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PLATELET-RICH THROMBUS FOR-
mation plays a major role in the
occurrence of ischemic events
in patients with acute coro-

nary syndromes (ACS).1 A large body
of evidence, primarily based on single
ex vivo measurements, demonstrates an
association between high on-treat-
ment platelet reactivity to adenosine di-
phosphate and the occurrence of ische-
mic events among patients treated with
clopidogrel following percutaneous
coronary intervention (PCI); how-
ever, many questions regarding this as-
sociation remain unanswered.2-4

First, fewstudieshave included longi-
tudinal assessments of platelet function
toevaluatetime-dependentrelationships
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Context The relationship of platelet function testing measurements with outcomes
in patients with acute coronary syndromes (ACS) initially managed medically without
revascularization is unknown.

Objective To characterize the differences and evaluate clinical outcomes associated with
platelet reactivity among patients with ACS treated with clopidogrel or prasugrel.

Design, Setting, and Patients Patients with medically managed unstable angina
or non–ST-segment elevation myocardial infarction were enrolled in the TRILOGY ACS
trial (2008 to 2011) comparing clopidogrel vs prasugrel. Of 9326 participants, 27.5%
were included in a platelet function substudy: 1286 treated with prasugrel and 1278
treated with clopidogrel.

Interventions Aspirin with either prasugrel (10 or 5 mg/d) or clopidogrel (75 mg/
d); those 75 years or older and younger than 75 years but who weighed less than 60
kg received a 5-mg prasugrel maintenance dose.

Main Outcome Measures Platelet reactivity, measured in P2Y12 reaction units (PRUs),
was performed at baseline, at 2 hours, and at 1, 3, 6, 12, 18, 24, and 30 months after
randomization. The primary efficacy end point was a composite of cardiovascular death,
myocardial infarction, or stroke through 30 months.

Results Among participants younger than 75 years and weighing 60 kg or more, the
median PRU values at 30 days were 64 (interquartile range [IQR], 33-128) in the pra-
sugrel group vs 200 (IQR, 141-260) in the clopidogrel group (P� .001), a difference
that persisted through all subsequent time points. For participants younger than 75 years
and weighing less than 60 kg, the median 30-day PRU values were 139 (IQR, 86-203)
for the prasugrel group vs 209 (IQR, 148-283) for the clopidogrel group (P� .001), and
for participants 75 years or older, the median PRU values were 164 (IQR, 105-216) for
the prasugrel group vs 222 (IQR, 148-268) for the clopidogrel group (P� .001). At 30
months the rate of the primary efficacy end point was 17.2% (160 events) in the pra-
sugrel group vs 18.9% (180 events) in the clopidogrel group (P=.29). There were no
significant differences in the continuous distributions of 30-day PRU values for partici-
pants with a primary efficacy end point event after 30 days (n=214) compared with
participants without an event (n=1794; P=.07) and no significant relationship between
the occurence of the primary efficacy end point and continuous PRU values (adjusted
hazard ratio [HR] for increase of 60 PRUs,1.03; 95% CI, 0.96-1.11; P=.44). Similar find-
ings were observed with 30-day PRU cut points used to define high on-treatment plate-
let reactivity—PRU more than 208 (adjusted HR,1.16; 95% CI, 0.89-1.52, P=.28) and
PRU more than 230 (adjusted HR,1.20; 95% CI, 0.90-1.61; P=.21).

Conclusions Among patients with ACS without ST-segment elevation and initially
managed without revascularization, prasugrel was associated with lower platelet re-
activity than clopidogrel, irrespective of age, weight, and dose. Among those in the
platelet substudy, no significant differences existed between prasugrel vs clopidogrel
in the occurence of the primary efficacy end point through 30 months and no significant
association existed between platelet reactivity and occurrence of ischemic outcomes.

Trial Registration clinicaltrials.gov Identifier: NCT00699998
JAMA. 2012;308(17):1785-1794
Published online November 4, 2012. doi:10.1001/jama.2012.17312 www.jama.com

For editorial comment see p 1806.

©2012 American Medical Association. All rights reserved. JAMA, November 7, 2012—Vol 308, No. 17 1785

Downloaded From: https://jamanetwork.com/ on 05/22/2023



withplateletreactivityandischemicevent
occurrence.5,6 Second, a long-termserial
comparison of platelet reactivity during
clopidogrel treatmentvsnewer,morepo-
tentP2Y12 inhibitortherapieshasnotbeen
undertaken. Third, a large platelet func-
tion substudy has never been embedded
within a large clinical trial of antiplatelet
therapy.3 Fourth, there isno information
available regarding the association be-
tweenplateletfunctionmeasurementsand
the occurrence of ischemic events in el-
derly patients with ACS, and in patients
with ACS whose condition is managed
medically without revascularization.3

