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A bs tr ac t

Background

Cangrelor, a nonthienopyridine adenosine triphosphate analogue, is an intravenous 
blocker of the adenosine diphosphate receptor P2Y12. This agent might have a role 
in the treatment of patients who require rapid, predictable, and profound but re-
versible platelet inhibition.
Methods

We performed a large-scale international trial comparing cangrelor with 600 mg of 
oral clopidogrel administered before percutaneous coronary intervention (PCI) in 
patients with acute coronary syndromes. The primary efficacy end point was a 
composite of death from any cause, myocardial infarction, or ischemia-driven revas-
cularization at 48 hours.
Results

We enrolled 8877 patients, and 8716 underwent PCI. At 48 hours, cangrelor was not 
superior to clopidogrel with respect to the primary composite end point, which oc-
curred in 7.5% of patients in the cangrelor group and 7.1% of patients in the clopi-
dogrel group (odds ratio, 1.05; 95% confidence interval [CI], 0.88 to 1.24; P = 0.59). 
Likewise, cangrelor was not superior at 30 days. The rate of major bleeding (accord-
ing to Acute Catheterization and Urgent Intervention Triage Strategy criteria) was 
higher with cangrelor, a difference that approached statistical significance (3.6% 
vs. 2.9%; odds ratio, 1.26; 95% CI, 0.99 to 1.60; P = 0.06), but this was not the case 
with major bleeding (according to the Thrombolysis in Myocardial Infarction 
criteria) or severe or life-threatening bleeding (according to Global Utilization of 
Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries 
criteria). A secondary exploratory end point of death from any cause, Q-wave 
myocardial infarction, or ischemia-driven revascularization showed a trend to-
ward a reduction with cangrelor, but it was not significant (0.6% vs. 0.9%; odds 
ratio, 0.67; 95% CI, 0.39 to 1.14; P = 0.14).
Conclusions

Cangrelor, when administered intravenously 30 minutes before PCI and continued 
for 2 hours after PCI, was not superior to an oral loading dose of 600 mg of clo pid-
ogrel, administered 30 minutes before PCI, in reducing the composite end point of 
death from any cause, myocardial infarction, or ischemia-driven revascularization 
at 48 hours. (ClinicalTrials.gov number, NCT00305162.)
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Percutaneous coronary intervention 
(PCI) may be complicated by adverse car-
diac events including death, myocardial 

infarction, a need for urgent revascularization, 
and acute, subacute, or late stent thrombosis, re-
gardless of whether bare-metal or drug-eluting 
stents are used.1-3 As a result, antithrombotic 
therapy is an important adjunct to PCI.4 Clinical 
practice guidelines recommend treatment with 
antiplatelet agents, including clopidogrel, during 
and after PCI, although the optimal timing, load-
ing dose, and duration of therapy have not been 
definitively established by randomized clinical 
trials.5,6 Current guidelines recommend an oral 
loading dose of 300 to 600 mg of clopidogrel 
(preferably before PCI) followed by 75 mg daily.

The pharmacokinetic and pharmacodynamic 
effects of clopidogrel are highly variable7,8 and 
may be influenced by genetic polymorphisms,9 

which translate into differential pharmacody-
namic and therapeutic responses, leading to the 
notion of clopidogrel “nonresponders.”10 Two new-
er oral adenosine diphosphate (ADP) blockers, 
prasugrel and ticagrelor, have been associated 
with less interpatient variability and a more po-
tent platelet-aggregation response.11,12 Ticagrelor 
was superior to clopidogrel in patients with acute 
coronary syndromes, and prasugrel was superior 
to clopidogrel in patients with acute coronary 
syndromes who were undergoing PCI.13,14

