CLINICAL RESEARCH

CORONARY INTERVENTIONS

Short- and long-term mortality following bleeding events in
patients undergoing percutaneous coronary intervention:
insights from four validated bleeding scales in the CHAMPION
trials

Muthiah Vaduganathan', MD, MPH; Robert A. Harrington?, MD; Gregg W. Stone®, MD;
Ph. Gabriel Steg*, MD; C. Michael Gibson®, MS, MD; Christian W. Hamm®, MD;
Matthew J. Price’, MD; Renato D. Lopes®, MD, MHS, PhD; Sergio Leonardi’, MD;
Efthymios N. Deliargyris'®, MD; Jayne Prats!!, PhD; Kenneth W. Mahaffey?, MD;

Harvey D. White!?, DSc; Deepak L. Bhatt'*, MD, MPH;

on behalf of the CHAMPION Investigators

1. Brigham and Women s Hospital Heart & Vascular Center and Harvard Medical School, Boston, MA, USA; 2. Stanford
University Medical School, Stanford, CA, USA; 3. Columbia University Medical Center and the Cardiovascular Research
Foundation, New York, NY, USA; 4. FACT (French Alliance for Cardiovascular Clinical Trials), DHU FIRE, INSERM Unité
1148, Université Paris-Diderot, and Hopital Bichat, Assistance-Publique—Hopitaux de Paris, Paris, France, and NHLI, Imperial
College, Royal Brompton Hospital, London, United Kingdom, 5. Beth Israel Deaconess Medical Center, Division of Cardiology,
Boston, MA, USA; 6. Kerckhoff Heart and Thorax Center;, Bad Nauheim, Germany,.7. Seripps Clinic and Scripps Translational
Science Institute, La Jolla, CA, USA; 8. Duke Clinical Research Institute and Duke University School of Medicine, Durham, NC,
USA; 9. Fondazione IRCCS Policlinico San Matteo, Pavia, Italy, 10. Science and Strategy Consulting Group, Basking Ridge, NJ,
USA; 11. Elysis, Carlisle, MA, USA; 12. Green Lane Cardiovascular Service, Auckland, New Zealand

This paper also includes supplementary data published online at: http.//www.pcronline.com/eurointervention/130th_issue/299

Abstract

Aims: The aim of this study was to determine the prognostic significance of periprocedural bleeding based

KEYWORDS

« adjunctive on various definitions on 30-day and one-year all-cause mortality in patients undergoing routine or urgent
pharmacotherapy

¢ bleeding

¢ death

percutaneous coronary intervention (PCI).

Methods and results: In this exploratory analysis of 25,107 patients enrolled in the three phase-3
CHAMPION trials, we assessed the prognostic impact of four bleeding scales (GUSTO, TIMI, ACUITY,
and BARC) at 48 hrs. Follow-up all-cause mortality data were available at 30 days in all three trials, and at
one year in CHAMPION PCI and CHAMPION PLATFORM. Bleeding rates within 48 hrs of PCI were var-
iably identified by each clinical definition (range: <0.5% to >3.5%). Severe/major bleeding, measured by
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all bleeding scales, and blood transfusion requirement were independently associated with increased mortal-
ity at 30 days and one year after PCI (p<0.001 for all associations). Mild/minor bleeding was not indepen-
dently predictive of one-year mortality (p>0.07 for all associations). Each bleeding definition demonstrated
only modest ability to discriminate 30-day and one-year mortality (adjusted C-statistics range: 0.49 to 0.67).

Conclusions: Commonly employed clinical definitions variably identify rates of bleeding after PCI.
Severe or major, but not mild or minor, bleeding is independently associated with increased 30-day and
one-year mortality. These data may aid in selection of appropriate bleeding metrics in future clinical trials.
CHAMPION PCI - ClinicalTrials.gov Identifier: NCT00305162; CHAMPION PLATFORM - ClinicalTrials.
gov Identifier: NCT00385138; CHAMPION PHOENIX - ClinicalTrials.gov Identifier: NCT01156571.
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Abbreviations

ACUITY Acute Catheterization and Urgent Intervention
Triage Strategy
BARC Bleeding Academic Research Consortium

CHAMPION Cangrelor versus Standard Therapy to Achieve
Optimal Management of Platelet Inhibition

FDA Food and Drug Administration

GUSTO Global Use of Strategies to Open Occluded
Coronary Arteries

NCDR National Cardiovascular Data Registry

NSTE-ACS non-ST-segment elevation acute coronary syndrome

PCI percutaneous coronary intervention

PS propensity score

STEMI ST-segment elevation myocardial infarction

TIMI Thrombolysis In Myocardial Infarction

Introduction

Bleeding complications related to percutaneous coronary interven-
tion (PCI) continue to present major obstacles to contemporary
interventional practice'. Periprocedural bleeding has emerged as an
important marker of hospital quality, a performance metric, a tar-
get for bleeding avoidance strategies, and a key safety endpoint in
clinical trials. Although consensus definitions have been proposed?,
contemporary clinical trials continue to employ several traditional
bleeding scales and the requirement for blood transfusions to define
safety. As such, an appraisal of the relative prognostic significance
of commonly employed clinical definitions of major periproce-
dural bleeding complications is required. We aimed to define the
prognosis of periprocedural bleeding complications within 48 hrs
using four different definitions and requirement for blood transfu-
sion on 30-day and one-year all-cause mortality in the three phase-3
CHAMPION (Cangrelor versus Standard Therapy to Achieve
Optimal Management of Platelet Inhibition) trials.