We therefore conducted a large serial
platelet functionsubstudywithintheTar-
getedPlateletInhibitiontoClarifytheOp-
timalStrategytoMedicallyManageAcute
Coronary Syndromes (TRILOGY ACS)
trial, a randomized,double-blind,active-
control,event-driventrialcomparingpra-
sugrel vs clopidogrel therapy in patients
withunstableanginaornon–ST-segment
elevation myocardial infarction (UA/
NSTEMI)whoweremanagedmedically
withoutplannedrevascularization.7Com-
parableclinicaloutcomeswereobserved
between treatment groups in the overall
trial,withalateseparationofeventcurves
seenafter12months.Bothagentsare thi-
enopyridineP2Y12 inhibitors thatattenu-
ateplateletresponsetoadenosinediphos-
phate; prasugrel has been shown to be
morepotentandtohavelessvariableplate-
let inhibition than clopidogrel.8

The objectives of our study were to
characterize differences in platelet reac-
tivity between treatment groups over
time, to delineate the relationship of
platelet reactivity with ischemic end
point occurrence, and to determine a
threshold for high platelet reactivity that
optimizes the ability to discriminate be-
tween patients with and without ische-
mic event occurrence.

METHODS
Main Study Protocol and Treatment

The eligibility criteria, design, and re-
sults of the TRILOGY ACS study have
been reported.7 In the overall trial, 9326
patients with UA/NSTEMI at 966 sites
in 52 countries were enrolled from 2008
to 2011. Participants were randomly as-

signed to receive either prasugrel or
clopidogrel therapy in a double-blind,
double-dummy fashion as previously
described. The daily prasugrel mainte-
nance dose was 10 mg in study partici-
pants younger than 75 years who
weighed 60 kg or more and 5 mg for
all participants aged 75 years or older
and younger than 75 years and with a
body weight less than 60 kg. The daily
clopidogrel maintenance dose was 75
mg for all participants. Concomitant
daily treatment with aspirin was re-
quired and low-dose aspirin was
strongly recommended. Treatment du-
ration was between 6 and 30 months.

Platelet Function Substudy Protocol

Of the 52 countries that participated in
the trial, 25 were selected to enroll in
the platelet function substudy (eTable
1). Countries were selected across the
regions represented in the trial to pro-
vide geographic balance, but no spe-
cific criteria were used to select indi-
vidual countries. The TRILOGY ACS
study and the embedded platelet func-
tion substudy were approved by each
site’s institutional review board and eth-
ics board, and all participants pro-
vided written informed consent. Sites
participating in the substudy were in-
structed to enroll all consenting par-
ticipants who were randomized into the
main trial into the substudy.

Each participating site was also pro-
vided with 2 encrypted VerifyNow de-
vices (Accumetrics Inc). VerifyNow
P2Y12 is a whole-blood, turbidimetric-
based assay that measures platelet ag-
glutination to fibrinogen-coated poly-
styrene beads in response to adenosine
diphosphate. Assay results, expressed as
P2Y12 reaction units (PRUs)5 were en-
crypted at the site for double-blinding.
Blood samples were collected at base-
line, at 2 hours, and at 1, 3, 6, 12, 18,
24, and 30 months after randomiza-
tion. Sites were instructed to collect
samples only during the interval when
participants were taking the blinded
study drug.

Participants with at least 1 valid PRU
measurement were included in the
analysis. Submitted PRU values were

excluded if the assay was performed
within 7 days of glycoprotein IIb/IIIa
inhibitor therapy or less than 10 min-
utes or more than 4 hours after sample
collection via venipuncture; if the de-
vice-reported percent inhibition was
more than 100%; or if the baseline or
PRU value was more than 500 or the
baseline was less than 100.

End Points

The outcome measurement for plate-
let function was the PRU value. The pri-
mary efficacy end point for both the
TRILOGY ACS trial and this substudy
was the composite of cardiovascular
death, myocardial infarction (MI), and
stroke through 30 months.7 Key sec-
ondary end points chosen for analysis
were all-cause death and the compo-
nent end point of all MI events be-
cause these end points have been pre-
viously analyzed with platelet function
testing in patients undergoing PCI and
because we also wanted to account for
all deaths in the analysis.2-4

Statistical Analysis

Baseline characteristics were com-
pared between the platelet function sub-
study and nonsubstudy cohorts and by
treatment within the substudy cohort.
Continuous variables are presented as
medians (interquartile ranges [IQR]),
and differences were compared using the
analysis of variance F test when the as-
sumption of normality was satisfied; oth-
erwise, the Kruskal-Wallis test was used.
Categorical variables are presented as
counts (proportions). Differences were
compared using the �2 test when cell fre-
quencies were sufficient; otherwise, an
exact test was used. Event counts and
unadjusted Kaplan-Meier rates at 30
months after randomization were pre-
sented for the same groups and com-
pared using the log-rank test. We did not
perform formal sample-size power cal-
culations because ischemic event rates
and the relationship of platelet func-
tion to ischemic events in this popula-
tion were unknown before the TRILOGY
ACS was conducted, and the number of
patients expected to be enrolled at the
participating sites could not be ascer-
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tained when the present substudy was
planned.

