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Abstract

Background: For patients with high bleeding risk, the BioFreedom stent is safer and more effective
than a bare metal stent. However, at the one-year follow-up of the SORT OUT IX trial, the BioFreedom
stent did not meet the criteria for non-inferiority for target lesion failure (TLF) when compared with the
Orsiro stent and had a higher incidence of target lesion revascularisation (TLR).

Aims: The aim of the study was to compare the two-year outcomes following coronary implantation of the
BioFreedom or the Orsiro stents in all-comer patients.

Methods: The Scandinavian Organization for Randomized Trials with Clinical Outcome (SORT OUT)
IX trial is a prospective, multicentre, randomised clinical trial comparing the BioFreedom and the Orsiro
stents. The primary endpoint, TLF, was a composite of cardiac death, myocardial infarction (MI; not related
to other lesions) and TLR.

Results: A total of 1,572 patients were randomised to treatment with the BioFreedom stent and 1,579 patients
with the Orsiro stent. At two-year follow-up, TLF was 7.8% in the BioFreedom and 6.3% in the Orsiro
stent groups (rate ratio [RR] 1.23, 95% confidence interval [CI]: 0.94-1.61). Risks of cardiac death, MI
and definite stent thrombosis did not differ significantly between the groups, whereas more patients in the
BioFreedom group had TLR (5.1% vs 2.6%; RR 1.98, 95% CI: 1.26-2.89) attributable to a higher risk of
TLR within the first year (3.5% vs 1.3%; RR 2.77, 95% CI: 1.66-4.62).

Conclusions: At two years, there were no significant differences between the BioFreedom and Orsiro
stents for TLF. TLR was significantly higher with the BioFreedom stent due to higher risk of TLR within
the first year.
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Denmark. E-mail: Julia.Dr.Ellert@rsyd.dk
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Abbreviations

Cl confidence interval

DES drug-eluting stent

Mi myocardial infarction

PCI percutaneous coronary intervention
RR rate ratio

TLF target lesion failure

TLR target lesion revascularisation

ZES zotarolimus-eluting stent

Introduction

The persistence of late events after percutaneous coronary inter-
vention (PCI) with both first-generation and second-generation
permanent polymer drug-eluting stents (DES) has motivated the
development of new stent designs with thinner stent struts, bio-
degradable polymers, or more biocompatible polymers!. A cobalt-
chromium, third-generation, sirolimus-eluting Orsiro (Biotronik)
stent combines both ultrathin stent struts and biodegradable pol-
ymer technology. It demonstrated a similar five-year risk of tar-
get lesion failure (TLF) compared with the second-generation
permanent polymer everolimus-eluting stent>. The “Safety and
Effectiveness of the Orsiro Sirolimus Eluting Coronary Stent
System in Subjects With Coronary Artery Lesions (BIOFLOW-V)”
randomised trial even demonstrated the superiority of the Orsiro
stent compared to the everolimus-eluting stent, which persisted
through two and three years of follow-up*>.

The complete absence of potential inflammatory stimuli from
polymer coatings has been attempted with the development of non-
polymeric drug-coated stents®. The BioFreedom stent (Biosensors
Europe) is a stainless-steel polymer-free DES with an abluminal
surface that has microstructure modifications that allow the adhe-
sion and controlled release of the highly lipophilic antiprolifera-
tive agent, biolimus’. This newer device has been compared with
bare metal stents and first- and second-generation permanent pol-
ymer DES. It was found to be superior to bare metal stents in
patients with high bleeding risk and non-inferior to a first- and
second-generation DES%1°,

The "BIOFREEDOM Stent Versus ORSIRO Stent: SORT OUT
IX” trial was the first study to demonstrate that the BioFreedom
stent is not non-inferior to a modern DES in a population-based
all-comers setting at 12 months of follow-up'!. The present analy-
sis reports two-year clinical outcomes of the SORT OUT IX trial.

Editorial, see page 97

Methods
PATIENTS AND STUDY DESIGN
SORT OUT IX is a randomised, multicentre, single-blind, all-
comer, two-arm, blinded endpoint, non-inferiority trial comparing
the BioFreedom to the Orsiro stent in the treatment of atheroscle-
rotic coronary artery lesions. A detailed study protocol was pro-
vided in the primary publication''.

