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ABSTRACT
OBJECTIVES The authors sought to compare the safety and efﬁcacy of the biocompatible durable-polymer
zotarolimus-eluting stent with the biodegradable-polymer biolimus-eluting stent in unselected coronary patients.
BACKGROUND Biodegradable-polymer biolimus-eluting stents are superior to ﬁrst-generation durable-polymer
drug-eluting stents in long-term randomized all-comer trials. Long-term data comparing them to second-generation
durable-polymer drug-eluting stents are lacking.
METHODS The study was a randomized, multicenter, all-comer, noninferiority trial in patients with chronic stable
coronary artery disease or acute coronary syndromes and at least 1 coronary artery lesion requiring treatment with a
drug-eluting stent. Endpoints included major adverse cardiac events (MACE), a composite of safety (cardiac death and
myocardial infarction not clearly attributable to a non-target lesion) and efﬁcacy (target lesion revascularization); the
individual endpoints of MACE; all-cause mortality; any myocardial infarction; target vessel revascularization; and
deﬁnite or probable stent thrombosis at 36 months.
RESULTS From March 2011 to August 2012, 2,999 patients were randomly assigned (1:1) to receive either the zotarolimuseluting (1,502 patients) or the biolimus-eluting (1,497 patients) stent. At 3-year follow-up, MACE occurred in 128 (8.6%)
patients assigned to the durable-polymer zotarolimus-eluting stent and in 144 (9.6%) assigned to the biodegradablepolymer biolimus-eluting stent (p ¼ 0.36). Occurrence of cardiac death (2.7% vs. 3.4%), myocardial infarction not clearly
attributable to a non-target lesion (2.7% vs. 2.5%), and target lesion revascularization (5.4% vs. 5.5%) did not differ
signiﬁcantly between the 2 groups. Deﬁnite very late stent thrombosis occurred in 6 (0.4%) patients assigned to the durablepolymer zotarolimus-eluting stent and in 10 (0.7%) assigned to the biodegradable-polymer biolimus-eluting stent (p ¼ 0.33).
CONCLUSIONS At 3-year follow-up, the durable-polymer zotarolimus-eluting stent and the biodegradable-polymer
biolimus-eluting stent were similar in clinical outcome, with no signiﬁcant difference in safety and efﬁcacy outcomes,
including stent thrombosis. (J Am Coll Cardiol Intv 2017;10:255–64) © 2017 by the American College of Cardiology
Foundation.
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F I G U R E 1 Trial Proﬁle

*Not all eligible patients were included because some percutaneous coronary intervention operators at participating centers did not want the
choice of stent to be decided by a randomization process.
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implantation.
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rly attributable to a non-target lesion) and efﬁcacy
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following national Danish administrative and health

known causes. MI was deﬁned according to the
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American Heart Association, and the World Heart

cords for all hospital admissions in Denmark) (25). An
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independent event committee, masked to treatment
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T A B L E 1 Baseline Characteristics of the Study Population

Age (yrs)
Men

T A B L E 2 Procedure Characteristics

Zotarolimus-Eluting Stent
(n ¼ 1,502)

Biolimus-Eluting Stent
(n ¼ 1,497)

65.7  10.7

65.8  10.9

p Value

0.66
0.82

ZotarolimusEluting Stent
(n ¼ 1,502)

BiolimusEluting Stent
(n ¼ 1,497)

p Value

More than 1 stent

1,144 (76.2)

1,135 (75.8)

Diabetes mellitus

265/1,502 (17.6)

270/1,497 (18.0)

0.78

Per patient

534 (35.9)

481 (32.6)

0.057

Arterial hypertension

872/1,460 (59.7)

850/1,462 (58.1)

0.38

Per lesion

334 (17.8)

278 (15.6)

0.016

Hypercholesterolemia

871/1,470 (59.3)

867/1,466 (59.1)

Current smoker

443/1,441 (30.7)

439/1,431 (30.7)

0.97

Per patient

21.0 (15.0–30.0)

18.0 (14.0–29.0) 0.0007

26.9  5.4

26.9  5.5

0.97

Per lesion

18.0 (14.0–24.0)

18.0 (14.0–24.0) 0.0021

277 (14.9)

272 (15.4)

0.67
0.29

Body mass index (kg/m2)

0.95

Total stent length (mm)

Previous myocardial infarction

275/1,468 (18.7)

288/1,464 (19.7)

0.52

Direct stenting

Previous percutaneous coronary
intervention

277/1,478 (18.7)

324/1,475 (22.0)

0.03

Stent delivery failure
Per patient

26 (1.7)

