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ABSTRACT

Background: The optimal duration of dual antiplatelet therapy (DAPT) after acute coronary syndrome (ACS) is
not known. Factors influencing DAPT duration are not well described.

Hypothesis: We hypothesized that continued DAPT 12 months beyond ACS would be associated with patient
factors such as stent type and that it may be associated with lower rates of ischemic events.

Methods: The TIMI 38 Coronary Stent Registry (CSR) followed patients who completed the TRITON-TIMI 38
trial, received a stent, and were alive and event free. Continuation of DAPT was determined by the treating
physician.

Results: The CSR enrolled 2110 patients (1679>12 months from index ACS) and followed for a median of 2.1
additional years. DAPT was continued in 554 (26%) and was more likely to be continued in patients with
drug-eluting stents (DES; 54%) and in North America. The rate of cardiovascular death, MI, or stroke was
2.35% per year, and 13 patients (0.6%) experienced Academic Research Consortium definite or probable ST.
Recurrent ischemic events were similar between patients who continued thienopyridine therapy and those
who stopped at registry entry (P = 0.74 for cardiovascular death/MI/stroke; P = 0.72 for definite or probable
ST). After propensity score adjustment, there was no significant difference in cardiovascular death/MI/stroke
(P=o0.55) or bleeding (P =0.51) with prolonged DAPT.

Conclusions: Patients stabilized for a year after ACS and stenting have low rates of ST relative to overall
cardiovascular events. The decision to continue DAPT maybe associated with stent type (DES vs bare-metal
stent) and region.

Introduction

Dual antiplatelet therapy (DAPT) with a P2Yy, receptor
antagonist added to aspirin has been shown to reduce
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the risk of ischemic events in patients presenting with
acute coronary syndromes (ACS) through 12 months.!=3
However, when expanded to chronic treatment in patients
with stable atherosclerotic vascular disease or risk factors,
DAPT has not significantly reduced ischemic events.
Analyses in selected subgroups with established disease,
particularly myocardial infarction (MI), do suggest a benefit
of prolonged DAPT as chronic therapy.*® In addition,
observational studies have described the risk of late stent
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thrombosis (ST) in stable patients with coronary stents
and have raised concerns about discontinuation of DAPT
even after 12months, particularly in patients who have
drug-eluting stents (DES).57 The largest randomized trials
evaluating prolonged DAPT in patients with coronary stents
have not shown benefit.5?

The uncertainty in the optimal duration of DAPT after MI
is reflected in professional guideline recommendations that
do not define an exact duration of therapy after ACS.10 As
a result, clinicians must determine the duration of DAPT
for individual patients based on characterization of risk. We
sought to describe the patterns and predictors of DAPT
utilization after 1year in patients with ACS treated with
coronary stenting as well as the rate of recurrent events in
this stable population.

Methods
Study Population

The TIMI 38 Coronary Stent Registry (CSR) was a prospec-
tive, investigator-initiated, observational study designed
as a follow-on to the Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition
With Prasugrel-Thrombolysis In Myocardial Infarction 38
(TRITON-TIMI 38) clinical trial, which randomized 13 608
patients presenting across the spectrum of ACS to treat-
ment with either prasugrel or clopidogrel. Full inclusion and
exclusion criteria for TRITON-TIMI 38 have been previously
published.!1-12

To qualify for registry inclusion, patients had to have been
treated with a coronary stent and could not have experienced
MI or ST after their index event. Participation in the registry
was elective on a site and subject level. Trial sites electing to
participate in the registry were required to receive approval
from their local ethics boards for participation in the CSR.
Once the registry was approved, qualifying patients were
approached for their consent for participation in the TIMI
38 CSR (Supplementary Figure 1).

Subjects from 155 of 702 TRITON-TIMI 38 sites in 20
countries participated in the CSR. Patients enrolled in the
registry were more likely to be white, have a history of
hypercholesterolemia, were less frequently treated with
coronary artery bypass grafting (CABG), and were more
likely to receive a DES compared with patients who did not
enroll (Supplementary Table 1). Compared with TRITON-
TIMI 38, there was greater representation in the CSR from
North America and Western Europe and less representation
from Eastern Europe (Supplementary Table 1).