Patients were eligible if they were at least 18 years old, had
chronic stable coronary artery disease or acute coronary syndrome,

Two-year outcomes from SORT OUT IX trial

and had at least one coronary lesion with >50% diameter stenosis,
requiring treatment with a DES. If multiple lesions were treated,
the allocated study stent had to be used in all lesions. Exclusion
criteria were life expectancy of <1 year; an allergy to aspirin,
clopidogrel, ticagrelor, prasugrel, sirolimus, or biolimus; partici-
pation in another randomised stent trial; or an inability to provide
written informed consent. The study complied with the Declaration
of Helsinki and was approved by the Regional Committees on
Health Research Ethics for Southern Denmark (S-20150132) and
the Danish Data Protection Agency (15/47707). All patients pro-
vided written informed consent for trial participation before ran-
domisation. Randomisation, study stents and use of antithrombotic
medication are described in the primary publication''.

OUTCOME MEASURES

Definitions of the endpoints were provided in the main publica-
tion'!. The primary endpoint, TLF, is a composite of cardiac death,
myocardial infarction (MI) only related to the index lesion or tar-
get lesion revascularisation (TLR) with PCI or coronary artery
bypass operation within 12 months. Individual components of
the primary endpoint comprise the secondary endpoints: cardiac
death; MI; clinically indicated TLR; all death (cardiac and non-
cardiac) and target vessel revascularisation; definite, probable,
possible, and overall stent thrombosis according to the Academic
Research Consortium definition'?; and a patient-related composite
endpoint (all death, all MI, or any revascularisation).

CLINICAL EVENT DETECTION

Dedicated follow-up was not scheduled, but clinical events were
recorded based on patients’ admittance to the health care system
for self-reported angina or equivalent symptoms. Data on mortal-
ity, hospital admission, coronary angiography, repeat PCI, and cor-
onary artery bypass operation were obtained from the following
national Danish administrative and healthcare registries: the Civil
Registration System'3; the Western Denmark Heart Registry'*!; and
the Danish National Registry of Patients'®, the latter which maintains
records on all hospitalisations in Denmark. The Danish National
Health Service provides universal tax-supported health care, guar-
anteeing residents free access to general practitioners and hospitals.
The Danish Civil Registration System has kept electronic records on
sex, birth date, residence, emigration date, and vital status changes
since 1968, with daily updates; the 10-digit civil registration
number assigned at birth and used in all registries allows accurate
record linkage. Loss to follow-up was minimised in the study, as
vital status data for our study participants was provided by the Civil
Registration System. The National Registry of Causes of Deaths
and the Danish National Registry of Patients provided information
on causes of death and diagnoses assigned by the treating physi-
cian during hospitalisations (coded according to the International
Classification of Diseases, 10th revision [ICD-10]'). An independ-
ent event committee, blinded to study stent type assignment during
the adjudication process, reviewed all endpoints and source docu-
ments to adjudicate causes of death, reasons for hospital admission,
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and diagnosis of MI. Two dedicated PCI operators at each par-
ticipating centre independently reviewed cine films for the event
committee to classify stent thrombosis, TLR and target vessel revas-
cularisation (either with PCI or coronary artery bypass operation).

STATISTICAL ANALYSIS

We compared distributions of categorical variables using the chi-
square test. For the analysis of every endpoint, follow-up contin-
ued until the date of an endpoint event, death, or until two years
after stent implantation or emigration, whichever came first.
Survival curves were constructed based on time to events, account-
ing for the competing risk of death (in cases where death was not
included in the outcome). In the presence of competing risk, the
Kaplan-Meier estimator that treats the competing events as inde-
pendent censoring is an upward biased estimate of the cumulative
incidence function. Patients who received the Orsiro stent were
used as the reference group. Rate ratios (RR) were calculated for
TLF at two-year follow-up and for pre-specified patient subgroups
(based on baseline demographic and clinical characteristics). In
all analyses, the intention-to-treat principle was used. A two-sided

Table 1. Baseline characteristics of the study population.

p-value of <0.05 was regarded as statistically significant. Analysis
was performed using SAS software (version 9.4). This trial is reg-
istered with ClinicalTrials.gov: NCT02623140.