Methods

THE CHAMPION PROGRAM

The study designs® and primary results*® of each of the CHAMPION
trials have been published previously. In brief, the CHAMPION tri-
als*® were prospective, double-blind, double-dummy, randomised
clinical trials evaluating cangrelor, an intravenous, rapidly act-
ing, potent P2Y , antagonist, compared with clopidogrel. The tri-
als included patients undergoing elective or non-elective PCI
for stable angina, non-ST-segment elevation acute coronary syn-
drome (NSTE-ACS), or ST-segment elevation myocardial infarc-
tion (STEMI). Patients who had received abciximab within five to
seven days, or eptifibatide, tirofiban, or fibrinolytic therapy within
12 hours of randomisation were not eligible for enrolment. Receipt
of an oral P2Y , inhibitor within seven days of randomisation in
CHAMPION PLATFORM and CHAMPION PHOENIX was not
allowed, but clopidogrel at stable doses of <75 mg daily were per-
mitted in CHAMPION PCI°. All patients provided informed consent
for participation, and the institutional review boards or ethics com-
mittees at each participating site approved the trial protocol. Study

participants were randomised to receive cangrelor (as a 30 ug/kg
bolus followed by a 4 pg/kg/min infusion for >2 hours or for the
duration of PCI, whichever was longer) or clopidogrel (300 mg or
600 mg at the beginning or end of PCI). All patients were admin-
istered aspirin (75-325 mg) and clopidogrel 75 mg daily during the
first 48 hrs, after which dual antiplatelet therapy was determined
by the individual operator. Periprocedural anticoagulation, choice of
stent and access site, and sheath management protocol were simi-

larly left to the discretion of the site investigators.

PERIPROCEDURAL BLEEDING EVENTS

Non-coronary artery bypass graft surgery-related bleeding was
assessed by requirement for blood transfusion and by four scales
(GUSTO [Global Use of Strategies to Open Occluded Coronary
Arteries]’”, TIMI [Thrombolysis In Myocardial Infarction]?,
ACUITY [Acute Catheterization and Urgent Intervention
Triage Strategy]’, and BARC [Bleeding Academic Research
Consortium]?) at 48 hrs (Supplementary Table 1). Necessary
clinical parameters to derive the BARC scale algorithmically were
only available in the CHAMPION PHOENIX trial.

FDA BLEEDING EVENT REVIEW PROCESS

Bleeding events were reported by blinded investigators, but
were not specifically adjudicated by a clinical events commit-
tee. However, during the regulatory approval process of cangre-
lor, the sponsor and the US Food and Drug Administration (FDA)
reviewed bleeding events in a post hoc, unblinded manner in the
CHAMPION PHOENIX trial. This post hoc review process iden-
tified a quantitatively greater number of events'?. We take a closer
look at whether this adjudication captures qualitatively more

severe or meaningful bleeding events.

PRIMARY ENDPOINT

The primary endpoint for this analysis was all-cause mortality.
Follow-up data were available at 30 days in all three trials, and at one
year in two trials (CHAMPION PCI and CHAMPION PLATFORM).

STATISTICAL ANALYSIS

For descriptive purposes, baseline characteristics were compared
in patients who did and did not require a blood transfusion within
48 hrs of PCI in the safety populations of the three CHAMPION
trials of patients who underwent randomisation and received >1
dose of the assigned study drug. Subsequent modelling of prog-
nostic associations with mortality was performed in patients who
completed follow-up at 30 days or one year in the modified inten-
tion-to-treat populations of each trial (all patients who underwent
index PCI and received the study drug).

Given the variable availability of follow-up data, bleeding scales,
and post hoc review data across the three trials, we conducted two
separate analyses. First, we determined the prognostic implications
of periprocedural bleeding in CHAMPION PCI and CHAMPION
PLATFORM on 30-day and one-year mortality. Second, we evalu-
ated the prognostic significance of investigator-reported and post hoc



ascertained bleeding events on 30-day mortality in CHAMPION
PHOENIX. For each set of analyses, propensity scores (PS) were
calculated for each patient based on logistic regression analy-
sis accounting for the following covariate set known to influence
bleeding or mortality: treatment randomisation (cangrelor vs. clopi-
dogrel), age, sex, region of enrolment (US vs. non-US), indication
for PCI (stable angina, NSTE-ACS, STEMI), diabetes mellitus,
baseline anaemia (baseline haemoglobin <13 g/dL for men and
<12 g/dL for women or baseline haematocrit <39% for men and
<36% for women), or acquired thrombocytopaenia (baseline plate-
lets >100,000/uL. and post-baseline platelets <100,000/ulL or >50%
reduction from baseline). Crude and PS-adjusted logistic regression
models were used to calculate odds ratios (OR) and 95% confidence
intervals (CI) for the association between periprocedural bleeding,
based on various clinical definitions, and mortality during follow-
up. Patients who did not experience a bleed based on each indi-
vidual bleeding scale or who did not require a blood transfusion
served as the reference group. Crude and PS-adjusted C-statistics
were calculated to determine the relative discriminatory power of
each clinical definition of bleeding in predicting subsequent mortal-
ity. Sensitivity, specificity, accuracy, positive predictive value, and
negative predictive value with respect to subsequent 30-day and
one-year mortality were calculated for each of the bleeding scales.

Continuous variables are presented as meantstandard deviation
(SD)orasmedian (interquartilerange), and compared using Student’s
t-tests or Wilcoxon rank-sum tests, as appropriate. Categorical vari-
ables are presented as n (%) and compared using chi-squared test-
ing or Fisher’s exact tests, as appropriate; p<0.05 was considered
statistically significant. All statistical analyses were performed
using SAS software, version 9.3 (SAS Institute, Cary, NC, USA).

Results

Across the safety populations of the three CHAMPION tri-
als, we characterised the baseline profiles of 25,107 patients
(Supplementary Table 2). Patients who required blood transfu-
sions within 48 hrs (n=160, 0.6%) were older (69.2+10.9 years
vs. 63.0+11.2 years), female (59.4% vs. 27.6%), enrolled from
the USA (56.9% vs. 43.4%), were more likely to present with an
acute coronary syndrome, and had higher rates of comorbidities
(diabetes mellitus, heart failure, peripheral artery disease; all com-
parisons p<0.004). Although rates of glycoprotein IIb/IIla inhibi-
tor use were higher in patients who did compared with those who
did not require a blood transfusion (12.6% vs. 5.8%; p=0.002),
planned clopidogrel loading dose, utilisation of other periproce-
dural anticoagulants, and stent type did not differ by blood trans-
fusion requirement (p>0.10 for all comparisons).