To determine the relationship of con-
tinuous PRU values with the risk of an
ischemic event, a Cox model regressing
time to first event on PRU was fit with 3
separate approaches. The 3 ischemic out-
comes modeled were the primary effi-
cacy end point, all-cause death, and all
MI events. Variables included in the
modeling process included those de-
rived from the Global Registry of Acute
CoronaryEvents (GRACE)mortality risk
models as well as variables unique to the
trial.8 All variables were included in the
models collectively, without a formal se-
lection process. First, PRU was treated
as time-varying covariate in which the
most recent PRU value measured was
used when estimating the relationship of
PRU at each fail-time during the study
period. To account for events that oc-
curred between 5 and 30 days after ran-
domization, we assumed the 30-day PRU
value represented steady-state treat-
ment and used it as the PRU value at
these failure times. For events between
randomization and 5 days, we used the
2-hour PRU value as the PRU value at
these failure times.

Second, to determine whether PRU
values measured 30 days after ran-
domization predicted risk, we fit a
Cox model landmarked at 30 days
regressing time to first event on PRU.
The 30-day PRU measurement was
treated as a baseline variable, and
participants with events occurring
before 30 days were excluded from
the analysis.

Third, multiple imputation tech-
niques were used with both modeling
procedures to account for potential
bias induced by missing PRU values at
all time points except for month 30,
which was not a prespecified time
point and happened to coincide with
the last study visit for some partici-
pants, and for missing values in
adjustment variables. Both adjusted
and unadjusted analyses were per-
formed for each model and the rela-
tionship of continuous PRU values
with the outcome studied was mod-
eled as a 60-unit PRU increase.9

To evaluate the relationship of di-
chotomous determinations of high
platelet reactivity on risk of an event,
a Cox model regressing time to first
event on high platelet reactivity status
was fit. High platelet reactivity status was
defined as having a PRU value higher
than a predetermined cut point de-
rived from prior studies involving pa-
tients who had undergone PCI (on-
treatment PRU �208 and �230).2 In
addition, the high platelet reactivity cut
point based on receiver operating char-
acteristic (ROC) curve analysis of con-
tinuous 30-day PRU data (�178 PRU)
with the primary efficacy end point was
also evaluated (the maximum of the
product of sensitivity and specificity was
determined from this data set; eFigure
1 available at http://www.jama.com).

Kaplan-Meier event rates for the pri-
mary efficacy end point, all-cause death,
and all MI events starting at the 30-
day landmark period through 30
months were compared among partici-
pants with and without high platelet re-
activity using the more than 208 and
more than 230 PRU cut points. Fur-
thermore, participants with vs with-
out a primary efficacy end point event
after 30 days were compared with a con-
tinuous distribution of 30-day PRU val-
ues using a Wilcoxon rank-sum test
(nonparametric). To determine whether
high platelet reactivity status at 30 days
after randomization was predictive of
the end points analyzed, a Cox model
landmarked at 30 days regressing time
to first event on high platelet reactiv-
ity status was fit. The 30-day PRU mea-
surement was used to determine high
platelet reactivity status, which was
treated as a baseline variable; partici-
pants with events occurring before 30
days were excluded from the analysis.
Both adjusted and unadjusted analy-
ses were performed for the aforemen-
tioned ischemic outcomes.

All statistical tests were performed at
a significance level of .05. All analyses
were performed by independent stat-
isticians (B.N. and M.N.) at the Duke
Clinical Research Institute, Durham,
North Carolina using SAS 9.3 and R
2.14.1 (SAS Institute Inc).

RESULTS
Study Participants
Among 9326 participants enrolled in
TRILOGY ACS, 2690 (28%) were ini-
tially enrolled in the platelet function
substudy. After database lock, it was de-
termined that 126 did not have a valid
PRU measurement, leaving a total of
2564 participants (27.5% of the total
population) whose data were included
in the analysis (FIGURE 1). Approxi-
mately 20% of the substudy partici-
pants were 75 years or older (n=515)
and approximately 16% (n = 399)
weighed less than 60 kg (TABLE 1).
Compared with those not included, par-
ticipants in the substudy analyses were
less likely to be 75 years or older, to
have NSTEMI on presentation, and to
have prior peripheral arterial disease
and prior coronary artery bypass graft
surgery, but they were more likely to
have prior heart failure and to be treated
with a daily aspirin dose of less than 100
mg. Among participants in the plate-
let function substudy, baseline charac-
teristics were well balanced between
treatment groups.

Platelet Function Measurements
and Treatment

Thenumberofvalidplateletfunctionmea-
surementsdecreasedsequentiallyateach
prespecified time point based on the in-

Figure 1. Flow Diagram of the Platelet
Function Substudy

2564 Included in the platelet
function substudy

2690 Agreed to participate in
the platelet function substudy

9326 Patients with unstable angina
or non–ST-segment elevation
myocardial infarction randomized
in the TRILOGY trial to receive
either clopidogrel or prasugrel

1286 Were receiving
prasugrel

1278 Were receiving
clopidogrel

126 Excluded because
of invalid PRU
measurements

PRU indicates P2Y12 reaction unit.
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herent variable duration of follow-up in
the study for each participant (eTable 2
available at http://www.jama.com). Base-

line median PRU values were similar be-
tween both treatment groups (FIGURE 2),
reflecting treatment with open-label

clopidogrel for the index ACS event be-
fore randomization in more than 95%
of participants (Table 1).