Protocol

Subjects randomized in the TRITON-TIMI 38 trial were fol-
lowed for 6 to 15 months (median, 14.5 months) during the
trial. On their completion, consenting patients immediately
began follow-up in the CSR. Treatment decisions, including
continuation of DAPT, were at the discretion of the patient’s
treating physician and administered as open-label therapy
not provided by study staff. During the registry follow-
up period, prasugrel was not approved for clinical use, so
if thienopyridine treatment was continued, clopidogrel or
ticlopidine were used. Patients in the CSR were followed at

6-month intervals through scheduled visits. Information was
recorded regarding antiplatelet use as well as clinical events.

Registry follow-up was continued for an additional 2 years
after the completion of the TRITON-TIMI 38 trial, which
ended in July 2007, with a common analytic registry end
date of June 30, 2009. The follow-up period for patients
participating in the CSR is detailed in Supplementary
Figure 1.

Endpoints

Patients in the CSR were followed for major adverse
cardiovascular and bleeding events. All potential endpoints
were reviewed and adjudicated by trained adjudicators
using definitions used for TRITON-TIMI 38.1112 Endpoints
of interest included cardiovascular death (CVD), total
mortality, MI, ST (Academic Research Consortium [ARC]
definite + probable definition),!? stroke, and TIMI bleeding
(major, minor, or requiring medical attention) not related
to CABG.

Statistical Analysis

Baseline characteristics were compared using the x 2 test for
categorical and the Wilcoxon rank-sum test for continuous
variables. Outcome comparisons were performed on the
basis of the time to the first event and expressed as Kaplan-
Meier estimates. Hazard ratios (HR) were calculated from
Cox proportional-hazard models.

To adjust for differences in the comparison groups,
propensity scores were created using logistic regression
modeling. Separate propensity scores were created for the
continuation of thienopyridine therapy at registry entry as
well as the use of DES or bare-metal stent (BMS) at the
index intervention (Supplementary Tables 2 and 3). The
propensity score for the use of DES at index had a C-statistic
of 0.88 and the propensity thienopyridine continuation had
a C-statistic of 0.81. For both models, missing values were
assumed to be missing at random.

Adjusted HRs were calculated from Cox proportional-
hazard models using propensity stratification. This included
an interactive process to define and verify that the strata
were balanced on score and covariates. The predicted expo-
sure levels were then divided into propensity strata, and the
Cox model was used to estimate the treatment effect within
each propensity score stratum measured and averaged
across the strata to estimate the effect on the outcome of
continuing vs not continuing thienopyridine. A sensitivity
analysis using propensity matching was also performed to
assess the adequacy of the stratification process.

Tests for interaction between subgroup and continued
treatment with thienopyridine or not and testing for
interactions between subgroup and stent type for DES/BMS
analysis were performed using Cox models.

Results

Subjects from 155 of 702 TRITON-TIMI 38 sites in 20
countries participated in the CSR. Patients enrolled in the
registry were more likely to be white, have a history of
hypercholesterolemia, were less frequently treated with
CABG, and were more likely to receive a DES compared
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with patients who did not enroll (Supplementary Table 1).
Compared with TRITON-TIMI 38, there was greater
representation in the CSR from North America and Western
Europe and less representation from Eastern Europe
(Supplementary Table 1).

Baseline characteristics for the registry population are
shown in Table 1. A total of 2110 patients were included in
the registry. Eighty percent (1679) of these patients were
>12 months beyond their index ACS, and patients were fol-
lowed for a median of an additional 2.1 years after inclusion
in the registry. Overall, 4416 patient-years of follow-up were
collected in the CSR. Of the 2110 patients included in the
registry, 1144 (54%) received >1 DES, whereas 966 (46%)
received BMS only. A total of 554 (26%) patients were contin-
ued on thienopyridine therapy at trial completion (Table 1).

Correlates and Patterns of Thienopyridine Continuation

A total of 554 (26%) patients were continued on thienopy-
ridine therapy at registry entry. This proportion remained
relatively stable through the 24 months of follow-up in the
registry (Figure 1). The proportion was greater in patients
who received any DES than in those who received BMS only,
but it remained stable in both groups over time (Figure 1).

Patients in North America were more likely to be
continued on thienopyridine therapy compared with all
other regions (Table 1). This pattern remained stable during
the 24 months of registry follow-up (Figure 2). Patients who
were not current smokers, those with hypercholesterolemia,
and those with a history of prior MI or elective percutaneous
coronary intervention (PCI) as well as those treated with
DES were more frequently continued on thienopyridine
therapy during registry follow-up (Table 1).

