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Abstract
Background: More effective and progressively safer generations of drug-eluting stents (DES) have
replaced bare metal stents (BMS) in routine clinical practice. However, patients considered to be at high
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bleeding risk (HBR) have traditionally been underrepresented in pivotal DES trials.

Aims: The aim of this study was to model the safety and effectiveness of drug-coated stents (DCS) versus
BMS in HBR patients according to the Academic Research Consortium (ARC) criteria.

Methods: Participants from the LEADERS FREE (LF) and LEADERS FREE II (LFII) studies were
pooled into one data set. Participants were treated with 30 days of DAPT. The primary safety (composite of
cardiac death, myocardial infarction, or stent thrombosis) and effectiveness (target lesion revascularisation)
endpoints were compared between DCS and BMS in the subgroup of patients satisfying the ARC-HBR
definition using propensity-score modelling.

Results: From the 3,635 participants included in the combined LF and LFII data set, 2,898 (79.7%) satis-
fied the ARC-HBR criteria (DCS: 1,923; BMS: 975). The primary safety endpoint occurred in 184 (9.8%)
and in 132 (13.8%) participants in the DCS and BMS groups, respectively (adjusted HR 0.72, 95% CI:
0.57-0.91; p=0.006). The risk of the primary effectiveness endpoint was also significantly lower with DCS
(6.2%) versus BMS (8.8%) (adjusted HR 0.70, 95% CI: 0.52-0.94; p=0.016). The safety and effectiveness
of DCS versus BMS were consistent according to ARC-HBR status (p for interaction=0.206 and 0.260,
respectively).

Conclusions: DCS are safer and more effective than BMS in an ARC-defined HBR population.
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Abbreviations

ARC Academic Research Consortium

BARC  Bleeding Academic Research Consortium
BMS bare metal stent

Cl confidence interval

DAPT  dual antiplatelet therapy

DCS drug-coated stent

HBR high bleeding risk

HR hazard ratio

LF LEADERS FREE

Mi myocardial infarction

PCI percutaneous coronary intervention
TLR target lesion revascularisation
Introduction

More effective and progressively safer generations of drug-eluting
stents (DES) have replaced bare metal stents (BMS) in routine clini-
cal practice'. However, patients considered to be at high bleeding
risk (HBR) have traditionally been underrepresented in pivotal DES
trials. Conceptual concerns about slower endothelialisation with
DES mandating longer dual antiplatelet therapy (DAPT) duration
have led to the continuous use of BMS in routine clinical practice for
HBR patients®. In recent years, the safety and efficacy of contempo-
rary DES designs have been explored in randomised controlled trials
focusing exclusively on HBR patients®*’. While the use of identical
eligibility criteria across some of these trials promotes informative
comparisons, heterogeneous characterisation of the HBR popula-
tion in the literature complicates the incorporation of study findings
into guideline recommendations and clinical practice. This subset of
patients carries a high risk of mortality and needs to be well char-
acterised®. Recognising the importance of developing best practice
evidence in this high-risk group, a standardised, consensus-based
definition was developed by the Academic Research Consortium
(ARC) to characterise more consistently the HBR population in
future studies’. The ARC-HBR definition is likely to have a strong
impact on the designs of future studies but, until now, device safety
and comparative effectiveness have never been reported in an ARC-
HBR-defined population treated with a one-month DAPT course,
and the ability of the ARC-HBR definition to discriminate a true
HBR population has only been studied using registry data'®2,

Leveraging patient-level data from the LEADERS FREE (LF)
and LFII studies, the objectives of this analysis are: 1) to model the
safety and effectiveness of drug-coated stents (DCS) versus BMS
in a true ARC-HBR population, and 2) to examine the degree to
which the ARC-HBR criteria accurately identify a higher bleed-
ing risk subset.

Editorial, see page 189

Methods

LF was a double-blind, randomised controlled trial conducted
in 68 sites in 20 countries from December 2012 to May 2014.
Its methods and results have been published previously®. Briefly,
2,466 participants with an indication for percutaneous coronary

DCS vs BMS in ARC high bleeding risk patients

intervention (PCI), but considered not to be candidates for pro-
longed DAPT due to at least one of 13 pre-specified criteria per-
ceived to identify increased bleeding risk (Supplementary Table 1),
were randomised to the BioFreedom™ polymer-free abluminal
biolimus A9-coated DCS (Biosensors International, Singapore),
or to the Gazelle™ BMS (Biosensors). The BioFreedom DCS is
a stainless steel BMS platform with a selectively micro-structured
abluminal surface allowing the drug (biolimus A9) to adhere to
the device without a binder or a polymer, distinct from DES. The
protocol mandated DAPT discontinuation 30 days after the index
procedure. LFII was a prospective, multicentre, single-arm, open-
label pivotal study conducted in 50 centres in the USA, Canada,
and Europe®. Eligibility criteria, case report forms, adjudication
rules, endpoint definitions, and clinical event committees were
identical to the LF trial. All enrolled patients were treated with
a BioFreedom DCS, followed by protocol-mandated DAPT for
30 days. Both studies were approved by local institutional review
boards, and informed consent was obtained in all patients.

