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Abstract
Aims: Polymer-free biolimus-eluting stents (PF-BES) have been shown to be superior to bare metal stents 
in high bleeding risk (HBR) patients treated with one-month dual antiplatelet therapy (DAPT). However, 
limited evidence is available on PF-BES in non-HBR patients. We aimed to evaluate the safety and efficacy 
of PF-BES in all-comer patients undergoing percutaneous coronary intervention (PCI).

Methods and results: Patients with stable coronary artery disease or acute coronary syndromes (ACS) 
undergoing PCI with PF-BES in routine clinical practice were included in a multicentre, prospective reg-
istry. DAPT duration was left to the discretion of the operator. The primary endpoint was the composite of 
cardiovascular death, myocardial infarction (MI), and definite/probable stent thrombosis (ST) at one year. 
Overall, 1,104 consecutive patients treated with PF-BES were included at 16 Italian centres. Mean age was 
68.7±11.2 years, 77.2% of patients were male, 30% had diabetes, 15.1% had chronic kidney disease, and 
40.5% had ACS at baseline. Mean CRUSADE score was 24.1±13.1, and 83.7% of patients did not have 
high bleeding risk features. At one year, the primary endpoint occurred in 4.1% of patients, cardiovascular 
death in 2.4%, MI in 1.8%, and definite/probable ST in 1.1%. With respect to efficacy, target lesion revas-
cularisation occurred in 1.2% of patients.

Conclusions: This is the first study providing clinical evidence on the use of PF-BES in all-comer patients 
irrespective of HBR status. Our findings suggest that PF-BES has a favourable safety and efficacy profile 
in a real-world clinical setting. Further investigation in randomised clinical trials against new-generation 
DES is warranted.
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Abbreviations
ACS acute coronary syndromes
CAD coronary artery disease
DAPT dual antiplatelet therapy
DES drug-eluting stent
HBR high bleeding risk
MI myocardial infarction
PF-BES polymer-free biolimus-eluting stent
PCI percutaneous coronary intervention
ST stent thrombosis
TLR target lesion revascularisation
TVR target vessel revascularisation

Introduction
Drug-eluting stents (DES) have markedly improved clinical out-
comes in patients with coronary artery disease (CAD) undergoing 
percutaneous coronary intervention (PCI)1. Over the past 15 years, 
technological advances in DES technologies have determined 
a progressive improvement in the safety and efficacy profile of 
DES2,3. New devices with a more favourable biocompatibility 
have been shown to reduce the risk of thrombotic events with-
out impairing the antirestenotic efficacy of early-generation DES4.

The polymer-free biolimus-eluting stent (PF-BES) (BioFree-
dom™; Biosensors Europe SA, Morges, Switzerland) is based 
on a stainless steel platform with surface modifications from 
which the antirestenotic agent is directly released without the use 
of a polymeric carrier. In the large-scale LEADERS FREE trial, 
PF-BES were shown to improve safety and efficacy as compared 
with bare metal stents in patients at high bleeding risk (HBR) 
treated with one-month dual antiplatelet therapy (DAPT)5-8. How-
ever, limited evidence is available on the clinical outcomes of PF-
BES in non-HBR patients, who represent the majority of patients 
treated in clinical practice.

The aim of this study was to evaluate the safety and efficacy 
profile of BF-BES in real-world, all-comer patients with CAD 
undergoing PCI.

Editorial, see page 732

Methods
STUDY DESIGN
Between January 2015 and May 2016, consecutive patients with 
CAD undergoing PCI with PF-BES implantation at 16 Italian cen-
tres were included in the PolymeR free biolimUs eluting stent 
implantation in all-comers population: analysis of DAPT cessa-
tion and clinical outcome after BioFREEdom stent implantation 
(RUDI-FREE) observational, multicentre, prospective, single-arm 
study (ClinicalTrials.gov identifier: NCT02858739). Inclusion cri-
teria were broad and reflected routine clinical practice, including 
patients with stable CAD as well as acute coronary syndromes 
(ACS) – with or without ST-segment elevation. The study com-
plied with the Declaration of Helsinki and was approved by local 
ethics committees. Each patient provided informed consent for 
participation in the study.

Further details on inclusion/exclusion criteria, medical regimen, 
study device features, data collection, follow-up procedures and 
the event adjudication process are provided in the Supplementary 
Appendix.