On multivariate analysis, continuation of thienopyridine
therapy was significantly associated with North American
region, treatment with DES, and history of elective PCI
during trial participation (Supplementary Table 2A). Clinical
and demographic factors including age, sex, hypertension,
hypercholesterolemia, prior MI, or CABG were not
associated with continued thienopyridine (Supplementary
Table 2A). Similarly, angiographic factors such as the
presence of multivessel disease and maximal stent length
were not associated with continued thienopyridine therapy
(Supplementary Table 2B).

Recurrent Events

Event rates for the total cohort over the period of registry
follow-up are shown in Figure 3. A total of 73 patients (3.0%)
experienced a MI and 24 (1.1%) died of cardiovascular
causes. Overall, the 2-year rate of the composite of CVD,
MI, or stroke was 4.4% (n=103). Academic Research
Consortium definite or probable ST occurred in 13 (0.60%)
and TIMI major or minor bleeding in 17 (0.80%).

Continued Thienopyridine Therapy and Outcomes

There was also no significant difference in rate of CVD, MI,
or stroke in patients who continued thienopyridine therapy
compared with those who did not (3.7% vs 4.7%; HR: 0.93,
95% confidence interval [CI]: 0.59-1.45, P =0.74; Table 2).
Academic Research Consortium definite or probable ST was

similar in patients who continued thienopyridine therapy
compared with those who did not (0.8% vs 0.5%; HR: 1.24,
95% CI: 0.38-4.01, P =0.72).

Unadjusted analyses showed TIMI major or minor bleed-
ing was numerically higher in the thienopyridine group
(1.3% vs 0.6%; HR: 1.99, 95% CI: 0.76-5.22, P =0.16;Table 2).
When adjusted using propensity score stratification, there
was no difference in the hazard of CVD or recurrentischemic
events for patients who continued thienopyridine therapy
compared with those who discontinued it (Table 2). Simi-
larly, there was no significant increase in the adjusted HR of
TIMI major bleeding, TIMI minor bleeding, TIMI medical-
attention bleeding, or the composite of all 3 (Table 2).

Stent Type and Outcomes

The rate of CVD, MI, or stroke was similar in patients
who received a DES at the index event compared with
those who received BMS only (P =0.36; Supplementary
Table 3), and there were no significant differences in the
rates of ARC definite or probable ST (P =0.49) or bleeding
(Supplementary Table 3). After propensity score adjustment,
there were no significant differences in outcomes (ischemic
or safety) by stent type (Supplementary Table 4).

When tested for an interaction between the continued
use of thienopyridine therapy at registry entry and stent
type (DES vs BMS), there was a significant interaction for
CVD (P =0.033; Supplementary Table 4) but no significant
interaction for MI or ST (Supplementary Table 4).

For patients with DES, the adjusted hazard of CVD was
lower (adjusted HR: 0.10, 95% CI: 0.01-0.80, P =0.031) in
patients who continued thienopyridine therapy compared
with those who did not; however, this difference was not
seen in the BMS-only group, where the hazard of CVD was
similar for those who continued on thienopyridine therapy
compared with those who did not (adjusted HR: 1.66, 95%
CI: 0.32-8.55, P = 0.54; Supplementary Table 4).

Discussion

The CSR prospectively recorded patterns of treatment and
outcomes during long-term follow-up of a well-characterized
group of patients treated with coronary stenting for ACS.
Greater than 80% of the cohort was treated with DAPT for
>12months from their index event, and all had survived
the period before registry inclusion without experiencing
an MI or ST.

Over the 2years of registry follow-up, we observed
that patients were at much lower risk of CVD, MI, or
stroke (2.0% at lyear, 4.7% at 2years) than during the
acute phase observed during TRITON-TIMI 38 (12.1%
clopidogrel at 15 months) and during the initial phase after
stabilization from ACS (TRITON-TIMI 38 3-day landmark
6.9%).12 Overall, ST was infrequent in the registry phase
(13 ARC definite or probable events over 2years) and was
numerically similar to the rate of TIMI major bleeding.
These findings indicate the clinical stability and low event
rates of patients who have survived >1year from their ACS
and underscore the rarity of clinically detectable ST.