Results

Between December 2015 and April 2017, 3,151 patients were
enrolled and randomly assigned to receive either the BioFreedom
stent (1,572 patients [1,966 lesions]) or an Orsiro stent
(1,579 patients [1,985 lesions]). Five patients were censored due
to emigration but no patients were lost to follow-up. Baseline
characteristics did not differ significantly between the two stent
groups and are summarised in Table 1.

At two years, the composite endpoint TLF occurred in
122 patients (7.8%) treated with the BioFreedom stent and in
100 patients (6.3%) treated with the Orsiro stent (RR 1.23, 95%
confidence interval [CI]: 0.94-1.61) (Figure 1, Tabhle 2).

The cumulative incidences of cardiac death, MI, definite stent
thrombosis, and probable or definite stent thrombosis were com-
parable at two-year follow-up (Figure 2A-Figure 2D, Table 2). We
have previously demonstrated that the one-year rates of clinically

Orsiro stent
(N=1,579)

BioFreedom stent

(N=1,572)

Age, mean (SD), years 66.4 (10.7) 66.1 (11.1) 0.35
Men, n (%) 1,219 (77.5) 1,221 (77.3) 0.88
Diabetes mellitus, n (%) 304 (19.3) 303 (19.2) 0.92
Hypertension, n (%) 893 (59.0) 850 (56.0) 0.21
Hypercholesterolaemia, n (%) 830 (55.0) 777 (51.5) 0.16
Current smoker, n (%) 443 (29.8) 437 (29.3) 0.78
Body mass index, mean (SD), kg/m? 27.8 (7.5) 27.6 (8.0) 0.47
Previous myocardial infarction, n (%) 224 (14.7) 234 (15.2) 0.53
Previous percutaneous coronary intervention, n (%) 322 (20.9) 311 (20.9) 0.59
Previous coronary artery bypass grafting, n (%) 130 (8.4) 108 (7.0) 0.13
Indication for ST-segment-elevation myocardial infarction 367 (23.3) 397 (25.1)
_percutangous cooronary Non-ST-segment-elevation myocardial infarction or
intervention, n (%) unstable angina 454 (28.9) 453 (28.7) 6
Stable angina 671 (42.7) 645 (40.8)
Other 80 (5.1) 84 (5.3)
Comorbidity index 0 852 (54.2) 854 (54.0)
SR, 0 () 12 517 (32.9) 539 (34.1) 0.60
3+ 203 (12.9) 186 (11.9)
No. of stents, mean Per patient 1.3 (0.6) 1.2 (0.6) 0.13
i) Per lesion 1.6 (1.0) 1.6 (0.9) 0.28
Total stent length Per patient 31.1(21.9) 30.6 (19.8) 0..48
(mm), mean (SD) Per lesion 24.3 (13.6) 0.32
Per lesion (mm), median (IQR) 18 (14 - 28) 22 (15 - 30) 0.22
Direct stenting, n (%) 160 (8.2) 194 (9.8) 0.21
Stent delivery failure, n (%) 45 (2.3) 39 (2.0) 0.48
Differences between stents were tested by chi-square statistics in categorical variables presented numbers (n) and proportions (%), by the t-test in
continuous variables presented as mean and standard deviation (SD), with the Cochran-Cox approximation in case of unequal variances, and by the
Mann-Whitney U-test in continuous variables presented as median and interquartile range (IQR).
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Figure 1. Time-to-event curve for the composite endpoint target
lesion failure at two-year follow-up. CI: confidence interval;
RR: rate ratio

driven TLR were significantly higher in the BioFreedom stent
group (3.5% vs 1.3%; RR 2.77, 95% CI: 1.66-4.62, p<0.0001).
At two-year follow-up, the difference continued to be significant
(Biofreedom stent: n=80 [5.1%] and Orsiro stent: n=41 [2.6%];
RR 1.98, 95% CI: 1.36-2.89, p<0.0004) (Central illustration A).
However, the landmark analysis of TLR shows that between one
and two years after implantation, the rate of TLR did not differ sig-
nificantly between the two stents (Biofreedom stent: n=25 [1.7%)]
and Orsiro stent: n=21 [1.4%], RR 1.22, 95% CI: 0.68-2.18,
p=0.5003) (Central illustration B).