Cangrelor, a nonthienopyridine adenosine 
triphosphate analogue, is in a class of intrave-
nous blockers of the ADP receptor P2Y12 that 
might have a role in the treatment of patients 
who require rapid, predictable, and profound but 
reversible platelet inhibition.15 A direct-acting, 
selective, and specific P2Y12 inhibitor, cangrelor 
is metabolized through dephosphorylation path-
ways and has a plasma half-life of 3 to 6 min-
utes. Platelet function normalizes within 30 to 
60 minutes after discontinuation.15 Cangrelor 
has an additional antiplatelet effect when added 
in vitro to the platelets of patients receiving 
long-term treatment with clopidogrel.16,17 A phase 
2 trial involving patients undergoing PCI showed 
dose-dependent platelet inhibition similar to that 
of abciximab, less prolongation of bleeding time, 
and a more rapid return to platelet function.18

We performed two large, phase 3, randomized 
clinical trials comparing cangrelor with clopi-
dogrel, administered before PCI (Cangrelor versus 
Standard Therapy to Achieve Optimal Management 
of Platelet Inhibition [CHAMPION] PCI) or after 

PCI (CHAMPION PLATFORM; ClinicalTrials.gov 
number, NCT00385138). This article describes 
the outcomes of the CHAMPION PCI trial. The 
outcomes of the CHAMPION PLATFORM trial are 
reported elsewhere in this issue of the Journal.19

Me thods

Study Design

CHAMPION PCI was a randomized, double-blind, 
double-dummy, active-control trial comparing can-
grelor with 600 mg of clopidogrel in patients un-
dergoing PCI. The study was sponsored by the 
Medicines Company. The trial was designed by an 
executive committee, which included the sponsor, 
in consultation with a steering committee. The 
Duke Clinical Research Institute performed prima-
ry and secondary analyses in collaboration with the 
sponsor. The sponsor had the right to review but 
not approve the final manuscript. One of the prin-
cipal investigators drafted the manuscript, and 
both principal investigators accept full responsibil-
ity for the analyses and interpretation of the data.

Patients

Patients were eligible for enrollment in the study 
if they had stable angina, unstable angina, or 
non–ST-segment–elevation myocardial infarction 
with obstructive coronary artery disease and were 
scheduled to undergo PCI. An additional 1000 
patients with ST-segment–elevation myocardial 
infarction for whom primary PCI was planned 
were also eligible. A protocol amendment issued 
in May 2007 required definite features of an acute 
coronary syndrome (ST-segment–elevation myo-
cardial infarction in patients undergoing planned 
primary PCI, a non–ST-segment–elevation acute 
coronary syndrome with positive cardiac bio-
markers, or chest pain with dynamic electrocar-
diographic changes in patients 65 years of age or 
older or with diabetes).

Patients could not have received fibrinolytic 
agents or glycoprotein IIb/IIIa inhibitors within 
the previous 12 hours or clopidogrel at a dose of 
more than 75 mg per day in the previous 5 days. 
All patients provided written informed consent.

Treatments

Patients were randomly assigned to either can-
grelor or clopidogrel in a 1:1 double-blind, dou-
ble-dummy design with the use of an interactive 
voice-response system. All patients received can-
grelor (in an intravenous bolus of 30 µg per kilo-
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gram of body weight and an intravenous infusion 
of 4 µg per kilogram per minute) or a placebo 
bolus and infusion (Fig. 1). The infusion began 
within 30 minutes before PCI and continued for 
at least 2 hours or until the conclusion of the in-
dex procedure, whichever was longer. At the 
treating physician’s discretion, the infusion could 
be continued for 4 hours. Patients received 600 
mg of clopidogrel (in four 150-mg capsules) or 
placebo at the time of infusion. To allow the tran-
sition from intravenous cangrelor to oral clopi-
dogrel, patients received another four capsules 
(either clopidogrel in patients receiving cangrelor 
or placebo in patients receiving clopidogrel) at 

the discontinuation of the study-drug infusion. 
The duration of daily clopidogrel after the proce-
dure was left to the discretion of the treating 
physician, although additional clopid ogrel beyond 
the prescribed study medication was not allowed 
until the day after the index procedure.