POOLED PATIENT-LEVEL ANALYSIS OF CHAMPION
PLATFORM AND CHAMPION PCI

Within 48 hrs after PCI in the modified intention-to-treat popula-
tions, 35 patients (0.3%) experienced GUSTO-defined severe/life-
threatening bleeding, 45 (0.3%) experienced TIMI-defined major
bleeding, 501 (3.6%) experienced ACUITY-defined major bleeding,

Prognosis after periprocedural bleeding events

and 118 (0.8%) required blood transfusions. All-cause mortal-
ity occurred in 163 (1.2%) patients at 30 days and in 487 (3.5%)
patients at one year after PCI. Mortality in patients who had expe-
rienced severe or major periprocedural bleeding events based on
GUSTO, TIMI, and ACUITY scales were 25.7%, 20.0%, and 5.2%,
respectively, at 30 days, and 25.7%, 20.5%, 9.1%, respectively, at
one year (Table 1). Patients who required blood transfusions expe-
rienced a 30-day mortality rate of 11.9% and a one-year mortality
rate of 19.1%. After accounting for key covariates included in the
PS, severe or major periprocedural bleeding, measured by all bleed-
ing scales, and blood transfusion requirement were independently
associated with increased mortality at 30 days and one year after
PCI (p<0.001 for all bleeding definitions) (Table 1). Although TIMI
minor bleeding was independently associated with 30-day mortality
(adjusted OR 4.12; 95% CI: 1.58-10.73; p=0.004), this association
was no longer significant at one year. GUSTO mild and ACUITY
minor bleeding were not independently predictive of subsequent
mortality at either time point. From 30 days to one year, there were
no additional deaths observed in patients who experienced peripro-
cedural GUSTO-defined severe/life-threatening or TIMI-defined
major bleeding events. In contrast, rates of mortality from 30 days
to one year continued to rise in patients who experienced peripro-
cedural ACUITY-defined major bleeding (5.2% to 9.1%) and in
patients who required a blood transfusion (11.9% to 19.1%) (Table 1).

CHAMPION PHOENIX

Investigator-reported rates of periprocedural bleeding within 48 hrs
(Figure 1), overall 30-day mortality (n=115, 1.1%), and mortality
rates in patients experiencing severe or major bleeding compli-
cations were similar in the CHAMPION PHOENIX trial to the
other two CHAMPION trials (Figure 2, Supplementary Tahle 3).
Consistently, severe or major periprocedural bleeding, based on
the GUSTO, TIMI, and ACUITY scales, and blood transfusion
requirement were independently associated with 30-day mortality
(p=0.02 for all bleeding scales), while mild or minor bleeding by
each of these scales did not independently predict mortality. Of the
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Figure 1. Rates of investigator-reported periprocedural bleeding events
within 48 hrs in the CHAMPION PHOENIX trial. ACUITY: Acute
Catheterization and Urgent Intervention Triage Strategy;

BARC: Bleeding Academic Research Consortium; GUSTO: Global Use
of Strategies to Open Occluded Coronary Arteries; LT: life-threatening;
TIMI: Thrombolysis In Myocardial Infarction
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Table 1. Mortality following bleeding events based on various clinical definitions in CHAMPION PCl and CHAMPION PLATFORM.

Mortality after bleeding

PS-adjusted OR

event n/N (%) LDk Ssl) p (CLyZ4H)]
30-day mortality after bleeding events
GUSTO | Severe/life-threatening 9/35 (25.7) | 32.92(15.10,71.74)| <0.001| 31.92(13.07, 77.97)| <0.001
scale Moderate 10/96 (10.4) | 11.06 (5.61,21.81) | <0.001| 11.70 (5.66, 24.20) | <0.001
Severe/life-threatening or moderate 18/130 (13.8) 15.28 (9.00, 25.95) | <0.001| 15.49(8.57,27.99) | <0.001
Mild 29/2,307 (1.3) 1.21(0.81, 1.82) 0.36 1.36 (0.88, 2.12) 0.17
Any GUSTO-defined bleeding 43/2,416 (1.8) 1.72 (1.21, 2.45) 0.002| 1.86(1.27,2.72) 0.001
No GUSTO-defined bleeding 120/11,532 (1.0) Ref = Ref -
TIMI Major 9/45 (20.0) | 22.91 (10.84, 48.41)| <0.001 | 19.07 (8.24, 44.09) | <0.001
scale Minor 5/99 (5.1) 4.87 (1.95,12.16) | <0.001| 4.12(1.58,10.73) | 0.004
Major or minor 14/144 (9.7) 9.87 (5.56, 17.53) | <0.001| 8.45 (4.50, 15.89) | <0.001
No TIMI-defined bleeding 149/13,804 (1.1) Ref - Ref -
ACUITY | Major 26/501 (5.2) 5.21(3.37,8.03) | <0.001| 4.79(2.99, 7.66) | <0.001
el Minor 22/1,983 (1.1) 1.07 (0.68, 1.69) 078 | 1.20(0.73,1.97) | 0.48
Maijor or minor 43/2,416 (1.8) 1.72(1.21, 2.45) 0.002 1.86(1.27, 2.72) 0.001
No ACUITY-defined bleeding 120/11,532 (1.0) Ref = Ref -
Blood transfusion 14/118 (11.9) | 12.36 (6.91, 22.09) | <0.001 | 11.65 (6.28, 21.61) | <0.001
No blood transfusion 149/13,830 (1.1) Ref - Ref -

