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Abstract

BACKGROUND—The safety and efficacy of a novel cobalt alloy-based coronary stent with a 

durable elastomeric polymer eluting the antiproliferative agent ridaforolimus for treatment of 

patients with coronary artery disease is undetermined.

METHODS—A prospective, international 1:1 randomized trial was conducted to evaluate in a 

noninferiority design the relative safety and efficacy of ridaforolimus-eluting stents (RESs) and 

slow-release zotarolimus-eluting stents among 1919 patients undergoing percutaneous coronary 

intervention at 76 centers. Inclusion criteria allowed enrollment of patients with recent myocardial 

infarction, total occlusions, bifurcations lesions, and other complex conditions.

RESULTS—Baseline clinical and angiographic characteristics were similar between the groups. 

Overall, mean age was 63.4 years, 32.5% had diabetes mellitus, and 39.7% presented with acute 

coronary syndromes. At 12 months, the primary end point of target lesion failure (composite of 

cardiac death, target vessel-related myocardial infarction, and target lesion revascularization) was 

5.4% for both devices (upper bound of 1-sided 95% confidence interval 1.8%, 

Pnoninferiority=0.001). Definite/probable stent thrombosis rates were low in both groups (0.4% RES 

versus 0.6% zotarolimus-eluting stent, P=0.75); 13-month angiographic in-stent late lumen loss 
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was 0.22±0.41 mm and 0.23±0.39 mm (Pnoninferiority=0.004) for the RES and zotarolimus-eluting 

stent groups, respectively, and intravascular ultrasound percent neointimal hyperplasia was 

8.10±5.81 and 8.85±7.77, respectively (Pnoninferiority=0.01).

CONCLUSIONS—In the present trial, which allowed broad inclusion criteria, the novel RESs 

met the prespecified criteria for noninferiority compared with zotarolimus-eluting stents for the 

primary end point of target lesion failure at 12 months and had similar measures of late lumen 

loss. These findings support the safety and efficacy of RESs in patients who are representative of 

clinical practice.

CLINICAL TRIAL REGISTRATION—URL: http://www.clinicaltrials.gov. Unique identifier: 

NCT01995487.
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The benefits of treatment with drug-eluting stents (DESs) to avoid restenosis and repeat 

revascularization have been consistently demonstrated in clinical trials in both selected and 

broad populations with varying clinical and angiographic characteristics. Iterative DES 

development has focused on features that may enhance procedural outcomes and improve 

clinical safety and efficacy. Large comparative studies involving newer generation DESs 

demonstrate outcomes superior to conventional bare metal stents and first-generation DESs.
1–3

A novel cobalt alloy-based coronary stent has been designed incorporating a unique durable 

elastomeric polymer eluting the antiproliferative drug ridaforolim-us. Ridaforolimus, a 

rapamycin derivative, is associated with a higher therapeutic-to-toxicity margin compared 

with most other sirolimus analogues (Appendix I in the online-only Data Supplement), and 

the elastomeric properties of the polymer confer resistance to the disruption of polymer 

integrity during stent expansion that has been observed with contemporary DESs.4,5 The 

safety and efficacy of the ridaforolimus-eluting stent (RES) has not been established in 

human patients. Therefore, we conducted a large-scale, randomized, multicenter trial to 

examine the clinical, angiographic, and intravascular ultrasound (IVUS) outcomes of RESs 

compared with the contemporary slow-release zotarolimus-eluting stent (ZES) in patients 

undergoing percutaneous coronary intervention (PCI) representative of routine clinical 

practice.

METHODS

Trial and Study Population

The BIONICS trial (BioNIR Ridaforolimus-Eluting Coronary Stent System in Coronary 

Stenosis; clinicaltrials.gov identifier NCT01995487) was a prospective, randomized, single-

blinded multicenter trial comparing RESs (BioNIR; Medinol Ltd.) and ZESs (Resolute 

Integrity, Medtronic) in patients undergoing PCI. The trial was designed with guidance from 

the US Food and Drug Administration and was intended to support US device approval. 

Patients ≥18 years of age with ischemic heart disease undergoing planned stent implantation 
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were eligible for enrollment. Enrollment criteria were developed with the US Food and Drug 

Administration to permit a less restrictive, more complex population than allowed in most 

prior regulatory approval trials. Angiographic inclusion criteria included a reference vessel 

diameter between 2.5 and 4.25 mm, with ≤ 2 lesions per vessel in ≤2 major coronary 

arteries, provided that the total planned stent length was not >100 mm. Calcified lesions 

requiring atherectomy were included, as were chronic total occlusions, planned 1-stent 

bifurcations, bypass graft stenoses, and bare metal in-stent restenosis. Patients with recent 

(<24 hours) ST-segment elevation myocardial infarction, left ventricular ejection fraction 

<30%, active stent thrombosis, creatinine clearance <30 mL/min, and prior PCI ≤12 months, 

and those unlikely to adhere to dual antiplatelet therapy, were excluded. The study was 

approved by the institutional review board or ethics committee at each enrolling site, and 

eligible patients signed written informed consent before the interventional procedure.