ENDPOINTS
The primary endpoint was a composite endpoint of cardiovascular 
death, myocardial infarction (MI), and definite or probable stent 
thrombosis (ST) at 12 months. Secondary endpoints are detailed 
in the Supplementary Appendix.

STATISTICAL ANALYSIS
A detailed description of analyses performed is provided in the 
Supplementary Appendix.

Results
From January 2015 to June 2016, out of approximately 
7,500 patients undergoing PCI with stent implantation, a total 
of 1,104 patients consecutively undergoing PCI with PF-BES 
in routine clinical practice were included at 16 Italian centres. 
The baseline clinical characteristics of the included patients 
reflected the real-world nature of the study. Mean age was 
68.7±11.2 years, 22.7% of patients were female, 30% had diabe-
tes, and 15.2% had chronic kidney disease. Mean left ventricular 
ejection fraction was 49.7±10.8%. With respect to indications for 
PCI, 59.5% of patients had stable CAD, 27.3% had non-ST-ele-
vation ACS, and 13.2% had ST-elevation MI. Mean CRUSADE 
score was 24.1±13.1, with a total of 164 patients (16.3%) hav-
ing a CRUSADE score >40 and, therefore, considered at HBR. 
The baseline clinical characteristics for the overall population 
and according to HBR status are summarised in Table 1. HBR 
patients were characterised by a higher baseline risk profile in 
terms of risk factors and comorbid conditions as compared with 
non-HBR patients.

Lesion and procedural characteristics are summarised in 
Table 2. A total of 1,667 lesions were treated with an average of 
1.5 lesions per patient. Lesions were homogeneously distributed 
among the epicardial vessels, with the majority being located in the 
left anterior descending artery (42.3%). No significant differences 
in lesion location were observed between HBR and non-HBR 
patients. Lesion complexity was consistent with the all-comer pro-
file of the study population. More than half of the treated lesions 
(56.1%) were type B2/C according to the ACC/AHA classifica-
tion, 37% were longer than 20 mm, 11% were CTOs, 15.4% were 
bifurcations, and 10.6% were severely calcified. HBR patients 
had a higher prevalence of severely calcified (20.4% vs. 8.9%, 
p<0.001) and long lesions (46% vs. 35.5%, p=0.001) as compared 
to non-HBR patients.

Medical therapy at discharge and at one-year follow-up is sum-
marised in Table 3. DAPT was recommended at discharge for one 
month in 4.9% of patients, for three months in 4.4% of patients, 
for six months in 35.8% of patients and for 12 or more months in 
55.0% of patients.
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Twelve-month follow-up was completed in 97.2% of patients, with 
a mean follow-up of 346±29 days. Clinical outcomes are reported in 
Table 4. Overall, the primary endpoint occurred in 4.1% of patients 
at one year (Figure 1). With respect to secondary ischaemic end-
points, all-cause death occurred in 3.9% of patients, cardiovascular 
death in 2.4% of patients, MI in 1.8% of patients, and target vessel 
myocardial infarction (TV-MI) in 1.0% of patients at one year. In 
relation to device efficacy, TLR occurred in 1.4% of patients and 
TVR in 1.8% of patients at one year. In relation to device safety, 
definite/probable ST occurred in 1.1% of patients and definite ST 
in 0.4% of patients at one year. Specifically, 12 definite/probable 
ST events occurred, four of which were definite ST and eight prob-
able ST. All ST events occurred on DAPT. The cumulative inci-
dence of TLR and definite ST up to one year is shown in Figure 2.

Table 1. Baseline clinical characteristics.