1-year mortality after bleeding events

GUSTO Severe/life-threatening 9/35 (25.7) 9.75 (4.54, 20.95) | <0.001 7.16 (3.01, 17.04) | <0.001
sElle Moderate 18/93 (19.4) | 6.76 (4.00,11.42) | <0.001| 5.29(3.03,9.22) | <0.001
Severe/life-threatening or moderate 26/127 (20.5) 7.25(4.66, 11.29) | <0.001 5.57 (3.44, 9.02) <0.001
Mild 75/2,291 (3.3) 0.95 (0.74, 1.23) 0.71 1.00(0.77, 1.30) 0.99
Any GUSTO-defined bleeding 96/2,397 (4.0) 1.18 (0.94, 1.48) 0.16 1.18 (0.93, 1.50) 0.17
No GUSTO-defined bleeding 391/11,408 (3.4) Ref - Ref -
TIMI Major 9/44 (20.5) 7.22 (3.45, 15.10) | <0.001 5.27 (2.33,11.89) | <0.001
selle Minor 8/98 (8.2) 2.50 (1.20, 5.17) 0.01 | 2.01(0.95,4.26) | 0.07
Major or minor 17/142 (12.0) 3.82 (2.28, 6.39) <0.001 3.02 (1.74, 5.25) <0.001
No TIMI-defined bleeding 470/13,663 (3.4) Ref - Ref =
ACUITY Major 45/496 (9.1) 2.81 (2.04, 3.88) <0.001 2.49 (1.78, 3.49) <0.001
el Minor 58/1,969 (2.9) 0.86 (0.65,1.13) | 0.27 | 0.89(0.66,1.19) | 0.43
Major or minor 96/2,397 (4.0) 1.18 (0.94, 1.48) 0.16 1.18 (0.93, 1.50) 0.17
No ACUITY-defined bleeding 391/11,408 (3.4) Ref - Ref -
Blood transfusion 22/115(19.1) 6.73 (4.19,10.81) | <0.001 5.39 (3.27, 8.90) <0.001
No blood transfusion 465/13,690 (3.4) Ref - Ref -

Figures are expressed as number/total number (rate) from patient-level pooled analysis of modified intention-to-treat populations from the CHAMPION
PCl and PLATFORM trials. ACUITY: Acute Catheterization and Urgent Intervention Triage Strategy; Cl: confidence interval; GUSTO: Global Use of
Strategies to Open Occluded Coronary Arteries; OR: odds ratio; PS: propensity score; TIMI: Thrombolysis In Myocardial Infarction

35 patients who experienced BARC type 3 bleeding events within
48 hrs, three (8.6%) died within 30 days. BARC type 3b bleeding
within 48 hrs of PCI was independently associated with 30-day
mortality (adjusted OR 16.82; 95% CI: 3.19-88.74; p=0.001).
BARC type 1 and type 2 bleeding was not independently assoc-
iated with mortality, and there were no deaths reported in patients
who experienced BARC type 3a and type 3c bleeding.

POST HOC BLEEDING EVENTS REVIEW
The sponsor and the US FDA undertook an independent review of
bleeding events in the CHAMPION PHOENIX trial in a post hoc,

unblinded manner (Supplementary Table 3). This process identified
quantitatively greater bleeding events; however, these were predom-
inantly mild/minor in severity (GUSTO mild bleeding: 235 inves-
tigator-reported events vs. 1,390 post hoc review events; and TIMI
minor bleeding: 12 investigator-reported events vs. 43 post hoc
review events). Mortality at 30 days following post hoc GUSTO mild
bleeding and TIMI minor bleeding was 1.4% and 2.3%, respectively,
and these post hoc events were not independently associated with
30-day mortality (p=0.15 for GUSTO mild bleeding, and p=0.38
for TIMI minor bleeding). There were numerically more GUSTO
severe/life-threatening and TIMI major bleeds that were identified in
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Figure 2. Take-home Figure. Rates of mortality in patients who
experienced bleeding events within 48 hrs of percutaneous coronary
intervention. Thirty-day mortality in the CHAMPION PHOENIX
trial is displayed in the top panel, and one-year mortality in the
CHAMPION PCI and CHAMPION PLATFORM trials is displayed
in the bottom panel. ACUITY: Acute Catheterization and Urgent
Intervention Triage Strategy, BARC: Bleeding Academic Research
Consortium; GUSTO: Global Use of Strategies to Open Occluded
Coronary Arteries; LT: life-threatening; TIMI: Thrombolysis In
Myocardial Infarction

post hoc review, but overall rates of bleeding events in these catego-
ries remained low. There was no quantitative or qualitative difference
in bleeding events based on the ACUITY scale and blood transfu-
sion requirement after post hoc review (Supplementary Table 3).

DISCRIMINATORY POWER AND PREDICTIVE ACCURACY

Each of the clinical definitions of bleeding demonstrated only mod-
est discriminatory power in predicting subsequent short- and long-
term mortality (Table 2). PS-adjusted C-statistics ranged from 0.54
to 0.67 for 30-day mortality and 0.53 to 0.63 for one-year mortal-
ity in the CHAMPION PCI and CHAMPION PLATFORM trials,
and 0.49 to 0.67 for 30-day mortality in CHAMPION PHOENIX
(Table 2). Sensitivity (patients who died after a bleeding event/
total deaths) was low across bleeding scales, but best for ACUITY
major (0.18) with respect to 30-day mortality in CHAMPION PCI
and CHAMPION PLATFORM. Specificity (patients who sur-
vived without a bleeding event/all survivors) and negative pre-
dictive value (patients who survived without a bleeding event/all
patients who did not experience a bleeding event) were high for
all bleeding definitions at both time points, ranging from 0.96 to
1.00. Accuracy (patients who survived without a bleeding event
and patients who died after a bleeding event/all patients) was high
across bleeding definitions at both time points, ranging from 0.93
to 0.99 (Supplementary Table 4).