34 (2.3)

Previous coronary artery bypass
grafting

126/1,499 (8.4)

101/1,494 (6.8)

0.09

Per lesion

27 (1.4)

30 (1.7)

0.59

16.0 (12.0–18.0)

16.0 (12.0–18.0)

0.19

0.11

Maximum
pressure
(atm)
Length of
procedure
(min)

22.0 (15.0–36.0)

21.0 (15.0–33.0)

0.057

Indication for percutaneous coronary intervention
Stable angina

685 (45.6)

670 (44.8)

Non–ST-segment elevation
MI/unstable angina

465 (31.0)

508 (33.9)

ST-segment elevation MI

295 (19.6)

253 (16.9)

57 (3.8)

66 (4.4)

Other
Number of lesions

Contrast (ml)
0.10

1

1,131 (75.3)

1,175 (78.5)

2

298 (19.8)

270 (18.0)

3

61 (4.1)

41 (2.7)

>3

12 (0.8)

11 (0.7)

1.3 (0.6)

1.3 (0.5)

Number of lesions per patient
Index lesion

1,478 (98.4)

1,458 (97.5)

Use of clopidogrel

1,099 (73.2)

1,096 (73.6)

0.94

313 (20.8)

300 (20.0)

0.49

Use of prasugrel

6 (0.4)

10 (0.7)

0.31

Use of glycoprotein
IIb/IIIa
inhibitors

72 (4.8)

78 (5.2)

0.60

Use of ticagrelor

0.03

85.0 (60.0–120.0) 80.0 (60.0–120.0) 0.17

Use of aspirin

0.07

0.66

Stent thrombosis

18 (1.0)

12 (0.7)

In-stent restenosis

43 (2.3)

45 (2.5)

Non-in-stent restenosis

13 (0.7)

16 (0.9)

17 (0.9)

21 (1.2)

Left anterior descending

758 (40.3)

743 (41.5)

Left circumﬂex

447 (23.8)

430 (24.0)

Right coronary

637 (33.9)

579 (32.3)

23 (1.2)

18 (1.0)

Target vessel location (%)
Left main

Saphenous vein graft

Values are n (%) or median (interquartile range).

0.73

Lesion type

Landmark analyses were performed for all endpoints
by dividing the entire follow-up period into the initial
12 months and the subsequent 24 months.
STATISTICAL ANALYSIS. Distributions of continuous

variables between study groups were compared using
0.28

the 2-sample Student t test (or Cochran test for cases

A

285 (15.2)

289 (16.1)

of unequal variance) or the Mann-Whitney U test,

B1

544 (28.9)

558 (31.2)

depending on whether the data followed a normal

B2

396 (21.1)

354 (19.8)

C

656 (34.9)

590 (32.9)

82 (4.4)

85 (4.9)

Chronic total occlusion lesions

distribution. Distributions of categorical variables
0.55

were analyzed using the chi-square test. Intention-to-

Bifurcation lesions

226 (12.2)

229 (13.1)

0.44

treat analyses were performed at 36 months after

Lesion length >18 mm

558 (29.7)

491 (27.4)

0.13

stent implantation. We counted endpoint events

16.0 (12.0–25.0)

15.0 (10.0–25.0)

0.02

occurring during the follow-up period and compared

3.2 (2.9–3.5)

3.0 (2.8–3.5)

0.11

rates for the 2 groups of patients. Follow-up began on

Lesion length (mm)
Reference vessel size (mm)

Values are mean  SD, n (%), n/N (%), or median (interquartile range). Some of the 2,999 participants’ data is
missing for some variables (cases/sample size number) because it was not recorded in the Western Denmark
Heart Registry.
MI ¼ myocardial infarction.

the date of the index PCI procedure. In analyses of
each outcome, follow-up continued until the date of
an endpoint event, death, emigration, or until 36
months after implantation, whichever occurred ﬁrst.
Cumulative incidence curves were constructed based

group assignment, reviewed all endpoints and source

on the cumulative incidence of endpoint events,

documents to adjudicate causes of death, reasons for

taking into account the competing risk of death.

hospital admission, and diagnosis of MI. Two dedi-

Further, landmark analyses were performed as pre-

cated PCI operators at each participating center

viously noted. Differences between groups were

reviewed cine ﬁlms for the event committee to clas-

estimated using the Cox proportional hazards model.

sify all cases of ST and TVR or TLR. See Online

Patients treated with the biodegradable-polymer

Appendix for the SORT OUT VI Study Group.

biolimus-eluting stent were used as the reference
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for overall and subgroup analyses. All analyses were
performed according to intention-to-treat principles.

