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Aims In the dual antiplatelet therapy (DAPT) study, continued thienopyridine beyond 12 months after drug-eluting stent
placement was associated with increased mortality compared with placebo. We sought to evaluate factors related
to mortality in randomized patients receiving either drug-eluting or bare metal stents in the DAPT study.

Methods
and results

Patients were enrolled after coronary stenting, given thienopyridine and aspirin for 12 months, randomly assigned to
continued thienopyridine or placebo for an additional 18 months (while taking aspirin), and subsequently treated with
aspirin alone for another 3 months. A blinded independent adjudication committee evaluated deaths. Among 11 648
randomized patients, rates of all-cause mortality rates were 1.9 vs. 1.5% (continued thienopyridine vs. placebo,
P ¼ 0.07), cardiovascular mortality, 1.0 vs. 1.0% (P ¼ 0.97), and non-cardiovascular mortality, 0.9 vs. 0.5% (P ¼ 0.01)
over the randomized period (Months 12–30). Rates of fatal bleeding were 0.2 vs. 0.1% (P ¼ 0.81), and deaths related to
any prior bleeding were 0.3 vs. 0.2% (P ¼ 0.36), Months 12–33). Cancer incidence did not differ (2.0 vs. 1.6%, P ¼ 0.12).
Cancer-related deaths occurred in 0.6 vs. 0.3% (P ¼ 0.02) and were rarely related to bleeding (0.1 vs. 0, P ¼ 0.25). After
excluding those occurring in patients with cancer diagnosed before enrolment, rates were 0.4 vs. 0.3% (P ¼ 0.16).

Conclusion Bleeding accounted for a minority of deaths among patients treated with continued thienopyridine. Cancer-related
death in association with thienopyridine therapy was mainly not related to bleeding and may be a chance finding.
Caution is warranted when considering extended thienopyridine in patients with advanced cancer.

Trial
Registration

clinicaltrials.gov Identifier: NCT00977938.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Dual antiplatelet therapy † Mortality † Cancer † Thienopyridine

Introduction
With prevention and treatment, age-adjusted mortality from cardio-
vascular disease in the USA has declined dramatically.1,2 In populations
with coronary artery disease, deaths due to non-cardiovascular causes
now rival those due to cardiovascular aetiologies.3,4 Contemporary
cardiovascular trials are therefore often designed to detect events

that impact quality of life or morbidity, rather than mortality alone.
Nonetheless, mortality, from any cause, has great significance to
patients and physicians.

Anticoagulants and anti-thrombotics may be associated with car-
diovascular benefits, yet they also increase bleeding risk. Among
individuals treated for coronary artery disease, bleeding and subse-
quent mortality are associated.5,6 The degree to which medical
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therapies increase the risk of bleeding and subsequent mortality
beyond what can be attributed to intrinsic patient risk factors may
be difficult to determine from observational analysis.7,8

The dual antiplatelet therapy (DAPT) study was an international,
blinded, placebo-controlled, and randomized trial comparing two
durations of thienopyridine therapy to prevent stent thrombosis
and/or the composite endpoint of mortality, myocardial infarction
or stroke (MACCE: major adverse cardiovascular and cerebrovas-
cular events) among patients treated with coronary stents. While
continued thienopyridine therapy was associated with reductions
in the co-primary endpoints of stent thrombosis and MACCE, it
was also associated with an increase in moderate or severe bleed-
ing.9,10 Among patients treated with drug-eluting stents (DES),
all-cause mortality, a secondary endpoint, was increased in those
treated with continued thienopyridine therapy plus aspirin over
the combined randomized and aspirin-only treatment periods
(12–33 months).9 In populations with cardiovascular disease, prior
large trials evaluating extended thienopyridine therapy have not ob-
served higher mortality in combined meta-analysis compared with
aspirin alone,11– 13 yet meta-analyses of the subset of DES-treated
subjects, predominantly driven by the DAPT DES-treated cohort,
have reached varying conclusions using different methods.14,15

Based on the premise that a mortality risk with thienopyridine ther-
apy would not be unique to a particular stent type, we performed an
exploratory analysis of all randomized patients [DES and bare metal
stent (BMS) treated] in the DAPT study to closely analyse causes of
death and to identify a putative mechanism of mortality associated
with continued thienopyridine plus aspirin therapy.