Device Description

The BioNIR stent is constructed of an 87-μm strut thickness cobalt alloy platform with 

adaptive cells capable of differential lengthening to provide uniform drug distribution in 

variable vessel anatomy. The 3.0-mm-diameter stent system has a crossing profile of 1.07 

mm. The stent is manufactured in an unconventional method, in which a thin sheet of cobalt 

alloy is laser-cut into the stent design, coated with polymer and drug, rolled into a 

cylindrical shape, and laser-welded at discrete spots along its axial length. A proprietary 

copolymer made of thermoplastic silicone polycarbonate polyurethane and poly-butyl 

methacrylate with elastomeric properties resistant to disruption in integrity is 

circumferentially coated on the stent and is 7 μm thick. The polymer permits controlled 

elution of ridaforolimus, an analog of sirolimus, present on the stent at a concentration of 1.1 

μg/mm2. In preclinical studies, >95% of the drug is eluted from the stent over a 180-day 

period (Appendix I in the online-only Data Supplement). Unlike previous DESs, however, 

an initial peak (burst) concentration followed by diffusion does not occur. Rather, 

persistently low drug concentrations are measured in the surrounding vascular tissue for 3 

months. RESs were available in diameters ranging from 2.5 to 4.0 mm and in lengths from 8 

to 33 mm. The comparator ZES (Resolute Integrity or Resolute Onyx, Medtronic, Inc.) was 

available in diameters between 2.25 and 4.0 mm and in lengths ranging from 8 to 38 mm.

Randomization, Interventional Procedures, and Adjunctive Drug Therapy

Patients were blinded to treatment assignment and ran-domized to RESs or ZESs in a 1:1 

fashion. Randomization was stratified according to presence or absence of medically treated 

diabetes mellitus, acute coronary syndrome versus stable angina presentation, and site. 

Patients were considered enrolled after guide wire crossing of the target lesions. Treatment 

of nontarget vessel lesions was permitted provided that procedural success criteria were 

achieved before ran-domization. Direct stenting without predilation was permitted, and 

postdilation was recommended but not required.

Before PCI, all patients received treatment with aspirin (325 mg if no prior therapy, 75–325 

mg if chronic therapy) and clopidogrel, ticagrelor, or prasugrel per investigator discretion. 

For patients not receiving chronic P2Y12 receptor antagonist therapy, a loading dose was 

administered according to individual product labeling. Dual antiplatelet therapy use was 
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mandatory for ≥6 months after the procedure. Anticoagulation with unfractionated heparin, 

bivalirudin, or low-molecular-weight heparin with or without a glycoprotein IIb/IIIa 

inhibitor was prescribed according to local standards. Clinical events were assessed during 

hospital stay, at 30 days, and at 12 months after the index procedure. Follow-up angio-

graphic and IVUS imaging at 13 months was planned in a consecutive cohort of patients 

from participating sites.

Data Management and Core Laboratories

All data were submitted to a central data coordinating facility (Cardiovascular Research 

Foundation). An independent clinical events committee (Cardiovascular Research 

Foundation) adjudicated all primary and secondary clinical end points blinded to stent type. 

An independent data safety monitoring board (Appendix II in the online-only Data 

Supplement) was responsible for regular review of the clinical safety data and could 

recommend study discontinuation or modification. Coronary angiograms performed at 

baseline and any time during the follow-up period in addition to IVUS images were 

reviewed by an independent core laboratory (Cardiovascular Research Foundation). 

Reviewers from the core laboratory were unaware of the type of stent implanted.

Study End Points and Definitions

The primary end point was target lesion failure (TLF) at 12 months, defined as the 

composite of cardiac death, target vessel-related myocardial infarction (MI), or ischemia-

driven target lesion revascularization. Secondary clinical safety and efficacy end points 

included major adverse cardiac events (cardiac death, MI, or ischemia-driven target lesion 

revascularization); target vessel failure (all-cause death, target vessel-related myocardial 

infarction, or ischemia-driven target vessel revascularization); individual components of the 

composite end points in-hospital, at 30 days, and at 12 months; and definite or probable stent 

thrombosis according to Academic Research Consortium criteria.6 Device success was 

defined as achievement of <50% diameter stenosis of the target lesion (determined by the 

angiographic core laboratory) with the assigned study stent, and procedure success was 

defined as a final diameter stenosis <50% with the assigned stent and any adjunctive device, 

and with no in-hospital major adverse cardiac events.