T A B L E 3 Three-Year Clinical Outcomes

ZotarolimusEluting Stent
(n ¼ 1,502)

Biolimus-Eluting
Stent
(n ¼ 1,497)

Major adverse cardiac
events*

128 (8.6)

144 (9.6)

Death

We computed the hazard ratio of MACE at 36-month
follow-up for relevant patient subgroups. A value
of p < 0.05 was considered as signiﬁcant. The statis-

Hazard Ratio
(95% CI)

p Value

0–36 months

tical software used was SAS version 9.4 (SAS
Institute, Cary, North Carolina). This trial is registered
as NCT01956448.

RESULTS

0.90 (0.71–1.14)

0.36

114 (7.6)

114 (7.6)

1.01 (0.78–1.30)

Cardiac death

41 (2.7)

51 (3.4)

0.81 (0.54–1.22)

0.96
0.31

Myocardial infarction

62 (4.1)

70 (4.7)

0.89 (0.63–1.25)

0.49

Target myocardial
infarction†

40 (2.7)

38 (2.5)

1.06 (0.68–1.65)

0.80

From March 2011, to August 2012, we randomly

Any revascularization

239 (16.0)

249 (16.6)

0.96 (0.80–1.14)

0.63

assigned 2,999 patients with 3,674 lesions to receive

Target vessel
revascularization

115 (7.7)

121 (8.1)

0.95 (0.74–1.23)

0.70

Target lesion
revascularization

81 (5.4)

83 (5.5)

0.98 (0.72–1.33)

0.90

Deﬁnite or probable
stent thrombosis‡

19 (1.3)

18 (1.2)

1.06 (0.56–2.02)

0.86

Deﬁnite stent
thrombosis‡

15 (1.0)

17 (1.1)

0.89 (0.44–1.77)

0.73

domized patients, 3 and 4 in the respective groups
had incomplete follow-up due to emigration and were

Early (<30 days)

5 (0.3)

1 (0.1)

censored on the day of emigration (Figure 1). Com-

Late (31 days to
12 months)

4 (0.3)

6 (0.4)

Very late (12–36 months)

6 (0.4)

10 (0.7)

Major adverse cardiac
events*

50 (3.6)

68 (4.8)

0.74 (0.51–1.07)

0.11

Death

64 (4.4)

74 (5.1)

0.87 (0.62–1.22)

0.42

Cardiac death

19 (1.3)

25 (1.7)

0.77 (0.42–1.39)

0.38

Myocardial infarction

31 (2.1)

39 (2.7)

0.79 (0.49–1.27)

0.33

18 (1.2)

23 (1.5)

0.79 (0.42–1.45)

0.44

Previous PCI, number of lesions per patient, and

Target myocardial
infarction†

lesion length differed signiﬁcantly between groups at

Any revascularization

85 (6.3)

77 (5.8)

1.09 (0.80–1.49)

0.56

baseline (Table 1). The proportion of patients having

Target vessel
revascularization

50 (3.5)

50 (3.5)

1.00 (0.68–1.48)

1.00

Target lesion
revascularization

30 (2.1)

36 (2.5)

0.84 (0.52–1.36)

0.48

Deﬁnite or probable
stent thrombosis‡

7 (0.5)

10 (0.7)

0.70 (0.27–1.85)

0.48

Deﬁnite stent
thrombosis‡

6 (0.4)

10 (0.7)

0.60 (0.22–1.66)

0.33

either the durable-polymer zotarolimus-eluting stent
(1,502

patients

with

1,883

lesions)

or

the

biodegradable-polymer biolimus-eluting stent (1,497
patients with 1,791 lesions) (Figure 1). Of the ran-

plete data were available for 2,992 patients (99.7%).
Baseline demographic and clinical characteristics

12–36 months

in the 2 study groups were well balanced (Table 1).
A high proportion of patients in both groups had
acute coronary syndromes, multivessel disease, and
complex lesions (Table 1). Diabetes mellitus was
equally distributed and reported in 18% of patients.

more than 1 lesion and treated with more than 1 stent
was higher in the durable-polymer zotarolimuseluting stent group. Concordantly, the total stent
length per patient was signiﬁcantly longer in the
durable-polymer zotarolimus-eluting stent group as
compared with the biodegradable-polymer biolimuseluting stent group (Table 2). Procedural characteristics were otherwise similar in the two study groups,

Values are n (%) unless otherwise indicated. Two-sided conﬁdence intervals have been used for all endpoints.
*Cardiac death, myocardial infarction not clearly attributable to a non-target lesion, and clinically indicated
target lesion revascularization. †Myocardial infarction not clearly attributable to a non-target lesion. ‡Academic
Research Consortium deﬁnition.

