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ARTICLE INFO ABSTRACT

Introduction: There are conflicting clinical and laboratory data about the effect of dual antiplatelet therapy
(DAPT) on cancer incidence, including analysis suggesting an increased cancer risk. This study aims to analyze if
there are differences in the incidence of cancer according to the type of P2Y12 inhibitor prescribed (clopidogrel,
prasugrel, or ticagrelor), among a population of acute coronary syndrome (ACS) survivors treated with DAPT.
Material and methods: A retrospective study was conducted among 4229 consecutive ACS patients discharged
from a tertiary hospital with DAPT from 2010 to 2016. Cox regression, propensity score, and survival-time
inverse probability analysis were done.

Results: A total of 311 were diagnosed of cancer during a median follow-up of 46.2 months. The cumulative
incidence function (CIF) of cancer (per 100 patients/year) was 2.2 for clopidogrel, 1.6 for prasugrel, and 0.3 for
ticagrelor. After multivariate analysis, we have found that ticagrelor resulted associated with lower cancer risk
than clopidogrel (sHR 0.20: 95% CI 0.05-0.84; p = 0.028), without differences between prasugrel and clopi-
dogrel. After propensity score matching, ticagrelor was also associated with lower incidence of cancer than
clopidogrel/prasugrel (sHR 0.22; 95% CI 0.05-0.90; p = 0.036), regardless of DAPT duration.

Conclusion: DAPT with ticagrelor could be associated with lower follow-up cancer incidence than DAPT with
clopidogrel or prasugrel after an ACS.
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Several studies have found an association between aspirin treatment
and a reduction in the incidence of newly diagnosed cancer [1,2]. The
pathophysiological explanation of these findings is based on the anti-
platelet, anti-inflammatory, and proapoptotic effects of aspirin [3]. All
these studies, together with the role of platelets in the natural history of
cancer [4], suggest that other antiplatelet drugs might have a similar
effect, which could be enhanced by combining several antiplatelet
drugs. However, contrary to expectations, there are conflicting clinical
and laboratory data about the effect of combined aspirin with a P2Y12
inhibitor on cancer incidence [5-7], including analyses suggesting an
increased cancer risk [8-10]. To date, it has not yet been possible to
demonstrate if the association of dual antiplatelet therapy (DAPT) with
cancer risk observed in several studies [10-12] was causal -indirect
promotion of tumor growth, easier metastatic dissemination due to
instability of platelet-tumor cell aggregates or/and inability to keep
cancer cells locally in situ are considered [11] or casual -higher

diagnosis rate in DAPT patients due to an increase in bleeding events
[12]. Currently, there are three available pharmacological options for
DAPT prescription: aspirin plus clopidogrel, aspirin plus ticagrelor, and
aspirin plus prasugrel. Direct comparisons from clinical trials of DAPT
with clopidogrel versus prasugrel showed no difference between both in
the risk of cancer [13], whereas DAPT with ticagrelor in comparison
with clopidogrel showed a lower -but not significant- rate of cancer
incidence [14]. Considering that DAPT is mandatory after an ACS, it
would be interesting to know if there are differences in the cancer risk
between therapy with ticagrelor, prasugrel and clopidogrel, when they
are associated with aspirin. With this study from real-life patients, we
aimed to do a comparative analysis of the cancer risk after an ACS
according to the type of DAPT (aspirin plus clopidogrel, prasugrel, or
ticagrelor).
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1. Methods
1.1. Study design and population

The data analyzed in this study were obtained from a retrospective
clinical registry including all patients consecutively discharged from the
Cardiology Department of a tertiary hospital from 2010, January 1, to
December 31, 2016, with the primary and definitive diagnosis of ACS
(n = 6068). Diagnosis of ACS was based on clinical guidelines [15,16].
Patients were classified as having ST-elevation myocardial infarction
(STEMI) or non-ST elevation ACS (NSTE-ACS), including in the last
group non-ST elevation MI [NSTEMI] and unstable angina. For the
purpose of the present study, focusing in study differences between the
P2Y12 inhibitors in patients treated with DAPT after an ACS, we ex-
cluded patient treated with single antiplatelet therapy or triple therapy
(n = 946). Moreover, since our aim was to study the association of
DAPT with de novo cancer, we excluded patients who presented prior
history of cancer (n = 581). Patients without data of follow up
(n = 313) were also excluded. There were not significant differences in
baseline characteristics between those patients with and without
follow-up data (Supplementary data). Therefore, the final cohort of the
present study consisted of 4229 patients (see flow diagram of study
population in Supplementary data). The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki and was
approved by the local ethics committee.