Table 1. Baseline Characteristics of TRILOGY ACS Platelet Function Substudy Participants
No./Total (%) of Patients

in Baseline Study

P
Value

No./Total (%) of Patients
in Substudy Treatment Groups

P
Value

Included
in Substudy
(n = 2564)

Not Included
in Substudy
(n = 6762)

Prasugrel
(n = 1286)

Clopidogrel
(n = 1278)

Age, y
�75 515/2564 (20.1) 1568/6762 (23.2)

.001
244/1286 (19.0) 271/1278 (21.2)

.16
�75 2049/2564 (79.9) 5194/6762 (76.8) 1042/1286 (81.0) 1007/1278 (78.8)

Women 1002/2564 (39.1) 2648/6762 (39.2) .94 492/1286 (38.3) 510/1278 (39.9) .39

Weight, kg
�60 399/2564 (15.6) 1002/6755 (14.8)

.38
199/1286 (15.5) 200/1278 (15.6)

.90
�60 2165/2564 (84.4) 5753/6755 (85.2) 1087/1286 (84.5) 1078/1278 (84.4)

Disease classification
Unstable angina 843/2564 (32.9) 1963/6762 (29.0)

�.001
429/1286 (33.4) 414/1278 (32.4)

.60
NSTEMI 1721/2564 (67.1) 4799/6762 (71.0) 857/1286 (66.6) 864/1278 (67.6)

Killip class II-III 310/2563 (12.1) 825/6755 (12.2) .88 152/1285 (11.8) 158/1278 (12.4) .68

Time to treatment, median (IQR), ha 107.9 (61.0-160.0) 108.1 (62.9-159.5) .57 103.0 (58.7-159.6) 110.6 (62.8-160.0) .31

Medical history
Family history of CAD 713/2291 (31.1) 1805/5990 (30.1) .38 353/1147 (30.8) 360/1144 (31.5) .72

Hypertension 2102/2557 (82.2) 5523/6746 (81.9) .71 1061/1280 (82.9) 1041/1277 (81.5) .37

Hyperlipidemia 1392/2364 (58.9) 3855/6506 (59.3) .75 685/1170 (58.5) 707/1194 (59.2) .74

Diabetes mellitus 947/2561 (37.0) 2592/6745 (38.4) .20 460/1285 (35.8) 487/1276 (38.2) .21

Current or recent smoking 498/2534 (19.7) 1346/6694 (20.1) .63 246/1267 (19.4) 252/1267 (19.9) .76

Prior
Myocardial infarction 1110/2549 (43.5) 2877/6697 (43.0) .61 565/1279 (44.2) 545/1270 (42.9) .52

PCI 665/2555 (26.0) 1760/6715 (26.2) .86 333/1282 (26.0) 332/1273 (26.1) .95

CABG surgery 357/2561 (13.9) 1097/6742 (16.3) .006 173/1284 (13.5) 184/1277 (14.4) .49

Peripheral arterial disease 140/2515 (5.6) 540/6640 (8.1) �.001 63/1262 (5.0) 77/1253 (6.1) .21

Atrial fibrillation 218/2513 (8.7) 492/6588 (7.5) .06 109/1265 (8.6) 109/1248 (8.7) .92

Heart failure 508/2538 (20.0) 1121/6727 (16.7) �.001 251/1271 (19.7) 257/1267 (20.3) .74

Baseline risk assessment
GRACE risk score, median (IQR)b 122.0 (105.0-140.0) 121.0 (105.0-139.0) .81 120.0 (104.0-139.0) 122.0 (106.0-140.0) .11

Values (range) (42-201) (56-205) (42-205) (41-210)

Creatinine clearance, median (IQR), mL/min 74.0 (55.3-97.0) 72.3 (53.4-95.8) .13 74.1 (55.2-97.4) 74.0 (55.6-96.1) .61

Prerandomization treatment
Clopidogrel stratum

No prerandomization clopidogrel 121/2564 (4.7) 277/6761 (4.1) 59/1286 (4.6) 62/1278 (4.9)
Clopidogrel started in hospital and

continued until randomization
1736/2564 (67.7) 4777/6761 (70.7)

.02
865/1286 (67.3) 871/1278 (68.2)

.79

Home clopidogrel continued until
randomization

707/2564 (27.6) 1707/6761 (25.2) 362/1286 (28.1) 345/1278 (27.0)

Duration of clopidogrel before
treatment start, median (IQR), h

108.0 (64.5-153.5) 107.0 (64.0-155.3) .99 108.2 (64.3-156.8) 108.0 (64.5-150.6) .93

Angiography prior to randomization 993/2564 (38.7) 2858/6761 (42.3) .002 492/1286 (38.3) 501/1278 (39.2) .62