Periprocedural MI was defined according to the Society of Coronary Angiography and 

Interventions criteria,7 as a creatine kinase myocardial band measured ≤48 hours of the 

procedure elevated ≥10 times above the upper limit of normal, or ≥5 times the upper limit of 

normal with development of new pathological Q waves in 2 contiguous electrocardio-

graphic leads or new, persistent left bundle-branch block. In the absence of creatine kinase 

myocardial band measurements, postprocedural MI was defined as a troponin value ≥70 

times the upper limit of normal, or ≥35 times the upper limit of normal with new 

pathological Q waves or new left bundle-branch block. The Society of Coronary 

Angiography and Interventions criteria to define periprocedural MI were also used for 

patients with elevated cardiac enzymes at baseline.7 Spontaneous MI was defined according 

to the Universal Definition of Myocardial Infarction.8 Ischemia-driven revascularization was 

identified as any repeat revascularization of the target lesion or target vessel associated with 

either ischemic symptoms or an abnormal functional study and a ≥50% coronary stenosis by 
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quantitative angiography, or any revascularization of a ≥70% diameter stenosis. 

Cardiovascular death was considered death caused by any proximate cardiac cause, 

unwitnessed death, or death of unknown etiology.

Secondary angiographic and IVUS efficacy end points at 13-month follow-up included late 

lumen loss (both in-stent and in-segment), angiographic binary restenosis (in-stent and in-

segment), and percent neointimal hyperplasia. Angiographic binary restenosis was defined 

as a stenosis ≥50% of the lumen diameter of the target lesion (determined by the core 

angiographic laboratory). Percent diameter steno-sis was defined as (1- [minimum luminal 

diameter/reference vessel diameter]) × 100, and acute gain was defined as the minimal 

luminal diameter immediately after the procedure minus the MLD before the procedure. 

Restenosis patterns were characterized according to established criteria.9

Statistical Methods

This trial was powered to determine the noninferiority of RESs compared with ZESs for 

TLF at 12 months assuming a primary event rate of 5.8% in each treatment group and a pre-

specified margin of 3.3%. With the assumption of 5% loss to follow-up, a sample size of 

1906 patients was required for the trial to have 90% statistical power at a 1-sided alpha level 

of 0.05. For the secondary angiographic end point of in-stent late loss, assuming in-stent late 

lumen loss for both stents of 0.29 mm (±0.44 mm), a noninferiority margin of 0.20 mm, and 

a 1-sided α level of 0.05, a sample size of 150 evaluable patients provided 87% power to 

demonstrate noninferiority between RESs and ZESs. Similarly, for the secondary IVUS end 

point of percent neointimal hyperplasia, 80 evaluable patients provided 84% statistical 

power to demonstrate noninferiority at an α level of 0.05, assuming 3.5% neointimal 

hyperplasia for both the experimental and control groups and a noninfe-riority margin of 

3.0%.

All primary and secondary efficacy and safety end points were performed in the intention-to-

treat population. Baseline characteristics of study patients were summarized in terms of 

frequencies and percentages for categorical variables and by means with standard deviations 

for continuous variables. Categorical variables were compared by χ-square or Fisher exact 

test. For continuous variables that met the assumption of normality, the 2 treatment groups 

were compared by the 2-sample t test. If the data failed to meet the assumption for normality 

per the Shapiro-Wilk test, then the comparisons were made using the Wilcoxon rank sum 

test. Noninferiority for the primary end point of TLF at 12 months was evaluated by the 

Farrington and Manning test for binary variables. For the secondary angiographic and IVUS 

endpoints of in-stent late loss and percent neointimal hyperplasia at 13 months, 

noninferiority was evaluated by a 1-way linear mixed model, which accounted for the 

clustering effect of multiple lesions per patient. The model included treatment as a fixed 

effect and patient as a random effect. The 12-month clinical events were summarized as 

Kaplan-Meier estimates and compared with the log-rank test. A P value of 0.05 was 

established as the level of statistical significance for all superiority tests. All analyses were 

performed with SAS software (version 9.4, SAS Institute).
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RESULTS

Patient Enrollment and Characteristics

Between March 2014 and August 2015, 1919 patients were randomized (958 to RESs, 961 

to ZESs) at 76 hospitals in 8 countries in North America, Europe, and Is-rael (Figure 1). No 

significant differences were present in the baseline clinical or demographic characteristics 

between the groups (Table 1). Approximately 33% of patients had diabetes mellitus. 