Approximately 26% of the CSR cohort was continued
on thienopyridine therapy after lyear. The rate of
thienopyridine continuation was higher in patients with
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Table 1. Baseline Characteristics and Continuation of Dual Antiplatelet Therapy

Total, Thienopyridine, No Thienopyridine,
Variable N = 21107 n=s554 n=1545 P Value
Demographics
Age >75 years 283 (13) 76 (14) 204 (13) 0.76
Male sex 1581 (75) 407 (73) 1168 (76) 0.32
White race 2005 (95) 522 (95) 1473 (96) 0.35
Region
North America 700 (33) 353 (64) 347 (22) < 0.001
South America 101 (5) 16 (3) 83 (5)
Western Europe 598 (28) 64 (12) 526 (34)
Eastern Europe 386 (18) 74 (13) 311 (20)
Rest of world 325 (15) 47 (9) 278 (18)
Risk factors
DM 453 (21) 120 (22) 330 (21) 0.88
Current smoker 782 (37) 183 (33) 596 (39) 0.021
Hypertension 1316 (62) 363 (66) 947 (61) 0.078
Hypercholesterolemia 1295 (61) 373 (67) 915 (59) < 0.001
Previous Ml 363 (17) 111 (20) 249 (16) 0.036
Previous CHF 65 (3) 16 (3) 49 (3) 0.74
CrCl <60 mL/min 215 (10) 54 (10) 160 (10) 0.68
TRITON-TIMI 38 presentation and treatment
Qualifying NSTE-ACS 1608 (76) 488 (88) 1110 (72) < 0.001
CABG 2 (0.09) o (0) 2 (0.13) 0.40
BMS only 966 (46) 128 (23) 830 (54) < 0.001
DES only 1045 (50) 397 (72) 645 (42) < 0.001
DES (any) 1144 (54) 426 (77) 715 (46) < 0.001
ACEI/ARB 1501 (71) 383 (69) 1111 (72) 0.22
B-Blocker 1891 (90) 496 (90) 1385 (90) 0.94
Statin 1934 (92) 519 (94) 1405 (91) 0.045
Randomization group (prasugrel) 1070 (51) 278 (50) 785 (51) 0.80
Events and follow-up in TRITON-TIMI 38
TIMI major non-CABG bleed 28 (1.3) 10 (1.8) 18 (1.2) 0.26
TIMI major/minor non-CABG bleed 52 (2.5) 15 (2.7) 37 (2.4) 0.69

Abbreviations: ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARC, Academic Research Consortium; BMS, bare-metal
stent; CABG, coronary artery bypass grafting; CHF, congestive heart failure; CrCl, creatinine clearance; DES, drug-eluting stent; DM, diabetes mellitus;
MI, myocardial infarction; NSTE-ACS, non—ST-segment elevation acute coronary syndrome; TIMI, Thrombolysis In Myocardial Infarction; TRITON-TIMI 38,
Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis In Myocardial Infarction 38.

Data are presented as n (%).

9Thienopyridine status missing in 11 patients.
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Figure 1. Percent of subjects who were continued on thienopyridine
therapy over time for the overall cohort (diamonds), subjects who
received only BMS (triangles), and subjects who received DES (squares).
Abbreviations: ACS, acute coronary syndrome; BMS, bare-metal stent;
DES, drug-eluting stent.
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Figure 2. Percent of patients who were continued on thienopyridine
therapy over time for North America (diamonds), South America
(squares), Western Europe (triangles), Eastern Europe (circles), and rest
of world (crosses). Abbreviations: ACS, acute coronary syndrome.

DES, those with recent PCI, and in patients from North
America. Interestingly, continued therapy did not appear to
be driven by demographic, clinical, or angiographic factors
such as patient age, severity of coronary artery disease at
index, maximal stent length, or history of recurrent MI.
Patients who were continued on thienopyridine therapy
tended to stay on therapy throughout follow-up, with similar
rates of use from 12 months forward through 36 months,
suggesting that physicians tended to decide on a treatment
strategy and remain consistent with that initial decision
over time.

Observational studies have suggested that there is a
higher rate of late ST in patients receiving DES compared
with BMS.”1415 In the CSR, patients with DES were
observed to experience higher rates of ST compared with
patients with BMS only; however, after propensity score
adjustment, this observation did not persist, suggesting,
at least in part, that this finding was the result of patient
characteristics rather than an intrinsic stent-related risk.
Use of DES, however, remained a significant predictor
of continued thienopyridine use in the CSR, suggesting

n=2,110
5.0%
4.40%
4.0%
3.00%

3.0% -

2.0%
109 1.10% 1.00% 0.80%
0% 0.60% i
n=24 n=73 n=13 n=20 n=103 n=17
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CV Death MI ST* Stroke CVD/MI/Stroke Bleed**