Concomitant medicationc

Aspirin, daily dose, mg
�100 1022/2564 (39.9) 2087/6762 (30.9) �.001 516/1286 (40.1) 506/1278 (39.6) .78

100-250 1166/2564 (45.5) 3790/6762 (56.0) �.001 592/1286 (46.0) 574/1278 (44.9) .57

�250 187/2564 (7.3) 486/6762 (7.2) .86 87/1286 (6.8) 100/1278 (7.8) .30

�-Blocker 1966/2564 (76.7) 5285/6762 (78.2) .13 1002/1286 (77.9) 964/1278 (75.4) .14

ACE-I/ARB 1853/2564 (72.3) 5174/6762 (76.5) �.001 912/1286 (70.9) 941/1278 (73.6) .13

Statin 2107/2564 (82.2) 5669/6762 (83.8) .06 1058/1286 (82.3) 1049/1278 (82.1) .90

Proton-pump inhibitor 608/2564 (23.7) 1736/6762 (25.7) .05 303/1286 (23.6) 305/1278 (23.9) .86

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndromes; ARB, angiotensin II receptor blocker; CABG, coronary artery bypass graft; CAD, coro-
nary atherosclerotic disease; GRACE, Global Registry of Acute Coronary Events; IQR, interquartile range; NSTEMI, non–ST-segment elevation myocardial infarction; PCI percutaneous
coronary intervention.

Conversion factor: To convert creatinine clearance from mL/min/1.73 m2 to mL/s/m2, multiply by 0.0167.
aMeasured from time of first medical contact.
bHigher GRACE risk scores are associated with a higher predicted risk of 6-mo mortality.8
cAssessed at time of randomization.
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After randomization, prasugrel treat-
ment was associated with lower me-
dian PRU values than clopidogrel treat-
ment starting at 2 hours after the first
dose of the study drug, with pro-
nounced differences at all time points
from 30 days through 30 months in the
subgroup of participants younger than
75 years and weighing 60 kg or more (all
of whom received prasugrel 10 mg/d;
Figure 2A). Within this group, median
30-day PRU values were 64 (interquar-
tile range [IQR], 33-128) for the prasu-
grel group vs 200 (IQR, 141-260) for the
clopidogrel group (P� .001). Among
participants younger than 75 years and
weighing less than 60 kg and those 75
years or older who received the 5-mg/d
maintenance dose of prasugrel, signifi-
cant differences in median PRU values
through 18 months were observed com-
pared with those treated with clopido-
grel, but these differences were less pro-
nounced than for participants who
received prasugrel 10 mg/d (Figure 2B
and C).

At 30 days, 5-mg prasugrel was asso-
ciated with a lower 30-day PRU re-
sponse than was clopidogrel for partici-
pants younger than 75 years who
weighed less than 60 kg with a median
of 139 (IQR, 86-203) vs 209 (IQR, 148-
283; P� .001) and participants 75 years
or older had a median PRU of 164 (IQR,
105-216) vs 222 (IQR, 148-268) in the
clopidogrel group; P� .001). The 30-
day median PRU values for participants
treated with the 10-mg prasugrel dose
were significantly lower than those ob-
served with the 5-mg prasugrel dose for
participants younger than 75 years and
weighing less than 60 kg and for partici-
pants aged 75 years or older (both
P� .001)

The proportion of participants from
the overall population with high plate-
let reactivity cut points of more than 208
PRU and more than 230 PRU was high
at baseline (range approximately, 45%-
55%) and declined slightly with time in
participants treated with clopidogrel but
dropped to approximately 10% to 15%
in prasugrel-treated group starting at the
30-day time point and remained con-
sistent thereafter until the 30-month

Figure 2. Distribution and Median Serial P2Y12 Reaction Unit Values During Treatment
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P value .34 .15 <.001 .001 <.001 .001 .05 .31 .51

500

400

300

200

100

0

Time Points

P
2Y

12
 R

ea
ct

io
n 

U
ni

ts

Baseline Hour 2 Mo 1 Mo 3 Mo 6 Mo 12 Mo 18 Mo 24 Mo 30
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P value .82 .36 <.001 <.001 <.001 <.001 <.001 .02 .95
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Baseline Hour 2 Mo 1 Mo 3 Mo 6 Mo 12 Mo 18 Mo 24 Mo 30

No. of patients 234 209 209 172 201 178 190 164 163 136 114 87 68 52 36 25 26 23

Participants ≥75 yC

The PRU values were measured at prespecified points through 30 months. A, Participants younger than 75
years and 60 kg or less were treated with prasugrel 10 mg/d or clopidogrel 75 mg/d. B, Participants younger
than 75 years and weighed less than 60 kg were treated with prasugrel 5 mg/d or clopidogrel 75 mg/d. C,
Participants 75 years or older were treated with prasugrel 5 mg/d or clopidogrel 75 mg/d. Horizontal bars
represent median values; boxes, interquartile ranges around median values; and error bars, data points 1.5 or
less � IQR. Outlier data points more than 1.5� IQR are shown as dots above the error bars. P values compare
the distribution of PRU values by treatment and time point.
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measurement, when there were few par-
ticipants with PRU values obtained
(eFigure 2A and B, available at
http://www.jama.com).