Findings for the primary endpoint, TLF, at two years were con-
sistent across the pre-specified stratified analyses (Figure 3).

Table 2. Clinical outcomes at two years.

BioFreedom stent

(N=1,572)

Two-year outcomes from SORT OUT IX trial

Discussion

The SORT OUT IX trial is the first study to compare the polymer-
free biolimus A9-coated BioFreedom stent and the ultrathin strut
biodegradable polymer sirolimus-eluting Orsiro stent. At two-year
follow-up, the composite TLF endpoint did not differ significantly
between the two stents. Increased risk of TLR continued for two
years in the BioFreedom stent group. The higher rate of clinically
driven TLR was attributable to the first year after implantation,
whereas the risk of TLR was similar between groups in the second
year after inclusion.

In the recently published report of the Onyx ONE global ran-
domised trial: “A Randomized Controlled Trial With Resolute
Onyx in One Month Dual Antiplatelet Therapy (DAPT) for High-
Bleeding Risk Patients", the BioFreedom stent was compared
to a second-generation, polymer-based, zotarolimus-eluting stent
(ZES) in patients at high bleeding risk and was found to be non-
inferior with regard to the safety and efficacy composite outcome!?.
In accordance with our results, there was a trend for a higher rate
of TLR in the BioFreedom stent group (4.0% vs 2.8%)'.

There are important differences in the DES technologies between
the two stents used in our trial that may have contributed to the
higher TLR rate observed for the BioFreedom stent. First, the
study stent has different drug-eluting kinetics. The polymer-free
BioFreedom stent releases 90% of its drug within 48 hours’. The
Orsiro stent has a silicon carbide coating, a polymer that degrades
within 12-24 months and releases its drug within three months. It is
known from other studies that DES efficacy is related to the release
kinetics of the active drug in the first 30 days, and in particular, the
first 10 days'”. Our study showed that TLR curves started to sepa-
rate four months after implantation and were running nearly parallel

Incidence rate ratio

Orsiro stent value
(95% confidence interval) F

(N=1,579)

Target lesion failure* 122 (7.8) 100 (6.3) 1.23(0.94-1.61) 0.12
Death All-cause mortality 64 (4.1) 68 (4.3) 0.94 (0.67-1.32) 0.72
Cardiac 32 (2.0) 41 (2.6) 0.78 (0.49-1.24) 0.29
Non-cardiac 32 (2.0) 27 (1.7) 1.18 (0.71-1.97) 0.52
Myocardial infarction not related to other lesions 43 (2.7) 43 (2.7) 1.00 (0.65-1.52) 0.99
Myocardial infarction overall 67 (4.3) 69 (4.4) 0.97 (0.69-1.36) 0.85
Stent thrombosis” Definite 14 (0.9) 18 (1.1) 0.78 (0.39-1.56) 0.48
Probable 10 (0.6) 12 (0.8) 0.83 (0.36-1.93) 0.67
Definite or probable 24 (1.5) 30(1.9) 0.80 (0.47-1.37) 0.41
Possible 20(1.3) 22 (1.4) 0.91 (0.50-1.66) 0.75
Definite, probable, or possible 44 (2.8) 52 (3.3) 0.84 (0.56-1.26) 0.41
Target vessel revascularisation 104 (6.6) 91 (5.8) 1.15 (0.86-1.52) 0.34
Target lesion revascularisation 80 (5.1) 41 (2.6) 1.98 (1.36-2.89) 0.0004
feavta'lzzf”fr'fs;et‘l’oﬁ?d el e, il Ul EGEen, ey | gen e gy 286 (18.1) 0.99 (0.83-1.17) 0.90
Differences in incidence rates were tested using chi-square statistics *Primary endpoint: target lesion failure — composite of cardiac death, myocardial
infarction not related to other lesion, and target lesion revascularisation with either percutaneous coronary intervention or coronary artery bypass
operation. TAcademic Research Consortium definition.
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Figure 2. Time-to-event curves for the individual components of the primary endpoint at two-year follow-up. A) Cardiac death. B) Myocardial
infarction. C) Definite stent thrombosis. D) Definite or probable stent thrombosis. CI: confidence interval; RR: rate ratio
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revascularisation up to two years. A landmark was set at one year. CI: confidence interval; RR: rate ratio
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Pre-specified subgroups ~ BES-events (%) SES-events(%) Rate ratio (95% Cl)