Methods

Study background
The DAPT study compared the effects of continued thienopyridine
therapy vs. placebo beyond 12 months in patients who had coronary
stent placement and who were taking aspirin.16 Primary outcomes
have been described and included concomitant reduction in definite
or probable stent thrombosis and MACCE, and increase in moderate/
severe bleeding.9 Among randomized DES-treated patients (n ¼ 9961),
continued thienopyridine reduced MACCE (hazard ratio 0.71,
P , 0.001), with myocardial infarction being the component most fa-
vourably affected (hazard ratio 0.47, P , 0.001). However, continued
thienopyridine (vs. placebo) was associated with increased moderate
or severe bleeding (2.5 vs. 1.6%, respectively, P ¼ 0.001) and all-cause
mortality (2.0 vs. 1.5%, respectively, hazard ratio 1.36, 95% confidence
interval [CI] 1.00–1.85; P ¼ 0.05) from 12 to 30 months, and all-cause
mortality from 12 to 33 months (2.3 vs. 1.8%, respectively, hazard ratio
1.36, 95% CI 1.02–1.82, P ¼ 0.04). Among BMS-treated patients who
were randomized (n ¼ 1687), all-cause mortality was 1.0 and 1.2%, re-
spectively, from 12 to 30 months (hazard ratio 0.90, 95% CI 0.35–2.33,
P ¼ 0.83)10 and 1.5 vs. 1.7% from 12 to 33 months.

Study population
Inclusion criteria required that eligible subjects were adults undergoing
coronary stent placement who had ≥3 years life expectancy, were can-
didates for dual antiplatelet therapy, and were not on oral anticoagu-
lants. Patients treated with either BMS or DES were eligible for
randomization, and were pre-specified for analysis of the primary
endpoints and their components.

Study procedures
Patients enrolled in the DAPT study received thienopyridine (clopido-
grel or prasugrel) and aspirin therapy (open-label period). At 12
months, patients free of myocardial infarction, stroke, moderate or se-
vere bleeding, and who were treatment compliant, continued aspirin
and were randomized to continued thienopyridine or placebo for an
additional 18 months (randomized treatment period; Months 12–30).
After 18 months of randomized treatment, the study drug was discon-
tinued and patients were followed for an additional 3 months during
which they received aspirin alone (aspirin only period; Months 30–33).

This study was conducted in accordance with the Declaration of
Helsinki; the locally appointed ethics committee approved the research
protocol at each institution and informed consent was obtained from
the subjects (or their guardians).

Clinical event adjudication
All possible primary endpoint events, including death, underwent inde-
pendent, blinded adjudication by a Clinical Events Committee (CEC) as
previously described.16 Deaths were classified as cardiac, vascular, or
non-cardiovascular, according to Academic Research Consortium
definition.17 Bleeding was defined by both Global Utilization of Strepto-
kinase and Tissue Plasminogen Activator for Occluded Arteries18 and
Bleeding Academic Research Consortium (BARC) criteria, including
BARC Type 3C to define intracranial haemorrhage, and Type 5 to
define fatal bleeding.19 Cardiovascular procedure-related bleeding
or bleeding related to primarily cardiac or vascular conditions was con-
sidered cardiovascular death, other fatal bleeds were considered
non-cardiovascular.

Upon recognition of a mortality signal within the primary analysis
(DES-treated) cohort,9 a second blinded CEC composed of two cardi-
ologists and four oncologists was established to evaluate the potential
contribution of specific pathologic mechanisms to mortality (see
Appendix). The classification of cardiac, vascular, and non-cardiovascular
death was not readjudicated.

All deaths were reviewed regardless of initial adjudicated cause.
Bleeding-related death was adjudicated as any death that was possibly,
probably, or definitely related to a prior bleeding event. Cancer-related
deaths were similarly adjudicated as any death that was possibly, prob-
ably, or definitely related to a malignancy or complications from treat-
ments specifically administered for the malignancy. In addition, the
second CEC adjudicated characteristics of the malignancy, including
date of diagnosis, stage, location, and treatment type.