The cut point for high platelet reac-
tivity based on ROC analysis showed
limited discrimination but was deter-
mined to be PRU more than 178 (area
under curve, 0.54; 95% CI, 0.50-0.58;
sensitivity, 47%; specificity, 59%). Dif-
ferent patterns of high platelet reactiv-
ity status by treatment were demon-
strated with the cut point of more than
178 PRU derived from this study, in that
the proportion of participants with high
platelet reactivity was higher in each
treatment group at the specified time
points than were the results with the
other 2 cut points (eFigure 2C).

Clinical Outcomes
and Platelet Reactivity

The Kaplan-Meier estimates of pri-
mary efficacy end point occurrence
through 30 months were similar for par-
ticipants included in the platelet func-
tion substudy analysis vs those who
were not: 18.1% (340 total raw num-
ber of events) vs 19.3% (929 events;
P=.48) and was not significantly dif-
ferent by prasugrel vs clopidogrel treat-
ment among participants in the sub-

study analysis: 17.2% (160 events) vs
18.9% (180 events; P=.29). Likewise,
estimates of all-cause death and all MI
events through 30 months were simi-
lar based on inclusion in the substudy
analysis: 11.0% (214 events) vs 11.9%
(580 events; P=.74) for all-cause mor-
tality and 10.2% (195 events) vs 11.5%
(542 events) for all MI events (P=.45)
and by treatment among participants in
the substudy analysis: 10.5% (101
events) vs 11.5% (113 events) for all-
cause mortality (P=.39) and 10.5% (96
events) vs 10.0% (99 events) for all MI
events (P=.83).

Among participants in the substudy
analysis, the continuous distribution
curve for PRU values measured at 30
days by the occurrence of the primary
efficacy end point after 30 days was not
different for 214 participants with a pri-
mary end point event compared with
1794 participants without an event
(P = .07; FIGURE 3). The 89 partici-
pants who experienced the primary ef-
ficacy end point; 26, all-cause mortal-
ity; and 88, MI before 30 days were thus
excluded from the 30-day land-
marked analyses.

Additionally, Kaplan-Meier event
curves for the primary efficacy end point
for participants with vs those without
high platelet reactivity at 30 days deter-
mined by the predefined cut points of
more than 208 and more than 230 PRUs
diverged early after the 30-day land-
mark, appeared to separate more dur-
ing long-term follow-up, and demon-
strated a significant difference in the
cumulative riskof events (FIGURE 4A and
B). Similar findings were observed with
the end point of all-cause death, but the
difference in the cumulative risk of
events was only significant by high
platelet reactivity status for the cut point
of more than 230 PRU (Figure 4C and
D). In contrast, the event curves for all
MI events diverged later during the fol-
low-up period, but no significant dif-
ference in the cumulative risk of these
events was demonstrated by high plate-
let reactivity status (Figure 4E and F).

Whencontinuous PRU values (per 60-
unit increase) were analyzed as a time-
dependent covariate for the occurrence

of the primary efficacy end point of car-
diovascular death, MI, or stroke, there
was no significant association after mul-
tivariable adjustment (adjusted hazard
ratio [HR],1.03; 95% CI, 0.96-1.11;
P=.44; TABLE 2). Similar results were ob-
served for all-cause death (adjusted
HR,0.99; 95% CI, 0.90-1.08; P=.79), and
for all MI events (adjusted HR,0.97; 95%
CI, 0.88-1.07; P=.53). Similar results
were seen when multiple imputation
techniques were used for missing PRU
values and when evaluating 30-day PRU
values using a 30-day landmark analy-
sis for ischemic outcomes.

When event occurrence was ana-
lyzed in relation to dichotomous high
platelet reactivity determinations based
on 30-day PRU values using the pre-
specified cut points of more than 230 and
more than 208, as well as the cut point
of more than 178 derived from this study,
high platelet reactivity status was sig-
nificantly associated with the end point
analyzed in univariable fashion but was
not found to be independently associ-
ated with the end points analyzed
(Table 2).

COMMENT
The TRILOGY ACS platelet function
substudy provides several findings that
may explain the overall trial results,
which demonstrated no significant dif-
ference in ischemic outcomes through
the first 12 months despite clinical ob-
servations of greater P2Y12 receptor in-
hibition with prasugrel than with clopi-
dogrel.7 First, we demonstrated no
significant independent association be-
tween both PRU values and high plate-
let reactivity cut points with ischemic
event occurrence in patients with ACS
without ST-elevation initially man-
aged without revascularization. How-
ever, relatively few participants had
platelet function measurements after 12
months, so the substudy results do not
specifically inform the observation of
a late, time-dependent separation of
event curves in the main trial. Second,
we have evaluated the longest longitu-
dinal assessment of platelet reactivity
for patients while treated with clopi-
dogrel or prasugrel and demonstrated

Figure 3. Continuous Distribution Curves
Showing P2Y12 Reaction Unit (PRU) Values
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a consistently greater pharmacody-
namic response for prasugrel than for
clopidogrel in all dosing groups.