Overall 
N=1,104

Non-HBR 
n=940

HBR  
n=164

p-value*

Age, years 68.7±11.2 67.3±10.8 76.4±10.4 <0.001

Gender, male 853 (77.3) 783 (83.3) 70 (42.7) <0.001

Hypertension 884 (80.1) 742 (78.9) 142 (86.6) 0.024

Family history of CAD 249 (22.6) 224 (23.9) 25 (15.2) 0.015

Dyslipidaemia 676 (61.4) 575 (61.3) 101 (61.6) 0.945

Smokers 492 (44.6) 443 (47.2) 49 (29.9) <0.001

Diabetes mellitus 331 (30) 272 (28.9) 59 (36) 0.069

Chronic kidney disease‡ 168 (15.2) 98 (10.4) 70 (42.7) <0.001

Creatinine, mg/dL 1.1±0.7 1±0.4 1.7±1.5 <0.001

GFR, ml/min/1.73 m2 73.3±24.6 77.6±22.3 45.4±20.7 <0.001

COPD 29 (2.6) 22 (2.4) 7 (4.3) 0.159

Prior MI 251 (22.8) 216 (23) 35 (21.3) 0.635

Prior PCI 286 (26) 254 (27.1) 32 (19.5) 0.041

Prior CABG 74 (6.7) 62 (6.6) 12 (7.3) 0.738

Prior stroke 33 (3) 19 (2) 14 (8.5) <0.001

LVEF, % 49.7±10.8 49.9±10.4 48.6±12.7 0.171

NYHA Class III-IV 52 (4.7) 34 (3.6) 18 (11) <0.001

Indication to PCI

Stable angina 514 (46.6) 445 (47.4) 69 (42.1) 0.208

Silent ischaemia 86 (7.8) 77 (8.2) 9 (5.5) 0.232

Acute coronary 
syndromes 447 (40.5) 374 (39.8) 73 (44.5) 0.260

Unstable angina 136 (12.3) 108 (11.5) 28 (17.1) 0.045

NSTEMI 165 (15) 136 (14.5) 29 (17.7) 0.289

STEMI 146 (13.2) 130 (13.8) 16 (9.8) 0.094

CRUSADE score 24.1±13.1 20.3±10.2 45.5±5.0 <0.001

Data are presented as N (%) or mean±SD. *p-value for the comparison between non-HBR 
and HBR patients. ‡Chronic kidney disease was defined as an estimated glomerular 
filtration rate (GFR) <60 ml/min/1.73 m2. CABG: coronary artery bypass graft; 
CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; 
GFR: glomerular filtration rate; HBR: high bleeding risk; LVEF: left ventricular ejection 
fraction; MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction; 
NYHA: New York Heart Association; PCI: percutaneous coronary intervention; 
STEMI: ST-elevation myocardial infarction

Table 2. Lesion and procedural characteristics.

Overall 
N=1,667

Non-HBR 
n=1,417

HBR  
n=250

p-value*

Lesions/patient 1.6 1.6 1.5 0.485

Target vessel

Left main 47 (2.8) 39 (2.8) 8 (3.2) 0.693

LAD 706 (42.3) 594 (41.9) 112 (44.8) 0.395

LCX 448 (26.9) 388 (27.4) 60 (24) 0.266

RCA 443 (26.6) 376 (26.5) 67 (26.8) 0.930

Bypass graft 23 (1.4) 20 (1.4) 3 (1.2) 0.791

Lesion features

Ostial lesions 59 (3.5) 50 (3.5) 9 (3.6) 0.955

Bifurcations 256 (15.4) 223 (15.7) 33 (13.2) 0.305

Tortuous lesions 23 (1.4) 21 (1.5) 2 (0.8) 0.394

Calcifications‡ 177 (10.6) 126 (8.9) 51 (20.4) <0.001

CTOs 183 (11) 157 (11.1) 26 (10.4) 0.937

Long lesions§ 618 (37) 503 (35.5) 115 (46) 0.001

B2/C lesions 936 (56.1) 789 (55.6) 147 (58.8) 0.395

Procedural features

Stent length, mm 39.1±32 36.9±25 39.5±34 0.387

Stent diameter, mm 3.0±0.4 3.0±0.4 2.8±0.4 <0.001

Overlap 617 (37) 531 (37.5) 86 (34.4) 0.353

Direct stenting 1,299 (77.9) 1,099 (77.6) 200 (80) 0.390

Post-dilation 1,129 (67.7) 967 (68.2) 162 (64.8) 0.283

Rotablation 52 (3.1) 40 (2.8) 12 (4.8) 0.097

FFR use 37 (2.2) 34 (2.4) 3 (1.2) 0.235

Data are presented as N (%) or mean±SD. *p-value for the comparison between non-HBR 
and HBR patients. ‡Moderate/severe calcifications. § Lesions longer than 20 mm. 
CTO: chronic total occlusion; HBR: high bleeding risk; LAD: left anterior descending; 
LCX: left circumflex; RCA: right coronary artery
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The primary endpoint cumulative incidence up to one year 
by HBR status is presented in Figure 3. The primary endpoint 
occurred more frequently in HBR compared with non-HBR 
patients (9.1% vs. 3.2%, p<0.001).
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Figure 2. Cumulative incidence of target lesion revascularisation (A) and definite stent thrombosis (B) up to one year.