Statistical analysis
Analyses planned and conducted after the primary analysis of the DES-
treated cohort had been completed were intended to investigate mor-
tality, and should be considered exploratory. Analyses were performed
on the intention-to-treat population (all randomized patients). Analysis
periods included the randomized period, to evaluate mortality while pa-
tients were taking study drug, and the combined randomized plus
aspirin-only periods (Months 12–33), to include the possibility of de-
layed effects on mortality. Outcomes included all-cause, cardiovascular,
and non-cardiovascular mortality. Kaplan–Meier estimates of the cumu-
lative incidence are presented according to randomized treatment
group along with hazard ratios (continued thienopyridine vs. placebo)
derived from Cox proportional hazards model, and their two-sided
95% CIs, all of which are stratified by randomization strata. Patients
without a given event were censored at 33 months or last known
follow-up, whichever was earlier. Treatments were compared using
the log-rank test. Other subtypes of mortality are presented as absolute
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frequencies and compared between randomized treatment groups
using Fisher’s exact tests.

We repeated the analyses using multiple-imputation logistic-regression
modelling (50 imputations) to impute missing mortality status using
baseline covariates from Table 1 in the imputation model. We assessed
the consistency of the randomized treatment effect on all-cause mortal-
ity using Cox proportional hazards regression with tests of subgroup-
by-treatment interactions across 15 factors of interest, all previously

defined for tests of interaction on the primary study endpoints. In add-
ition, we evaluated the results regarding mortality types using competing
risk models. All statistical analyses were conducted with the use of SAS
version 9.2 (SAS Institute Inc., Cary, NC, USA). A two-sided P-value of
≤0.05 was considered statistically significant.

Results

Study population
Between 13 August 2009 and 1 July 2011 a total of 25 682 patients
were enrolled in the DAPT study; after 12 months of open-label
treatment, 11 648 were randomized to continued thienopyridine
(n ¼ 5862) or placebo (n ¼ 5786). At least 30 months follow-up
was complete or vital status was available in 5588 (95.3%) vs.
5510 (95.2%) of patients receiving continued thienopyridine or pla-
cebo, respectively, and in 5526 (94.3%) vs. 5451 (94.2%), respective-
ly, at 33 months (see Supplementary material online, Figure S1).
Patient and lesion characteristics did not differ between treatment
arms (Table 1), nor did rates of study drug discontinuation (21.0%
with thienopyridine vs. 19.7% with placebo, P ¼ 0.12) through 30
months.

Mortality
During the randomized period, patients assigned to continued thie-
nopyridine had a rate of all-cause mortality of 1.9 vs. 1.5% in those
receiving placebo (hazard ratio 1.31, 95% CI 0.97–1.75; P ¼ 0.07;
Figure 1, Table 2). There was no difference in cardiovascular death
(1.0 vs. 1.0%, respectively; hazard ratio 1.01, 95% CI 0.69–1.47;
P ¼ 0.97), but there was a difference in non-cardiovascular death
(0.9 vs. 0.5%, respectively; hazard ratio 1.94, 95% CI 1.20–3.15;
P ¼ 0.01, Figure 2, Table 2). In the aspirin alone period (30–33
months), there were no significant differences in mortality (0.4 vs.
0.3%, hazard ratio 1.38, 95% CI 0.67–2.81, P ¼ 0.38), but the rate
of cardiovascular death was numerically higher in the continued
thienopyridine arm when active treatment was stopped (0.3 vs.
0.1%, hazard ratio 2.39, 95% CI 0.84–6.77; P ¼ 0.09). Over the
combined randomized treatment plus aspirin alone periods
(12–33 months), the rate of all-cause mortality was 2.2% with con-
tinued thienopyridine and 1.8% with placebo (hazard ratio 1.32, 95%
CI 1.00–1.73; P ¼ 0.05). Multiple imputation for missing data
showed a similar directional trend without statistical significance
for mortality comparing continued thienopyridine vs. placebo at
30 and 33 months (hazard ratio 1.21, 95% CI 0.91–1.62, P ¼ 0.19
at 30 months; 1.16, 95% CI 0.92–1.48, P ¼ 0.21 at 33 months).
No subgroup appeared to have a significantly higher or lower hazard
ratio for mortality with continued thienopyridine, including those
with a prior history of cancer (see Supplementary material online,
Table S1). Similar results were obtained using competing risk models
(see Supplementary material online, Table S2).