Presentation with acute coronary syndromes was common and was observed in 39.7% of 

patients.

Baseline angiographic characteristics were also similar between groups, except for a slightly 

higher prevalence of left main (1.1% versus 0.4%, P=0.04) and severely calcified (13.3% 

versus 10.5%, P=0.03) target lesions in the ridaforolimus cohort. The left anterior 

descending artery was the most commonly treated vessel (40.2%), and complex lesions were 

frequent, including bifurcation disease (29%), ostial lesions (6%), and overlapping stents 

(24%). The mean lesion length and reference vessel diameter were 17.8 (±10.8) mm and 

2.74 (±0.49) mm, respectively.

Procedural and Clinical Outcomes

The number, length, and diameter of stents implanted were similar in the 2 treatment groups 

(Table 2). The average number of lesions treated per patient was 1.3±0.6, and the average 

stent length was 24 mm. Procedural success was similar in both groups, although device 

success was slightly lower with RESs than ZESs (98.0% versus 99.4%, P=0.001). The 

reason for device failures in both cohorts was most commonly inability to deliver the 

assigned study stent to the target lesion.

Adverse events within 30 days were low in both treatment groups (Table 2). At 12 months, 

the primary end point of TLF occurred in 5.4% of patients in both groups (relative risk, 1.00; 

95% confidence interval, 0.69‒1.47; Pnoninferiority=0.001, Psuperiority=0.98) (Table 3, Figure 

2). No significant interactions were observed in the relative rates of TLF in prespecified 

subgroups (Figure 3). Individual components of TLF were also similar between groups 

(Table 3). Definite or probable stent thrombosis occurred in 0.4% of RES-treated patients 

and 0.8% of ZES-treated patients (P=0.53). No stent thrombosis events were observed in the 

RES group beyond 30 days of the index revascularization procedure. At 12 months, 

adherence to dual antiplatelet therapy was reported in ≈75% of patients and was similar in 

both groups.

Angiographic and IVUS Outcomes

Follow-up angiography at 13 months was performed in 158 patients, including 85 patients 

(106 lesions) treated with RESs and 73 patients (97 lesions) treated with ZESs. In-stent late 

lumen loss and binary restenosis were similar among ridaforolimus and zotarolimus patients 

(Table 4). In-stent late lumen loss was 0.22±0.41 mm (mean, SD) for RESs and 0.23±0.39 

mm for ZESs (Pnoninferiority=0.004). No differences in restenosis occurred within the 

proximal or distal margins of the stents comparing ridaforolimus versus zotarolimus patients 

(Table 4).
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Follow-up IVUS was performed at 13 months in 111 patients, including 55 and 56 patients 

in the RES and ZES groups, respectively. No significant difference occurred in percent 

neointimal hyperplasia between RES and ZES (8.1±5.8% versus 8.6±7.8%, respectively, 

Pnoninferiority=0.01). Acquired late stent malapposition (because of positive vessel 

remodeling) occurred in only 2 patients (3.7%) treated with RES and in 0 patients treated 

with ZES (P=0.49).

DISCUSSION

In this large-scale, randomized clinical trial enrolling patients with less restricted clinical 

indications and expanded lesion complexity than in most US Food and Drug 

Administration–approval trials, PCI with a novel RES was noninferior to slow-release ZES 

for the 1-year outcome of TLF. Indeed, TLF was numerically identical in each treatment 

group, and revascularization with RES resulted in low rates of MI, target lesion 

revascularization, and stent thrombosis. Results were consistent in predefined patient and 

lesion subgroups. These results support the safety and efficacy of RESs in patients 

representative of everyday clinical practice.

Contemporary DESs vary in numerous ways that may affect device performance and clinical 

outcomes. Selection, dose, and the pharmacokinetic elution profile of the antiproliferative 

agent may yield variable results. Differences in polymer formulation and physical properties 

also regulate both the temporal course and uniformity of antiproliferative drug distribution. 

The metal alloy and underlying stent construction affects device delivery, expansion 

characteristics, recoil, side branch access, and uniformity of vessel coverage. The RES was 

designed to optimize each of these components and overcome limitations of existing DES. 