Table 3. Medical therapy.

Overall 
N=1,104

Non-HBR 
n=940

HBR  
n=164

p-value*

Medical therapy at discharge‡

ASA 1,078 (98.1) 919 (98.2) 159 (98.1) 0.583

P2Y12 inhibitor

Clopidogrel 826 (75.2) 691 (73.8) 135 (82.8) 0.014

Prasugrel 33 (3) 32 (3.4) 1 (0.6) 0.052

Ticagrelor 237 (21.6) 211 (22.5) 26 (16) 0.059

Oral anticoagulants 97 (8.8) 51 (5.4) 46 (30.1) <0.001

Statin 912 (83) 779 (83.2) 133 (81.6) 0.609

Beta-blocker 753 (68.6) 628 (67.1) 126 (77.3) 0.010

Ca antagonist 193 (17.6) 165 (17.6) 28 (17.2) 0.889

Nitrate 180 (16.4) 139 (14.9) 41 (25.2) 0.001

Ivabradine 27 (2.5) 22 (2.4) 5 (3.1) 0.585

Ranolazine 23 (2.1) 21 (2.2) 2 (1.2) 0.403

PPI 750 (68.2) 632 (67.5) 118 (72.4) 0.218

Recommended DAPT duration

  1 month 54 (4.9) 38 (4.1) 16 (9.8)

0.002
  3 months 48 (4.4) 36 (3.8) 23 (14.1)

  6 months 393 (35.8) 342 (36.5) 51 (31.2)

12 months 604 (55.0) 520 (55.6) 84 (51.5)

Antiplatelet therapy at 1 year**

DAPT 802 (72.6) 697 (74.1) 105 (64) 0.007

ASA 1,005 (94.2) 859 (94.3) 146 (93.6) 0.729

P2Y12 inhibitor

Clopidogrel 648 (60.7) 551 (60.5) 97 (62.2) 0.688

Prasugrel 26 (2.4) 25 (2.7) 1 (0.6) 0.115

Ticagrelor 174 (16.3) 159 (17.5) 15 (9.6) 0.014

Data are presented as N (%). *p-value for the comparison between non-HBR and HBR 
patients. ‡Data available for 1,099 patients. **Data available for 1,067 patients.
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Figure 3. Cumulative incidence of the primary endpoint stratified 
according to bleeding risk up to one year. HBR: high bleeding risk

Discussion
The present study is the first report providing clinical evidence on 
the use of PF-BES in real-world all-comer patients. Our findings 
can be summarised as follows:
1) Clinical outcomes of PF-BES in real-world all-comer patients 

up to one year are comparable with contemporary new-genera-
tion DES.

2) TLR and ST rates are low, indicating an excellent efficacy and 
safety profile of PF-BES.
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3) Clinical outcomes stratified by HBR status support the use of 
PF-BES in non-HBR patients, in whom PF-BES have not previ-
ously been investigated.
Drug-eluting stents have revolutionised the treatment of CAD 

by markedly improving the clinical outcomes of patients under-
going PCI. Since their introduction, DES technologies have 
been subject to several iterations with the aim of improving 
device biocompatibility and, subsequently, efficacy and safety 
outcomes. In this context, polymer-free DES have been devel-
oped based on the hypothesis of improving clinical outcomes by 
eliminating the inflammatory pro-thrombotic trigger of polymer 
coatings9-11. Preliminary preclinical evidence in a porcine model 
showed a lower degree of neointimal proliferation and inflamma-
tion at 180 days with PF-BES as compared to early-generation 
sirolimus-eluting stents12. Moreover, PF-BES were proven to be 
non-inferior in terms of in-stent late lumen loss at 12 months as 
compared to early-generation paclitaxel-eluting stents in a small-
scale randomised trial including 182 selected low-risk patients 
with single de novo target lesions in native coronary vessels8. 
Similarly, two small-scale registries have shown favourable 
angiographic efficacy of PF-BES in 72 patients with de novo 

Table 4. Clinical outcomes at 1-year follow-up.

