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Aims Studies have suggested increased cancer incidence associated with long-term dual antiplatelet therapy (DAPT) for acute cor-
onary syndrome (ACS). We evaluated cancer incidence and treatment-related differences in an analysis of DAPT for ACS.

Methods
and results

The Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes trial
enrolled 9326 participants with ACS, who received aspirin plus clopidogrel or prasugrel. Median treatment exposure
was 15 months. Cancer history and screening procedures were collected. Suspected non-benign neoplasm events were
reported and adjudicated. The primary outcome was detection of new, non-benign neoplasm. Factors associated with
neoplasm events, the relationship of these events to cardiovascular and bleeding endpoints, and treatment-related dif-
ferences in neoplasm detection were studied. Among 9240 participants who received ≥1 dose of study drug, 1.8% had
a confirmed neoplasm event. The efficacy composite of cardiovascular death, myocardial infarction, or stroke occurred
more frequently among those with a neoplasm event vs. those without (18.2 vs. 13.5%) as did Global Use of Strategies
to Open Occluded Coronary Arteries severe/moderate bleeding (11.2 vs. 1.5%). Screening rates were substantially
higher in North America and Western Europe/Scandinavia vs. other regions. Factors most strongly associated with de-
tection of neoplasm events were older age, region, male sex, and current/recent smoking. Among the pre-specified
population without a history of neoplasm or previous curative treatment for neoplasm (n ¼ 9105), the incidence of
neoplasm events was similar with prasugrel vs. clopidogrel (1.8 vs. 1.7%; HR ¼ 1.04; 95% CI 0.77–1.42; P ¼ 0.79).

Conclusions Neoplasm events were infrequent during long-term DAPT after ACS, were associated with differential cancer-screen-
ing practices across regions, and the frequency of neoplasm detection was similar with prasugrel vs. clopidogrel.
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Introduction
The concurrence of cancer and cardiovascular disease is a contro-
versial topic, given the competing risks for mortality and the conflu-
ence and intersection of risk factors for both disease states.1

Numerous conflicting studies regarding the putative risks of cancer
associated with the use of long-term cardiovascular therapies have
been published, accompanied by waxing and waning public concern
regarding the variable findings from these analyses.2– 9 Additionally,
because cancers detected following a bleeding event are commonly
identified with diagnostic procedures used to localize the source of
bleeding (e.g. endoscopy, colonoscopy, thoracic/abdominal imaging
procedures), detection biases further complicate the task of asses-
sing the potential cancer risk of long-term antithrombotic therapies
used to treat cardiovascular disease.10 Nonetheless, factors asso-
ciated with the development of cancer among patients with cardio-
vascular disease and the influence of cancer events on the
occurrence of both ischaemic and bleeding events in this population
have not been well studied.

When combined with background aspirin therapy, the thienopyr-
idine adenosine diphosphate receptor antagonist prasugrel was
shown to significantly reduce rates of ischaemic events compared
with clopidogrel among participants with acute coronary syndromes
(ACS) undergoing percutaneous coronary intervention (PCI) in the
TRITON-TIMI 38 trial.11 In this study, the frequency of adverse
events (AEs) related to neoplasms was greater with prasugrel
than with clopidogrel. This finding prompted additional, post hoc
data collection demonstrating the frequency of new, non-benign
neoplasms to be higher with prasugrel vs. clopidogrel (1.6 vs.
1.2%). However, neither a causal relationship nor a plausible bio-
logical mechanism could be confirmed.12 Subsequently, a compre-
hensive neoplasm ascertainment process was implemented in the
Targeted Platelet Inhibition to Clarify the Optimal Strategy to Med-
ically Manage Acute Coronary Syndromes (TRILOGY ACS) trial to
further study this issue in a rigorous, prospective, and pre-specified
secondary analysis.

We therefore systematically collected data on cancer history
and pre- and post-randomization cancer-screening procedures
for medically managed ACS patients randomized to dual
antiplatelet therapy (DAPT) comprising aspirin plus either
prasugrel or clopidogrel in the TRILOGY ACS trial and pro-
spectively adjudicated suspected neoplasms reported during
post-randomization follow-up. The present secondary analysis
was performed to (i) determine the frequency of and factors
associated with new, non-benign neoplasm events among ACS
patients treated with DAPT, (ii) ascertain the effect of these
events on the occurrence and timing of cardiovascular and
bleeding endpoints, and (iii) investigate treatment-related
differences in the detection and subsequent progression of
new, non-benign neoplasms.

Methods
The design13 and results14 of the TRILOGY ACS study have been pre-
viously published. The trial was approved by national and local regula-
tory authorities of participating countries and at all research sites. All
study participants provided written informed consent.

Study design and participants
Participants with unstable angina (UA) or non-ST-segment elevation
myocardial infarction (NSTEMI) were enrolled if they had a final treat-
ment strategy of medical management without revascularization (deter-
mined within 10 days of presentation for the index ACS event) and were
not considered to have a high risk of major bleeding. Participants with a
terminal neoplasm with a limited life expectancy were excluded, but
there were no exclusions for prior history of neoplasms.