1.2. Follow-up and outcomes

The primary endpoint was new diagnosis of cancer. The ascertain-
ment of cancer status and death during follow-up was carried out be-
tween November and December of 2017 by trained physicians.
Adjudication of cancer events was performed by personnel unaware of
the endpoints of interest for this analysis. The electronic medical re-
cord, and all the medical attendances and hospital records, were re-
viewed for each patient. Follow-up “de novo” cancer was defined as
non-benign neoplasm diagnosed after hospital discharge, being the di-
agnosis based on pathologic data and clinical information. The first
priority to confirm the diagnosis of cancer was a definitive pathologic
diagnosis from a pathology report. If there was no definitive pathologic
diagnosis available, then the non-benign neoplasm diagnosis was es-
tablished by the best pathologic data available, clinical information
(such as anatomic distribution of the neoplasm from imaging reports),
and the consensus opinion of the physicians that adjudicated the events.
For verified non-benign neoplasm events, the dates of initial detection
and histological diagnosis and the anatomic/tissue location of the ma-
lignant neoplasm were determined. Cancer types were classified by
anatomic and system primary involvement. For each patient in the
study, we have also collected information about bleeding events and
vital status. Data on vital status, and information about bleeding, were
obtained from hospital and/or administrative (vital statistics records,
hospital discharge data, and emergency department data) data records,
by contacting the patients or their relatives by phone, and/or by con-
tacting the primary care physicians for additional information, when
necessary. Bleeding events were classified according to BARC (Bleeding
Academic Research Consortium) criteria [17]. Due to the retrospective
nature of our study and the difficulty for the accurate identification of
all BARC type 1 bleeding, this type of bleeding was not included in the
present study. Therefore, only the BARC 2 to 5 bleeding events were
analyzed.

1.3. Statistical analyses

The statistical analysis was performed with SPSS 25.0 (IBM
Corporation, Armonk/New York, United States), R version 3.2.2 (R
Foundation for Statistical Computing, Vienna, Austria), and Stata MP64
version 15 (StataCorp, College Station, Texas). Baseline characteristics
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according to type of DAPT and cancer status were described by using
number and percentage -for categorical data-, and mean * standard
difference -for continuous data-. Differences in characteristics were
assessed by using chi-square tests, 2-sample Student t-tests and one-way
analysis of variance (ANOVA test). For the baseline variables of the
study, we had < 1% missing data. No method was used to impute
missing values or adjust the model for the presence of missing data. A
competing risk model was used to estimate the cumulative incidence
function (CIF) of new cancer, accounting for death as a competing
episode. All variables associated with post-discharge new cancer basing
on clinical plausibility or p-value < 0.05 in the univariate analyses
were included in a multivariate model. Therefore, the multivariate
models were adjusted for the following covariates: age, sex, smoking,
hypertension, dislipemia, peripheral artery disease, HIV infection, an-
emia, MDRD-4 < 60 ml/min/1.73 m2, multivessel coronary artery
disease, complete revascularization, beta-blocker therapy, DAPT dura-
tion and type of DAPT. Because we cannot assume proportional hazards
for all the covariates, we fit a competing risks flexible parametric re-
gression analysis (Royston-Parmar model) using the stpm2cr command
of STATA, that allow us to estimate the cancer-specific hazard for each
type of DAPT in a competing risks situation. The adjusted hazards were
expressed as subhazard ratios (sHR) with their corresponding 95%
confidence intervals (95% CI). Because of important differences in key
baseline characteristics between the three P2Y12 inhibitors, we have
complemented our study with a propensity score (PS) analysis.
Propensity scores were estimated using a non-parsimonious multi-
variate logistic regression model, being DAPT with ticagrelor (versus
DAPT with clopidogrel or prasugrel) the dependent variable, and those
characteristics that were different between patients treated and no-
treated with DAPT with ticagrelor as covariates (see Supplementary
data). The area under the curve for the PS model was 0.80, which in-
dicated a good discrimination for the model. The competing risks
flexible parametric regression analysis was repeated adjusting by PS —
to balance the covariate distribution between the treatment and control
observations — and by those covariates associated with follow-up new
cancer in the univariate analyses — to further mitigate from residual
confounding in the survival modeling—. Moreover, we performed a
subsequent PS matching to assemble a cohort in which all the measured
covariates would be well balanced across the comparator group. The
1:1 nearest-neighbor matching without replacement, and with a caliper
width of 0.1 of the standard deviation of all PSs was used. The stan-
dardized difference measure was used to test how well the controls
match the cases (see Supplementary data). In the PS-matched popula-
tion, the cancer risk was evaluated using a competing-risks regression
analyses. Statistical significance of differences in cancer rates was as-
sessed with the Gray test. In addition to this, survival-time inverse
probability weighting (IPW) regression adjustment was also used to
evaluate the association between DAPT with ticagrelor and cancer, in
comparison with DAPT with clopidogrel or prasugrel. All values were
considered statistically significant when the p-value was lower than
0.05.