Overall 
N=1,104

Non-HBR 
n=940

HBR  
n=164

p-value*

Primary endpoint‡ 45 (4.1) 30 (3.2) 15 (9.1) <0.001

All-cause death 43 (3.9) 24 (2.6) 19 (11.6) <0.001

Cardiovascular death 26 (2.4) 14 (1.5) 12 (7.3) <0.001

Non-cardiovascular death 17 (1.5) 10 (1.1) 7 (4.3) 0.002

Any MI 20 (1.8) 14 (1.5) 6 (3.7) 0.055

TV-MI 11 (1) 8 (0.9) 3 (1.8) 0.244

Non-TV-MI 5 (0.5) 2 (0.3) 3 (1.8) 0.004

Periprocedural MI 6 (0.5) 6 (0.6) 0 (0) 0.305

Cerebrovascular events 5 (0.5) 2 (0.2) 3 (1.8) 0.004

Stroke 3 (0.3) 1 (0.1) 2 (1.2) 0.012

Transient ischaemic attack 2 (0.2) 1 (0.1) 1 (0.6) 0.162

Target lesion revascularisation 15 (1.4) 13 (1.4) 2 (1.2) 0.867

Target vessel revascularisation 20 (1.8) 18 (1.8) 2 (1.2) 0.538

Non-TV revascularisation 4 (0.4) 3 (0.3) 1 (0.6) 0.568

Definite/probable ST 12 (1.1) 6 (0.6) 6 (3.7) 0.001

Definite ST 4 (0.4) 3 (0.3) 1 (0.6) 0.568

BARC ≥3 bleeding 13 (1.2) 7 (0.7) 6 (3.7) 0.001

Cardiovascular death, MI, 
definite/probable ST, or target 
vessel revascularisation

58 (5.3) 42 (4.5) 16 (9.8) 0.005

All-cause death, MI, definite/
probable ST, or target lesion 
revascularisation

70 (6.3) 47 (5) 23 (14) <0.001

Data are presented as N (%) or mean±SD. *p-value for the comparison between non-HBR 
and HBR patients. ‡Composite of cardiovascular death, MI, or definite/probable stent 
thrombosis. BARC: Bleeding Academic Research Consortium; HBR: high bleeding risk; 
MI: myocardial infarction; TV: target vessel

lesions7 and 175 patients with ST-elevation myocardial infarc-
tion6. More recently, pivotal clinical evidence on this novel 
device was provided by the LEADERS FREE trial that directly 
compared PF-BES with bare metal stents in 2,466 HBR patients 
treated with a DAPT regimen of one-month duration5. In this 
trial, PF-BES resulted in being superior to BMS in terms of effi-
cacy and, most importantly, safety. Specifically, patients treated 
with PF-BES had a lower risk of the primary safety endpoint 
– a composite of cardiovascular death, MI, and definite/prob-
able ST, corresponding to the primary endpoint of the present 
study – as compared to patients treated with BMS. Based on 
the LEADERS FREE findings, PF-BES are currently consid-
ered a safe and effective choice for HBR patients undergoing 
PCI. However, event rates observed in the LEADERS FREE trial 
were relatively high when compared with event rates associated 
with the use of contemporary new-generation DES4. Whether 
this was due to the high-risk profile of HBR patients or to the 
device performance has been a matter of debate. In the present 
study, we provide the first evidence on the use of PF-BES in 
all-comer real-world patients irrespective of bleeding risk. As 
expected from the study design, the study population was mostly 
composed of patients without HBR characteristics (83.7% of 
included patients). In line with previously published all-comer 
studies, 54.4% of included patients had stable CAD. Of note, 
however, the anatomical presentation of treated CAD was rel-
atively complex, as indicated by a high prevalence of chronic 
total occlusions (11%) and B2/C lesions (56.1%). Overall, our 
findings indicate an excellent safety and efficacy performance of 
PF-BES in all-comer patients.

DAPT duration was left to the operators’ discretion in the pre-
sent study. Of note, the study was initiated prior to the publica-
tion of the LEADERS FREE trial, which explains the longer than 
expected average DAPT duration.