All patients received 75 to 325 mg of aspirin 
according to local-site standards. Decisions about 
the use of adjunctive anticoagulants (unfraction-
ated heparin, low-molecular-weight heparin, bi-
valirudin, or fondaparinux) and the procedural 
use of glycoprotein IIb/IIIa inhibitors were made 
by the treating physician.

Efficacy End Points

The primary efficacy end point of the study was 
the composite of death from any cause, myocar-
dial infarction, or ischemia-driven revasculariza-
tion at 48 hours. Prespecified secondary efficacy 
end points included the composite end point of 
death or myocardial infarction at 48 hours and at 
30 days; the composite end point of death, myo-
cardial infarction, or ischemia-driven revascular-
ization at 30 days; the components of the com-
posite end points at 48 hours and at 30 days; 
stroke at 48 hours; abrupt vessel closure; threat-
ened abrupt vessel closure; the need for urgent 
coronary-artery bypass grafting or an unsuccess-
ful procedure during the index PCI; acute stent 
thrombosis (at 24 hours) and subacute stent throm-
bosis (at 48 hours); and death from any cause at 
6 months and at 1 year.

Rates of myocardial infarction and ischemia-
driven revascularization up to 30 days after the 
index procedure were assessed. Ischemia-driven 
revascularization was defined as symptoms of 
myocardial ischemia leading to urgent revascu-
larization (within 24 hours after the last episode 
of ischemia), which must have occurred after the 
conclusion of the index procedure (i.e., guidewire 
removal). New electrocardiographic changes, acute 
pulmonary edema, ventricular arrhythmias, or 
hemodynamic instability could also constitute 
evidence of ischemia.

Myocardial infarction was defined by a new 
Q wave lasting longer than 0.03 seconds in two 
contiguous electrocardiographic leads or eleva-
tions in creatine kinase and the MB fraction of 
creatine kinase (CK-MB), including an increase in 
the CK-MB level that was three or more times the 
local upper limit of the normal range and, when 
biomarkers were elevated before PCI, an additional 

4 col
22p3

8877 Patients requiring PCI (with or
without stent) underwent randomization

4367 Received cangrelor, 30 µg/kg
bolus and 4 µg/kg/min infusion

4355 Received placebo, 30 µg/kg
bolus and 4 µg/kg/min infusion 

4347 Received 600-mg placebo
capsules at time of infusion

4341 Received 600-mg clopidogrel
capsules at time of infusion

4268 Received 600-mg clopidogrel
capsules at discontinuation

of infusion

4268 Received 600-mg placebo
capsules at discontinuation

of infusion

48 hr after randomization
3889 Included in modified

intention-to-treat 
non-STEMI analysis

4335 Included in modified
intention-to-treat analysis

4415 Included in intention-to-
treat analysis

4361 Included in safety analysis

48 hr after randomization
3865 Included in modified

intention-to-treat 
non-STEMI analysis

4313 Included in modified
intention-to-treat analysis

4431 Included in intention-to-
treat analysis

4357 Included in safety analysis

Follow-up analysis
Primary and secondary end points at 30 days
Death at 6 mo and 1 yr

AUTHOR:

FIGURE:

RETAKE:

SIZE

4-C H/TLine Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

1st

2nd

3rd

Harrington

1 of 2

ARTIST:

TYPE:

MRL

12-10-09JOB: 36124 ISSUE:

Figure 1. Randomization, Treatment, and Follow-up.