Ridaforolimus is associated with a higher therapeutic-to-toxicity margin than most other 

sirolimus analogues (Appendix I in the online-only Data Supplement), and the elastomeric 

properties of the polymer confer resistance to disruption in polymer integrity (bonding, 

webbing, cracking), which may be observed with contemporary DESs.4,5 The stent is 

constructed of a thin-strut cobalt alloy platform with a variable strut width and an adaptive 

cell design capable of differential lengthening to accommodate uniform drug distribution in 

variable vessel anatomy. Unlike other contemporary DESs, persistently low drug 

concentrations are measurable in the surrounding vascular tissue rather than the more typical 

initial peak (burst) concentration followed by prolonged diffusion. Finally, the stent is 

manufactured in an unconventional method in which a thin sheet of cobalt alloy is laser-cut 

into the stent design, coated with polymer and drug, rolled into a cylindrical shape, and 

laser-welded at discrete points along its axial length. Compared with more traditional 

manufacturing methods, this process permits greater efficiency and reproducibility that may 

translate into cost savings.

Mechanistic insight to the safety and efficacy of RESs is supported by the angiographic and 

IVUS sub-study from the present study. In addition, simultaneous to BIONICS, patients in 

Europe were enrolled in the NIREUS trial (BioNIR Ridaforolimus-Eluting Cornary Stent 

System European Angiography Study), a smaller randomized study (n=302) that also 

compared ridaforolimus- and zotarolimus-eluting stents.10 This latter study was conducted 

simultaneously with the BIONICS trial, and without predicate human clinical experience, 
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together the 2 trials represented an ambitious first in-human and key registration clinical 

program with planned interim analyses to ensure patient safety. Angiographic measures of 

restenosis and late lumen loss measured at 6 months in NIREUS and at 13 months in 

BIONICS were similar with both RESs and ZESs, translating into low rates of repeat 

revascularization. Between 6 and 13 months in these 2 studies, in-stent late loss increased 

from 0.04±0.31 mm to 0.22±0.41 mm with RESs and from 0.03±0.31 mm to 0.23±0.39 mm 

with ZESs. Although caution should be applied given different enrollment criteria and sites 

(even though the same angiographic core laboratory was used), these data suggest some 

increase in late loss between 6 and 13 months with both stent types, consistent with that 

reported with other rapamycin analogue-based DESs.11,12 Nevertheless, these results are 

consistent with both intermediate and late angio-graphic measures for ZESs from prior 

studies,13–15 and the low degree of late loss at 13 months is a favorable finding that resulted 

in low rates of angiographic restenosis and ischemia-driven repeat target lesion 

revascularization. Finally, follow-up IVUS imaging in the current study at 13 months 

reaffirms minimal neo- intimal hyperplasia, with a low rate of late acquired malapposition 

consistent with vessel healing without toxicity.

Despite these favorable findings and notwithstanding enrollment of a broader, less restricted 

study population compared with predicate DES-approval trials,16 the low rates of adverse 

clinical events in the BIONICS study demonstrate the difficulty in eliciting subtle 

differences between devices. Despite the relative complexity of the patient population, the 1-

year rate of repeat revascularization with RESs in the present study was only 3.2%, and stent 

thrombosis occurred in only 0.4% of patients, rates not signifi-cantly different than with 

ZESs. Larger trials perhaps restricted to higher-risk patients and more complex lesions 

would be required to test whether meaningful differences indeed exist between 

contemporary DESs. However, even trials randomizing all-comers without restriction enroll 

a lower-risk population than those patients not randomized but instead followed in a registry.
17,18

The present study was underpowered for components of the primary end point and stent 

thrombosis and indeed was not designed as a superiority trial. Despite the more-comers 

design, the sample size specific to high-risk patient and lesion subgroups was variable, and 

interaction testing is inherently underpowered. Thus, caution should be applied when 

considering the comparative rates of low-frequency events and outcomes in subgroups. 

Finally, device success was slightly lower with RESs than ZESs, a finding that may be 

attributable to the first-generation delivery system that has since been addressed by 

modifying the stent delivery balloon catheter in the current generation device.

Conclusions and Clinical Implications

The present large-scale randomized trial intended to include many patients treated for more 

complex, off-label clinical indications and lesion anatomy. Clinical, angiographic, and IVUS 

outcomes with a novel RES were comparable to the slow-release ZES, supporting the safety 

and effectiveness of RESs in the treatment of a broad population of patients with 

symptomatic coronary artery disease.
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Clinical Perspective

What Is New?

• A novel thin-strut, cobalt alloy-based coronary stent incorporates a durable 

elastomeric polymer eluting the antiproliferative drug ridaforolimus.

• Ridaforolimus is associated with a higher therapeutic-to-toxicity margin 

compared with most other sirolimus analogues; the elastomeric properties 

confer resistance to disruption of polymer integrity during stent expansion.