Analyses stratified by HBR status further support our findings. 
The primary endpoint occurred in 9.1% of patients, an event rate 
that is consistent with the 9.4% observed among patients treated 
with PF-BES in the LEADERS FREE trial. This confirms the 
validity of the LEADERS FREE findings in a real-world popu-
lation and suggests that the relatively high event rates observed 
in the LEADERS FREE trial could be explained by the intrinsic 
high-risk nature of HBR patients.

Recently, a European Society of Cardiology (ESC)/European 
Association for Percutaneous Cardiovascular Interventions 
(EAPCI) Task Force for coronary stent evaluation has performed 
a systematic review on the available randomised evidence on coro-
nary stents, providing average rates and ranges of adverse events 
observed with contemporary new-generation DES4. The same 
document recommended the use of objective performance criteria 
based on the available evidence for the evaluation of novel metal-
lic DES. Figure 4 provides an overview of event rates observed 
with PF-BES among non-HBR all-comer patients in the present 
study as compared with ranges of adverse event rates observed 
with contemporary new-generation DES in the systematic review 
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performed by the ESC/EAPCI Task Force. It indicates that PF-BES 
safety and efficacy performance compares favourably with con-
temporary new-generation DES.

As mentioned above, the PF-BES evaluated in the present 
study is based on a stainless steel stent platform with relatively 
thick struts (i.e., 112 µm). Contemporary DES are largely based 
on cobalt-chromium or platinum-chromium alloys which allow 
thinner strut thickness. Therefore, the favourable performance of 
the current version of PF-BES is remarkable. Of note, an iterated 
version of PF-BES based on a cobalt-chromium alloy has been 
developed and is currently being investigated in a clinical trial 
(ClinicalTrials.gov identifier: NCT03118895).

Further evidence on the safety and efficacy profile of PF-BES 
will be provided by ongoing studies such as the SORT-OUT IX trial 
that is comparing PF-BES with the biodegradable polymer-based 
sirolimus-eluting Orsiro stent (Biotronik, Berlin, Germany) in all-
comer patients (ClinicalTrials.gov identifier: NCT02623140), and 
the Onyx ONE Study that is comparing BF-BES with the durable 
polymer-based zotarolimus-eluting Resolute™ stent (Medtronic, 
Minneapolis, MN, USA) in HBR patients treated with one-month 
DAPT (ClinicalTrials.gov identifier: NCT03344653).

Limitations
These findings should be interpreted in the light of some limi-
tations. First, the observational design of the study is prone to 
selection bias. However, the relatively high risk of the included 
patients is reassuring – as indicated by baseline risk profiles – con-
cerning the real-world all-comer nature of the study population. 
Noteworthy, mean age (68.7±11.2 years), indication to PCI (ACS 
in 40.5%, STEMI in 13.2%), and prevalence of risk factors such 
as diabetes (30%) and chronic kidney disease (15.2%) are compar-
able with previously published all-comer studies on DES13-16. 
Second, this study was not powered to evaluate rare adverse 

events such as ST and TLR. Therefore, the study size does not 
allow any inferential speculations on the occurrence of ST accord-
ing to DAPT cessation or HBR status. However, the extremely 
low ST and TLR event rates are reassuring regarding the safety 
and efficacy profile of PF-BES in routine clinical practice. Third, 
the ideal definition of high bleeding risk is a matter of debate. 
We applied the CRUSADE score to define bleeding risk. We 
acknowledge the limitation of applying this score; however, we 
took advantage of having a prospective assessment of this score in 
all included patients. Finally, the absence of a comparator repre-
sents an important limitation. However, it is noteworthy that one-
year event rates observed with PF-BES in this study fall within 
the ranges of adverse event rates observed with contemporary 
new-generation DES in the systematic review performed by the 
ESC/EAPCI Task Force on coronary stent evaluation. Therefore, 
PF-BES performance appears to be comparable to contemporary 
polymer-based new-generation DES in an all-comer population 
including HBR as well as non-HBR patients.

Conclusions
The findings of this study suggest that PF-BES has a favourable 
safety and efficacy profile in a real-world clinical setting irrespec-
tive of HBR status. Further investigation in randomised clinical 
trials against new-generation DES is warranted.