Participants were randomly allocated to prasugrel (10 or 5 mg/day for
those aged ,75 years and weighing ,60 kg and for all ≥75 years) or
clopidogrel (75 mg/day) with concomitant aspirin required (a dose of
≤100 mg/day was strongly recommended). The randomized study
treatments were continued for a minimum of 6 months and a maximum
of 30 months. Over 3 years, 9326 participants were enrolled from 8
geographic regions in 52 countries. Median treatment exposure was
15 months; median follow-up was 17 months.14

Neoplasm data collection, event reporting,
and adjudication
History of prior neoplasm occurrence(s) and cancer-screening tests/
procedures performed before and after randomization were collected
for all participants. Suspected neoplasm events were classified and adju-
dicated through a comprehensive series of processes detailed in the
Neoplasm Clinical Events Committee (CEC) Charter (see Supplemen-
tary material online, Appendix S2) and described herein.

First, at the baseline randomization visit, sites were instructed to re-
port confirmed/suspected neoplasm events that occurred prior to ran-
domization and/or were present at randomization. For reported events
where the neoplasm onset/diagnosis date was confirmed to be before
the date of randomization, information was collected to describe the
anatomic/tissue location and to classify prior neoplasm events as
(i) no evidence of disease at the time of randomization due to prior
curative treatment (i.e. surgical resection, chemotherapy with no
evidence of disease recurrence through imaging surveillance, etc.);
(ii) stable, inactive disease at the time of randomization with no ongoing
treatment; or (iii) active disease at the time of randomization with on-
going treatment. Second, sites were required to report post-
randomization neoplasm events that were detected through a series
of targeted questions implemented for each participant at every bian-
nual study visit. Third, programmed triggers were implemented within
the trial database to prompt reporting of suspected post-randomization
neoplasm events (not previously reported by sites) when key data vari-
ables were identified, such as serious AEs related to neoplasm or use of
concomitant medications related to cancer treatment. Finally, potential
post-randomization neoplasm events identified through adjudication of
cardiovascular endpoints were triaged to prompt reporting of neoplasm
events by sites if those events had not previously been reported. A ser-
ies of required source documents (oncology treatment notes, imaging
reports, histology/pathology reports, etc.) needed to support adjudica-
tion of identified post-randomization neoplasm events were collected
for all potential unique neoplasm events detected. Suspected non-
benign neoplasm events with an uncertain onset/diagnosis date and
those with a confirmed onset/diagnosis after the date of randomization
were submitted for formal adjudication. Participants could have more
than one post-randomization neoplasm event submitted for adjudica-
tion if different anatomic/tissue locations were suspected. Additionally,
participants could have a suspected post-randomization neoplasm event
submitted for adjudication if they had a pre-randomization neoplasm in a
different anatomic/tissue location than that of the neoplasm event that
was suspected to have occurred post-randomization. Participants could
also have multiple post-randomization neoplasm events submitted for
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adjudication if those events were each considered to be related to a dif-
ferent anatomic/tissue location.

Once all required source documents and data variables were col-
lected for each potential neoplasm event, the event was adjudicated
by an independent Neoplasm CEC whose members were blinded to
treatment assignment. The Neoplasm CEC included one gastroenter-
ologist and eight oncologists with expertise in the major subspecialties
of oncology. Adjudicated events were confirmed by the Neoplasm CEC
as either ‘no event’ or ‘non-benign neoplasm (i.e. malignant).’ Non-
benign neoplasms were confirmed as (i) new primary, (ii) recurrence,
or (iii) progression, whereas benign neoplasms were confirmed as ‘no
event.’

Confirmation of non-benign neoplasm events was primarily based on
pathologic data and clinical information. The first priority to confirm the
diagnosis was a definitive pathologic diagnosis from a pathology report.
If there was no definitive pathologic diagnosis available, then the non-
benign neoplasm diagnosis was established by the best pathologic data
available, clinical information (such as anatomic distribution of the neo-
plasm from imaging reports), and the consensus opinion of the adjudi-
cation panel. For verified non-benign neoplasm events, the dates of
initial detection and histological diagnosis, the anatomic/tissue location
of the primary malignant neoplasm and secondary malignant neoplasm
(if detected), stage of malignancy (local, regional, or metastatic disease),
confirmation of malignant neoplasm recurrence (for malignant neo-
plasms present prior to randomization), and methods of detection
were determined. Neoplasm staging was guided by recommendations
from the American Joint Committee on Cancer (AJCC) Cancer Staging
Manual (Seventh Edition).15

Confirmed new, recurrent, or progressive non-benign neoplasm
events were subsequently reviewed in a blinded fashion at the time of
last study contact (final study visit or death) to ascertain disease status
and progression for each event. This process was completed before the
database was locked and unblinded. For cases in which death occurred
after initial positive non-benign neoplasm adjudication, the death was
reviewed by the Neoplasm CEC to determine whether the death was
malignancy related or non-malignancy related.