The safety and effectiveness of DCS versus BMS were com-
pared in participants meeting a modified ARC-HBR definition in
the pooled LF and LFII study populations. The original ARC-HBR
criteria are presented in Supplementary Table 2. Since the LF and
LFII studies were designed and conducted before the ARC-HBR
criteria were developed, data vocabulary was not identical, and
approximations were required. The modified ARC-HBR criteria
used for this analysis are presented in Table 1. Also, four ARC-
HBR criteria were not captured in the study case report form of
the LF and LFII studies: recent major surgery or major trauma
within 30 days before PCI, previous traumatic intracranial haem-
orrhage within the past 12 months, presence of a brain arterio-
venous malformation, and chronic bleeding diathesis. Patients
meeting at least one major or two minor criteria are considered
to satisfy the ARC-HBR definition, developed with the purpose

Table 1. Approximations of ARC-HBR criteria used for the current
analysis.

ARC-HBR definition Approximation used Criteria

in LF+LFII type

Cirrhosis+portal hypertension (major) Any severe liver disease | Major criteria

Active cancer (1 year) (major) Cancer <3 years Major criteria

Spontaneous bleeding requiring Transfusion <4 weeks
admission and/or transfusion <6 months | (and haemoglobin >110
or at any time if recurrent (major) g/L at baseline)

Major criteria

Non-deferrable surgery on dual
antiplatelet therapy post PCI (major)

Planned surgery during
the first month after PCI

Prior stroke <1 year

Major criteria

Moderate or severe ischaemic stroke Minor criteria
<6 months (major) or any prior ischaemic

stroke (minor)

Spontaneous bleeding <12 months Hospital admission for Minor criteria

(minor) bleeding <12 months

Chronic use of NSAIDS or steroids Planned NSAIDS/steroids | Minor criteria
(>4 tablets/week) for >30 days after PCI

NSAIDS: non-steroidal anti-inflammatory drugs; PCI: percutaneous coronary intervention
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of identifying patients with a >4% risk of Bleeding Academic
Research Consortium (BARC) bleeding 3 or 5, or a >1% risk of
intracranial haemorrhage at one year.

The primary safety endpoint is the composite of cardiac death,
myocardial infarction (MI), or definite/probable stent thrombosis
(ST). The primary effectiveness endpoint is clinically driven target
lesion revascularisation (TLR). Both the primary safety and effec-
tiveness endpoints were the same as in the LF trial. All-cause mor-
tality, the individual components of the primary safety endpoint,
and the composite of definite/probable ST or MI were examined
as exploratory ischaemic endpoints. MI was defined according to
the third universal definition of MI, and ST was defined accord-
ing to the ARC criteria'®. TLR was defined as revascularisation
for an operator-defined >50% restenosis in the treated lesion in
the presence of symptoms or of objective ischaemia, or for a core
laboratory-defined restenosis >70% in the absence of symptoms
or documented ischaemia. The primary bleeding endpoint for
this analysis was type 3-5 bleeding according to the BARC cri-
teria'*. Secondary bleeding endpoints were any BARC bleeding,
and intracranial bleeding. All endpoints were independently adju-
dicated. TLR and stent thromboses were reviewed by an independ-
ent core laboratory (CERC, Massy, France). All endpoints were
reported at one year.

STATISTICAL ANALYSIS

Means and standard deviations are reported for continuous variables
and counts and percentages are reported for categorical variables.
Baseline characteristics between the DCS and BMS groups were
compared using the Wilcoxon rank-sum test for continuous vari-
ables, and the chi-square test or Fisher’s exact test for categorical
variables. Endpoints were analysed using propensity score in a Cox
proportional analysis model to quantify the independent effects of
stent type (Supplementary Appendix 1). Hazard ratios (HRs) and

95% confidence intervals (CIs) were reported. The consistency of
the results was also evaluated in a sensitivity analysis among ARC-
HBR participants of the LF randomised trial only (excluding the
LFII participants). Kaplan-Meier analysis and log-rank test were
performed to compare the primary safety endpoint between DCS
and BMS. The propensity score obtained by inverse probability of
treatment weighting was applied to adjust the clinical endpoints of
the Kaplan-Meier estimation. The interaction between stent type
and ARC-HBR status was evaluated for all the endpoints.

To analyse the overall bleeding rates in the ARC-HBR versus
the non-ARC-HBR subgroups, unadjusted rates and HRs (95%
CI) for BARC 3-5 bleeding events were reported. A Cochran-
Armitage test was used to calculate the p-value for a trend in risk
of BARC 3-5 bleeding events according to the number of ARC-
HBR criteria. A p-value <0.05 was considered statistically signi-
ficant. Statistical analyses were performed by Biosensors using
SAS 9.4 (SAS Institute, Cary, NC, USA).