including the use of aspirin, P2Y 12 platelet inhibitors,
and glycoprotein IIb/IIIa inhibitors (Table 2).
The 3-year clinical outcomes and the landmark

(1.0%) patients in the durable-polymer zotarolimus-

analysis of events occurring after year 1 are presented

eluting stent group and in 17 (1.1%) patients in

in Table 3 and illustrated for MACE and deﬁnite ST in

the biodegradable-polymer biolimus-eluting stent

Figures 2 and 3. At 36 months, intention-to-treat

group (p ¼ 0.44). Very late deﬁnite ST was found in

analysis showed that MACE occurred in 128 (8.6%)

6 (0.4%) patients in the durable-polymer zotar-

patients who were assigned the durable-polymer

olimus-eluting stent group and in 10 (0.7%) patients

zotarolimus-eluting stent and in 144 (9.6%) who

in

were assigned to the biodegradable-polymer bio-

stent group (p ¼ 0.33). At 36 months follow-up, deﬁ-

limus-eluting stent (Figure 2, Table 3). Occurrence of

nite or probable ST did not differ signiﬁcantly be-

cardiac death (41 [2.7%] vs. 51 [3.4%]), MI not clearly

tween the 2 groups (Table 3). Findings for MACE were

the

biodegradable-polymer

biolimus-eluting

attributable to a non-target lesion (40 [2.7%] vs. 38

consistent across pre-speciﬁed subgroups (Figure 4).

[2.5%]), and target lesion revascularization (81 [5.4%]

Adjusting all analyses for differences in baseline and

vs. 83 [5.5%]) did not differ signiﬁcantly between the

procedural characteristics did not alter the results

2 groups. Deﬁnite ST occurred within 36 months in 15

signiﬁcantly.
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F I G U R E 2 Time-to-Event Curves for MACE

Event rates of major adverse cardiac event(s) (MACE), a composite of cardiac death, myocardial infarction not clearly attributable to a non-target lesion, and target lesion
revascularization in the zotarolimus-eluting (red lines) versus biolimus-eluting (blue lines) stent groups. (A) Event rates during the 3-year follow-up. (B) A landmark
analysis of events occurring after year 1. CI ¼ conﬁdence interval; HR ¼ hazard ratio.

DISCUSSION

polymer biolimus-eluting BioMatrix Flex stent were

The SORT OUT VI trial directly compared the perfor-

ences in safety and efﬁcacy outcomes, including ST,

mance of a biocompatible, durable-polymer and a

despite variations in alloy, strut thickness, stent ge-

biodegradable-polymer DES in an all-comer popula-

ometry, polymer composition and degradation, and

tion over an extended follow-up period. The main

antiproliferative drug.

similar in clinical outcome with no signiﬁcant differ-

ﬁnding of the present study is that at 3-year

Our low event rates for components of target lesion

follow-up, the durable-polymer zotarolimus-eluting

failure for the durable-polymer zotarolimus-eluting

Resolute Integrity stent and the biodegradable-

Resolute Integrity stent group were in accordance

F I G U R E 3 Time-to-Event Curves for Deﬁnite ST

Event rates of deﬁnite stent thrombosis (ST) in the zotarolimus-eluting (red lines) versus biolimus-eluting (blue lines) stent groups. (A) Event rates during the 3-year
follow-up. (B) A landmark analysis of events occurring after year 1. Abbreviations as in Figure 2.
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F I G U R E 4 Pre-Speciﬁed Subgroup Analysis for the Composite Endpoint at 3 Years

Data are number of events (% of patients). Composite endpoint: cardiac death, myocardial infarction not clearly attributable to a non-target
lesion, and target lesion revascularization. BES ¼ biolimus–eluting stent; LAD ¼ left anterior descending coronary artery; MI ¼ myocardial
infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction; ZES ¼ zotarolimus–eluting stent.

with those reported in the 2-year follow-up of the

Cypher over 4 years. The event rates for the

DUTCH PEERS (DUrable polymer-based sTent CHal-

biodegradable-polymer biolimus-eluting stent were

lenge of Promus ElemEnt versus ReSolute integrity)

comparable to our 3-year event rates. Additionally, in

trial (26). Also the RESOLUTE All Comers (Comparison

the COMPARE II (Abluminal biodegradable-polymer

of Zotarolimus-Eluting and Everolimus-Eluting Coro-

biolimus-eluting stent versus durable-polymer ever-

nary Stents) trial (17) had similar 2-year rates of cardiac

olimus-eluting stent) trial (9), 3-year event rates for

death for the Resolute Integrity stent, but had higher

the biodegradable-polymer biolimus-eluting Nobori

rates for target vessel–related MI and TVR than in our

stent were comparable to our results.

