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BACKGROUND
• First generation DES with controlled drug release 

from durable polymers have reduced angiographic 
and clinical measures of restenosis.

• Very late stent thrombosis is more common with first 
generation DES compared with bare metal stents. 

• Durable polymers with proinflammatory and 
thrombogenic properties may induce hypersensitivity 
reactions and play a role in the pathogenesis of this 
adverse event.

• Previous pivotal DES trials were largely performed in 
on-label indications, restricting wider applicability of 
their results to routine clinical practice.



BIOLIMUS-A9™ ELUTING STENT
• Biolimus is a semi-synthetic sirolimus 

analogue with 10x higher lipophilicity and 
similar potency as sirolimus.

• Biolimus is immersed at a concentration of 
15.6 mg/mm into a biodegradable polymer, 
polylactic acid, and applied solely to the 
abluminal stent surface by a fully 
automated process.

• Polylactic acid is co-released with biolimus 
and completely desolves into carbon 
dioxide and water during a 6-9 months 
period.

• The stainless steel stent platform has a 
strut thickness of 112 mm with a 
quadrature link design.



1o endpoint: CV death, MI, clinically-indicated TVR
2o endpoints: Death, CV death, MI, TLR, TVR 

Stent Thrombosis according to ARC 
Angiographic study: In-stent % diameter stenosis

Late loss, binary restenosis

Biolimus Stent
BioMatrix Flex N=850

Sirolimus Stent 
Cypher Select N=850

TRIAL DESIGN
Stable and ACS Patients Undergoing PCI

N=1700 Patients

1:3 Randomisation

Clinical F/U
N=640

Angio F/U
N=210

Clinical F/U
N=640

Angio F/U
N=210

Assessor-blind 
1:1 Randomisation



PATIENT ELIGIBILITY
Inclusion Criteria

Coronary artery disease
- Stable angina
- Silent ischemia
- Acute coronary syndrome      
including UA, NSTEMI and STEMI

At least one lesion with
- Diameter stenosis > 50%
- RVD: 2.25-3.5 mm
- Number of lesions: no limitation
- Number of vessels: no limitation
-Vessel length: no limitation

Written informed consent

Exclusion Criteria

Known allergy to
- aspirin, clopidogrel, heparin, 
stainless steel, sirolimus, biolimus, 
contrast material 

������������ ctive surgery 
within 6 months of PCI unless
- dual APT could be maintained

Pregnancy

Participation in another trial



ENDPOINTS
Primary Clinical Endpoint

• Cardiac death, MI, or clinically-indicated TVR @ 9 months
– Diameter stenosis >50% with ischemic signs or symptoms
– Diameter stenosis >70% in the absence of symptoms

• Assumed event rate @ 9 months: 8% in both arms     (based on 
BASKET and SIRTAX)

• Non-inferiority margin = 4%, one sided a = 0.05
• 1700 patients             90% power

Principal Angiographic Endpoint

• In-stent percent diameter stenosis @ 9 months
• Assumed % DS = 23 � 16% in both arms (REALITY trial)
• Non-inferiority margin = 5%, average number of 1.5 lesions, 30% of 

allocated patients without analysable angiogram, one sided a = 0.05
• 1:3 random sample of 425 patients            90% power
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CLINICAL TRIAL ORGANIZATION
• Event Adjudication Committee

– C. Hanet, E. McFadden, P.W. Radke, B.J.W.M. Rensing, 

E. Ronner, W. Rutsch, H.H. Tilsted, J. Vos, P. Vranckx

• Data and Safety Monitoring Board
– J.G.P. Tijssen, M.E. Bertrand, P. Urban

• Data Management and Coordination Center
– Cardialysis, Rotterdam, the Netherlands

G.A. van Es, Y. Teunissen, J. de Groot, T. de Vries

• Angiographic Core Laboratory
– Cardialysis, Rotterdam, the Netherlands

• Data Monitoring
– D-Target, Switzerland, Ulrike Gross, Witten, Germany

• Independent Statistical Analysis
– CTU Bern and Institute for Social and Preventive Medicine

University of Bern, Switzerland: S. Wandel, P. Jüni



FLOW OF PATIENTS
Randomised, N=1707 

9 Months
Clinical F/U 

N=1,689
(98.8%)

9 Months
Angio F/U 

N=335
(78.5%)