Prognosis after periprocedural bleeding events

Table 2. Discriminatory power of clinical definitions of
periprocedural bleeding events on subsequent mortality.
PS-

adjusted
C-statistic

Crude
C-statistic

30-day mortality after bleeding events in CHAMPION PCI and
CHAMPION PLATFORM

GUSTO severe/

life-threatening 0.534 | <0.001 0.541 <0.001

GUSTO severe/
life-threatening or 0.560 <0.001 0.584 <0.001
moderate

TIMI major 0.5627 <0.001 0.550 <0.001
TIMI major or minor | 0.538 <0.001 0.595 <0.001
ACUITY major 0.569 <0.001 0.668 <0.001

Blood transfusion 0.539 <0.001 0.607 <0.001

1-year mortality after bleeding events in CHAMPION PCI and
CHAMPION PLATFORM

GUSTO severe/
life-threatening

0.510 <0.001 0.530 <0.001

GUSTO severe/
life-threatening or 0.527 <0.001 0.625 <0.001
moderate

TIMI major 0.508 <0.001 0.533 <0.001
TIMI major or minor | 0.513 <0.001 0.595 <0.001
ACUITY major 0.532 <0.001 0.600 <0.001

Blood transfusion 0.519 <0.001 0.632 <0.001
30-day mortality after bleeding events in CHAMPION PHOENIX

GUSTO severe/

’ ; 0.514 <0.001 0.555 <0.001
life-threatening

GUSTO severe/
life-threatening or 0.521 <0.001 0.582 <0.001
moderate

TIMI major 0.504 0.03 0.492 0.02
TIMI major or minor | 0.503 0.14 0.569 0.14
ACUITY major 0.531 0.002 0.666 0.01
BARC type 3a 0.501 0.99 0.527 0.98
BARC type 3b 0.515 <0.001 0.536 <0.001
BARC type 3c 0.500 0.99 0.641 0.99

Blood transfusion 0.516 <0.001 0.565 <0.001

Crude and propensity score (PS)-adjusted C statistics were calculated to
determine the relative discriminatory power of each clinical definition of
bleeding in predicting subsequent mortality. ACUITY: Acute
Catheterization and Urgent Intervention Triage Strategy; BARC: Bleeding
Academic Research Consortium; GUSTO: Global Use of Strategies to
Open Occluded Coronary Arteries; TIMI: Thrombolysis In Myocardial
Infarction

Discussion

In this exploratory analysis of ~25,000 patients undergoing PCI
in the three phase-3 CHAMPION trials, we highlight a number
of key findings: 1) severe/major periprocedural bleeding events,
defined by several different bleeding scales, and need for blood
transfusion are independently associated with mortality up to
one year after PCI; 2) mild/minor bleeding events based on all
bleeding definitions are not independently associated with excess
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late mortality; 3) post hoc and unblinded adjudication does not
appear to change blood transfusion requirement or the number or
type of bleeding events defined by the ACUITY scale; and 4) all
bleeding scales demonstrated modest ability to discriminate mor-
tality after PCI. Our primary findings were first demonstrated
in a pooled, patient-level analysis of the CHAMPION PCI
and CHAMPION PLATFORM trials, and then independently
validated in the larger, robust, and more recent CHAMPION
PHOENIX experience.

VARIABLE RATES AND PROGNOSIS BY CLINICAL BLEEDING
DEFINITION

Our pooled data from the CHAMPION trials are consistent with
both trial-based and registry-based analyses exploring this clini-
cal question; however, these data provide several novel insights.
GUSTO severe/life-threatening and TIMI major bleeding events
are associated with an upfront mortality risk at 30 days that
exceeds 20%. Indeed, although GUSTO severe/life-threatening
bleeding events are rare, these complications are associated with
the highest odds of subsequent mortality. However, no further
deaths were identified in patients who experienced severe or
major bleeding based on GUSTO or TIMI scales from 30 days to
one year. This preferential prediction of early mortality is con-
sistent with prior experiences'"'? and may be related to inclusion
of life-threatening complications, including intracranial haemor-
rhage and bleeds of haemodynamic significance, in clinical defi-
nitions of bleeding events. In contrast, ACUITY-defined major
bleeding captures a greater number of bleeding events. Early
mortality risk associated with ACUITY major bleeding events
was more modest (~5-10% at 30 days), but continued to accrue
up to one year, a finding consistent with data from the ACUITY
trial”®. Blood transfusions may have more relevance in real-world
practice given that they are readily identifiable, require limited
adjudication, benefit from clinician familiarity, and appear to
be independently associated with short- and long-term post-PCI
mortality. The ACUITY bleeding scale and requirement for blood
transfusion may identify patients with greater medical comor-
bidities, thus potentially contributing to the gradually accruing
mortality risk over time. Our data also serve to validate the con-
sensus BARC hierarchical grading scheme in patients undergo-
ing PCI for a broad spectrum of indications, even beyond acute
coronary syndrome'*'%, We also demonstrate in this contempo-
rary experience that mild or minor bleeding events do not carry
independent prognostic value.

All contemporary bleeding definitions display only modest abil-
ity to discriminate subsequent mortality. These bleeding definitions
were not developed with the intention to predict mortality, and the
overall mortality rates in the CHAMPION experience were low.
Furthermore, our models were not able to account for other poten-
tial hazards of periprocedural bleeding, including discontinuation
or modification of chronic antiplatelet therapies. As such, these
validated bleeding scales should continue to be used in contem-
porary clinical trials, and variation in their relative frequency and

associated clinical impact may have important implications in trial

design, endpoint selection, and sample size estimation.

IMPACT OF POST HOC REVIEW ON BLEEDING SEVERITY

The US FDA’s request to re-review bleeding data in the CHAMPION
PHOENIX trial allows a unique look at the role of this process on
the number and severity of identified bleeds, albeit in a post hoc and
unblinded manner. Post hoc review captures quantitatively a greater
number of events defined by the GUSTO and TIMI scales, but these
identified events appear mild or minor in severity with low overall
prognostic impact on mortality. Greater event identification via post
hoc review may have been facilitated by more rigorous applica-
tion of predefined clinical definitions of bleeding by reviewers and
consideration of specific laboratory data and other adjunctive infor-
mation not necessarily included on case report forms. There was
no appreciable impact of the review process on the quantitative or
qualitative capture of bleeding events defined by the ACUITY scale
or by requirement for blood transfusion. Although routine adjudica-
tion in contemporary cardiovascular trials for all relevant endpoints
remains controversial and may add to the cost and complexity of
the trial'™!8, our experience supports its application when feasible to
quantify overall bleeding risk adequately.