• The stent is manufactured by laser-cutting a thin cobalt alloy sheet into the 

stent design, coating it with polymer and drug, and then rolling it into a 

cylindrical shape.

• The BIONICS trial (BioNIR Ridaforolimus-Eluting Coronary Stent System in 

Coronary Steno-sis) was a prospective, randomized, multicenter study 

comparing ridaforolimus-eluting stents and zotarolimus-eluting stents in 

patients undergoing percutaneous coronary intervention.

What Are the Clinical Implications?

• In a large-scale, international, randomized trial enrolling patients treated for 

more complex, off-label clinical indications and lesion anatomy, per-

cutaneous coronary intervention with a novel ridaforolimus-eluting stent was 

noninferior to zotarolimus-eluting stents for the 1-year outcome of target 

lesion failure.

• Treatment with ridaforolimus-eluting stents resulted in low rates of 

myocardial infarction, repeat revascularization, and stent thrombosis. Results 

were consistent in predefined patient and lesion subgroups.

• Angiographic and intravascular ultrasound measures of restenosis, late lumen 

loss, and neointimal hyperplasia measured at 13 months were similar with 

both ridaforolimus-eluting stents and zotarolimus-eluting stents.
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Figure 1. BIONICS trial (BioNIR Ridaforolimus Eluting Coronary Stent System in Coronary 
Steno-sis) flow chart
Full analysis set included all randomized subjects assigned to treatment per randomization 

regardless of whether they received the study stent. Subjects were included for analysis once 

the study stent had been advanced beyond the guide catheter. IVUS indicates intravascular 

ultrasound.
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Figure 2. One-year target lesion failure
Kaplan-Meier estimates of the primary outcome target lesion failure by 1 year. CI indicates 

confidence interval, and HR, hazard ratio.
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Figure 3. Subgroup analysis for the primary end point of target lesion failure at 1-year follow-up
Subgroup analysis for prespecified baseline characteristics is shown. The P value for 

qualitative interaction (treatment by subgroup) is obtained from the Gail-Simon test, which 

assesses the heterogeneity of the treatment effect across subgroups. ACS indicates acute 

coronary syndrome; CI, confidence interval; RES, ridaforolimus-eluting stent; TLF, target 

lesion failure; and ZES, zotarolimus-eluting stent.

Kandzari et al. Page 15

Circulation. Author manuscript; available in PMC 2018 May 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kandzari et al. Page 16

Table 1

Baseline Clinical and Angiographic Characteristics

Ridaforolimus-Eluting Stent (N=958, 1276 
Lesions)

Zotarolimus-Eluting Stent (N=961, 1277 
Lesions)

Age, y 63.7±10.2 63.1±10.3

Male sex 78.3 (750/958) 81.9 (787/961)

Diabetes mellitus 32.8 (314/958) 32.3 (310/961)

Hypertension 72.4 (687/949) 74.0 (704/951)

Hyperlipidemia 80.4 (759/944) 78.1 (744/953)

Previous myocardial infarction 31.1 (298/958) 30.5 (293/961)

Previous PCI 38.8 (372/958) 38.2 (367/961)

Previous coronary bypass surgery 8.8 (84/958) 9.6 (92/961)

Current smoker 23.4 (224/958) 19.4 (186/961)

LV ejection fraction 55.5±9.8 55.8±9.3

Clinical presentation

 Stable coronary disease 59.3 (568/958) 61.3 (589/961)

 ACS 40.7 (390/958) 38.7 (372/961)

 Elevated cardiac biomarkers* 27.0 (206/763) 28.2 (216/766)

Target lesion vessel

 Left main 1.1 (14/1276) 0.4 (5/1277)

 Left anterior descending 40.7 (519/1276) 39.7 (507/1277)

 Right coronary 32.0 (408/1276) 32.2 (411/1277)

 Left circumflex 24.4 (311/1276) 25.1 (320/1277)

 Bypass graft 1.9 (24/1276) 2.7 (34/1277)

 Multivessel disease 29.4 (282/958) 29.3 (282/961)

Angiographic complexity

 No. lesions treated per patient 1.3±0.6 1.3±0.6

 Reference vessel diameter (mm) 2.73±0.49 2.74±0.49

 Lesion length (mm) 17.7±10.8 17.9±10.7

 SYNTAX score 11.2±7.4 11.0±7.2

 TIMI 0 flow in target vessel 9.7 (92/953) 7.7 (74/957)

 Bifurcation lesion 28.6 (365/1276) 29.1 (371/1277)

 Ostial lesion 6.0 (77/1276) 6.1 (78/1277)