Sirolimus Eluting Stent
850 Patients

Biolimus Eluting Stent
857 Patients

Angio F/U
-214 pts
-293 lesions

Angio F/U
-213 pts
-326 lesions

Clinical F/U @ 9 Months
840 pts, 1202 lesions

-withdrawal: 4 pts
-lost to f/u: 6 pts

Clinical F/U @ 9 months
846 pts, 1243 lesions

-withdrawal: 9 pts
-lost to f/u: 2 pts

Angio F/U @ 9 
months
167 pts, 233 lesions
-excluded: 47 pts, 60 lesions

Angio F/U @ 9 months
168 pts, 255 lesions
-excluded: 45 pts, 71 lesions

No Angio F/U
-644 pts
-931 lesions

No Angio F/U
-636 pts
-922 lesions



Biolimus Stent Sirolimus Stent
857 Patients 850 Patients

Age in years 65 ±±±± 11 65 ±±±± 11
Male gender 75% 75%

Arterial hypertension 74% 73%
Diabetes mellitus 26% 23%

- insulin-dependent 10% 9%

Hypercholesterolemia 65% 68%
Family history 40% 44%

Smoking 24% 25%

Previous MI 32% 33%
Previous PCI 36% 37%

- with drug-eluting stent 12% 14%

Previous CABG 11% 13%
Chronic stable angina 45% 44%

PATIENT DEMOGRAPHICS



PATIENT CHARACTERISTICS
Biolimus Stent Sirolimus Stent

857 Patients 850 Patients
Acute coronary syndrome 55% 56%

- Unstable angina 22% 20%
- Non-ST-elevation MI 18% 19%
- ST-elevation MI 16% 17%

Left ventricular ejection fraction 56 ±±±± 11% 55 ±±±± 12%
Number of lesions per patient 1.5 ±±±± 0.7 1.4 ±±±± 0.7

Lesions per patient
- 1 lesion 63% 69%
- 2 lesions 29% 22%
- 3 lesions 7% 8%
- > 4 lesions 1% 2%

De novo lesions 92% 91%
Long lesions (>20 mm) 31% 27%
Small vessels (RVD < 2.75 mm) 68% 69%

Off label use 81% 78%



TARGET LESION CHARACTERISTICS

Biolimus Stent 
1257 Lesions

Sirolimus Stent 
1215 Lesions

LAD
(37%)

Left Main
(2%)

LCX
(28%)

RCA
(31%)

Bypass
(3%)

LAD
(40%)

Left Main
(1%)

LCX
(24%)

RCA
(33%)

Bypass
(3%)

TIMI 2
(4%)

TIMI 3
(80%)

TIMI 0-1
(15%)

TIMI 2
(4%)

TIMI 3
(81%)

TIMI 0-1
(15%)

Target Lesion
Location

Pre Procedure
TIMI Flow



PROCEDURAL CHARACTERISTICS

Biolimus Stent
1257 Lesions

Sirolimus Stent

1215 Lesion
P

#### stents per lesion 1.3 ±±±± 0.7 1.3 ±±±± 0.7 0.3
6

Maximal stent diameter (mm) 3.0 ±±±± 0.4 3.0 ±±±± 0.4 0.9
6

Stent length per lesion (mm) 24.7 ±±±± 15.5 24.6 ±±±± 14.8 0.9
5

Direct stenting (%) 40.4% 39.9% 0.7
6

Implantation of study stent (%) 97.5% 95.7% 0.0
5

Device success (%) 95.8% 94.2% 0.1
1

Lesion success (%) 98.6% 97.8% 0.1
5



PRE- AND POST PROCEDURAL QCA
Pre-procedure

Biolimus Stent          
1257 lesions

Sirolimus Stent 
1215 lesions

P

RVD (mm) 2.60 ±±±± 0.61 2.60 ±±±± 0.57

MLD (mm) 0.91 ±±±± 0.50 0.95 ±±±± 0.52

% DS 64.6 ±±±± 17.9 63.3 ±±±± 18.2

Lsn length (mm) 12.7 ±±±± 8.1 12.4 ±±±± 8.5

Acute gain (mm)

In-segment 1.11 ��� � 0.58 1.10 ��� � 0.56 0.41

In-stent 1.41 ��� � 0.57 1.37 ��� � 0.54 0.07

MLD (mm)