PCI denotes percutaneous coronary intervention, and STEMI ST-segment–
elevation myocardial infarction.
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50% above baseline.20 One baseline troponin mea-
surement was required in patients undergoing 
urgent PCI. Measurements of CK-MB were ob-
tained 2, 10, 17, and 24 hours after PCI. Stent 
thrombosis was defined according to the Aca-
demic Research Consortium criteria.21

Safety End Points

Bleeding was assessed for up to 48 hours. Mul-
tiple clinical and laboratory definitions of bleed-
ing were used for full assessment of the risk of 
bleeding associated with cangrelor. These defini-
tions were based on criteria from the Global Uti-
lization of Streptokinase and Tissue Plasminogen 
Activator for Occluded Coronary Arteries (GUSTO) 
trial22 (mild, moderate, or severe or life-threaten-
ing bleeding on the basis of use or nonuse of 
transfusions and the presence or absence of he-
modynamic compromise), the Thrombolysis in 
Myocardial Infarction (TIMI) trial23 (minor or 
major bleeding on the basis of clinical and labo-
ratory findings), and the Acute Catheterization 
and Urgent Intervention Triage Strategy trial 
(ACUITY; NCT00093158)24 (major bleeding on 
the basis of detailed clinical assessment, changes 
in the hemoglobin level, hematomas >5 cm, and 
the need for blood transfusion). Investigators re-
ported adverse and serious adverse events ac-
cording to International Conference on Harmo-
nization guidelines.25

Suspected myocardial infarction, ischemia-
driven revascularization, stent thrombosis, and 
stroke were reviewed and adjudicated by an inde-
pendent clinical events committee whose mem-
bers were unaware of the treatment-group assign-
ments.26

Exploratory Efficacy End Points

Determination of periprocedural myocardial in-
farction can be challenging when most patients 
have elevated biomarkers and a single baseline 
sample. After the initial analyses were completed 
and reviewed, additional post hoc analyses were 
performed to better understand the potential ef-
fect of the drug on periprocedural outcomes that 
were less reliant on biomarkers (e.g., death, stent 
thrombosis, and Q-wave myocardial infarction).

Statistical Analysis

The sample size was based on the estimated com-
posite incidence of death from any cause, myo-
cardial infarction, and ischemia-driven revascu-

larization at 48 hours. Since there was no previous 
information about the use of cangrelor in the pa-
tients with ST-segment–elevation myocardial in-
farction who were undergoing primary PCI, and 
given the challenge of measuring reinfarction in 
the early hours of ST-segment–elevation myocar-
dial infarction, the primary efficacy end point 
excluded these patients from the analysis, though 
they were included in analyses of safety. The 
composite event rate was estimated at 7% in the 
control clopidogrel group. The trial was designed 
to demonstrate the superiority of cangrelor over 
600 mg of clopidogrel. Assuming a 22% relative 
risk reduction, we estimated that a sample size of 
8000 patients would provide approximately 82% 
power with an alpha level of 0.05. The plan was 
to include up to 1000 patients with ST-segment–
elevation myocardial infarction, increasing the 
sample size to 9000 patients.

The primary efficacy analysis was to be deter-
mined in the modified intention-to-treat popula-
tion, defined as all patients who underwent ran-
domization (excluding the ST-segment–elevation 
myocardial infarction cohort), received at least 
one dose of a study drug, and underwent the in-
dex PCI.27,28 The safety population consisted of 
all patients who underwent randomization and 
who received any study drug. Patients in the safety 
analyses were assigned to a treatment group on 
the basis of the treatment received, not on the 
basis of the assigned treatment. We report the 
results of the intention-to-treat analysis with and 
without the ST-segment–elevation myocardial in-
farction cohort.