2. Results
2.1. Cancer incidence

From the 4229 patients, a total of 311 were diagnosed of cancer for
first time during a median time of follow-up of 46.2 months (25th to
75th percentile: 20.1 to 68.0 months). Among patients who developed
cancer, the median time from ACS discharge to cancer diagnosis was
28.1 months (25th to 75th percentile: 12.9 to 44.3 months). Incidence
density rates for cancer diagnosis (per 100 persons-year) was 2.1 (95%
CI 1.8-2.3) (Fig. 1A). Types of cancer were classified according to
system involvement (Fig. 1B). The most common types of cancer were
genital (n = 62; 19.9%), digestive (n = 57; 18.3%), urinary (n = 56;
18.0%), and respiratory (N = 49; 15.8%). Table 1 shows the baseline
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Fig. 1. Incidence density rates for the detection of new cancer during follow-up
(1A) and location according to system involvement.

characteristics, laboratory, echocardiographic and angiographic data,
together with medical therapy, stratified by cancer status during the
follow-up.

2.2. DAPT-related differences in new cancer diagnosis

DAPT with clopidogrel was prescribed in 3530 patients (83.2%) for
an average of 14.1 = 13.4months, with prasugrel in 252 patients
(6.0%) for 12.9 = 8.8 months, and with ticagrelor in 459 patients
(10.8%) for 11.6 *+ 4.8 months. Differences in baseline characteristics
between different types of DAPT were summarized in Table 2. During
follow-up, cancer was diagnosed in 296 with clopidogrel (8.4%; CIF 2.2
per 100 patients/year, 95% CI 1.9-2.4), 13 with prasugrel (5.2%; CIF
1.6 per 100 patients/year, 95% CI 0.9-2.7), and 2 with ticagrelor
(0.4%; CIF 0.3 per 100 patients/year, 95% CI 0.1-1.4).

In 2067 patients (48.7%), DAPT duration was > 1 year. There was
not difference in the cumulative incidence of cancer among patients
treated with DAPT <1 year vs > 1year (2.1 vs 2.0 per 100 patients/
year, respectively; p = 0.840). For patients treated with DAPT <1 year,
ticagrelor was significantly associated with incidence of cancer in
comparison with clopidogrel (p = 0.042) and prasugrel (0.046). For
those treated with DAPT > 1 year, the group of patients treated with
ticagrelor have lower incidence of cancer, but differences were not
statistically significant (p = 0.162 in comparison with clopidogrel;
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Table 1
Baseline characteristics by cancer status.
Variable Cancer No cancer P-value
(n = 311) (n = 3930)
Age, years 69.1 = 11.0 63.9 = 13.4 < 0.001
Female sex, % 16.1 23.2 0.004
Body mass index, kg/m? 28.0 = 4.6 28.3 + 4.4 0.303
Active smoking, % 38.9 36.3 0.380
Hypertension, % 69.8 61.3 0.003
Diabetes, % 25.1 23.8 0.608
Dislipemia, % 72.7 66.5 0.025
Peripheral artery disease, % 16.1 8.4 < 0.001
Prior heart failure, % 2.6 2.5 0.932
Chronic obstructive pulmonary disease, 9.3 8.9 0.815
%

HIV infection, % 1.0 0.5 0.330
ACS type, % 0.434

UA 8.9 9.6

NSTEMI 44.3 47.3

STEMI 46.9 43.1
Killip class =2, % 11.9 13.0 0.576
Atrial fibrillation, % 8.0 8.4 0.814
LVEF <40% 14.8 14.4 0.841
Anemia, % 17.7 14.0 0.078
MDRD-4 < 60 ml/min/1.73 m2, % 26.7 21.4 0.030
Multivessel coronary artery disease, % 58.2 49.4 0.003
PCI, % 86.8 88.6 0.336
Drug eluting stent, % 75.2 78.0 0.253
CABG, % 1.3 1.3 0.927
Complete revascularization, % 83.6 77.1 0.008
P2Y12 inhibitor, % < 0.001