Study populations
Among the overall population of 9326 participants randomized into the
TRILOGY ACS trial, two subpopulations were pre-specified (in consult-
ation with the U.S. Food and Drug Administration) before study
completion and database lock for the analysis of the neoplasm adjudica-
tion results. First, the detection of new, non-benign neoplasm events
was analysed among all participants treated with ≥1 dose of study
drug (n ¼ 9240). Adjudicated recurrent or progressive non-benign
neoplasm events were not included in this evaluation. Second, the
treatment-related differences (prasugrel vs. clopidogrel) in the detec-
tion of non-benign neoplasm events was first analysed among partici-
pants who did not have a prior history of a malignant neoplasm or
who had curative treatment for a prior malignant neoplasm before
randomization (n ¼ 9105) in any anatomic/tissue location, and then
also analysed in the overall population (n ¼ 9240). All analyses were
performed on a ‘per-participant’ level such that participants with .1
confirmed new, non-benign neoplasm event (in .1 anatomic/tissue
location) were counted only once for all analyses described herein.

Cardiovascular and bleeding endpoints
The frequencies of the primary ischaemic efficacy endpoint of the TRIL-
OGY ACS trial [the composite of cardiovascular death, non-fatal myo-
cardial infarction (MI), or non-fatal stroke] and all-cause death were
evaluated among participants based upon the detection of a new, non-

benign neoplasm event. The frequencies of bleeding endpoints, includ-
ing Global Use of Strategies to Open Occluded Coronary Arteries
(GUSTO) severe, life-threatening, or moderate bleeding not related
to coronary artery bypass grafting (CABG), and thrombolysis in myo-
cardial infarction (TIMI) criteria for major or minor bleeding not related
to CABG, were also evaluated by neoplasm detection status. Addition-
ally, the occurrence of both ischaemic and bleeding endpoints was eval-
uated before or after the time/date of new, non-benign neoplasm
detection.

Statistical analysis
Baseline characteristics were compared for treated study participants
(n ¼ 9240) with vs. without ≥1 new, non-benign neoplasm event con-
firmed during study follow-up. Continuous variables were presented as
medians (25th, 75th percentiles); categorical variables were presented
as counts (percentages). The total number and raw percentages of
both ischaemic and bleeding events were determined for all treated par-
ticipants with vs. without a new, non-benign neoplasm event. The break-
down of events before and after detection of a new, non-benign
neoplasm event was also determined.

Multivariable Cox proportional hazards regression modelling was
used to determine baseline factors associated with risk of a new, non-
benign neoplasm event among treated participants (n ¼ 9240). Based
upon the number of such events confirmed (n ¼ 170), clinical judgment,
and observed regional differences in cancer-screening tests/procedures,
the following candidate variables were included: age (continuous), male
sex, weight (continuous), NSTEMI vs. UA status for index ACS event,
history of hyperlipidaemia, history of diabetes mellitus, current/recent
smoking, prior MI, prior PCI, prior CABG, prior peripheral arterial dis-
ease, prior heart failure, prior atrial fibrillation, baseline haemoglobin va-
lue (continuous), baseline calculated creatinine clearance (continuous),
proton-pump inhibitor use at randomization, and geographic region
(three-level comparison based upon observed cancer-screening prac-
tices and number of patients enrolled within each region: North Amer-
ica vs. Western Europe/Scandinavia vs. Other). Despite similar rates of
cancer screening in the Western Europe/Scandinavia and Rest of World
(Australia, New Zealand, and South Africa) regions, we chose not to
model geographic region with a four-level comparison, given the rela-
tively small number of patients included from the Rest of World region
(n ¼ 144).

When fitting the full model, the proportional hazards assumption was
checked for each variable and the linearity assumption was checked for
each continuous variable. If the proportional hazard assumption was
violated, an interaction of the variable with log-transformed time was in-
cluded in the model. If the linearity assumption was violated, a linear
spline was fit to approximate the non-linear relationship of the variable
with the outcome. A knot point of 70 years was introduced to assess the
non-linear association of increasing age above and below this knot point.
To determine which baseline characteristics had the strongest associ-
ation with development of a new, non-benign neoplasm event, the for-
ward addition sequence for Cox proportional hazards models (reduced
model) was constructed via the fast false selection rate variable selec-
tion technique.16

Among treated participants without a prior history of malignant neo-
plasm or with curative treatment for a malignant neoplasm (in any ana-
tomic/tissue location) prior to randomization (n ¼ 9105), differences
between treatment groups with regards to detection and timing of
new, non-benign neoplasms were compared with the log-rank test
stratified by clopidogrel stratum at time of randomization and age group
(,75 years vs. ≥75). The same analysis was repeated on the overall
population (n ¼ 9240). Kaplan–Meier curves were generated to pro-
vide a visual representation of the detection of new, non-benign
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neoplasm events by treatment assignment during study follow-up
among the primary analysis population for this objective (n ¼ 9105).
Types of neoplasm, location, stage of malignancy, method of detection,
and development of metastatic disease after initial detection were com-
pared between treatment groups using the Fisher exact test.

For all analyses, a P-value of ,0.05 was considered statistically signifi-
cant. All data analyses were performed by statisticians at the Duke Clin-
ical Research Institute, Durham, NC, with an independent copy of the
database, using SAS version 9.2 and R version 2.14.2.

Results

Neoplasm adjudication results
A total of 706 suspected neoplasm events in 604 participants were
identified in the entire study population of 9326 patients, but there
were 703 suspected events in 601 participants who received ≥1
dose of study drug (n ¼ 9240; see Supplementary material online,
Figure S1). Of these events, 463 were determined not to require ad-
judication, primarily due to confirmation that the neoplasm onset/
diagnosis date occurred before the date of randomization. The re-
maining 243 events went through the formal adjudication process
that confirmed 208 non-benign neoplasm events in 186 participants.
After excluding events adjudicated as recurrent or progressive non-
benign neoplasms (related to confirmation of pre-randomization
neoplasms in the same anatomic/tissue location), 187 distinct new,
non-benign neoplasm events were determined to have occurred
post-randomization in 170 participants who received ≥1 dose of
study drug (representing 1.8% of the population of 9240 treated
participants).