In-segment 2.03 ��� � 0.53 2.05 ��� � 0.52 0.60

In-stent 2.33 ��� � 0.52 2.33 ��� � 0.50 0.78

% Diameter Stenosis

In-segment 23.3 ��� � 10.9 22.9 ��� � 11.3 0.41

In-stent 15.1 ��� � 9.8 15.1 ��� � 10.2 0.91
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PRIMARY ENDPOINT

Cardiac Death, MI or TVR @ 9 months

Sirolimus Stent 10.5%

Biolimus Stent 9.2%

Risk Difference -1.3%, Upper Limit 95% CI 1.1%
Pnon-inferiority = 0.003

Rate Ratio = 0.88, 95% CI 0.64 - 1.19
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SAFETY ENDPOINTS @ 9 MONTHS

RR=0.91
(0.51-1.62)

P=0.74*

%

RR=1.36
(0.87-2.15)

P=0.18*

RR=0.56
(0.16-1.93)

P=0.35*

RR=1.01
(0.70-1.47)

P=0.95*

RR=1.25
(0.82-1.92)

P=0.30*

RR=0.66
(0.34-1.30)

P=0.22*

* P values for superiority



RR = 0.79, 95% CI 0.52-1.22

EFFICACY ENDPOINT
Clinically-Indicated Target Vessel Revascularization

Sirolimus Stent 5.5%

Biolimus Stent 4.4%
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EFFICACY ENDPOINTS

RR=0.87
(0.56-1.35)

P=0.52*

%

RR=0.77
(0.53-1.13)

P=0.18*

RR=0.76
(0.52-1.11)

P=0.15*

RR=0.79
(0.52-1.22)

P=0.29*

RR=0.90
(0.61-1.35)

P=0.62*

* P values for superiority
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STRATIFIED ANALYSIS OF PRIMARY ENDPOINT
Biolimus Sirolimus P ValueRisk Ratio (95% CI)



DEFINITE STENT THROMBOSIS

Sirolimus Stent 2.0%

Biolimus Stent 1.9%

Rate Ratio = 0.93, 95% CI 0.47 - 1.85
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STENT THROMBOSIS
Biolimus Stent

857 Patients

Sirolimus Stent

850 Patients

P

Definite ST

0-30 days 1.6% 1.6% 0.98

>30 days – 9 mo 0.2% 0.5% 0.65

0 days – 9 mo 1.9% 2.0%* 0.84

Probable ST

0-30 days 0.6% 0.2% 0.26

>30 days – 9 mo 0.2% 0.0% 0.30

0 days – 9 mo 0.8% 0.2% 0.10

Possible ST

0-30 days 0.0% 0.0% -

>30 days – 9 mo 0.5% 0.8% 0.36

0 days – 9 mo 0.5% 0.8% 0.36

* Excludes one secondary, definite ST occurring at 60 days in a patient who had 
early ST at 3 days



ANGIOGRAPHIC FOLLOW-UP @ 9 MONTHS
ENDPOINT: PERCENT DIAMETER STENOSIS
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ANGIOGRAPHIC FOLLOW-UP RESULTS

Biolimus Stent          
255 lesions

Sirolimus Stent 
233 lesions

P*

MLD

in-stent (mm) 2.23 ���� 0.64 2.11 ���� 0.70 0.08

in-segment (mm) 2.01 ���� 0.59 1.87 ���� 0.64 0.03

Diameter stenosis

in-stent (%) 20.9 ���� 17.5 23.3 ���� 19.6 0.26

in-segment (%) 27.1 ���� 16.4 29.9 ���� 18.5 0.14

Late lumen loss

in-stent (mm) 0.13 ���� 0.46 0.19 ���� 0.50 0.34

in-segment (mm) 0.08 ���� 0.45 0.15 ���� 0.46 0.12

Binary restenosis

in-stent (%) 5.5 8.7 0.20

in-segment (%) 6.7 10.8 0.15

* P values for superiority



CONCLUSIONS

• The biolimus eluting stent with abluminal biodegradable 
polymer compared against the sirolimus eluting stent 
with durable polymer resulted in non-inferior safety, 
efficacy and angiographic outcome at 9 months.

• Since non-inferiority was achieved for the clinical and 
angiographic outcome measures in a non-restricted 
patient population with predominant off-label 
characteristics, the findings of the present study provide 
a high level of generalisability to routine clinical practice.

• Longer term follow-up will be necessary to determine 
potential differences in late stent thrombosis related to 
biodegradable as opposed to durable polymer for drug 
release.
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