Results

PATIENTS

From the 3,635 participants included in the combined LF and LFII
populations, 2,898 (79.7%) satisfied at least one major or two minor
ARC-HBR criteria and constituted the pooled ARC-HBR cohort
(LF: n=1,940; LFII: n=958) (Figure 1). Among the 737 non-ARC-
HBR criteria patients, 571 satisfied one minor criterion only, and
166 did not meet any of the ARC-HBR criteria. Mean number of
major ARC-HBR criteria was 0.944+0.72 per patient among those
meeting the ARC-HBR definition. The most frequent major criteria
were long-term use of oral anticoagulants (44.5 %), and haemoglo-
bin <11 g/dL (19.8%) (Figure 2). One-year follow-up was com-
pleted in 1,895/1,923 patients (98.5%) with DCS and in 965/975
patients (98.9%) with BMS. Baseline and procedural characteristics
according to stent type are presented in Supplementary Table 3.

Pooled LF & LFIl population
n=3,635

v

- age >75 years (n=430)

Pooled LF & LFIl population
meeting ARC-HBR criteria

737 not meeting ARC-HBR criteria
571 minor ARC-HBR criterion only:

- chronic use of NSAIDS or steroids (n=59)

- renal failure with eGFR 30-59 ml/m? (n=33)

v - baseline haemoglobin 11.0-12.9 g/dL for men or 11.0-11.9 for women (n=28)

- hospitalisation for spontaneous bleeding requiring hospitalisation within 12 months (n=13)
- stroke within 12 months (n=8)

16 not meeting any major or minor ARC-HBR criteria and were enrolled based on LF + LFIl HBR criteria alone:
- planned major surgery >1 month and <1 year post PCI (n=123)

- expected non-compliance to DAPT for medical reasons (n=42)

- 6GFR <40 ml/min at enrolment, but >60 ml/min at randomisation (n=1)

n=2,898
Y v N
LFI LFI LF 1l
BMS DCS DCS
(n=975) | | (n=965) (n=958)
v
10 (1.1%)| (13 (1.4%)| [15(1.6%)
lost to lost to lost to
follow-up | | follow-up | | follow-up

Figure 1. Study flow chart. ARC-HBR: Academic Research Consortium High Bleeding Risk; BMS.: bare metal stent, DAPT: dual antiplatelet
therapy; DCS: drug-coated stent; eGFR: estimated glomerular filtration rate; LF: LEADERS FREE,; NSAIDs: non-steroidal anti-

inflammatory drugs; PCI: percutaneous coronary intervention
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Age >75 years

Moderate CKD
(eGFR 30-59 ml/min)

Haemoglobin 11-12.9 g/dL for men
and 11-11.9 g/dL for women

Chronic use of oral NSAIDs
or steroids

Spontaneous bleeding requiring
hospitalisation/transfusion
past 12 months

2 W DCS (LFI +11)
21 W BMS

Any stroke in the last 12 months

Moderate or severe thrombocytopaenia

or suspected portal hypertension
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Major ARC-HBR criteria
0 5 10 15 20 25 30 35 40 45 50
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Long-term oral anticoagulation

Haemoglobin <11 g/dL for both
men and women

Severe or end-stage CKD
(eGFR <30 ml/min)

Active cancer

(platelet count <100 X 109/L)

Previous spontaneous ICH
(at any time)

Liver cirrhosis with known

Non-deferrable major surgery 0.9 |V EES T 1)
or DAPT [.5 B BMS

Figure 2. Distribution of ARC-HBR criteria in the pooled LEADERS FREE and LEADERS FREE Il studies. ARC-HBR: Academic Research
Consortium High Bleeding Risk; BMS: bare metal stent; CKD: chronic kidney disease; DAPT: dual antiplatelet therapy, DCS: drug-coated
stent; eGFR: estimated glomerular filtration rate; ICH: intracranial haemorrhage; LF: LEADERS FREE; NSAIDs: non-steroidal anti-

inflammatory drugs

SAFETY AND EFFECTIVENESS OF DCS VERSUS BMS IN
ARC-HBR PATIENTS

In the ARC-HBR subgroup of the combined LF and LFII cohort,
the primary safety endpoint occurred in 184 (9.8%) participants
treated with a DCS, and in 132 (13.8%) participants treated with
a BMS (adjusted HR 0.72, 95% CI: 0.57-0.91; p=0.006) (Table 2).
The treatment effect of DCS on the primary safety endpoint was
consistent between the ARC-HBR and non-ARC-HBR subgroups
(p for interaction = 0.206). Adjusted Kaplan-Meier analysis of the
freedom from the primary safety endpoint according to stent type is
presented in Figure 3. The rate of the primary effectiveness endpoint

of clinically driven TLR was also significantly lower with DCS
(6.2%) versus BMS (8.8%) (adjusted HR 0.70, 95% CI: 0.52-0.94;
p=0.016) (Table 2). Only type 1 MIs were significantly reduced
with DCS (1.6%) versus BMS (3.8%) (adjusted HR 0.41, 95%
CI: 0.25-0.67; p<0.001). The results were consistent in the ARC-
HBR subgroup of the LF randomised trial only (Supplementary
Appendix 2, Supplementary Table 4, Supplementary Table 5).