Study limitations

There are certain limitations to our work. Despite multivariate
accounting for potential covariates, measured or unmeasured factors
related to periprocedural bleeding events may continue to confound
the estimation of subsequent mortality. We did not incorporate
time-updated clinical parameters, including changes in antithrom-
botic therapy in our baseline analytical models. Our models did not
account for access site since this information was not routinely col-
lected in the CHAMPION PCI and CHAMPION PLATFORM tri-
als. Metrics of bleeding were not prospectively adjudicated in the
CHAMPION trials, and follow-up in CHAMPION PHOENIX was
limited to 30 days. Although data regarding the severity and grad-
ing of bleeding complications were collected, locations of bleeding
and their relation to the access site were not tabulated. The BARC
bleeding scale was developed and validated after the completion of
CHAMPION PCI and CHAMPION PLATFORM and, as such, was
only available in CHAMPION PHOENIX. Spontaneous bleeding
events after 48 hrs were not captured. Severe or major criteria for
certain bleeding definitions include fatal or near-fatal events, and
thus may confound our analytic approach. Our findings may not
be generalisable beyond the scope of the CHAMPION programme
inclusion criteria, and newer potent P2Y , inhibitors, such as pra-
sugrel and ticagrelor, were not used in the three trials. Patients at
increased risk of severe bleeding (e.g., recent intracranial haemor-
rhage) were not eligible for participation.

Conclusions

In this exploratory analysis of ~25,000 patients enrolled in
a global contemporary PCI programme, severe or major periproce-
dural bleeding within 48 hrs of PCI was independently associated



with subsequent mortality, especially soon after the index bleed-
ing event. Bleeding scales variably identify rates of severe com-
plications after PCI. Bleeding, as defined by the GUSTO and
TIMI scales, predicts upfront mortality risk within 30 days. The
GUSTO scale is highly specific and captures bleeding events with
the greatest prognostic impact. The ACUITY bleeding scale and
blood transfusion requirement continue to predict mortality risk
up to one year post PCI and may not require specific adjudica-
tion. Our data provide further validation of the BARC scale as
it independently predicts 30-day mortality after PCI. On a trial
level, in weighing the optimal bleeding scale for an individual
study, trialists will need to carefully account for the relative oper-
ating characteristics, discriminatory power, and prognostic impli-
cations of bleeding scales in power estimates and trial designs. On
a patient level, tailored, individualised decision making regarding
antithrombotic selection, intensity, and duration should be influ-
enced not only by the risks of bleeding events, but also by their
relative clinical implications on subsequent mortality.

Impact on daily practice

In this exploratory analysis of patient-level data from the three
phase-3 CHAMPION trials, four commonly employed clini-
cal definitions variably identify rates of bleeding after PCI,
but appropriately risk stratify patients with respect to subse-
quent 30-day and one-year mortality. Bleeding, as defined by
the GUSTO and TIMI scales, predicts upfront mortality risk
within 30 days. The GUSTO scale is highly specific and cap-
tures bleeding events with the greatest prognostic impact. The
ACUITY scale and blood transfusion requirement continue
to predict mortality risk up to one year post PCI and may not
require specific adjudication. These data from a global con-
temporary PCI programme may aid in selection of appropriate

bleeding metrics in future clinical trials.
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Supplementary data
Supplementary Table 1. Definitions of severe or major periprocedural bleeding.

Bleeding scale Ref Definition
GUSTO 7
Severe/life-threatening Intracerebral haemorrhage
Resulting in substantial haemodynamic compromise requiring treatment
TIMI 8
Major Any intracranial bleeding (excluding microhaemorrhages <10 mm evident only on gradient-echo MRI)
Clinically overt signs of haemorrhage associated with a drop in Hgb >5 g/dL
Fatal bleeding (bleeding that directly results in death within 7 days)
ACUITY 9
Major Intracranial or intraocular haemorrhage
Access-site haemorrhage requiring intervention
>5 cm haematoma
Retroperitoneal
Reduction in Hgb >4 g/dL without an overt source of bleeding
Reduction in Hgb >3 g/dL with an overt source of bleeding
Reoperation for bleeding
Use of any blood product transfusion
BARC 2
Type 3a Overt bleeding plus haemoglobin drop of 3 to <5 g/dL
Any transfusion with overt bleeding
Type 3b Overt bleeding plus haemoglobin drop >5 g/dL

Cardiac tamponade
Bleeding requiring surgical intervention for control (excluding dental/nasal/skin/haemorrhoid)
Bleeding requiring intravenous vasoactive agents

Type 3c Intracranial haemorrhage (does not include microbleeds or haemorrhagic transformation, does include intraspinal)
Subcategories confirmed by autopsy or imaging or lumbar puncture
Intraocular bleed compromising vision

ACUITY: Acute Catheterization and Urgent Intervention Triage Strategy; BARC: Bleeding Academic Research Consortium; GUSTO: Global Use of Strategies to Open Occluded Coronary Arteries;
TIMI: Thrombolysis In Myocardial Infarction



Supplementary Table 2. Baseline characteristics of patients who did and did not require blood transfusions within 48 hrs
across the three CHAMPION trials.

No blood transfusion

Baseline characteristics Blood transfusion (N=160) (N=24,947) p

Age, yrs <0.001
Mean+SD 69.2+10.9 63.0+11.2 <0.001
Median (Q1, Q3) 71.0 (63, 77) 63.0 (55, 71)

Range (min, max) 35, 92 23, 95

Female (%) 95/160 (59.4) 6,889/24,947 (27.6) <0.001

White (%)* 125/160 (78.1) 21,526/24,947 (86.4) 0.002

Region (%) <0.001
us 91/160 (56.9) 10,823/24,947 (43.4)

Non-US 69/160 (43.1) 14,124/24,947 (56.6)

Weight, kg <0.001
MeanzSD (N) 75.9+19.5 84.8+18.5 <0.001
Median (Q1, Q3) 74.0 (62, 86) 83.0 (72, 95)

Range (min, max) 41, 155 29, 223

Diagnosis at presentation (%) <0.001
Stable angina 28/160 (17.5) 7,951/24,947 (31.9)