Baseline characteristics and prior cancer
history
Participants with a new, non-benign neoplasm event were older
(71 years old vs. 65), more likely male, more commonly from North
America and Western Europe/Scandinavia compared with other
regions, more commonly current/recent smokers, more commonly
had prior atrial fibrillation and angiography without subsequent
revascularization before randomization, and were more likely to
be taking a proton-pump inhibitor at baseline (Table 1). Participants
with new, non-benign neoplasms were more likely to have a prior
history of malignancy in any anatomic/tissue location and to have
undergone prior cancer-screening tests/procedures before ran-
domization (see Supplementary material online, Table S1).

Study drug discontinuation
A total of 2153/9240 (23.3%) treated participants permanently dis-
continued study drug treatment during follow-up, with a significantly
higher frequency among those with a new, non-benign neoplasm
event (53.5 vs. 22.7%; P , 0.001) (see Supplementary material on-
line, Table S2). Study drug discontinuation for both haemorrhagic
and non-haemorrhagic AEs was more common for those with vs.
without a new, non-benign neoplasm. Discontinuation for haemor-
rhagic AEs was more common before neoplasm detection, and dis-
continuation for non-haemorrhagic AEs was more common after
neoplasm detection (see Supplementary material online, Table S3).

Ischaemic and bleeding endpoints
The frequencies of the primary composite endpoint of cardiovascu-
lar death, MI, or stroke (18.2 vs. 13.5%) and all-cause death (28.2 vs.
8.1%) were numerically higher among those treated participants
with vs. without a new, non-benign neoplasm (Table 2). Among
the 48 deaths that occurred in patients with a new, non-benign neo-
plasm, 36 (75%) were considered to be malignancy related by the
Neoplasm CEC. There were no treatment-related differences in all-
cause death as well as malignancy-related deaths (see Supplemen-
tary material online, Table S4). The incidence of both GUSTO and
TIMI bleeding events was also substantially higher among treated
participants with a new, non-benign neoplasm. Non-fatal cardiovas-
cular events (MI and stroke) and bleeding events more commonly
occurred before vs. after neoplasm detection (Table 3).

Cancer screening by geographic region
Among the 9240 treated participants, cancer-screening tests/proce-
dures were performed before randomization most commonly in
North America (43%), Rest of World (Australia, New Zealand,
and South Africa) (25.2%), and Western Europe/Scandinavia
(12.7%) (see Supplementary material online, Table S5). The most
common tests/procedures performed for cancer screening were
mammography, colonoscopy, and prostate-specific antigen testing.
Similar patterns were observed after randomization (during study
follow-up) with the highest utilization of cancer-screening tests
and procedures in North America (28.5%), Rest of World (Austra-
lia, New Zealand, and South Africa) (12.5%), and Western Europe/
Scandinavia (12.0%) (see Supplementary material online, Table S6).

Factors associated with neoplasm
detection
The association of each of the candidate variables with the detection
of new, non-benign neoplasms among the 9240 treated participants
is shown in Supplementary material online, Table S7. Seven candi-
date variables were found to be significantly associated with neo-
plasm detection in a reduced model, with increasing age up to 70
years, geographic region (North America, Western Europe/Scandi-
navia, vs. other), male sex, and current/recent smoking identified as
the most significant variables (Table 4).

Treatment-related differences
in neoplasm detection
Among 9105 treated participants who did not have a history of prior
malignant neoplasm in any anatomic/tissue location or had curative
treatment for a prior malignancy before randomization, the inci-
dence of new, non-benign neoplasms was statistically similar for pra-
sugrel vs. clopidogrel treatment (1.8 vs. 1.7%; HR ¼ 1.04; 95% CI:
0.77–1.42; P ¼ 0.79). The Kaplan–Meier event curves by rando-
mized treatment assignment had a similar trajectory throughout
study follow-up (Figure 1). Among the overall population (n ¼
9240), regardless of baseline history of malignancy, the number of
subjects with new non-benign neoplasms increased by five subjects
for both treatment groups [prasugrel, n ¼ 87; (1.9%); clopidogrel,
n ¼ 83 (1.8%)] with no change in the observed hazard by treatment
assignment (HR ¼ 1.04; 95% CI: 0.77–1.40; P ¼ 0.79).
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Table 1 Baseline characteristics by neoplasm status

Characteristic Detection of new, non-benign neoplasm

Yes (n 5 170) No (n 5 9070)

Male sex, n (%) 126/170 (74.1) 5497/9070 (60.6)

Age, median (IQR) (years) 71 (64–76) 65 (58–73)

Age ≥75 years, n (%) 51/170 (30.0) 2009/9070 (22.1)

Weight, median (IQR) (kg) 80 (69–93) 75 (65–86)

Weight ,60 kg, n (%) 19/170 (11.2) 1372/9066 (15.1)

Region, n (%)