BLEEDING RISK ACCORDING TO ARC-HBR STATUS
In the pooled LF and LFII cohort, patients meeting the ARC-HBR
definition were generally older, more likely to be female, and had

Table 2. Safety and effectiveness with DCS and BMS in the pooled LEADERS FREE & LEADERS FREE Il ARC-HBR subgroups.

ARC-HBR Non-ARC-HBR .
] . . Interaction
Endpoints DCS Adjusted hazard DCS | Adjusted hazard pvalue
(N=1,923) | ratio* (95% CI) (n=501) | ratio* (95% CI)

Primary safety endpoint (composite
of cardiac death, Ml or definite/ 132 (13.8%) | 184(9.8%) | 0.72(0.57-0.91) 0.006 19(8.1%) | 37(7.5%) | 1.07(0.60-1.88) 0.828 0.206
probable stent thrombosis)
Primary effectiveness endpoint
(clinically driven target lesion 81(8.8%) | 112(6.2%) | 0.70(0.52-0.94) 0.016 | 26(11.2%) | 27 (5.6%) | 0.49(0.29-0.84) 0.009 0.260
revascularisation)
Cardiac death 56 (5.9%) 82 (4.4%) 0.77 (0.54-1.09) 0.145 5(2.1%) | 8(1.6%) | 0.83(0.27-2.52) 0.737 0.908
Myocardial infarction 85(9.1%) | 116(6.2%) | 0.70(0.53-0.93) 0.015 18(7.7%) | 29(5.9%) | 0.87(0.48-1.58) 0.648 0.521
Definite/probable stent thrombosis | 21 (2.2%) 39 (2.1%) 1.02 (0.59-1.77) 0.934 5(2.1%) | 8(1.6%) 0.95(0.30-3.1) 0.937 0.918
Definite or probable stent o o o o
thrombosis or MI 90 (9.6%) | 125(6.7%) | 0.71(0.54-0.94) 0.017 19(8.1%) | 32(6.5%) | 0.92(0.51-1.64) 0.771 0.435
All-cause mortality 95(9.8%) | 167 (8.8%) | 0.96 (0.74-1.24) 0.738 10 (4.2%) | 15(3.0%) | 0.74(0.33-1.65) 0.460 0.549

interval; DCS: drug-coated stent; MI: myocardial infarction

*Adjusted using inverse probability of treatment weighting according to propensity score. ARC-HBR: Academic Research Consortium High Bleeding Risk; BMS: bare metal stent; Cl: confidence
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Number at risk Months

BMS 975 940 921 894 873 857
DCS 1923 1858 1821 1,800 1776 1,751

849 839 829 824 819 813 800

1,731 1,715 1696 1682 1664 1650 1,617

Figure 3. Adjusted Kaplan-Meier analysis of the primary safety endpoint according to stent type for the ARC-HBR subset of the combined
LEADERS FREE and LEADERS FREE Il studies. BMS: bare metal stent; DCS: drug-coated stent

more comorbidities compared with those who did not meet the
ARC-HBR definition (Supplementary Table 6). A BARC 3-5
bleeding event occurred in 230 (8.2%) ARC-HBR participants, and
in 25 (3.5%) non-ARC-HBR participants at one year (HR 2.43,
95% CI: 1.61-3.67; p<0.0001). A BARC 3-5 intracranial bleed-
ing event occurred in 20 (0.7%) ARC-HBR participants, and in 0
(0.0%) non-ARC-HBR participants at one year (HR and p-value
not applicable). Kaplan-Meier analysis of BARC 3-5 bleeding
events according to ARC-HBR status is presented in Figure 4.
Rates of BARC 3-5 bleeding increased significantly across addi-
tive ARC-HBR bleeding risk categories, from none (1.9%) to

Cumulative incidence (%)
=
1

>2 (16.0%) HBR characteristics (p<0.001) (Figure 5). Rates of
ischaemic events at one year according to ARC-HBR status are
presented in Supplementary Table 7.

Discussion

In this study, we present the first report modelling device-related
safety and effectiveness after PCI with 30-day DAPT in an ARC-
HBR cohort. Our model suggests that DCS are safer and more
effective than BMS in the ARC-HBR subgroup. Our results have
important implications because, as a pivotal study, LFII positioned
the BioFreedom DCS as a predicate for evidence supporting

p<0.001

— Non-ARC-HBR
— ARC-HBR

Number at risk

Non-ARC-HBR 737 8 nz2 107 703 699
ARC-HBR 2,896 2,753 2,691 2,650 2612 2,590

T T T T T T T
6 7 8 9 10 11 12

Months

696 691 688 688 686 685 680
2,568 2,543 2,514 2,501 2,480 2,458 2409

Figure 4. Adjusted Kaplan-Meier analysis of BARC 3-5 bleeding according to ARC-HBR status in the combined LEADERS FREE and
LEADERS FREE Il studies. ARC-HBR: Academic Research Consortium High Bleeding Risk
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Number of ARC-HBR criteria

M none (n=166)
B 1 minor (n=571)
[ 1 major or 2 minor (n=1,059)