Events preceding mortality
Bleeding
During the combined randomized and aspirin only treatment per-
iods, moderate or severe bleeding events were more frequent
with continued thienopyridine (2.7 vs. 1.8%, P ¼ 0.002). However,
fatal bleeding (0.2 vs. 0.1%, P ¼ 0.81) and fatal or non-fatal

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient characteristicsa

Characteristic Continued
thienopyridine
(n 5 5862)

Placebo
(n 5 5786)

Patients

Age (years) 61.4+10.3 61.2+10.3

Female sex 1457 (24.9) 1468 (25.4)

Non-White Raceb 500 (8.7) 480 (8.5)

Hispanic or Latino
ethnic groupb

199 (3.5) 207 (3.6)

Weight (kg) 91.0+19.6 91.1+19.4

Body mass indexc 30.4+5.7 30.4+5.8

Diabetes mellitus 1737 (29.8) 1654 (28.7)

Hypertension 4330 (74.1) 4192 (72.6)

Cigarette smoker 1582 (27.4) 1560 (27.4)

Stroke or TIA 198 (3.4) 203 (3.5)

Congestive heart
failure

273 (4.7) 251 (4.4)

Peripheral arterial
disease

319 (5.5) 330 (5.8)

Renal insufficiency/
failure

251 (4.3) 217 (3.8)

Prior myocardial
infarction

1252 (21.7) 1204 (21.1)

Prior cancer 547 (9.4) 523 (9.1)

Indication for Index PCI

STEMI 845 (14.4) 835 (14.4)

NSTEMI 960 (16.4) 936 (16.2)

Unstable anginad 915 (15.6) 906 (15.7)

Stable angina 2081 (35.5) 2068 (35.7)

Other 1061 (18.1) 1041 (18.0)

Thienopyridine at randomization

Clopidogrel 4008 (68.4) 3954 (68.3)

Prasugrel 1854 (31.6) 1832 (31.7)

Type of stent at index procedure

Drug eluting 5020 (85.6) 4941 (85.4)

Bare metal 842 (14.4) 845 (14.6)

CABG, coronary-artery bypass grafting; NSTEMI, non-ST-segment elevation
myocardial infarction; PCI, percutaneous coronary intervention; STEMI,
ST-segment elevation myocardial infarction; TIA, transient ischaemic attack.
aPlus–minus values are means+ SD; all other numbers are n (%). There were no
significant differences between the two groups. For most variables, ,2% of
patients had missing values.
bRace and ethnic groups were self-reported.
cBody-mass index is the weight in kilograms divided by the square of the height in
meters.
dIncludes unstable angina without reported elevation of cardiac enzymes.
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intracranial haemorrhage (0.4 vs. 0.4%, P ¼ 0.97; see Supplemen-
tary material online, Table S3) did not differ between treatment
groups. Death that was definitely, probably, or possibly related
to bleeding occurred in 0.3 vs. 0.2% (P ¼ 0.36, Table 3) in the con-
tinued thienopyridine and placebo arms, respectively. Among the

30 bleeding-related deaths, 13 were related to trauma, usually ma-
jor. There was no difference in rates of death preceded by any
bleeding within 30 days (defined as BARC Type 2, 3 or 5) (0.2
vs. 0.2%) or death preceded by any bleeding at any point after
randomization (0.4 vs. 0.4%).

Figure 1 Cumulative incidence curves for all-cause mortality. Randomization occurred at 12 months after stenting. The primary analysis period
was the period from Months 12 to 30 after percutaneous coronary intervention, during which subjects received the randomized study drug. Pa-
tients were followed for an observational period of an additional 3 months after discontinuation of the study drug (i.e. to 33 months after enrol-
ment). From 12 to 30 months, 1.9% in the thienopyridine arm died compared with 1.5% in the placebo arm (hazard ratio 1.31, P ¼ 0.07). From 12
to 33 months, 2.2 vs. 1.8% mortality was observed in the thienopyridine and placebo arms, respectively (hazard ratio 1.32, P ¼ 0.05).
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Table 2 Mortality rates by treatment arm during randomised treatment and extended follow-up

Outcome Continued thienopyridine
(n 5 5862), n (%)

Placebo (n 5 5786), n (%) HR (95% CI) Log-rank
P-value

12–30 months (randomized period)

Death 106 (1.9) 84 (1.5) 1.31 (0.97, 1.75) 0.07

Cardiovascular 54 (1.0) 57 (1.0) 1.01 (0.69, 1.47) 0.97

Cardiac 49 (0.9) 52 (0.9) 1.01 (0.68, 1.50) 0.97

Vascular 5 (0.1) 5 (0.1) 0.99 (0.29, 3.40) 0.98

Non-cardiovascular 52 (0.9) 27 (0.5) 1.94 (1.20, 3.15) 0.01

30–33 months (aspirin alone period)