Central/Eastern Europe 43/170 (25.3) 3034/9070 (33.5)

East Asia 3/170 (1.8) 739/9070 (8.1)

Indian Subcontinent 1/170 (0.6) 1138/9070 (12.5)

Latin America 17/170 (10.0) 1253/9070 (13.8)

Mediterranean Basin 10/170 (5.9) 633/9070 (7.0)

North America 55/170 (32.4) 1201/9070 (13.2)

Western Europe/Scandinavia 38/170 (22.4) 931/9070 (10.3)

Rest of World 3/170 (1.8) 141/9070 (1.6)

Presentation characteristics

Killip Class II– IV on presentation, n (%) 23/170 (13.5) 1101/9064 (12.1)

Disease classification, n (%)

UA 32/170 (18.8) 2757/9070 (30.4)

NSTEMI 138/170 (81.2) 6313/9070 (69.6)

Cardiovascular risk factors, n (%)

Family history of CAD 52/143 (36.4) 2437/8068 (30.2)

Hypertension 142/170 (83.5) 7421/9048 (82.0)

Hyperlipidaemia 124/166 (74.7) 5072/8623 (58.8)

Diabetes mellitus 60/170 (35.3) 3445/9053 (38.1)

Current/recent smoking (within 30 days of randomization) 40/167 (24.0) 1788/8983 (19.9)

Cardiovascular disease history, n (%)

Prior MI 75/166 (45.2) 3878/8997 (43.1)

Prior PCI 47/169 (27.8) 2354/9020 (26.1)

Prior CABG 27/168 (16.1) 1412/9052 (15.6)

Prior PAD 15/165 (9.1) 663/8912 (7.4)

Prior heart failure 23/168 (13.7) 1591/9016 (17.6)

Prior atrial fibrillation 20/164 (12.2) 682/8858 (7.7)

Median baseline GRACE risk score (IQR) 129 (115–145) 121 (105–139)

Baseline laboratory assessments

Median haemoglobin (IQR) (g/dL) 13.5 (12.4–14.5) 13.6 (12.4–14.7)

Median creatinine clearance (IQR) (mL/min) 71.1 (52.1–92.3) 72.7 (54.1–96.3)

Pre-randomization procedures

Angiography performed, n (%) 100/170 (58.8) 3709/9070 (40.9)

Concomitant medications at randomization, n (%)

Aspirin

Daily dose ,100 mg 63/170 (37.1) 3028/9070 (33.4)

Daily dose 100–250 mg 78/170 (45.9) 4843/9070 (53.4)

Daily dose .250 mg 22/170 (12.9) 638/9070 (7.0)

b-Blocker 138/170 (81.2) 7060/9070 (77.8)

Continued
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The most common locations of new, non-benign neoplasms in
the primary analysis population (n ¼ 9105) were lung/bronchus,
colorectal, prostate (for male patients), skin (squamous cell and ba-
sal cell), and breast (for female patients), with no statistical differ-
ences by treatment (Table 5). Numerically, there were more
colorectal neoplasms detected in the prasugrel group compared
with the clopidogrel group, but there was no statistical difference
(14 vs. 6 events, P ¼ 0.10). Patients treated with clopidogrel who
had a confirmed neoplasm appeared to be more likely to have
advanced-staged neoplasms (Stages III and IV) at the time of
neoplasm detection compared with patients treated with prasugrel
(Table 5). The circumstances underlying initial neoplasm detec-
tion were most commonly symptomatic cancer-screening tests/
procedures and evaluation for a bleeding event/anaemia, with no

observed statistical differences by study treatment (see Supplemen-
tary material online, Table S8). More neoplasm events were
detected following gastrointestinal bleeding and anaemia with pra-
sugrel, whereas more neoplasm events were detected following
haematuria with clopidogrel.

Discussion
In one of the most comprehensive experiences of the collection of
cancer data and the adjudication of neoplasm events in a long-term
cardiovascular drug therapy trial, we have demonstrated several un-
ique and important findings. First, the detection of new, non-benign
neoplasm events (detected through a rigorous, prospectively
planned process) occurred infrequently during prolonged
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Table 1 Continued

Characteristic Detection of new, non-benign neoplasm

Yes (n 5 170) No (n 5 9070)

ACE-I/ARB 135/170 (79.4) 6834/9070 (75.3)

Statin 143/170 (84.1) 7568/9070 (83.4)

Proton-pump inhibitor 55/170 (32.4) 2265/9070 (25.0)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; CAD, coronary artery disease; MI, myocardial
infarction; NSTEMI, non-ST-segment elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; UA, unstable angina.
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Table 2 Ischemic and bleeding events by neoplasm status

Event, n (%) Detection of new, non-benign neoplasm

Total (n 5 9240) Yes (n 5 170) No (n 5 9070)

Cardiovascular death, MI, or stroke 1258 (13.6) 31 (18.2) 1227 (13.5)

All-cause death 784 (8.5) 48 (28.2) 736 (8.1)

GUSTO severe, life-threatening, or moderate bleeding 158 (1.7) 19 (11.2) 139 (1.5)

TIMI major or minor bleeding 174 (1.9) 20 (11.8) 154 (1.7)