Two interim analyses were planned after 50% 
and 70% of planned enrollment in the modified 
intention-to-treat efficacy cohort. These analyses 
used O’Brien–Fleming methods for stopping and 
protection of the type I error. Two independent 
monitoring committees guided the executive com-
mittee and sponsor. The data and safety moni-
toring board was responsible for review and 
oversight of patient safety. After the trial began 
and after the data and safety monitoring board 
met to review interim trial data, the executive 
committee and the sponsor decided to perform 
interim efficacy analyses to ensure that assump-
tions about event rates and treatment effects 
remained valid. The goal was to use interim data 
to make decisions about the need to modify the 
trial (i.e., increase the sample size or increase 
enrollment in certain subgroups) or discontinue 
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it for futility. Because the data and safety monitor-
ing board had knowledge of the treatment differ-
ences based on the 50% interim analysis, after 
discussion with the Food and Drug Administra-
tion, it was decided to convene a separate group, 
the interim-analysis review committee, to conduct 
and review the 70% interim analysis and make 
recommendations based on predefined algorithms 
that allowed an increase in the sample size up to a 
maximum of 15,000 patients.29 Possible additional 
groups of eligible patients included patients with 
diabetes, those with positive troponin levels before 
enrollment, and those who had not previously re-
ceived clopidogrel. The interim-analysis review 
committee received guidance from the executive 
committee regarding stopping rules for efficacy or 
futility on the basis of estimates of conditional 
power. The interim-analysis review committee con-
sidered the interim results of CHAMPION PCI and 
the companion trial, CHAMPION PLATFORM,19 
when making recommendations to the executive 
committee and sponsor.

All statistical tests were two-tailed and used 
a level of significance of 0.05. The primary end-
point comparison between the cangrelor and 
placebo groups was performed by calculating an 
odds ratio, with accompanying 95% confidence 
intervals, with the use of logistic regression. Lo-
gistic regression was used to analyze the major-
ity of the remaining secondary end points. Con-
tinuous variables are reported as medians and 

interquartile ranges. Categorical variables are re-
ported as frequencies and percentages. In the 
secondary efficacy analyses, there was no attempt 
to adjust the P values for multiple comparisons. 
These analyses were considered exploratory and 
hypothesis-generating.

R esult s

Patient Enrollment

At the 70% interim analysis, the interim-analysis 
review committee reported that the estimated con-
ditional power to demonstrate superiority was low. 
The data and safety monitoring board reported 
no safety concerns, so the executive committee 
and sponsor elected to continue the trial until 
the companion trial, CHAMPION PLATFORM,19 
underwent its 70% interim analysis. At that time, 
the interim-analysis review committee and the 
data and safety monitoring board reported that 
the estimated conditional power in CHAMPION 
PLATFORM was also low and recommended dis-
continuation of enrollment into both trials. The 
sponsor, in consultation with the executive com-
mittee, terminated enrollment on May 13, 2009, 
at which point 8877 of the expected 9000 pa-
tients (98.6%) had been enrolled in CHAMPION 
PCI at 268 sites across 14 countries. For the end 
points at 48 hours and 30 days, the vital-status 
follow-up was 99.7% and 98.6% complete, re-
spectively.

Table 2. Major End Points at 48 Hours in the Modified Intention-to-Treat Population without ST-Segment–Elevation Myocardial Infarction.

End Point
Cangrelor Group

(N = 3889)
Clopidogrel Group

(N = 3865)
Odds Ratio  

(95% CI) P Value

no. (%)

Adjudicated end points

Primary end point: death, myocardial infarction, or ischemia-
driven revascularization

290 (7.5) 276 (7.1) 1.05 (0.88–1.24) 0.59

Myocardial infarction 278 (7.1) 256 (6.6) 1.09 (0.91–1.29) 0.36

Ischemia-driven revascularization 13 (0.3) 23 (0.6) 0.56 (0.28–1.11) 0.10

Death from any cause 8 (0.2) 5 (0.1) 1.59 (0.52–4.87) 0.42

Stent thrombosis 7 (0.2) 11 (0.3) 0.63 (0.25–1.63) 0.34

Stroke 6 (0.2) 7 (0.2) 0.85 (0.29–2.54) 0.77

Q-wave myocardial infarction 4 (0.1) 10 (0.3) 0.40 (0.12–1.27) 0.12

Exploratory end points

Death, Q-wave myocardial infarction, or is che mia-driven revas-
cularization

23 (0.6) 34 (0.9) 0.67 (0.39–1.14) 0.14

Death, Q-wave myocardial infarction, or stent thrombosis 18 (0.5) 23 (0.6) 0.78 (0.42–1.44) 0.42
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Patient Characteristics and Treatments