Death 19 (0.4) 13 (0.3) 1.38 (0.67,2.81) 0.38

Cardiovascular 13 (0.3) 5 (0.1) 2.39 (0.84,6.77) 0.09

Cardiac 10 (0.2) 3 (0.1) 2.98 (0.81,10.99) 0.09

Vascular 3 (0.1) 2 (0.1) 1.50 (0.25,9.00) 0.65

Non-cardiovascular 6 (0.1) 8 (0.2) 0.74 (0.26,2.14) 0.58

12–33 months (combined randomized and aspirin alone periods)

Death 125 (2.2) 97 (1.8) 1.32 (1.00,1.73) 0.05

Cardiovascular 67 (1.2) 62 (1.1) 1.12 (0.79,1.60) 0.51

Cardiac 59 (1.1) 55 (1.0) 1.12 (0.77,1.64) 0.54

Vascular 8 (0.1) 7 (0.1) 1.13 (0.41,3.12) 0.81

Non-cardiovascular 58 (1.0) 35 (0.7) 1.65 (1.07,2.54) 0.02

Event rates are expressed as Kaplan–Meier estimates.
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Cancer
Cancer incidence between enrolment and randomization (0.4% for
continued thienopyridine vs. 0.5% for placebo, P ¼ 0.57), and after
randomization (12–33 months) did not differ (2.0 vs. 1.6%, respect-
ively, P ¼ 0.12). Cancer-related death occurred in 0.6 vs. 0.3% re-
spectively, P ¼ 0.02 (Figure 2). Cancer location in patients with
cancer-related death was diverse. Lung cancer was most common
(n ¼ 10 vs. 9), followed by prostate (5 vs. 0), pancreas (4 vs. 1),
and colorectal cancer (4 vs. 0). There were no differences in the oc-
currence of haematologic malignancies between treatment arms
(2 vs. 1). Cancers were metastatic in .33% of the subjects at the
time of diagnosis (see Supplementary material online, Table S4).
Study drug had been discontinued prior to death at a median 60
and 118 days in subjects treated with continued thienopyridine or

placebo, respectively. Cancer-related deaths were more commonly
not associated with bleeding (Table 3). Of three cancer-related
deaths attributed to bleeding, two were in the setting of surgical
procedures. Cancer was diagnosed prior to enrolment in nine pa-
tients who subsequently died, eight of whom were assigned to con-
tinued thienopyridine. Exclusion of these 9 patients in a sensitivity
analysis resulted in 26 (0.4%) vs. 16 (0.3%) cancer-related deaths
with continued thienopyridine and placebo, respectively (P ¼ 0.16).

Discussion
This analysis was prompted by the unexpected observation of an in-
crease in non-cardiovascular event-related death, which entirely ac-
counted for the increase in total mortality (+0.4%) among patients

Figure 2 Causes of mortality in all randomized patients. Adjudicated causes of mortality by randomized treatment arm from 12 to 33 months
are shown. All deaths were adjudicated for each category and may be represented in more than one category. Non-cardiovascular causes were
identified in more than half of deaths overall. The deltas and their 95% confidence intervals represent the difference either Kaplan–Meier esti-
mates asterisk or absolute event rates dagger between randomized treatment arms.
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Table 3 Relatedness of death at 12–33 months to bleeding, cancer, and trauma according to blinded adjudication

Continued thienopyridine
(n 5 5862), n (%)

Placebo (n 5 5786), n (%) Difference P-value

Relatedness to bleeding, cancer, and/or trauma

All bleeding-related death 18 (0.3) 12 (0.2) +6 (0.1) 0.36

Bleeding-related death without cancera or trauma 7 (0.1) 7 (0.1) +0 (0.0)

Bleeding-related death with cancer 3 (0.1) 0 (0.0) +3 (0.1)

Bleeding-related death with trauma 8 (0.1) 5 (0.1) +3 (0.1)

All cancer-related death 34 (0.6) 17 (0.3) +17 (0.3) 0.02

Cancer-related death without bleedingb 31 (0.5) 17 (0.3) +14 (0.2)

All trauma-related deathc 10 (0.2) 5 (0.1) +5 (0.1) 0.30

Trauma-related death without bleedingb 2 (0.0) 0 (0.0) +2 (0.0)