Event rates reported as the percentage of treated subjects except for deaths from malignancy as denoted below.
GUSTO, Global Use of Strategies to Open Occluded Arteries; MI, myocardial infarction; TIMI, thrombolysis in myocardial infarction.
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Table 3 Ischaemic and bleeding events before and after detection of new, non-benign neoplasm events

Event, n (%) Timing of eventa

Total
(n 5 170)

Before new, non-benign
neoplasm

After new, non-benign
neoplasm

Cardiovascular death, MI, or stroke 31 (18.2) 17 (54.8) 14 (45.2)

All-cause death 48 (28.2) 0 48 (100.0)

GUSTO severe/life-threatening, or moderate bleeding 19 (11.2) 13 (68.4) 6 (31.6)

TIMI major or minor bleeding 20 (11.8) 16 (80.0) 4 (20.0)

Event rates reported as the percentage of treated subjects.
GUSTO, Global Use of Strategies to Open Occluded Arteries; MI, myocardial infarction; TIMI, thrombolysis in myocardial infarction.
aPercentages of total events shown in parentheses for each column.
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treatment with DAPT following an ACS event in a medically mana-
ged population, with no statistical differences observed by
treatment with prasugrel vs. clopidogrel. Second, the detection of
new, non-benign neoplasm events was associated with high rates
of permanent study drug discontinuation as well as with ischaemic
and bleeding events (before and after neoplasm detection). Finally,
substantial differences in the use of pre- and post-randomization
cancer-screening tests/procedures were observed across geograph-
ic regions.

Based upon the observation of a potential increased frequency
of neoplasm with prasugrel vs. clopidogrel for the treatment of
ACS patients undergoing PCI in the TRITON-TIMI 38 trial, we

implemented a novel process for collecting and adjudicating neo-
plasm data in TRILOGY ACS that demonstrated a similar risk of de-
veloping cancer during treatment with prasugrel vs. clopidogrel
(plus aspirin), albeit with limited power given the low event rates
observed.12,17 Although this type of process has been implemented
in other long-term cardiovascular therapy trials and provides far
more robust data and results than prospective or post hoc evaluation
of AE data related to neoplasms, its use in evaluating potential can-
cer risks in future global trials of cardiovascular therapeutics may
need to be reconsidered for several reasons.18 First, observed var-
iations in cancer-screening tests/procedures across geographic re-
gions demonstrate practice-related confounding that will always
affect neoplasm ascertainment in global trials, especially if the major-
ity of enrolment occurs outside of North America and Western
Europe. Second, given the infrequent detection of neoplasm events
observed, very large sample sizes would be required to perform ad-
equately powered analyses of treatment-related differences in neo-
plasm detection. Randomized trials of this size (likely .50 000
patients) are impractical, so less-costly safety surveillance tech-
niques now available in the USA and other countries should be
considered for ascertaining cancer risks associated with cardiovas-
cular drugs in the post-approval setting, and streamlined approaches
for cancer ascertainment, classification, and adjudication in cardio-
vascular outcomes trials should be evaluated given the increasing
advocacy for large, simple cardiovascular trials.19,20 Finally, given
the long-term and complex environmental and genetic influences
on cancer development, the effects of a potential neoplasm safety
signal cannot be fully ascertained during the typical follow-up period
of cardiovascular drug therapy trials (1–3 years).

These issues notwithstanding, more than half of participants with
a new, non-benign neoplasm event in TRILOGY ACS permanently
discontinued study drug (prasugrel or clopidogrel), and those with
neoplasm events had higher frequencies of composite ischaemic
events, all-cause mortality, and significant bleeding events. Although
the majority of deaths were considered to be malignancy related for
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Table 4 Factors associated with detection of a new, non-benign neoplasm event (reduced model)

Variables x2 HR (95% CI) P-value

Age (years)a 47.75 – ,0.001

Per 10 years increase (age ≤70 years) 38.17 3.04 (2.14–4.33) –

Per 10 years increase (age .70 years) 0.17 1.08 (0.76–1.51) –

Region 36.51 – ,0.001

North America vs. Other 30.72 3.02 (2.04–4.46)

Western Europe/Scandinavia vs. Other 18.56 2.48 (1.64–3.76)

Male sex 12.84 2.00 (1.37–2.93) ,0.001

Current/recent smoker 9.07 1.80 (1.23–2.63) 0.003

Prior CABG 6.64 0.56 (0.36–0.87) 0.010

Hyperlipidaemia 4.91 1.54 (1.05–2.26) 0.027

Weight per 10 kg decrease 3.63 0.91 (0.83–1.00) 0.057

CABG, coronary artery bypass grafting.
aAge (years) modelled as a linear spline to account for non-linear relationship with detection of new, non-benign neoplasm.