and the DUTCH PEERS trial. This may partly be

ST is a serious clinical event resulting in ST-segment

attributed to higher rates of patient-related and stent-

elevation MI in the majority of cases (27–29), and

independent comorbidities (diabetes mellitus, hy-

mortality rates may be as high as 17% (29). A recent

pertension, hyperlipidemia, and previous MI) in the

systematic review of randomized trials with DES re-

RESOLUTE All Comers trial (17), as such comorbidities

ported a median incidence of deﬁnite late ST of 0.61%

exacerbate the underlying coronary artery disease

(30). Current clinical registries and large randomized

over time.

trials with broad inclusion criteria show annual rates of

The LEADERS (Limus Eluted from A Durable versus
ERodable

Stent

coating)

trial

(20)

showed

very late ST at w0.1% to 0.4% (9,17,20,26). With the

an

introduction of new-generation DES with altered stent

increasing divergence in outcomes in favor of the

designs and polymers, overall rates of late and very late

biodegradable-polymer biolimus-eluting BioMatrix

ST have halved compared with ﬁrst-generation DES

Flex stent over the durable-polymer sirolimus-eluting

(31,32), but with an unchanged high mortality (32).
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Late and very late ST may be dependent on stent
type–related

factors.

First-generation

DES

were

We therefore ﬁnd it unlikely that the duration of
dual

antiplatelet

therapy

differed

between

the

associated with a steadily increasing risk of very

groups. We used broad inclusion criteria to include

late ST compared with bare-metal stents during

routine clinical care patients, but the SORT OUT VI

long-term follow-up (33–36), a difference that was

trial included only 56% of eligible patients in western

most obvious in complex patients, such as those

Denmark. This abridged inclusion rate, however,

with acute MI, multivessel disease, diabetes, and

was

bifurcation lesions (37–39). Intrinsic characteristics

operators.

mainly

caused

by

a

few

nonparticipating

of durable polymers of ﬁrst-generation DES seemed
to be related to a variety of pathophysiological

CONCLUSIONS

mechanisms, which in turn might result in very
late ST (6,40–43). Polymer materials on second-

The 3-year results from the SORT OUT VI all-comer

generation durable-polymer DES, however, have

randomized

been modiﬁed to be more biocompatible with po-

polymer zotarolimus-eluting Resolute Integrity stent
the

trial

show

that

both

biodegradable-polymer

the

durable-

tential lower risk of inﬂammation than polymers of

and

ﬁrst-generation DES. The favorable ST rate for the

BioMatrix Flex stent had a similar and excellent long-

biolimus-eluting

second-generation durable-polymer DES has been

term safety and efﬁcacy proﬁle. These data indicate

conﬁrmed in several longer-term follow-up ran-

that a durable-polymer stent can be as safe and efﬁ-

domized studies. In the COMPARE (44), SORT

cacious as a biodegradable-polymer stent.

OUT III (45), and SORT OUT IV (46) trials, an
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during long-term follow-up compared with ﬁrstgeneration DES (20,47–48). However, data on the
safety and efﬁcacy of DES coated with biodegradable
polymers have not been consistent when compared
with ﬁrst-generation DES as shown by 3-year followup in the SORT OUT V trial (49).

PERSPECTIVES
WHAT IS KNOWN? Stent thrombosis is a very
serious clinical event with high mortality rates. Our

STUDY LIMITATIONS. The power of the primary

study shows that at 3 years, the durable-polymer

endpoint in our study was target lesion failure at

zotarolimus-eluting Resolute Integrity stent is

12 months. The composite endpoint at 3 years was a

remarkably efﬁcacious and safe.

nonpowered, but pre-speciﬁed, secondary endpoint.
A limitation of the present study was that data
regarding duration of dual antiplatelet therapy
were not collected. However, since 2002, all patients
treated with coronary stent implantation in Denmark
have been recommended to receive 12 months
dual antiplatelet therapy, and all our patients in
this study received reimbursement of costs related

WHAT IS NEW? The Resolute Integrity stent is
noninferior to the biodegradable-polymer
biolimus-eluting BioMatrix Flex stent.
WHAT IS NEXT? These results support the concept
that a durable-polymer stent can be as safe and
efﬁcacious as a biodegradable-polymer stent.

to P2Y12 platelet inhibitor treatment for 12 months.
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