Third, we have provided novel phar-
macodynamic data on the 5-mg prasu-
grel dose in patients with ACS. This

dose exhibited greater pharmacody-
namic effects than did the 75-mg clopi-
dogrel dose, but there was an attenu-

Figure 4. Kaplan-Meier Event Curves for the Primary Efficacy End Point, All-Cause Death, and All Myocardial Infarction Events
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ated response compared with the 10-mg
prasugrel dose.

We have demonstrated no signifi-
cant association between PRU values and
high platelet reactivity status with the oc-
currence of ischemic end points in an
ACS population initially treated with-
out revascularization. These findings
were demonstrated within the context
of observed stable, consistent differ-
ences in PRU measurements and less fre-
quent high platelet reactivity status with
extended-duration prasugrel vs clopi-
dogrel treatment. Additionally, the con-
tinuous distribution curves for 30-day
PRU values for participants with vs those
without a subsequent primary efficacy
end point were similar, and ROC analy-
sis demonstrated relatively weak dis-
crimination for the post hoc–derived

high platelet reactivity status of more
than 178 PRU in this population.

These findings collectively suggest
that on-treatment PRU values are not
strongly related to ischemic outcomes
in patients with ACS that is managed
medically, thus correlating with the pri-
mary results from the TRILOGY ACS
trial, which demonstrated no differ-
ence by treatment assignment in the oc-
currence of the primary efficacy end
point through the first 12 months.
Thus, the mechanism of recurrent
thrombotic event occurrence may dif-
fer in medically managed ACS pa-
tients compared with PCI-treated pa-
tients, for which it is strongly influenced
by intensified P2Y12 inhibition.

A single periprocedural measure-
ment of high platelet reactivity in the

setting of clopidogrel therapy for
patients undergoing PCI has been as-
sociated with an increased risk of post-
procedural MI and other ischemic
outcomes, including stent throm-
bosis.2,4-6 In the Assessment of Dual
AntiPlatelet Therapy with Drug-
Eluting Stents (ADAPT-DES) trial, the
largest observational platelet function
study conducted to date, close to 50%
of 30-day post-PCI stent thrombosis
was attributable to high platelet reac-
tivity, defined as a PRU value of more
than 208.10 In addition, an increase of
approximately 4-fold in risk of 30-day
stent thrombosis was associated with
a PRU measurement of more than 208.

Although high platelet reactivity
while receiving treatment with clopi-
dogrel is a well-established risk factor

Table 2. On-Treatment P2Y12 Platelet Reactivity Unit Values and Risk of With Ischemic Events Through 30 Months

Hazard Ratio (95% CI)

Unadjusted P Value Adjusteda P Value

No imputation for missing values with PRU as a time-dependent covariateb

CVD, MI, or stroke 1.09 (1.02-1.16) .008 1.03 (0.96-1.11) .44

All-cause death 1.09 (1.01-1.18) .03 0.99 (0.90-1.08) .79

All MI 1.02 (0.94-1.11) .60 0.97 (0.88-1.07) .53

Multiple imputation for missing values with PRU as time-dependent covariateb

CVD, MI, or stroke 1.11 (1.04-1.19) .002 1.05 (0.97-1.13) .22

All-cause death 1.10 (1.01-1.21) .03 1.02 (0.93-1.12) .71

All MI 1.07 (0.98-1.17) .12 1.01 (0.92-1.11) .86

Multiple imputation for missing values with 30-d PRU values
CVD, MI, or stroke 1.11 (1.03-1.20) .007 1.04 (0.96-1.12) .39

All-cause death 1.11 (1.01-1.22) .03 1.01 (0.92-1.11) .85

All MI 1.09 (0.98-1.21) .10 1.02 (0.91-1.13) .75

Multiple imputation for missing values with 30-d high platelet reactivity PRU cut pointc

�230
CVD, MI, or stroke 1.43 (1.07-1.89) .01 1.20 (0.90-1.61) .21

All-cause death 1.46 (1.04-2.06) .03 1.14 (0.80-1.62) .48

All MI 1.27 (0.87-1.87) .22 1.08 (0.73-1.61) .69

�208
CVD, MI, or stroke 1.43 (1.10-1.86) .01 1.16 (0.89-1.52) .28

All-cause death 1.38 (0.99-1.91) .06 1.03 (0.74-1.44) .84

All MI 1.37 (0.96-1.95) .08 1.13 (0.79-1.62) .50

�ROC-defined value of 178
CVD, MI, or stroke 1.35 (1.05-1.73) .02 1.13 (0.87-1.45) .35