NSTE-ACS 106/160 (66.3) 14,314/24,947 (57.4)
STEMI 26/160 (16.3) 2,682 /24,947 (10.8)

Baseline cardiac biomarker status (%)t 0.02
Normal 64/157 (40.8) 12,261/24,569 (49.9)

Abnormal 93/157 (59.2) 12,308/24,569 (50.1)

Medical history (%)

Diabetes mellitus 66/160 (41.3) 7,355/24,921 (29.5) 0.001
Current smoker 33/156 (21.2) 7,187/24,567 (29.3) 0.03
Hypertension 123/160 (76.9) 18,841/24,853 (75.8) 0.75
Hyperlipidaemia 96/154 (62.3) 14,821/22,915 (64.7) 0.54
Stroke or TIA 10/160 (6.3) 1,276/24,851 (5.1) 0.52
Myocardial infarction 23/158 (14.6) 5,717/24,727 (23.1) 0.01



PCI
CABG
Congestive heart failure
Peripheral artery disease
Planned clopidogrel loading dose (%)%
Clopidogrel, 300 mg
Clopidogrel, 600 mg
Periprocedural medications (%)
Bivalirudin
UFH
LMWH
Fondaparinux
Glycoprotein lIb/111a inhibitor
Aspirin
Number of vessels treated, index PCI (%)

w N = O

4
Time from hospital admission to PCI, hrs
Mean+SD
Range (min, max)
Duration of PCI, min
Mean+SD

Stent type (%)
Drug-eluting stent
Bare metal stent
Both
Balloon angioplasty

33/160 (20.6)
20/160 (12.5)
24/157 (15.3)
26/158 (16.5)

12/160 (7.5)
148/160 (92.5)

38/160 (23.8)
126/160 (78.8)
44/160 (27.5)
1/159 (0.6)
15/119 (12.6)
150/159 (94.3)

0/159 (0.0)
130/159 (81.8)
25/159 (15.7))

4/159 (2.5)

0/159 (0.0)

17.7%29.3
-5,171

35.1+32.8

87/160 (54.4)
54/160 (33.8)
5/160 (3.1)
14/160 (8.8)

5,854/24,878 (23.5)
2,571/24,923 (10.3)
2,184/24,826 (8.8)
1,707/24,559 (7.0)

2,841/24,947 (11.4)
22,106/24,947 (88.6)

6,301/24,932 (25.3)
18,428/24,928 (73.9)
5,764/24,918 (23.1)
539/24,920 (2.2)
809/13,906 (5.8)
23,324/24,900 (93.7)

115/24,751 (0.5)
21,028/24,751 (85.0)
3,280/24,751 (13.3
310/24,751 (1.3)
18/24,751 (0.1)

18.7+£35.9
-654, 767

24.8+20.2

12,484/24,947 (50.0)
10,194/24,947 (40.9)
678/24,947 (2.7)
1,591/24,947 (6.4)

0.39
0.37
0.004
<0.001
0.12

0.66
0.17
0.19
0.18
0.002
0.73
0.44

0.75

<0.001
0.25

Values are n (%) or n/N (%).



Baseline characteristics describe patients included in the safety populations of the three CHAMPION trials. Denominators exclude patients in whom the status was reported as unknown by the study

centre.

*Race was self-reported.
tCardiac biomarker status was considered to be abnormal if at least one of the baseline troponin | or T levels, obtained within 72 hrs before randomisation or after randomisation but before initiation of

the study drug, was greater than the upper limit of the normal range, as determined by the local laboratory. If the baseline troponin level was not available, the baseline myocardial band fraction of
creatine kinase was used.

1Percentage of patients receiving each clopidogrel loading dose is based on the planned or intended use declared at the time of stratification.

CABG: coronary artery bypass graft (surgery); CAD: coronary artery disease; LMWH: low molecular weight heparin; NSTE-ACS: non-ST-segment elevation acute coronary syndrome; PCI:
percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; TIA: transient ischaemic attack; UFH: unfractionated heparin; US: United States



Supplementary Table 3. Mortality following investigator-reported and post hoc ascertained bleeding events based on various
clinical definitions in CHAMPION PHOENIX.

30-day mortality

Bleeding scale Event ascertainment after bleeding C(:ggéj: ((;) I? p PS'?&{% t(e:(?)OR p
event n/N (%)
GUSTO scale
Severe/life-threatening Investigator 3/15 (20.0) 25.57 (7.11, 91.95) <0.001  18.39(3.84,88.01) <0.001
Post hoc 5/17 (29.4) 43.46 (15.00, 125.91)  <0.001  32.46 (8.75,120.41) <0.001
Moderate Investigator 2/35 (5.7) 6.20 (1.47, 26.17) 0.005 5.47 (1.13, 26.55) 0.03
Post hoc 1/35 (2.9) 3.07 (0.42, 22.65) 0.25 2.63(0.31, 22.18) 0.37
Severe/life-threatening or moderate Investigator 5/50 (10.0) 11.36 (4.42, 29.21) <0.001 9.89 (3.13, 31.20) <0.001
Post hoc 6/52 (11.5) 13.60 (5.67, 32.66) <0.001  10.41(3.29,32.94) <0.001
Mild Investigator 7/235 (3.0) 3.14 (1.44, 6.83) 0.002 2.21(0.86, 5.70) 0.1
Post hoc 19/1,390 (1.4) 1.45 (0.88, 2.38) 0.14 1.50 (0.86, 2.62) 0.15
Any GUSTO-defined bleeding Investigator 12/282 (4.3) 4.55 (2.47, 8.37) <0.001 3.37 (1.61, 7.05) <0.001
Post hoc 25/1,442 (1.7) 1.84 (1.18, 2.88) 0.01 1.78 (1.06, 2.97) 0.03
No GUSTO-defined bleeding Investigator 103/10,637 (1.0) Ref -- Ref --
Post hoc 90/9,477 (0.9) Ref -- Ref --
TIMI scale
Major Investigator 1/10 (10.0) 10.51 (1.32, 83.64) 0.01 14.24 (1.52, 133.4) 0.02
Post hoc 4/18 (22.2) 27.92 (9.05, 86.16) <0.001 31.14(7.95,122.03) <0.001
Minor Investigator 0/12 (0.0) -- -- -- --
Post hoc 1/43 (2.3) 2.33(0.32, 17.05) 0.39 2.44 (0.33, 18.13) 0.38
Major or minor Investigator 1/22 (4.5) 4.50 (0.60, 33.77) 0.11 4.70 (0.59, 37.33) 0.14
Post hoc 5/61 (8.2) 8.72 (3.43, 22.20) <0.001 7.75 (2.63, 22.78) <0.001
No TIMI-defined bleeding Investigator 114/10,897 (1.0) Ref -- Ref --
Post hoc 110/10,858 (1.0) Ref -- Ref --
ACUITY scale
Major Investigator 10/367 (2.7) 2.89 (1.49, 5.60) <0.001 2.55(1.22,5.32) 0.01
Post hoc 11/387 (2.8) 3.05(1.62, 5.76) <0.001 2.45(1.18,5.10) 0.02