Two-year outcomes from SORT OUT IX trial

pforinteraction

Acute coronary syndrome: no 63 (8.4) 48(6.6) 1.29(0.88-1.88) —_—a— 075
Acute coronary syndrome: yes 59 (7.2) 52 (6.1) 1.18(0.81-1.71) —— '
Age <65 32(4.8) 33(4.6) 1.06 (0.65-1.73) —_—— 053
Age > 65 90(9.9) 67 (7.8) 1.28(0.93-1.76) -—— ’
Diabetes mellitus: no 83(6.5) 67 (5.3) 1.26 (0.91-1.74) - 083
Diabetes mellitus: yes 39(12.8) 33(10.9) 1.17(0.73-1.88) —_— :
LAD: no 66 (8.4) 18(6.1) 1.39(0.96-2.02) — 036
LAD: yes 56 (7.1) 52 (6.6) 1.09 (0.74-1.59) —_— i
Lesion type: C 60(10.1) 50 (8.5) 1.18(0.81-1.72) —E—I— 072
Lesion type: not C 62 (6.4) 49(5.0) 1.30(0.89-1.90) —_—— '
Male: no 23(6.5 24.(6.7) 0.97 (0.54-1.72) —_— 035
Male: yes 99 (8.1) 76(6.2) 1.32(0.97-1.78) —— :
Multivessel disease: no 95(7.3) 77 (5.9) 1.25(0.92-1.69) -—— 0.88
Multivessel disease: yes 27(10.3) 23(8.6) 1.19(0.68-2.09) — ’
One stent per patient: no 75(1.5) 61(6.1) 1.25(0.89-1.75) - 0.83
One stent per patient: yes 44(7.8) 38(6.7) 1.18(0.76-1.82) —_— ’
Previous MK no 9069 7568) 1.21(0.89-1.65) — 045
Previous MI: yes 29(12.9) 21(9.0) 1.45(0.83-2.54) —_— ’
Previous PCI: no 80 (6.6) 71(5.7) 1.15(0.83-1.58) —i—'— 0.66
Previous PCI: yes 39(12.) 25(8.0) 1.53(0.92-2.54) N .
STEMI: no 104 (8.6) 81(6.9) 1.27 (0.95-1.70) —— 054
STEMI: yes 18 (4.9) 19(4.8) 1.02 (0.53-1.96) —_— :
Overall 122(1.8) 100 (6.3) 1.23(0.94-1.61)

I I
0.25 0.5
Favours BES

I 1
2 4
Favours SES

i

Figure 3. Pre-specified stratified analysis for the primary endpoint at two-year follow-up. P-values in the Forest plot are all two-sided for

interaction. BES: biolimus-eluting stent; CI: confidence interval; LAD: left anterior descending artery;, MI: myocardial infarction;

PCI: percutaneous coronary intervention; SES. sirolimus-eluting stent; STEMI: ST-segment-elevation myocardial infarction

after one year. At two years, the difference in the TLR rate between
the two stents remained significant (5.1% for the BioFreedom stent
vs 2.6% for the Orsiro stent). This contrasts with the results from
the SORT OUT VII trial'® where the biolimus-eluting Nobori stent
(Terumo) was compared to the Orsiro stent. The Nobori stent has
the same drug as and similar drug kinetics to the BioFreedom stent
(elutes biolimus [15.6 pg/mm?] within 30 days) and showed a simi-
lar rate of TLR (4.5% for the Nobori stent vs 3.6% for the Orsiro
stent) at two-year follow-up".