 Chronic total occlusion 7.2 (92/1272) 5.8 (74/1276)

 Overlapping stents 24.7 (237/958) 23.1 (222/961)

 Use of atherectomy device 0.9 (9/958) 1.1 (11/961)

 Thrombus present 3.4 (43/1270) 3.0 (38/1275)

 Severe calcification 13.3 (169/1272) 10.5 (134/1274)

 Severe tortuosity 3.9 (50/1271) 2.8 (35/1272)

 ACC lesion class B2/C 57.5 (733/1275) 58.9 (752/1277)
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ACC indicates American College of Cardiology; ACS, acute coronary syndrome; LV, left ventricle; PCI, percutaneous coronary intervention; 
SYNTAX, synergy between percutaneous coronary intervention with taxus and cardiac surgery; and TIMI, thrombolysis in myocardial infarction. 
Values are % (n/N) or mean±SD.

*
Troponin I or T ≥3X upper limit of normal.
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Table 2

Procedural Results and 30-Day Clinical Events

Ridaforolimus-Eluting Stent (N=958 
patients, 1326 Lesions)

Zotarolimus-Eluting Stent (N=961 
patients, 1305 Lesions) P Value

No. of stents

 Per patient 1.6±0.9 1.6±0.8 0.17

 Per lesion 1.2±0.5 1.1±0.5 0.49

 Per target vessel 1.4±0.7 1.3±0.6 0.33

Total stent length (mm)

 Per patient 33±20.9 31.8±19.7 0.48

 Per lesion 24.3±14 23.7±12 0.33

 Stent diameter (mm) 3.04±0.44 3.02±0.45 0.42

 >1 stent implanted 16.7 (221/1326) 14.9 (194/1305) 0.21

Minimal luminal diameter (mm)

 Preprocedure in-lesion 0.78±0.40 0.81±0.40 0.07

 Postprocedure in-stent 2.50±0.45 2.54±0.47 0.002

 Postprocedure in-segment 2.29±0.47 2.31±0.49 0.13

Diameter stenosis (%)

 Preprocedure in-lesion 71.5±13.4 70.7±12.8 0.15

 Postprocedure in-stent 11.7±7.7 10.9±8.3 0.002

 Postprocedure in-segment 16.4±9.2 16.3±9.6 0.40

Acute gain (mm)

 In stent 1.7±0.5 1.7±0.5 0.19

 In segment 1.5±0.5 1.5±0.5 0.96

Index PCI procedure characteristics (mm)

 Balloon predilation 75.4 (1000/1326) 72.0 (940/1305) 0.05

 Postdilation 60.3 (800/1326) 56.7 (740/1305) 0.06

 FFR performed 4.9 (65/1326) 4.8 (62/1305) 0.86

 Device success* 98.0 (1243/1268) 99.4 (1261/1268) 0.001

 Lesion success† 99.9 (1257/1258) 99.8 (1262/1264) 0.99

 Procedure success‡ 97.6 (929/952) 97.3 (928/954) 0.67

30-day outcomes (mm)

 Death 0.5 (5/955) 0.2 (2/958) 0.29

 Myocardial infarction, any 2.8 (27/953) 3.2 (31/956) 0.60

 Q-wave myocardial infarction 0.5 (5/953) 0.4 (4/956) 0.75

 Non-Q-wave myocardial infarction 2.4 (23/952) 2.8 (27/956) 0.58

 Stent thrombosis 0.4 (4/952) 0.4 (4/957) 0.99

 TLF§ 2.6 (25/954) 3.2 (31/957) 0.42

 TVF¶ 2.9 (28/955) 3.4 (33/958) 0.52
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Ridaforolimus-Eluting Stent (N=958 
patients, 1326 Lesions)

Zotarolimus-Eluting Stent (N=961 
patients, 1305 Lesions) P Value

 MACEǁ 3.0 (29/954) 3.6 (34/957) 0.53

FFR indicates fractional flow reserve; MACE, major adverse cardiac events; PCI, percutaneous coronary intervention; TLF, target lesion failure; 
TVF, target vessel failure; QCA, quantitative coronary angiography. Values are % (n/N) or mean±SD.

*
Device success: final in-stent residual QCA diameter stenosis of <50% using the assigned device only and without a device malfunction.

†
Lesion success: final in-stent residual QCA diameter stenosis of <50% using any percutaneous method.

‡
Procedure success: final in-stent QCA diameter stenosis of <50% using the assigned device or with any adjunctive devices, without the occurrence 

of cardiac death, Q wave or non-Q wave MI, or repeat revascularization of the target lesion during the hospital stay.