Impact on daily practice
Polymer-free biolimus-eluting stents (PF-BES) have been 
shown to be superior to bare metal stents in high bleeding risk 
(HBR) patients treated with one-month dual antiplatelet ther-
apy. However, limited evidence is available on PF-BES in all-
comer populations – largely constituted by non-HBR patients. 
Currently, based on the available evidence, PF-BES are mainly 
used in HBR patients not compliant with long-term dual anti-
platelet therapy. The findings of the present study indicate that 
PF-BES have a favourable safety and efficacy profile in real-
world all-comer patients undergoing PCI. Therefore, PF-BES 
use should not be limited to HBR patients.
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Inclusion and exclusion criteria 

Patients were eligible for enrolment if they were 18 years or older and had at least one lesion with 

diameter stenosis of 50% or greater and a reference vessel diameter of 2.25–3.5 mm.  No limits 

were set for the number of treated lesions, vessels, or lesion length, and no patients were 

excluded on the basis of comorbid conditions or age, apart from the following pre-specified 

criteria: intolerance to any of the device components, in-stent restenosis as indication to PCI, 

women with childbearing potential, and inability to provide written informed consent.  

 

Medical regimen 

DAPT regimen was based on aspirin and a P2Y12 inhibitor (i.e., clopidogrel, prasugrel or ticagrelor, 

based on patients’ clinical presentation and treating physicians’ preference). DAPT duration was 

left to the discretion of the treating physician, recommending a minimum of one-month duration. 

 

Study device 

The PF-BES is based on a 316L stainless steel platform with a strut thickness of 112 µm. The stent 

is characterised by a microstructured abluminal surface that allows adhesion of the 

antiproliferative agent biolimus to the stent surface without the use of a polymer coating. As for 

release kinetics, approximately 90% of biolimus is released from the stent during the first 48 hours 

after implantation, with the remainder being released during the following 28 days. 

 



Data collection, follow-up procedures and event adjudication 

Data collection was performed using electronic case report forms that were reviewed for accuracy 

and compared with source documents during on-site monitoring visits performed by an 

independent contract research organisation. Clinical follow-up was scheduled at 30 days, 6 

months and 12 months after PCI. Patient contact was conducted by means of clinical visits and 

telephone interviews. In case of potential adverse events these were entered into dedicated 

electronic case report forms and additional source documents were collected whenever available. 

Data were stored in a central database maintained by a contract research organisation 

(AdvicePharma, Milan, Italy). All events were independently adjudicated by a clinical events 

committee.  

 

Secondary endpoints and definitions 

Secondary endpoints were the individual components of the primary endpoint, all-cause death, 

target vessel MI, stroke, target lesion revascularisation (TLR), target vessel revascularisation (TVR), 

definite ST, and Bleeding Academic Research Consortium criteria [17]. MI was defined according to 

the third universal definition [18]. ST was defined according to the Academic Research Consortium 

criteria [19]. HBR was defined as a CRUSADE (Can Rapid Risk Stratification of Unstable Angina 

Patients Suppress Adverse Outcomes With Early Implementation of American College of 

Cardiology/American Heart Association Guidelines) bleeding score higher than 40 [20].  

 

Sample size considerations 

Given the observational nature of the study, which aimed at quantifying effect estimates without 

direct comparisons to other devices, no formal power analysis was performed. However, assuming 

an 8.0% primary endpoint event rate at one year (in keeping with previously published all-comer 

DES trials) [13,14,21], confidence intervals computed with the adjusted Wald method would be 



7.1% to 9.6% for a 1,000-patient sample. The sample size target was increased to at least 1,100 

patients in order to account for attrition. 

 

Statistical analysis 

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

Student's t-test or Mann-Whitney or Wilcoxon tests on the basis of normality of data verified by 

the Kolmogorov-Smirnov goodness-of-fit test. Categorical variables are reported as N (%) and 

were compared with a χ² test without Yates correction for continuity or the Fisher’s exact test as 

appropriate. Clinical follow-up was censored at the date of death or latest available follow-up. 

Data for patients lost to follow-up were censored at the time of the last contact. Adverse events 

are reported as observed number of events and as Kaplan-Meier estimated rates. Analyses were 

conducted for the overall population as well as according to HBR status (i.e., HBR vs. non-HBR 

patients). Two-sided p-values <0.05 were considered statistically significant. Statistical analyses 

were performed using SPSS, Version 21 (IBM Corp., Armonk, NY, USA) and Stata, version 13.1 

(StataCorp, College Station, TX, USA). 
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