Second, the BioFreedom stent has thicker stent struts (120 um)
than the Orsiro stent (60-80 pm) and strut thickness is known to be
relevant for the risk of restenosis®®. However, a recently published
meta-analysis of ten randomised trials could not show a higher
risk of TLR with thicker strut DES?.,

Other approaches to enhance the antirestenotic effect of polymer-
free DES have been investigated and tested in larger clinical trials. In
the "Efficacy Study of Rapamycin- vs. Zotarolimus-Eluting Stents
to Reduce Coronary Restenosis (ISAR-TEST-5)" trial, a sirolimus-
plus probucol-eluting stent was compared to a ZES in an all-comer
population??. The polymer-free, dual-DES stent platform with a thin
strut (87 um) stainless steel stent backbone combined sirolimus
with a second drug, probucol, that succeeded in retarding drug
release (no traces of rapamycin, probucol, or resin are observable
beyond 6-8 weeks)?. The dual-DES platform demonstrated a clinical
outcome comparable with a newer-generation durable polymer ZES
and the same rate of TLR (10.3% vs 10.4%) at one-year follow-up®.
Furthermore, no measurable differences in outcomes were seen at

ten-year follow-up?. However, the rate of TLR for the BioFreedom

stent in the SORT OUT IX study was much lower at one-year follow-
up (3.5%)!"" when compared to the dual-DES platform (10.3%)*.

Another attempt to retard drug-eluting kinetics is to use fatty
acid chains as a non-polymeric drug carrier. Such a thin strut
(80 um) polymer-free amphilimus-eluting stent (Cre§ EVO;
Alvimedica) was recently compared to the latest-generation per-
manent-polymer ZES in a large randomised trial®. At one-year
follow-up, the Cre8 stent was non-inferior to the ZES regarding
TLF, and TLR was similar in both groups (2.9% vs 2.6%)%.

Recently, the safety and efficacy of polymer-free DES were
compared in a real-world all-comers population treated with
either a BioFreedom or a Cre8 stent’. The study population was
pooled from two multicentre, observational independent studies at
22 Italian centres—the ASTUTE (Amphilimus Italian multicen-
tre registry)* and the RUDI-FREE (Polymer free biolimus-eluting
stent implantation in all-comers population)*’ studies. The main
results from the propensity score-matched analysis were that both
stents had similar performances as indicated by the comparable
risk of TLF at one year (4.0% for the BioFreedom stent and 4.2%
for the Cre8 stent). Safety and efficacy profiles were favourable
and comparable in both groups. No difference in the rates of TLR
(1.5% vs 2.2%) and definite/probable stent thrombosis (0.9% vs
0.8%) was found in a real-world setting’.

The new BioFreedom Ultra drug-coated stent with a thin-strut
(84-88 pm) cobalt-chromium platform with similar drug dose and
release kinetics as the BioFreedom stent has recently received CE
certification. The efficacy of the new BioFreedom Ultra stent was
evaluated in a randomised comparison to the BioFreedom stent
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in an all-comers population undergoing PCI*®. At nine-month
follow-up, the BioFreedom Ultra stent was non-inferior to the
BioFreedom stent with regard to the primary endpoint (late lumen
loss) and TLR did not differ between these two stents®®. Larger
studies powered for clinical endpoints are warranted to compare
the efficacy of this new platform with newer-generation DES.

Study limitations

Our study has several limitations. Firstly, the study was designed
to detect non-inferiority for TLF at one-year follow-up. Secondly,
the polymer degradation of the Orsiro stent takes place after
12-24 months. The benefit of biodegradable polymer DES might
therefore be expected to take effect beyond the degradation time
of the polymer and thus even longer follow-up is necessary.
Consequently, the safety and performance of the stents included in
SORT OUT IX will be assessed up to five years after implantation.

Conclusions

In summary, at two-year follow-up the composite endpoint TLF did
not differ between the two stents. Increased risk of TLR continued
for two years in the BioFreedom stent group. However, the high
rate of clinically driven TLR mostly occurred in the first year after
implantation.

Impact on daily practice

SORT OUT IX is the first study to compare the BioFreedom
stent to a modern DES in a population-based all-comers set-
ting. Two-year TLF did not differ for the BioFreedom stent and
the Orsiro stent. The risk for TLR, however, was significantly
higher in the BioFreedom stent treated patients compared to the
Orsiro stent treated patients. The results of this randomised trial
support the use of the BioFreedom stent among patients with
high-risk for bleeding when used with a one-month course of
dual-antiplatelet therapy.
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