§
Target lesion failure defined as the composite rate of cardiac death, target vessel myocardial infarction, or clinically driven target lesion 

revascularization.

¶
Target vessel failure defined as the composite rate of all-cause death, target vessel-related myocardial infarction, or clinically driven target vessel 

revascularization.

ǁ
Major adverse cardiac events defined as the composite rate of cardiac death, any myocardial infarction, or clinically driven target lesion 

revascularization.
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Table 3

One-Year Clinical Results

Ridaforolimus-Eluting Stent (n=958) Zotarolimus-Eluting Stent (n=961) P value

Target lesion failure* 5.4 (50) 5.4 (50) 0.91, 0.001 for 
noninferiority

Death

 All cause 1.2 (11) 1.0 (10) 0.82

 Cardiac 0.5 (5) 0.2 (2) 0.27

Target vessel Myocardial 
infarction Any

3.2 (30) 3.2 (31) 0.91

 Q-wave 0.5 (5) 0.5 (5) 0.99

 Non-Q-wave 2.8 (26) 2.7 (26) 0.30

Clinically driven target lesion revascularization

 Any 3.2 (28) 2.3 (22) 0.38

 PCI 2.5 (22) 2.1 (20) 0.74

 CABG 0.8 (7) 0.2 (2) 0.09

Myocardial infarction†

 Periprocedural 2.4 (23) 2.8 (27) 0.58

 Nonperiprocedural 2.6 (24) 2.5 (23) 0.87

Target vessel failure‡ 7.1 (66) 6.3 (60) 0.58

MACE§ (%) 6.8 (63) 6.6 (63) 0.99

Stent thrombosis

 Definite/probable 0.4 (4) 0.6 (6) 0.53

 Definite 0.4 (4) 0.5 (5) 0.74

 Probable 0.0 (0) 0.1 (1) 0.32

 Acute (24 h) 0.1 (1) 0.1 (1) 0.99

 Subacute (1–30 days) 0.3 (3) 0.3 (3) 0.99

 Late (31 days – 1 y) 0.0 (0) 0.2 (2) 0.16

CABG indicates coronary artery bypass graft; MACE, major adverse cardiac events; and PCI, percutaneous coronary intervention. Values are % 
(n).

*
Target lesion failure defined as the composite rate of cardiac death, target vessel myocardial infarction, or clinically driven target lesion 

revascularization.

†
Myocardial infarction defined on the basis of the Society of Coronary Angiography and Interventions definition.7

‡
Target vessel failure defined as the composite rate of all-cause death, target vessel-related myocardial infarction, or clinically driven target vessel 

revascularization.

§
Major adverse cardiac events defined as the composite rate of cardiac death, any myocardial infarction, or clinically driven target lesion 

revascularization.
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Table 4

Thirteen-Month Angiographic and Intravascular Ultrasound Results

Ridaforolimus-Eluting Stent 
(n=85 Patients, 105 Lesions)

Zotarolimus-Eluting Stent 
(n=73 Patients, 96 Lesions) P Value

Quantitative coronary angiography

 Late lumen loss (mm)

 In-stent 0.22±0.41 0.23±0.39 0.85, 0.004 for noninferiority

 In-segment 0.17±0.42 0.15±0.38 0.58

 Minimal luminal diameter (mm)

 In-stent 2.23±0.61 2.32±0.58 0.40

 In-segment 2.05±0.61 2.14±0.54 0.26

 Diameter stenosis

 Postprocedure in- stent 20.1±16.5 18.7±15.0 0.39

 Postprocedure in- segment 25.0±17.4 22.8±14.3 0.28

 Binary restenosis

  In-stent 8.9 (9/101) 7.5 (7/93) 0.73

  In-segment 10.7 (11/103) 7.5 (7/93) 0.43

  Proximal edge stent restenosis 1 (1/96) 1.1 (1/90) 0.99

  Distal edge stent restenosis 0 (0/99) 0 (0/93) NA

IVUS results*

 Minimal lumen area (mm2)

  In-stent 5.8±1.8 6.3±2.2 0.17

  In-segment 5.0±2.2 5.3±2.1 0.33

  Neointimal hyperplasia (%) 8.1±5.8 8.9±7.8 0.95

  Neointimal volume (mm3) 17.4±21.8 17.2±17.3 0.33

  New stent malapposition (%) 3.7 (2/54) 0 (0/51) 0.50

IVUS indicates intravascular ultrasound; and NA, not applicable. Values are % (n/N) or mean±SD.

*
IVUS was performed in 55 patients (61 lesions) in the ridaforolimus group and in 56 patients (60 lesions) in the zotarolimus group.
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