Baseline demographic characteristics of the pa-
tients in the intention-to-treat population are 
shown in Table 1. Baseline demographic charac-
teristics of the patients in the modified inten-
tion-to-treat and safety populations are shown in 
Tables 1 and 2 of the Supplementary Appendix, 
available with the full text of this article at NEJM.
org. There were no significant differences be-
tween the groups with respect to baseline char-
acteristics. Enrolled patients were typical of a 
contemporary PCI population; most were men, 
and the median age was 62.0 years (interquartile 
range, 54.0 to 71.0). Diabetes was diagnosed in 
30.5% of the patients, and hypertension or hy-
perlipidemia was present in the majority of pa-
tients. Previous cardiac events included myocar-
dial infarction in 24.7% of the patients and 
revascularization in 34.1% (PCI in 28.6% and by-
pass grafting in 12.5%). Almost half the enrolled 
patients (49.1%) had myocardial infarction with-
out ST-segment elevation at baseline, whereas 
stable angina and unstable angina were the base-
line diagnoses in 15.0% and 24.6%, respectively. 
The cohort with ST-segment–elevation myocar-
dial infarction included 996 patients (11.2%).

During the index procedure, a majority of pa-
tients (55.1%) received unfractionated heparin, 
and 29.9% received bivalirudin. Glycoprotein IIb/
IIIa inhibitors were used in 26.5% of patients, 
with most receiving eptifibatide (75.0%). Almost 
all patients in the intention-to-treat population 
(98.5%) received a study drug. Sites were instruct-
ed to start PCI within 30 minutes after patients 
received clopidogrel capsules.

PCI was attempted in all but 161 patients (1.8%), 
65 in the cangrelor group (1.5%) and 96 in the 
clopidogrel group (2.2%). The median duration 
of PCI was 0.4 hours (range, 0.2 to 0.6), and the 
median time from hospital admission to PCI was 
6.3 hours (range, 2.6 to 23.7). Most procedures 
involved single-vessel or two-vessel PCI (87.7% 
and 11.4%, respectively). Drug-eluting stents were 
used in the majority of interventions (59.1%), and 
bare-metal stents were used in 37.6%.

Efficacy End Points

Cangrelor was not superior to 600 mg of clopid-
ogrel with respect to the primary composite end 
point of death from any cause, myocardial infarc-
tion, or ischemia-driven revascularization at 48 

hours. This primary end point occurred in 7.5% 
of patients receiving cangrelor and 7.1% of pa-
tients receiving clopidogrel (odds ratio, 1.05; 95% 
CI, 0.88 to 1.24; P = 0.59) (Table 2). The primary 
composite efficacy end point did not differ sig-
nificantly between the two groups at 30 days 
(Table 3 of the Supplementary Appendix). Figure 
2, as well as Figure 1 in the Supplementary Ap-
pendix, shows odds-ratio data for the primary end 
point in key subgroups. Additional data on end 
points are included in the Supplementary Appendix.

Safety End Points

Bleeding events at 48 hours as observed in the safe-
ty population (including patients with ST-segment–
elevation myocardial infarction) are listed in Ta-
ble 3. Reported adverse events occurred in similar 
proportions of patients in the two groups (in 
26.4% of patients in the cangrelor group and in 
25.7% of patients in the clopidogrel group), and 
discontinuation of the study drug because of an 
adverse event was unusual in both groups (0.5% 
in both). Serious adverse events were infrequent 
and occurred in similar proportions of patients 
in the two groups (2.7% in both). Dyspnea was 
reported in 1.0% of patients who received can-
grelor, as compared with 0.4% of patients who 
received clopidogrel (P = 0.001).

Exploratory Clinical Efficacy End Points

Key secondary and composite exploratory (post 
hoc) end points are shown in Table 2, and in Table 
4 of the Supplementary Appendix. Additional data 
on exploratory end points are included in the Sup-
plementary Appendix.
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Figure 2. Odds Ratios for the Primary End Point, According to Diagnosis  
at Enrollment, in the Modified Intention-to-Treat Population.