1.5t02 (n=1,336)
[ | greater than 2 (n=503)

Figure 5. BARC 3-5 bleeding events at one year according to
ARC-HBR categories. ARC-HBR: Academic Research Consortium
High Bleeding Risk

regulatory decisions on benefit/risk with PCI specifically in an
HBR population. Multiple other stent platforms are likely to be
submitted for similar registration decisions. The similarities and
differences between inclusion criteria and outcome results, such
as those tested in our model of ARC-HBR cohorts within the LF
and LFII studies, will probably be an important dimension of
such regulatory decisions as international guidelines are increas-
ingly incorporating ARC-HBR definitions (or regional variations
thereof), to guide clinical practice. In routine clinical practice,
selecting the optimal device for patients deemed to be at HBR
and requiring a short course of DAPT remains challenging in the
absence of trials randomising participants based on a standardised
HBR phenotype. This population has been the focus of recently
published randomised trials aiming to identify stent platforms that
would optimally balance safety and efficacy when short DAPT
durations are required®>. The ONYX ONE trial reported the non-
inferiority, but not the superiority, of the Resolute Onyx™ DES
(Medtronic, Minneapolis, MN, USA) in terms of the composite of
cardiac death, MI, or ST compared with the BioFreedom DCS in
a pre-ARC-HBR population®. Both devices differ in terms of plat-
form, use of polymer, and -limus analogue variation. Based on our
model of true ARC-HBR patients within the pooled LF and LFII
data set, it seems likely that the results of ONYX ONE will be
informative for practice in ARC-HBR patients.

Previous other well-designed trials used inclusion criteria differ-
ent from ARC-HBR definitions, which confounds turning compari-
sons of their findings into recommendations for clinical practice.
In the Zotarolimus-eluting Endeavor Sprint Stent in Uncertain DES
Candidates (ZEUS) trial, patients were randomised to a zotarolimus-
eluting stent versus a BMS’. Half of the participants were included
on the basis of increased bleeding risk, and the incidence of the
composite of death, MI, or target vessel revascularisation was signi-
ficantly lower with the zotarolimus-eluting stent in this subgroup.

DCS vs BMS in ARC high bleeding risk patients

In the Short Duration of Dual antiplatElet Therapy With SyNergy
II Stent in Patients Older Than 75 Years Undergoing Percutaneous
Coronary Revascularisation (SENIOR) randomised trial, the com-
posite of all-cause mortality, MI, stroke, or ischaemia-driven TLR
was less frequent with a bioabsorbable polymer DES compared
with BMS in individuals >75 years old®. Age alone is only a minor
criterion for ARC-HBR patient identification, and outcomes of
patients in the SENIOR trial who had other ARC-HBR comor-
bidities have not been reported. Thus, whether the findings of the
ZEUS and SENIOR trials will also apply consistently in an ARC-
HBR population remains to be demonstrated. The ongoing XIENCE
90 (NCT03218787), XIENCE 28 Global Study (NCT03355742),
EVOLVE Short DAPT (NCT02605447), and MASTER DAPT
(NCT03023020) studies will also shortly report data on contempo-
rary DES platforms in HBR study populations determined before
the publication of the ARC-HBR definition. As the latter is expected
to be consistently adopted in the design of future studies with the
intention of further clarifying best practices and device and drug
benefit/risk in these complex patients, our confirmation that the
superior device safety and effectiveness in a pre-ARC-HBR popula-
tion remains significant in an ARC-HBR subset is reassuring.

Our data also confirm that the ARC-HBR definition accurately
dichotomises a group previously perceived as HBR into two sub-
groups with significantly higher (the ARC-HBR) and lower (the
non-ARC-HBR) severe bleeding risks at one year. PCI patients
defined by the ARC-HBR criteria indeed met the ARC-HBR
threshold of >4% BARC 3-5 bleeding risk at one year, even when
treated with DAPT for only 30 days, and a significant additive
effect of ARC-HBR major and minor criteria on one-year bleed-
ing rates was observed. While registry-based validation studies of
the ARC-HBR criteria have been published previously, they all
included patients treated with a standard DAPT duration (vs 30
days in our study), and none have applied ARC-HBR criteria to
a device evaluation so far. Interestingly, patients with only one
minor ARC-HBR criterion and who did not qualify for the ARC-
HBR definition had a risk of bleeding (4.0%) closer to that of
those who qualified with one major or two minor criteria (4.8%),
than to that of patients without any minor or major ARC-HBR
criterion (1.9%). These results, combined with previous valida-
tion studies'®!? and with further experience with the use of the
ARC-HBR criteria, will probably provide a better evidence base
to recalibrate the impact of single minor or major criteria and their
combinations regarding bleeding risk.

Limitations

Our study has several important limitations. First, this is
a post hoc, retrospective analysis in which treatment assignment
between DCS and BMS was not randomised within the ARC-
HBR subset, and unmeasured confounding might persist despite
propensity score adjustment. Second, four major and three minor
ARC-HBR criteria needed to be approximated to fit the avail-
able information, and four other major ARC-HBR criteria were
not available. The latter four criteria are however relatively
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infrequent in clinical practice, and their exclusion is unlikely
to impact on the take-home message of our analysis. Also, the
degree to which escalating bleeding risk may also carry esca-
lated thrombotic risk has not been analysed, although important
for decision making.