All-cause death 1.27 (0.92-1.75) .15 0.99 (0.71-1.38) .95

All MI 1.34 (0.96-1.86) .09 1.13 (0.80-1.58) .49
Abbreviations: CVD, cardiovascular death; MI, myocardial infarction; PRU, P2Y12 reaction unit; ROC, receiver operating characteristic curve.
aVariables used in modeling for adjustment included those from the GRACE 6-month mortality risk score for patients with acute coronary syndromes (ACS) included age, chronic heart

failure, prior MI, heart rate, creatinine levels, systolic blood pressure, ST-segment deviation, elevated cardiac enzymes, and no percutaneous coronary intervention for index ACS event
and included variables specific to the TRILOGY trial: angiography before randomization, aspirin dose at randomization, baseline concomitant medications (�-blocker, angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker, statin, or proton-pump inhibitor), prior coronary artery bypass graft surgery, clopidogrel strata as previously defined,7 dia-
betes, and smoking).8

bEvaluation of continuous PRU values (per 60-unit increase) as a time-dependent covariate with and without multiple imputation for PRU values expected to be measured for events
occurring from 2 hours to 30 days (before the 30-day measurement) and for missing PRU values at the prespecified time measurements. PRU values assessed at 30 days were
evaluated in the modeling process with a 30-day landmark analysis for events occurring after 30 days through 30 months with multiple imputation for missing PRU values at 30 days.
High platelet reactivity PRU cutoff values at 30 days were introduced as dichotomous variables using the same landmarked modeling process.

cHigh platelet reactivity was measured while patients were receiving treatment.
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for ischemic events among patients un-
dergoing PCI, a large trial did not dem-
onstrate that this risk was modifiable
by increasing the clopidogrel mainte-
nance dose to 150 mg (although with
lower-than-expected event rates),5 and
a similar trial comparing prasugrel vs
clopidogrel treatment among patients
with stable coronary disease undergo-
ing PCI was terminated early due to low
event rates.11 Thus, although high on-
treatment PRU values for patients with
stable coronary disease undergoing PCI
who were treated with clopidogrel have
been associated with worse outcomes
in prior studies, randomized trials have
shown that high platelet reactivity for
PCI-treated patients receiving clopido-
grel does not result in high event rates
and does not discriminate a popula-
tion of patients that has improved out-
comes with adjustment of antiplatelet
therapy.

A 5-mg dose of prasugrel was used
in the TRILOGY ACS trial to reduce
bleeding complications in the vulner-
able groups of elderly (�75 years) pa-
tients and younger, low-body-weight
patients (�60 kg). In pharmacody-
namic studies of patients less than 60
kg and 75 years or older with stable
coronary artery disease, close to 2 weeks
of 5-mg prasugrel therapy was nonin-
ferior to 10-mg prasugrel used in
younger, heavier patients, as deter-
mined by conventional platelet ag-
gregometry.12,13 The antiplatelet ef-
fects of the 5-mg prasugrel dose in these
studies were greater than the effects
with clopidogrel both among the el-
derly patients and younger patients with
low body weight. These findings were
confirmed in the much larger TRILOGY
platelet function substudy using the
VerifyNow P2Y12 assay. A recent ob-
servational study showed that pa-
tients aged older than 75 years exhib-
ited a reduced pharmacodynamic
response to both clopidogrel and pra-
sugrel; therefore, our findings should
be considered within the context of dif-
ferential response among elderly pa-
tients to both therapies evaluated in the
TRILOGY ACS trial.14 Thus, we have
demonstrated reducing the prasugrel

dose to 5 mg/d for subgroups shown to
be at higher risk for bleeding is asso-
ciated with an attenuated antiplatelet
response compared with the 10-mg pra-
sugrel dose in younger, heavier study
participants, but the response was sig-
nificantly greater than that observed
with clopidogrel.15

A number of limitations to our analy-
sis should be noted. PRU values were
missing across all periods and multiple
imputation techniques were used to ac-
count for any potential bias. Further-
more, the number of participants with
PRU data after 12 months was rela-
tively small, thus limiting the interpre-
tation of PFS results with respect to the
observed late divergence of event curves
and the signal for a late reduction in mul-
tiple recurrent ischemic events in the
overall trial.7 Also, due to logistical is-
sues, we were only able to collect a
2-hour PRU measurement after the start
of study drug treatment that did not re-
flect subsequent steady-state PRU val-
ues that would typically be present only
after 5 days of daily maintenance therapy
in participants randomized to receive
prasugrel therapy. Thus, we relied on
PRU measurement taken at 30 days to
examine the relationship between PRU
and ischemic events occurring from 5
to 30 days and on the 2-hour PRU mea-
surement for events occurring from ran-
domization through 5 days. Finally,
there was no mechanism to perform a
formal sample size analysis for the
substudy; accordingly, this study may
have been relatively underpowered
for assessing the relationship of on-
treatment PRU values with the occur-
rence of ischemic end points.

In summary, we observed early and
sustained differences in PRU values for
medically managed ACS patients with-
out ST-segment elevation treated with
prasugrel vs clopidogrel, with rela-
tively few study participants having
platelet function measurements after 12
months. There were no significant dif-
ferences in the composite of cardiovas-
cular death, MI, or stroke through 30
months in patients treated with prasu-
grel vs clopidogrel and no significant
independent association between plate-

let reactivity and the occurrence of is-
chemic outcomes.
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