Minor Investigator 15/1,117 (1.3) 1.40 (0.81, 2.43) 0.22 1.53 (0.82, 2.84) 0.18
Post hoc 14/1,055 (1.3) 1.40 (0.80, 2.47) 0.24 1.52 (0.80, 2.89) 0.2
Major or minor Investigator 24/1,440 (1.7) 1.75 (1.11, 2.75) 0.01 1.78 (1.06, 2.97) 0.03
Post hoc 25/1,442 (1.7) 1.84 (1.18, 2.88) 0.01 1.78 (1.06, 2.97) 0.03
No ACUITY-defined bleeding Investigator 91/9,479 (1.0) Ref -- Ref --
Post hoc 90/9,477 (0.9) Ref -- Ref --
BARC scale
Type 1 14/1,183 (1.2) 1.24 (0.70, 2.18) 0.46 1.49 (0.82, 2.70) 0.2
Type 2 71240 (2.9) 3.10 (1.42, 6.76) 0.003 2.36 (0.91, 6.12) 0.08
Type 3a 0/15 (0.0) -- -- -- --
Type 3b 3/17 (17.6) 22.11 (6.25, 78.24) <0.001  16.82(3.19, 88.74) 0.001
Type 3c 0/3 (0.0) -- - - -
No BARC-defined bleeding 91/9,479 (1.0) Ref -- Ref --
Blood transfusion Investigator 4/41 (9.8) 10.49 (3.68, 29.92) <0.001  11.39(3.52,36.83) <0.001
Post hoc 4/42 (9.5) 10.21 (3.58, 29.09) <0.001  10.72(3.29,34.97)  <0.001
No blood transfusion Investigator 111/10,878 (1.0) Ref -- Ref --
Post hoc 111/10,877 (1.0) Ref -- Ref --

Figures are expressed as number/total number (rate) from the CHAMPION PHOENIX trial. Mortality was assessed in the modified intention-to-treat population, which included all patients who
underwent index PCI and received the study drug. A patient who did not complete the scheduled follow-up and experienced no event was not counted in the denominator.

Crude and propensity score (PS)-adjusted logistic regression models were used to calculate odds ratios (OR) and 95% confidence intervals (Cl) for the association between periprocedural bleeding,
based on various clinical definitions, and mortality during follow-up. Patients who did not experience a bleed based on each individual bleeding scale or who did not require a blood transfusion served as

the reference group.

ACUITY: Acute Catheterization and Urgent Intervention Triage Strategy; BARC: Bleeding Academic Research Consortium; GUSTO: Global Use of Strategies to Open Occluded Coronary Arteries;

TIMI: Thrombolysis In Myocardial Infarction



Supplementary Table 4. Test characteristics of clinical definitions of periprocedural bleeding events in predicting subsequent

mortality.
custo | SYSTO 1 pyvy | TIME HcuiTy | BARC | BARC | BARC Blood
severe/LT severe/L.T major rajor or major | Type3a | Type3b | Type 3c | transfusion
or moderate minor

30-day mortality after bleeding events in CHAMPION PCI and CHAMPION PLATFORM
Sensitivity 0.07 0.13 0.06 0.09 0.18 - -- -- 0.09
Specificity 1.00 0.99 1.00 0.99 0.96 - -- -- 0.99
Accuracy 0.99 0.98 0.99 0.98 0.95 - -- -- 0.98
Positive predictive value 0.26 0.14 0.20 0.10 0.05 -- -- -- 0.12
Negative predictive value 0.99 0.99 0.99 0.99 0.99 -- -- -- 0.99
1-year mortality after bleeding events in CHAMPION PCI and CHAMPION PLATFORM
Sensitivity 0.02 0.06 0.02 0.03 0.10 - - - 0.05
Specificity 1.00 0.99 1.00 0.99 0.96 -- -- -- 0.99
Accuracy 0.96 0.96 0.96 0.96 0.93 -- -- -- 0.96
Positive predictive value 0.26 0.20 0.20 0.12 0.09 -- -- -- 0.19
Negative predictive value 0.97 0.97 0.97 0.97 0.97 - - -- 0.97
30-day mortality after bleeding events in CHAMPION PHOENIX
Sensitivity 0.03 0.05 0.01 0.01 0.10 0.00 0.03 0.00 0.03
Specificity 1.00 1.00 1.00 1.00 0.96 1.00 1.00 1.00 1.00
Accuracy 0.99 0.99 0.99 0.99 0.95 0.99 0.99 0.99 0.99
Positive predictive value 0.20 0.10 0.10 0.05 0.03 0.00 0.18 0.00 0.10
Negative predictive value 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

ACUITY: Acute Catheterization and Urgent Intervention Triage Strategy; BARC: Bleeding Academic Research Consortium; GUSTO: Global Use of Strategies to Open Occluded Coronary Arteries;
TIMI: Thrombolysis In Myocardial Infarction