Conclusions

Using high-quality data and adjudicated endpoints from LF
and LFII, our study suggests that DCS are superior to BMS in
terms of safety and effectiveness in an ARC-HBR population of
patients undergoing PCI followed by 30 days of DAPT, consist-
ent with the findings of the LF and LFII trial populations that
used pre-ARC-HBR criteria. Our study also shows that the ARC-
HBR definition can adequately identify a subgroup of patients
with a higher bleeding risk within a cohort already perceived to
be at HBR. The consistent use of ARC-HBR criteria in future
studies conducted in the intended use HBR population is desir-
able to facilitate regulatory review, define drug and device bene-
fit/risk profiles, pool study results, and translate findings into

clinical practice.

Impact on daily practice

Selecting the optimal device for patients deemed to be at
HBR and requiring a short course of DAPT remains challeng-
ing in the absence of trials randomising participants based on
a standardised HBR phenotype. We showed that the ARC-
defined HBR criteria discriminate adequately patients con-
sidered at higher risk of bleeding, and that DCS should be
preferred over BMS in this population in clinical practice.
Our results have important implications because, as a piv-
otal study, LFII previously positioned the BioFreedom DCS
as a predicate for evidence supporting regulatory decisions on
benefit/risk with PCI specifically in an HBR population, and
we present the first report modelling device-related safety and
effectiveness in a cohort defined by the standardised ARC-
HBR criteria.
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Supplementary data

Supplementary Appendix 1. Methods

For estimates of the main effects to be obtained, a pseudo data set was created by weighting each
subject by inverse probability of treatment weighting, and analysed with regression models. We
weighted each patient by the reciprocal of their propensity score. Variables included in the
propensity score were: age, height, weight, BMI, diastolic blood pressure, systolic blood
pressure, heart rate, gender, smoker, hypercholesterolaemia, hypertension, stroke, previous Ml,
previous coronary artery bypass graft, previous PCI, diabetes, peripheral vascular disease, renal
disease, atrial fibrillation, multivessel disease, chronic obstructive pulmonary disease, and

congestive heart failure.

Supplementary Appendix 2. Results

Baseline characteristics were similar between patients randomised to DCS versus BMS in the
ARC-HBR subgroup of the LF randomised trial only (Supplementary Table 3). In the
sensitivity analysis of this subgroup, the primary safety endpoint occurred in 94 (10.0%)
participants treated with a DCS, and in 132 (13.8%) participants treated with a BMS (unadjusted
HR 0.71, 95% CI: 0.54-0.92; p=0.01; adjusted HR 0.76, 95% CI: 0.58-0.99; p=0.039 for
superiority) (Supplementary Table 4). The rate of the primary effectiveness endpoint of
clinically driven TLR was also significantly lower with DCS (5.4%) versus BMS (8.8%) (HR
0.60, 95% ClI: 0.42-0.85; adjusted: 5.3% vs 8.4%; HR 0.62, 95% CI: 0.43-0.88; p=0.008 for

superiority).



Supplementary Table 1. High bleeding risk inclusion criteria of the LEADERS FREE and

LEADERS FREE |1 studies.

Age >75 years old

Adjunctive oral anticoagulation treatment planned to continue after PCI

Baseline Hb <11 g/dl (or anaemia requiring TF during the prior 4 weeks)

Any prior intracerebral bleed at any time

Any stroke during the past year

Hospital admission for bleeding during the prior 12 months

Non-skin cancer diagnosed or treated <3 years

Planned daily NSAID (other than aspirin) or steroids for >30 days after PCI

Planned major surgery (within 1 year)

Renal failure (calculated creatinine clearance <40 ml/min)

Thrombocytopaenia (<1OO,000/mm3)

Severe chronic liver disease (variceal haemorrhage, ascites, hepatic encephalopathy or

jaundice)

Expected non-compliance to prolonged DAPT for other medical (non-financial) reasons




Supplementary Table 2. Major and minor high bleeding risk criteria according to the
Academic Research Consortium.

Major criteria

Anticipated use of long-term oral anticoagulation (excluding vascular protection doses, e.g.,
rivaroxaban 2.5 mg twice daily)

Severe or end-stage CKD (eGFR <30 mL/min)

Haemoglobin <11 g/dL

Spontaneous bleeding requiring hospitalisation or transfusion in the past 6 months or at any

time, if recurrent

Moderate or severe baseline thrombocytopaenia before PCI (platelet count <100 X 10%/L)

Chronic bleeding diathesis

Liver cirrhosis with portal hypertension

Active malignancy (excluding non-melanoma skin cancer) within the past 12 months

Previous spontaneous ICH (at any time), or previous traumatic ICH within the past 12 months,
or presence of a brain arteriovenous malformation, or moderate or severe ischaemic stroke
(NIHSS score >5) within the past 6 months

Non-deferrable major surgery on DAPT

Recent major surgery or major trauma within 30 days before PCI

Minor criteria

Age >75 years

Moderate CKD (eGFR 30-59 mL/min)

Haemoglobin 11-12.9 g/dL for men and 11-11.9 g/dL for women

Spontaneous bleeding requiring hospitalisation or transfusion within the past 12 months not

meeting the major criterion

Long-term use of oral NSAIDs or steroids

Any ischaemic stroke at any time not meeting the major criterion




Supplementary Table 3. Baseline and procedural characteristics of patients satisfying the
ARC-HBR definition treated with DCS or BMS in the pooled cohort.

