaction of diabetes on the stent effect, even if the numerosity of the sample failed to show significance. The Cre8 AES is a new generation DES characterized by a platform, integrally coated by an ultra thin pure carbon coating, with abluminal reservoirs that provide a controlled drug elution exclusively towards the vessel wall without employing any polymer. The abluminal reservoirs, which are a company's proprietary technology, allow the elution of an innovative formulation (Amphilimus TM ) constituted by Sirolimus and long chain fatty acids. These features seemed to provide impressive results in diabetic patients treated with the Cre8 AES, [START_REF] Colombo | One-year clinical outcome of amphilimus polymer-free drug-eluting stent in diabetes mellitus patients Insight from the ASTUTE registry ( AmphilimuS iTalian mUlticenTre rEgistry )[END_REF][START_REF] Sardella | Clinical outcomes with reservoir-based polymer-free amphilimus-eluting stents in real-world patients according to diabetes mellitus and complexity: The INVESTIG8 registry[END_REF] especially when compared to first generation DES, as shown by the present study.

The anatomopathological evidences, both in animal [START_REF] Carter | Long-term effects of polymer-based, slow-release, sirolimus-eluting stents in a porcine coronary model[END_REF][START_REF] Wilson | Comparison of inflammatory response after implantation of sirolimus-and paclitaxeleluting stents in porcine coronary arteries[END_REF] and in humans [START_REF] Virmani | Localized hypersensitivity and late coronary thrombosis secondary to a sirolimus-eluting stent: should we be cautious?[END_REF][START_REF] Virmani | Drug-eluting stents: are they really safe?[END_REF] suggest that the polymer carriers used to modulate the drug elution from the first generation stents can be associated to a chronic inflammatory response.

The better performance of Cre8 AES in term of DOCE occurrence after the first year may found an explanation in the lack of polymer of Cre8 AES. Probably, the inflammatory response induced by the non-bioresorbable polymer present in Taxus PES become evident when not mitigated by the elution of paclitaxel, that is completed after one year from the implant.

Among patients who undergo elective PCI, it is well established that diabetic patients have higher rates of restenosis and lower rates of event-free survival than non-diabetic patients, with both 1 st and 2 nd generation DES. Many trials and real-world registries have shown higher rate of adverse events in DM patients compared to non-DM patients. [START_REF] Lee | Threeyear patient-related and stent-related outcomes of second-generation everolimuseluting Xience V stents versus zotarolimus-eluting resolute stents in real-world practice (from the Multicenter Prospective EXCELLENT and RESOLUTE-Korea Registries)[END_REF][START_REF] Park | Everolimus-Eluting Xience V/Promus Versus Zotarolimus-Eluting Resolute Stents in Patients With Diabetes Mellitus[END_REF][START_REF] Kufner | Second-versus first-generation 'Limus'-eluting stents in diabetic patients with coronary artery disease: a randomized comparison in setting of ISAR-TEST-4 trial[END_REF][START_REF] Kornowski | Increased restenosis in diabetes mellitus after coronary interventions is due to exaggerated intimal hyperplasia. A serial intravascular ultrasound study[END_REF][START_REF] Mehran | Short-and long-term results after multivessel stenting in diabetic patients[END_REF][START_REF] Bangalore | Outcomes with various drug eluting or bare metal stents in patients with diabetes mellitus: mixed treatment comparison analysis of 22,844 patient years of follow-up from randomised trials[END_REF][START_REF] Silber | Clinical outcome of patients with and without diabetes mellitus after percutaneous coronary intervention with the resolute zotarolimus-eluting stent: 2-year results from the prospectively pooled analysis of the international global RESOLUTE program[END_REF] In the RESERVOIR RCT the Cre8 AES was found to be non-inferior as compared to the benchmark for safety and efficacy of durable polymer DES (the Xience-EES) in diabetic patients. Moreover, in this study patients with worse glicaemic control (in terms of HbA1C value) showed a more favourable trend of Cre8 AES over Xience-EES in terms of neointimal volume obstruction. [START_REF] Romaguera | A Randomized Comparison of Reservoir-Based Polymer-Free Amphilimus-Eluting Stents Versus Everolimus-Eluting Stents with Durable Polymer in Patients with Diabetes Mellitus the RESERVOIR Clinical Trial[END_REF] Of note, these favourable results have been confirmed in a recently published propensity score matched analysis that compared the Cre8 AES with the biodegradable polymer Nobori biolimus eluting stent (BES) in real-world patients. In this study, rates of TLF and TLR were similar between the two groups in non-diabetic patients, while both TLF and TLR were significantly lower in diabetic patients treated with the Cre8 AES compared to those treated with the Nobori-BES. Furthermore, upon multivariate analysis, the most powerful predictors of TLF in DM patients was implantation of the Nobori-BES instead of the Cre8 AES. [START_REF] Godino | Polymer-free Amphilimuseluting Stent Versus Biodegradable Polymer Biolimus-eluting Stent in Patients With and Without Diabetes Mellitus[END_REF] The present study confirms these reassuring results and provides the first promising long-term data in terms of ischemic outcome in patients treated with Cre8 AES, especially in those affected by DM. Further studies, such as the ongoing prospective, open label, randomized controlled two arm study evaluating the safety and efficacy of the permanent polymer zotarolimus eluting stent Resolute Integrity compared to the polymer-free Amphilimus Eluting Stent Cre8 (ReCre8) [START_REF] Rozemeijer | Rationale and design of amphilimus sirolimus-eluting stents versus zotarolimus-eluting stents in all-comers requiring percutaneous coronary intervention (ReCre8): A multicenter randomized clinical trial[END_REF] are needed to assess the clinical outcome of the Cre8 AES also in high risk patients and complex lesions.

Study limitations

These results should be interpreted considering some limitations. First, the Taxus PES was chosen as a comparator because it was one of the most used DES when the study was designed. Second, the small sample size did not allow to obtain definitive confirmation when assessing Cre8 AES clinical efficacy and safety profile. Finally, complex lesions and high-risk patients were not enrolled in the present study. Last, although the statistical analysis was conducted by the sponsor, the statistical report has been fully revised by the coordinating principal investigator with full access to the data. Randomized clinical studies are required to definitely assess the non-inferiority of the Cre8 AES in comparison to contemporary stent platforms and the potential superiority of this polymer-free DES in patients with diabetes mellitus.

Conclusion

In the present randomized controlled trial, the Cre8 AES showed a favourable safety and efficacy performance in comparison with the Taxus PES during long-term follow-up, especially in diabetic patients. Larger studies are warranted to confirm these results.