Event rates are expressed as absolute percentages.
aWithout possible, probable, or definite cancer-related death.
bWithout possible, probably, or definite bleeding-related death.
cTrauma included five motor vehicle accidents, three suicides/gun shots, four major trauma/crush injuries, two falls/head trauma, and one thigh haematoma without documented
history of trauma.
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assigned to continued thienopyridine (vs. placebo) in the DAPT
study. No difference in cardiovascular-related death rate was ob-
served during the randomized treatment period despite a 71% rela-
tive reduction in stent thrombosis and a 53% relative reduction in
myocardial infarction with continued thienopyridine therapy (vs.
placebo), although over the 3-month period when subjects discon-
tinued thienopyridine, there was a trend toward increased cardio-
vascular mortality.9

In this analysis of the mechanisms of deaths occurring within the
DAPT study, we found that fatal bleeding was rare and accounted
for only 6.8% (15 of 222) of all deaths while relatedness of death
to any (possible, probable, and definite) bleeding accounted for
13.5% (30 of 222) of all deaths. Continued thienopyridine therapy
was associated with increased bleeding risk, particularly in the set-
ting of unexpected major trauma, but bleeding accounted for a small
fraction of the observed difference in mortality between randomly
assigned treatment arms in the DAPT study. The major portion of
mortality difference was observed in clopidogrel-treated patients,
although thienopyridine type was not randomized (the clopidogrel
group was larger in sample size and of older average age than the
prasugrel group). A recent large randomized trial of ticagrelor vs.
placebo showed no hazard for non-cardiovascular mortality despite
a higher risk of bleeding,20 and a recent meta-analysis suggested a
reduction in cardiovascular mortality with no increase in non-
cardiovascular mortality with P2Y12 inhibition following myocardial
infarction.21 Importantly, only patients expected to tolerate thieno-
pyridine plus aspirin therapy were enrolled into these studies, and
patients requiring oral anticoagulation were excluded.

In the DAPT study, subjects with major bleeding events during
the first year following coronary stenting while receiving thieno-
pyridine plus aspirin therapy were considered ineligible for ran-
domization. Furthermore, if medical reasons for discontinuing
thienopyridine plus aspirin therapy arose after randomization, pa-
tients were permitted to stop study drug and receive open-label
therapy according to their physician’s discretion. Under these con-
ditions, despite the known bleeding risk of thienopyridine plus as-
pirin therapy, bleeding was the attributed cause of death in a
minority of patients and fatal bleeding was rare. While it is possible
that undetected bleeding may have contributed mortality risk, adju-
dication by the blinded committee included any possible precedent
bleeding before death. Trauma-related death was unusual, but most
often associated with severe rather than minor trauma.

The difference in mortality between randomized treatment
arms was primarily attributable to cancer-related deaths that oc-
curred without clinically evident bleeding. In this regard, several
points deserve mention. First, a history of cancer was not an exclu-
sion from DAPT study enrolment and was present in ��10%
of all randomized patients. Second, a larger number of patients
with pre-existing cancer, in some cases metastatic at the time of initial
diagnosis, were randomly assigned to continued thienopyridine
therapy, and there was no significant difference in the incidence of
new cancer diagnosis was observed after randomization. Third,
cancer-related deaths were most commonly due to solid tumours
without predilection for specific cell type or location. The grouping
of these various cancers together as one common clinical condition
may have limited pathophysiologic rationale, despite being a simple
construct for analysis. Finally, cancer-related death was rarely related

to bleeding (n ¼ 3), and in most cases antiplatelet therapy had been
discontinued well in advance of death. Given these observations, and
the intended but incomplete exclusion of life expectancy limiting can-
cers from enrolment, it seems prudent to conclude that continued
thienopyridine should be considered very carefully among patients
with limited life expectancy due to cancer, as the impact of cancer
may be more important than cardiovascular event reduction over
the immediate course of treatment. Furthermore, the observation
of increased cancer-related mortality may be a chance finding either
related to enrolment imbalance or related to false-positive results.