BMS (n=975) DCS (n=1,923) p-value
Age (years), mean 76.15+9.31 75.81+£9.35 0.289
Female sex 316 (32.4%) 603 (31.4%) 0.565
Body mass index 27.01+4.61 27.80+5.44 0.001
(kg/m?), mean
Diabetes 336 (34.5%) 690 (36%) 0.438
Current smoking 96 (9.9%) 205 (10.8%) 0.452
Hypercholesterolaemia | 602 (63%) 1,288 (67.9%) 0.009
Hypertension 784 (80.7%) 1,587 (82.7%) 0.177
Renal insufficiency 258 (26.6%) 472 (24.6%) 0.249
(eGFR <40 ml/min)
Prior stroke 92 (9.5%) 263 (13.8%) 0.001
Congestive heart 143 (14.7%) 366 (19.1%) 0.003
failure
Prior myocardial 223 (23.1%) 428 (22.5%) 0.747
infarction
Prior coronary artery - | 110 (11.3%) 258 (13.5%) 0.102
bypass graft
Peripheral artery 158 (16.4%) 325 (17.1%) 0.638
disease
Atrial fibrillation 397 (40.8%) 809 (42.2%) 0.451
Chronic obstructive 117 (12.1%) 243 (12.7%) 0.626
pulmonary disease
Percutaneous coronary
intervention indication
Stable angina 374 (38.4%) 744 (38.4%) 0.963
Silent ischaemia 168 (17.2%) 324 (16.8%)
Unstable angina 166 (17%) 339 (17.6%)




Acute coronary 267 (27.4%) 516 (26.8%) 0.633
syndrome

Lesion length (mm), 17.26+9.22 18.14+0.44 0.007
mean

Number of study 1.14+0.47 1.17+0.52 0.104
stents, mean

Reference vessel 2.99+0.50 3.01+0.50 0.426
diameter (mm), mean

Bifurcation 202 (13.1%) 387 (12.6%) 0.444
Chronic total occlusion | 52 (3.4%) 130 (4.2%) 0.074

BMS: bare metal stent; DCS: drug-coated stent; eGFR: estimated glomerular filtration rate; LF:

LEADERS FREE




Supplementary Table 4. Baseline and procedural characteristics of patients satisfying the
ARC-HBR definition treated with DCS or BMS in the LEADERS FREE randomised trial.

BMS (n=975) DCS (n=965) p-value
Age (years), mean 76.15+9.31 75.98+9.23 0.645
Female sex 316 (32.4%) 300 (31.1%) 0.532
BMI (kg/m?), mean 27.01+4.61 27.24+4.8 0.289
Diabetes 336 (34.5%) 342 (35.6%) 0.627
Current smoking 96 (9.9%) 103 (10.8%) 0.537
Hypercholesterolaemia | 602 (63%) 580 (61.4%) 0.492
Hypertension 784 (80.7%) 757 (78.6%) 0.263
Renal insufficiency 258 (26.6%) 233 (24.2%) 0.235
(eGFR <40 ml/min)
Any prior stroke 92 (9.5%) 116 (12.1%) 0.059
CHF 143 (14.7%) 152 (15.8%) 0.469
Prior Ml 223 (23.1%) 200 (20.9%) 0.257
Prior CABG 110 (11.3%) 101 (10.5%) 0.575
PAD 158 (16.4%) 152 (15.9%) 0.809
Atrial fibrillation 397 (40.8%) 405 (42.2%) 0.524
COPD 117 (12.1%) 110 (11.5%) 0.706
PCI indication
Stable angina 374 (38.4%) 371 (38.4%) 0.746
Silent ischaemia 168 (17.2%) 179 (18.5%)
Unstable angina 166 (17%) 149 (15.4%)




Acute coronary 267 (27.4%) 266 (27.5%) 0.094
syndrome

Lesion length (mm), 17.26+9.22 17.54+9.94 0.255
mean

Number of study 1.14+0.47 1.15+0.5 0.206
stents, mean

Reference vessel 2.99+0.50 3.01+0.49 0.423
diameter (mm), mean

Bifurcation 202 (13.1%) 169 (11.2%) 0.131
CTO 52 (3.4%) 52 (3.4%) 0.595

BMI: body mass index; BMS: bare metal stent; CABG: coronary artery bypass graft; CHF:
congestive heart failure; COPD: chronic obstructive pulmonary disease; CTO: chronic total
occlusion; DCS: drug-coated stent; eGFR: estimated glomerular filtration rate; LF: LEADERS
FREE; MI: myocardial infarction; PAD: peripheral artery disease; PCI: percutaneous coronary
intervention



Supplementary Table 5. Adjusted safety and effectiveness with DCS and BMS in the
LEADERS FREE randomised trial ARC-HBR subgroup.