Data for the primary end point — a composite of death from any cause, 
myocardial infarction, or ischemia-driven revascularization at 48 hours — are 
shown. For each subgroup, the circle represents the estimated odds ratio for 
the treatment effect. The horizontal lines indicate 95% confidence inter-
vals. STEMI denotes ST-segment–elevation myocardial infarction.

The New England Journal of Medicine 
Downloaded from www.nejm.org on December 6, 2010. For personal use only. No other uses without permission. 

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 361;24 nejm.org december 10, 20092326

Discussion

There is little question that blockade of the plate-
let P2Y12 receptor confers a benefit in reducing 

the risk of ischemia in multiple acute cardiac 
care settings. Clopidogrel reduces the composite 
risk of death or myocardial infarction among pa-
tients presenting with acute coronary syndromes 

Table 3. Bleeding Events at 48 Hours in the Safety Population.

Variable
Cangrelor Group

(N = 4374)
Clopidogrel Group

(N = 4365)
Odds Ratio  

(95% CI) P Value
no. (%)

Event

Access-site bleeding requiring radiolog-
ic or surgical intervention

6 (0.1) 10 (0.2) 0.60 (0.22–1.65) 0.32

Hematoma at puncture site

≥5 cm 85 (1.9) 76 (1.7) 1.12 (0.82–1.53) 0.48

<5 cm 251 (5.7) 222 (5.1) 1.14 (0.94–1.37) 0.18

Intracranial hemorrhage 1 (<0.1) 0 (0.0)

Intraocular hemorrhage 2 (<0.1) 0 (0.0)

Bleeding requiring surgery 1 (<0.1) 1 (<0.1) 1.00 (0.06–15.96) 1.00

Retroperitoneal hemorrhage 15 (0.3) 10 (0.2) 1.50 (0.67–3.34) 0.32

Ecchymosis 284 (6.5) 234 (5.4) 1.23 (1.03–1.47) 0.03

Epistaxis 9 (0.2) 22 (0.5) 0.41 (0.19–0.89) 0.02

Oozing at puncture site 400 (9.1) 319 (7.3) 1.28 (1.10–1.49) 0.002

Thrombocytopenia 6 (0.1) 7 (0.2) 0.86 (0.29–2.55) 0.78

Hemodynamic compromise 9 (0.2) 11 (0.3) 0.82 (0.34–1.97) 0.65

Transfusion

Any blood 46 (1.1) 42 (1.0) 1.09 (0.72–1.67) 0.68

Any platelet 6 (0.1) 5 (0.1) 1.20 (0.37–3.93) 0.77

Decrease in level of hemoglobin, hema-
tocrit, or both*

91 (2.1) 63 (1.4) 1.45 (1.05–2.01) 0.02

 Category of bleeding†

ACUITY criteria

Minor bleeding 768 (17.6) 663 (15.2) 1.19 (1.06–1.33) 0.003

Major bleeding 158 (3.6) 126 (2.9) 1.26 (0.99–1.60) 0.06

GUSTO criteria

Mild bleeding 858 (19.6) 739 (16.9) 1.20 (1.07–1.34) 0.001

Moderate bleeding 41 (0.9) 34 (0.8) 1.21 (0.76–1.90) 0.42

Severe or life-threatening bleeding 10 (0.2) 11 (0.3) 0.91 (0.39–2.14) 0.82

TIMI criteria

Minor bleeding 36 (0.8) 26 (0.6) 1.39 (0.84–2.30) 0.21

Major bleeding 19 (0.4) 14 (0.3) 1.36 (0.68–2.71) 0.39

* A drop in hemoglobin or hematocrit was defined as a decrease of at least 3 g per deciliter in hemoglobin or a 9% de-
crease in hematocrit after treatment, as compared with baseline, as reported by investigators.