The observed prominence of cancer as a cause of death following
coronary stenting is consistent with current trends. Over the past
30 years, cancer has supplanted cardiovascular diagnoses as the
dominant cause of mortality following percutaneous coronary inter-
vention.3,4 This likely reflects improvement in procedural outcomes
and stent technology as well as more comprehensive, intensive as-
sociated medical therapy. As death due to cardiovascular disease
has declined, the relative contribution of cancer to all-cause mortal-
ity has increased. In fact, we did not observe a reduction in cardio-
vascular mortality associated with continued thienopyridine therapy
despite reduction in ischaemic events (stent thrombosis, myocardial
infarction), possibly due to a decline in acute mortality following
such events.22,23

Recent meta-analysis of 14 randomized trials involving almost
70 000 patients and almost 140 000 patients/years of follow-up,
with a median 2 years follow-up, showed no difference in mortality
with thienopyridine and aspirin compared with aspirin alone [hazard
ratio 1.04, (95% credible interval 0.96–1.18)], and meta-regression
analysis demonstrated no relationship between duration of combin-
ation therapy and mortality.11 In addition, a recent large-scale clinical
trial suggests that continuation of aspirin plus ticagrelor therapy
beyond 1 year after myocardial infarction is not associated with
increased mortality.20 Additionally, recent studies have not demon-
strated a relationship between thienopyridine therapy and cancer-
related mortality.24– 26

Limitations
Cancer endpoints were not pre-specified, and histologic data were
not available in most patients. A common pathophysiologic mechan-
ism is unlikely across the types and locations of cancer observed in
this trial. The analysis was performed with pooled types and loca-
tions of cancer to provide statistical power, but this, and multiple
testing, may have increased the risk of a false-positive finding. Simi-
larly, while all-cause mortality and was not significantly increased in
this analysis, observations on mortality in a single trial are equally
subject to either lack of power or the risk of a false-positive finding
as are other endpoints. Sub-analyses for relatedness to bleeding and
cancer were designed as exploratory, and not pre-specified before
examining the primary study results. These event rates are small and
effect estimates unstable.

Conclusion/summary
As cardiovascular mortality has decreased with iterative improve-
ments in revascularization procedures, better risk factor manage-
ment, and adoption of effective medical therapies, the relative
contribution of non-cardiovascular events to total mortality in
patients with coronary artery disease has increased.
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In the DAPT study, there was a trend toward increased overall
mortality contributed to by a higher rate of non-cardiovascular
death during treatment with continued thienopyridine, and a trend
to higher cardiovascular death during the period of discontinuation
of therapy. Non-fatal bleeding was increased, although fatal bleeding
was rare, and did not explain a difference in non-cardiovascular
mortality. The relationship between cancer-related death and con-
tinued thienopyridine treatment was not evident after cancer-
related deaths in patients diagnosed with cancer prior to enrolment
were excluded, and may have been attributable to chance. Never-
theless, clinicians should carefully consider the use of extended thie-
nopyridine therapy in patients with limited life expectancy due to
cancer on an individual basis.

Supplementary material
Supplementary material is available at European Heart Journal online.
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An unusual complication of coronary angiography via the radial approach
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A 69-year-old man presented with exertional an-
gina and an angiographically significant heavily calci-
fied proximal left anterior descending (LAD)
artery lesion on femoral coronary angiography.
He returned for elective angioplasty of the LAD
via the radial approach. On insertion of the guiding
catheter, the patient reported a mild sensation of
pain but the catheter was manipulated around
the aortic arch and into the left main stem without
difficulty. Angioplasty was performed with rota-
tional atherectomy and 2 drug-eluting stents im-
planted into the LAD. Towards the end of the
procedure, the patient complained of dyspnoea.
Oxygenation levels remained stable. On sitting up
following the procedure, a large right-sided neck
swelling was noted (Panel A). He became hypoten-
sive and required intravenous fluid administration
to restore haemodynamic stability. A computed
tomography of the neck and chest was performed
revealing a large haematoma in the neck (Panel B)
with evidence of tracheal compression (Panel C), no active bleeding was seen and the source was presumed to be a small branch of
the right brachiocephalic artery. The patient remained haemodynamically stable and was treated conservatively with no need for intub-
ation. Within 24 h, the swelling had resolved and the patient was discharged home on dual antiplatelet therapy. Two weeks later the
patient returned for follow-up with complete resolution of the haematoma (Panel D).

In conclusion, this case illustrates a highly unusual vascular complication of radial angiography. While vascular complications are widely
recognized with femoral access, they must also be considered in cases of radial angiography.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2015. For permissions please email: journals.permissions@oup.com.
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