*ARC Definite or Probable Stent Thrombosis, **TIMI Major or Minor

Figure 3. Cumulative incidence of endpoints at 2 years from registry
entry. Abbreviations: ACS, acute coronary syndrome; ARC, Academic
Research Consortium; CV, cardiovascular; CVD, cardiovascular death; KM,
Kaplan-Meier; MI, myocardial infarction; ST, stent thrombosis; TIMI,
Thrombolysis In Myocardial Infarction.

that treating clinicians identified this group as higher risk
relative to those with BMS only. Similar findings have been
shown in other registries of patients with atherosclerotic
vascular disease.!6

The optimal duration of DAPT after coronary stent-
ing remains an open question. Randomized trials
have not demonstrated benefit; however, they have
been modestly powered for rare events such as late
ST39 The DAPT Study!” (http://www.ClinicalTrials.gov
NCT00977938), which has completed enrollment of approx-
imately 20 000 patients with stents, and will random-
ize them to either continued DAPT or aspirin alone at
12 months, will provide important answers for patients who
have undergone PCI. The CSR results underscore the low
frequency of ST (0.6% at 2 years) in stable populations with
coronary stents and the need for robustly sized trials.

The optimal treatment for patients with a history of ACS
also remains an open question. This is particularly complex
for the subset of ACS patients who have an indication for
anticoagulation therapy, or triple antithromobotic therapy.1®
The rate of CVD, MI, or stroke unrelated to coronary stent-
ing in our population was approximately 5x greater than the
rate of ARC definite or probable ST at 2years (3% vs 0.6%).
This suggests that prolonged DAPT, if beneficial, is more
likely to show benefit for de novo events rather than stent-
related events and that those at risk for recurrent events
may have the greatest opportunity to benefit. This hypothe-
sis is supported by subgroup analyses from trials of DAPT in
stable populations suggesting benefit in those with a history
of MI.* In addition, trials of novel antithrombotic agents in
stable patients with atherosclerotic vascular disease have
shown greatest benefit in patients with history of MI.19-20

There are important limitations of this analysis. First,
as an observational cohort study, differences between
nonrandomized groups may be related to unmeasured
differences that could not be controlled for with propensity
scoring and adjustment. Second, the registry was modestly
sized at 2110 and was likely underpowered to detect
differences in infrequent events such as ST.
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Table 2. Outcomes by Continued Thienopyridine Therapy

Thienopyridine,

Outcome N =554, N (2-Year KM Rate)
Coronary death 2 (0.2)
CvD 3 (0.4)
All-cause death 8 (1.4)
Ml 21 (2.9)
Stroke 4 (0.8)
ARC definite ST 4 (0.8)
ARC definite/probable ST 4 (0.8)
CVD/MI 24 (3.3)
CVD/MI/stroke 25(3.7)
TIMI medical attention bleeding 11 (2.1)
TIMI major bleeding 1(0.2)
TIMI major/minor bleeding 7 (1.3)
Any TIMI bleed 18 (3.5)

No Thienopyridine, Adjusted Adjusted
N =1545, N (2-Year KM Rate) HR (IQR)? P Value?

14 (0.9) 0.43 (0.09-2.07) 0.30

21 (1.3) 0.32 (0.08-1.19) 0.090

28 (1.7) 0.73 (0.30-1.75) 0.48

52 (3.1) 1.08 (0.61-1.90) 0.79

16 (1.2) 0.61 (0.18-2.07) 0.43

7 (0.4) 0.82 (0.21-3.15) 0.77

9 (0.5) 0.68 (0.19-2.43) 0.55

67 (3.9) 0.95 (0.56-1.60) 0.84

78 (4.7) 0.86 (0.52-1.42) 0.55

16 (0.9) 0.91 (0.38-2.18) 0.83

5 (0.4) 0.39 (0.04-3.88) 0.43

10 (0.6) 1.46 (0.48-4.45) 0.51

24 (1.4) 1.25 (0.62-2.53) 0.54

Abbreviations: ARC, Academic Research Consortium; CVD, cardiovascular death; HR, hazard ratio; IQR, interquartile range; KM, Kaplan-Meier; MI,
myocardial infarction; ST, stent thrombosis; TIMI, Thrombolysis In Myocardial Infarction.

Data are presented as n (%).
9Propensity stratified.

Conclusion

Overall, we found that patients who survive beyond 1year
from ACS have a low rate of death or recurrent ischemic
events and a very low rate of ST. Prolonged DAPT was
associated with use of a DES and North American residency
and was not associated with risk factors or angiographic
findings. Well-powered randomized trials are needed to
determine which patients may benefit from prolonged DAPT
and the optimal duration of this therapy.
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