† The bleeding categories for each set of criteria are not mutually exclusive. For example, a patient may have had clinical-
ly significant bleeding and minor bleeding according to the criteria from the Acute Catheterization and Urgent Interven-
tion Triage Strategy (ACUITY) trial, if more than one bleeding episode occurred. For each set of criteria, a patient was 
counted once for each category of bleeding, regardless of the number of bleeding episodes identified in that category. 
GUSTO denotes Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries, 
and TIMI Thrombolysis in Myocardial Infarction.
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(with or without ST-segment elevation), regard-
less of whether they are undergoing PCI.30-33 Re-
cently, prasugrel was shown to be superior to a 
300-mg loading dose, followed by a 75-mg dose 
of clopidogrel, in reducing both short- and long-
term rates of myocardial infarction among pa-
tients with acute coronary syndromes who were 
undergoing PCI.14 Prasugrel reduced the risk of 
stent thrombosis by more than 50% as com-
pared with clopidogrel.34 These observations 
were extended in a trial of ticagrelor, a revers-
ible nonthienopyridine inhibitor of P2Y12, which 
significantly reduced the composite end point 
of cardiovascular death, myocardial infarction, 
or stroke, as compared with the standard dose 
of clopidogrel, among patients with acute coro-
nary syndromes who were treated invasively and 
medically.13 The recently presented Clopidogrel 
Optimal Loading Dose Usage to Reduce Recurrent 
Events/Optimal Antiplatelet Strategy for Interven-
tions (CURRENT/OASIS 7) study (NCT00335452) 
showed reduced rates of myocardial infarction at 
30 days among patients undergoing PCI when a 
loading dose of 600 mg of clopidogrel, followed 
by 150 mg per day for 1 week, was compared 
with standard clopidogrel dosing.35

On the basis of these observations as well as 
others that address the pharmacodynamic limi-
tations of clopidogrel, it was unexpected that a 
cangrelor infusion was not superior to 600 mg 
of clopidogrel in this trial with the use of the 
predefined primary end point, especially since 
significantly higher levels of periprocedural 
platelet inhibition were achieved with cangrelor. 
These results raise questions about the most ap-
propriate end-point selection and definition as 
well as the best trial design to test the efficacy 
and safety of a short-acting antiplatelet agent in 
patients who have myocardial infarction without 
ST-segment elevation, when short times from 
admission to PCI prevent clear delineation be-
tween myocardial infarction occurring before and 
that occurring after randomization.

Analyses that concentrate on end points that 
are less dependent on a biomarker-defined myo-
cardial infarction, such as Q-wave myocardial 
infarction and stent thrombosis, were performed. 
The odds ratio for a benefit of cangrelor in re-
ducing the composite end point of death from 
any cause, Q-wave myocardial infarction, or isch-
emia-driven revascularization was 0.66, but it was 
not significant (95% CI, 0.42 to 1.05). As an ex-

ploratory (post hoc) analysis, this observation 
should be viewed as hypothesis-generating until 
it is addressed in an adequately powered ran-
domized clinical trial. In addition, a longer du-
ration of more potent platelet inhibition with 
cangrelor may be worth testing. Other potential 
uses for a short-acting P2Y12 inhibitor such as 
cangrelor, which include a bridging strategy 
when patients require platelet blockade but can-
not receive oral therapy, are also worthy of inves-
tigation.

In conclusion, in the CHAMPION PCI trial, 
intravenous cangrelor was not superior to a 600-
mg loading dose of clopidogrel, administered 30 
minutes before PCI, in reducing the composite 
end point of death from any cause, myocardial 
infarction, or ischemia-driven revascularization 
at 48 hours. Minor bleeding was more common 
in patients who received cangrelor, and one mea-
sure of major bleeding (based on criteria from 
the ACUITY trial) showed a trend toward an in-
crease in bleeding with cangrelor as compared 
with clopidogrel. Post hoc secondary analyses 
raise the possibility that further clinical investi-
gation of cangrelor may be worthwhile.
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