Hazard
BMS DCS ratio
Endpoints (N=975) | (N=965) | (95% CI) | p-value
Primary safety endpoint (composite 132 94 0.76 0.039
of cardiac death, Ml or (13.1%) | (10.1%) | (0.58-0.99)
definite/probable stent thrombosis)
Primary effectiveness endpoint 81 49 0.62 0.008
(clinically driven TLR) (8.4%) | (5.3%) | (0.43-0.88)
Cardiac death 56 45 0.85 0.415
(5.6%) (4.8%) | (0.57-1.26)
Myocardial infarction 85 57 0.72 0.050
(8.7%) (6.3%) | (0.51-1.00)
Definite/probable stent thrombosis 21 23 1.25 0.463
(2.1%) (2.6%) | (0.69-2.26)
Definite or probable stent 90 63 0.74 0.070
thrombosis or Ml (9.2%) | (6.8%) | (0.54-1.02)
All-cause mortality 95 84 0.97 0.843
(9.1%) (8.9%) | (0.72-1.31)

BMS: bare metal stent; Cl: confidence interval; DCS: drug-coated stent; MI: myocardial
infarction; TLR: target lesion revascularisation



Supplementary Table 6. Baseline and procedural characteristics of ARC-HBR and non-
ARC-HBR participants of the pooled LEADERS FREE and LEADERS FREE 11 studies.

mean

ARC-HBR Non-ARC-HBR p-value

(n=2,898) (n=737)
Age (years), mean 75.91£9.3 73.0£9.7 <0.0001
Female sex 919 (31.8%) 196 (26.6%) 0.027
Body mass index (kg/m?), mean 27.5%5.2 28.7£4.9 <0.0001
Diabetes 1,026 (35.5%) 193 (26.3%) <0.0001
Current smoking 301 (10.5%) 114 (15.6%) <0.05
Hypercholesterolaemia 1,890 (66.2%) 490 (67.0%) 0.68
Hypertension 2,371 (82.0%) 581 (78.8%) 0.05
Renal insufficiency (eGFR <40 730 (25.3%) 49 (6.7%) <0.0001
ml/min)
Prior stroke 355 (12.3%) 62 (8.4%) <0.01
Congestive heart failure 509 (17.6%) 53 (7.2%) <0.0001
Prior myocardial infarction 651 (22.7%) 131 (17.8%) <0.01
Prior coronary artery bypass graft | 368 (12.7%) 55 (7.5%) <0.001
Peripheral artery disease 483 (16.8%) 106 (14.4%) 0.11
Atrial fibrillation 1,206 (41.7%) 56 (7.6%) <0.0001
Chronic obstructive pulmonary 360 (12.5%) 80 (10.9%) 0.24
disease
Acute coronary syndrome 783 (27.0%) 174 (23.6%) <0.0001
presentation
Lesion length (mm), mean 17.85+10.06 17.33+8.89 0.11
Number of study stents, mean 1.16x0.50 1.13£0.45 0.02
Reference vessel diameter (mm), 3.00+£0.50 2.99+0.50 0.60




Bifurcation 589 (12.8%) 126 (10.8%) 0.06

Chronic total occlusion 182 (3.9%) 50 (4.3%) 0.51

ARC-HBR: Academic Research Consortium High Bleeding Risk; eGFR: estimated glomerular
filtration rate; LF: LEADERS FREE



Supplementary Table 7. Clinical events at one year according to ARC-HBR status in the
combined LEADERS FREE and LEADERS FREE |1 population.

Non-
ARC- | ARC- Hazard
HBR HBR ratio
Endpoints (N=2,898) | (N=737) | (95% CI) | p-value
Primary safety endpoint (composite 226 35 1.68 0.004
of cardiac death, Ml or _ (11.9%) | (7.2%) | (1.17-2.40)
definite/probable stent thrombosis)
Cardiac death 138 13 2.77 <0.001
(4.9%) | (1.8%) | (1.57-4.88)
Myocardial infarction 201 47 1.11 0.532
(7.2%) | (6.5%) | (0.81-1.52)
Definite or probable stent 60 13 1.19 0.572
thrombosis (2.1%) | (1.8%) | (0.65-2.16)
Primary effectiveness endpoint 193 54 0.93 0.653
(clinically driven TLR) (7.0%) (7.5%) (0.69-1.26)
Definite or probable stent 215 51 1.1 0.578
thrombosis or Ml (7.7%) (7.0%) | (0.80-1.48)
All-cause mortality 262 25 2.74 <0.001
(9.1%) (3.4%) | (1.82-4.13)

CI: confidence interval; MI: myocardial infarction; TLR: target lesion revascularisation