Figure 1 Kaplan–Meier event rates for the detection of new,
non-benign neoplasms by treatment assignment (prasugrel vs. clo-
pidogrel) during study follow-up among treated participants who
did not have a prior history of malignancy or had curative treat-
ment for a prior malignancy before randomization (n ¼ 9105).
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Table 5 Neoplasm details by treatment assignment for subjects with new, non-benign neoplasms and without a baseline
history of malignancy or curative treatment before randomization, n (%)

Endpoint Totala

(n 5 9105)
Prasugrel
(n 5 4554)

Clopidogrel
(n 5 4551)

P-value

New, non-benign neoplasm detecteda 160 (1.8) 82 (1.8) 78 (1.7) 0.79b

Locations of new, non-benign neoplasmc

Blood 1 (0.6) – 1 (1.3) 0.49

Bone 1 (0.6) 1 (1.2) – .0.99

Bone marrow 8 (5.0) 4 (4.9) 4 (5.1) .0.99

Brain 1 (0.6) 1 (1.2) – .0.99

Breast 6 (14.3) 4 (16.7) 2 (11.1) 0.68

Cervix 1 (2.4) – 1 (5.6) 0.43

Colorectal 20 (12.5) 14 (17.1) 6 (7.7) 0.10

Esophagus 4 (2.5) 1 (1.2) 3 (3.8) 0.36

Eye – – – –

Gallbladder – – – –

Kidney 4 (2.5) 2 (2.4) 2 (2.6) .0.99

Liver – – – –

Lung/bronchus 23 (14.4) 11 (13.4) 12 (15.4) 0.82

Lymphatics – – – –

Oral cavity 3 (1.9) 3 (3.7) – 0.25

Ovary 1 (2.4) – 1 (5.6) 0.43

Pancreas 3 (1.9) 2 (2.4) 1 (1.3) .0.99

Pharynx 4 (2.5) 2 (2.4) 2 (2.6) .0.99

Prostate 15 (12.7) 7 (12.1) 8 (13.3) .0.99

Stomach 10 (6.2) 5 (6.1) 5 (6.4) .0.99

Urethral – – – –

Urinary bladder 9 (5.6) 4 (4.9) 5 (6.4) 0.74

Uterus – – – –

Other 2 (4.8) 1 (4.2) 1 (5.6) .0.99

Unknown primary 8 (5.0) 3 (3.7) 5 (6.4) 0.49

Skin cancers

Basal cell 19 (11.9) 8 (9.8) 11 (14.1) 0.47

Squamous cell 20 (12.5) 11 (13.4) 9 (11.5) 0.81

Melanoma 5 (3.1) 2 (2.4) 3 (3.8) 0.68

Stage of neoplasm at the time of detectionc

Stage 0 18 (11.2) 9 (11.0) 9 (11.5) .0.99

Stage I 32 (20.0) 17 (20.7) 15 (19.2) 0.85

Stage II 13 (8.1) 10 (12.2) 3 (3.8) 0.08

Stage III 27 (16.9) 12 (14.6) 15 (19.2) 0.53

Stage IV 41 (25.6) 15 (18.3) 26 (33.3) 0.03

Staging incomplete 15 (9.4) 9 (11.0) 6 (7.7) 0.59

Unknown 23 (14.4) 13 (15.8) 10 (12.8) 0.66

Methods used for initial neoplasm detection (not mutually exclusive)d

Routine cancer screening 12 (7.5) 7 (8.5) 5 (6.4) 0.77

Symptomatic cancer screening 125 (78.1) 67 (81.7) 58 (74.4) 0.34

Evaluation of bleeding event 40 (25.0) 20 (24.4) 20 (25.6) 0.86

Evaluation of anaemia 13 (8.1) 9 (11.0) 4 (5.1) 0.25

Diagnostic procedures done for a suspected cancer not associated
with a bleeding event or anaemia

81 (50.6) 45 (54.9) 36 (46.2) 0.34

Diagnostic procedures done for a reason/symptom not related to
a suspected cancer bleed event, or anaemia

26 (16.2) 9 (11.0) 17 (21.8) 0.09

Continued
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participants with a confirmed new, non-benign neoplasm event,
more non-fatal cardiovascular events (MI and stroke) and bleeding
events occurred before vs. after neoplasm detection, whereas an
equal proportion of these participants permanently discontinued
study drug before vs. after neoplasm detection.

These exploratory findings highlight the potential pathophysiolo-
gic mechanisms related to the use of antiplatelet therapies and the
development of ischaemic, bleeding, and neoplasm events in the
post-ACS setting, as well as the likely residual confounding that un-
derlies potential explanations. Prior to neoplasm detection, undiag-
nosed neoplasms may contribute to a pro-thrombotic state that
results in ischaemic events despite DAPT treatment, but they may
also contribute to the development of significant bleeding (especial-
ly for neoplasms in the gastrointestinal tract) leading to premature
discontinuation of antiplatelet therapy, which in turn may be asso-
ciated with subsequent recurrent ischaemic events. While we ob-
served a numerically greater number of colorectal neoplasm
events with prasugrel vs. clopidogrel, as was observed in the
TRITON-TIMI 38 trial, these observations may be due to detection
biases related to the more potent P2Y12 inhibitor, prasugrel, that
may have more likely unmasked pre-existing colorectal cancer
that was identified with a gastrointestinal bleeding event.11 How-
ever, we also observed an apparent greater likelihood for the detec-
tion of advanced stages of cancer (Stages III and IV) at the time of
neoplasm detection for patients treated with clopidogrel vs. prasu-
grel. These findings highlight the likely multiple layers of confounding
associated with the detection and ascertainment of neoplasm
events during DAPT treatment that are difficult to disentangle
with respect to the question of whether there are differential patho-
physiologic mechanisms for neoplasm detection between prasugrel
vs. clopidogrel.

The influence of neoplasm events on mortality rates during
extended DAPT in placebo-controlled, randomized clinical trials

has been investigated in two recent high-profile studies. In the
DAPT trial (a double-blinded, placebo-controlled trial of prolonged
DAPT for 30 vs. 12 months following PCI with drug-eluting stent
placement), the incidence of all-cause mortality was nominally
higher with prolonged DAPT vs. aspirin monotherapy (2.0 vs.
1.5%; P ¼ 0.05), an effect that appeared to be driven by a higher
non-cardiovascular mortality rate (1.0 vs. 0.5%; P ¼ 0.002).21 In
the prolonged DAPT group, post hoc analyses demonstrated a nu-
meric imbalance of pre-randomization cancers, an increased fre-
quency of malignancy-related deaths (31 vs. 14 deaths; P ¼ 0.02),
and no statistical difference in the development of new cancer
events. There was no difference in all-cause mortality between
treatment groups when patients with a history of cancer prior to
randomization were excluded from the analysis.

Subsequently, the DAPT trial results were combined with results
from 13 other trials that evaluated extended DAPT vs. aspirin
monotherapy or short-duration DAPT (≤6 months) in a compre-
hensive meta-analysis of almost 70 000 patients. No differences in
all-cause, cardiovascular, or non-cardiovascular mortality were ob-
served.22 Collectively, observations from these studies and from
TRILOGY ACS indicate that sporadic neoplasms occurring either
before or after starting DAPT for a cardiovascular indication appear
to significantly influence mortality rates, and thus may confound the
interpretation of the results of large, randomized cardiovascular
outcomes trials evaluating antiplatelet therapies.

Study limitations
Despite careful planning and implementation of the neoplasm
data collection and adjudication process in the TRILOGY ACS trial,
certain limitations were present in our study. First, there was no
precedent for the classification of new, non-benign neoplasms to
guide our decisions for how post-randomization neoplasms were
confirmed, located, staged, and described (in terms of primary
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Table 5 Continued

Endpoint Totala

(n 5 9105)
Prasugrel
(n 5 4554)

Clopidogrel
(n 5 4551)

P-value

Initial treatment of malignancy (not mutually exclusive)d

Radiation 20 (12.5) 10 (12.2) 10 (12.8) .0.99

Chemotherapy 27 (16.9) 7 (8.5) 20 (25.6) 0.005

Hormonal therapy 3 (1.9) – 3 (3.8) 0.11

Surgical resection 67 (41.9) 36 (43.9) 31 (39.7) 0.63

Immunotherapy 5 (3.1) 4 (4.9) 1 (1.3) 0.37

Other treatment 18 (11.2) 8 (9.8) 10 (12.8) 0.62

Metastatic disease detected during studyd 47 (29.4) 18 (22.0) 29 (37.2) 0.04

All values given as number of subjects (%).
aTotal number of subjects treated without baseline history of malignancy or with curative treatment before randomization.
bHazard ratio ¼ 1.04 (95% CI 0.77–1.42)
cFor locations unique to females (breast, cervix, and uterine), the n for the denominator is the n for female patients (42). For the location unique to men (prostate), the n for
denominator is the n for male patients (118). Otherwise, the denominator for each cell is the column total. Participants could have had more than one cancer location determined
(primary and secondary malignancies) through the adjudication process, so the P-values in this section relate to each specific row separately to account for all malignancies.
dFor the staging data, participants could have had more than one cancer location determined (primary and secondary malignancies) through the adjudication process, so the
P-values in this section relate to each specific row separately to account for all malignancies. For the methods of detection, participants could have had more than one test/
procedure performed for primary and secondary malignancies. For the initial treatment of malignancy, participants could have had more than one treatment administered. The
development of metastatic disease was determined for both primary and secondary malignancies.
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vs. secondary malignancies, methods of detection, treatments admi-
nistered, and disease progression by the time of last study contact).
The processes we implemented and the results we observed will
therefore be useful for informing future neoplasm ascertainment
and adjudication efforts in cardiovascular outcomes trials. Second,
data on the use of post-randomization cancer-screening tests/pro-
cedures were routinely collected and considered in terms of the
methods of neoplasm detection, but we could not accurately verify
whether these test/procedures were truly done for signs or symp-
toms caused by a neoplasm or done for routine surveillance without
associated signs or symptoms. Finally, this analysis was not powered
to definitely evaluate treatment-related differences in neoplasm de-
tection given the low event rates observed, so our findings should
be considered to be hypothesis generating.

Conclusions
We have demonstrated how the detection and classification of neo-
plasms during the conduct of a global cardiovascular outcomes trial
informs the epidemiologic description of the natural histories of
concurrent cardiovascular disease and cancer and relates to variabil-
ity in cancer-screening practices across geographic regions. None-
theless, these results provide further evidence to inform the
debate about cancer risks associated with prolonged DAPT treat-
ment with prasugrel vs. clopidogrel (plus aspirin) after ACS, but
also highlight the complexities of implementing a neoplasm adjudi-
cation process in a global cardiovascular outcomes trial. Future
studies should therefore investigate the relative value of novel
data surveillance approaches to ascertain the potential cancer risks
of cardiovascular drug therapies when used in large patient
populations.

Supplementary material
Supplementary Material is available at European Heart Journal online.
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