Clopidogrel 95.2 82.3

Prasugrel 4.2 6.1

Ticagrelor 0.6 11.6
DAPT duration, months 15.0 + 146 13.7 = 124 0.108
Beta-blocker, % 77.2 82.0 0.036
ACEI/ARB, % 71.4 66.9 0.107
Spironolactone, % 8.7 6.9 0.243
Statin, % 95.5 95.4 0.949

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors/Angiotensin Receptor
Blockers; ACS: Acute Coronary Syndrome; CABG: Coronary Artery Bypass Graft;
DAPT: Dual Antiplatelet Therapy; HIV: Human Immunodeficiency Virus; LVEF:
Left Ventricular Ejection Fraction; MDRD-4: Modification of Diet in Renal
Disease (MDRD) equation version 4; NSTEMI: Non ST-segment Elevation
Myocardial Infarction; PCI: Percutaneous Coronary Intervention; STEMI: ST-
segment Elevation Myocardial Infarction; UA: Unstable Angina.

p = 0.649 in comparison with prasugrel) (Fig. 2).
2.3. Type DAPT, bleeding and cancer

During the follow up, 1263 patients presented BARC type =2
bleeding. From 311 patients with new follow-up cancer, 169 (54.3%)
had BARC type =2 bleeding: 129 (41.5%) were prior to cancer diag-
nosis, and 40 (12.9%) were after cancer diagnosis (Fig. 3). The cumu-
lative incidence of cancer (per 100 persons/year) was higher in patients
with prior follow-up bleeding [2.6 (95% CI 2.2-3.1) vs 1.8 (95% CI
1.6-2.1); p = 0.002]. Similarly, the cumulative incidence of bleeding
(per 100 persons/year) was higher in patient with follow-up new cancer
[17.4 (95% CI 15.0-20.3) vs 9.3 (95% CI 8.7-9.8); p < 0.001]. How-
ever, the differences that we found for cancer risk in relation with type
of DAPT were not observed for bleeding risk, without differences in the
cumulative incidence of BARC type =2 bleeding between DAPT with
clopidogrel, ticagrelor, and prasugrel (Fig. 3).

2.4. Multivariate analysis for cancer risk according to type of DAPT

After adjustment for those variables associated with cancer in the
univariate analysis (age, sex, hypertension, dislipemia, peripheral ar-
tery disease, anemia, MDRD-4 < 60ml/min/1.73m2, multivessel
coronary artery disease, complete revascularization, and beta-blocker
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Table 2
Characteristics of patients by type of P2Y12 platelet inhibitor used.
Variable Clopidogrel Prasugrel Ticagrelor P-value
(n = 3530) (n = 252) (n = 459)

Age, years 65.4 = 135 59.4 = 10.3 58.2 = 10.5 < 0.001
Female sex, % 23.7 17.9 17.2 0.001
Body mass index, kg/m> 28.2 = 4.3 28.8 = 4.3 28.1 = 4.7 0.088
Active smoking, % 36.5 45.2 52.1 < 0.001
Hypertension, % 64.3 54.4 48.1 < 0.001
Diabetes, % 23.0 52.0 15.5 < 0.001
Dislipemia, % 66.3 72.2 68.8 0.100
Peripheral artery disease, % 10.0 5.2 3.7 < 0.001
Prior heart failure, % 2.8 1.2 0.7 0.007
Chronic obstructive pulmonary disease, % 9.5 8.7 4.8 0.004
HIV infection, % 0.6 0.4 0.4 0.853
ACS type, % < 0.001

UA 9.5 5.6 6.3

NSTEMI 46.7 29.0 35.9

STEMI 43.8 65.5 57.7
Killip class =2, % 13.8 11.5 7.0 < 0.001
Atrial fibrillation, % 9.5 4.4 2.2 < 0.001
LVEF =40% 14.4 17.9 12.2 0.119
Anemia, % 15.6 11.9 5.7 < 0.001
MDRD-4 < 60 ml/min/1.73 m2, % 24.0 18.3 6.8 < 0.001
Multivessel coronary artery disease, % 51.4 53.6 37.7 < 0.001
PCI, % 87.4 95.6 92.8 < 0.001
Drug eluting stent, % 76.1 86.5 86.5 < 0.001
CABG, % 1.6 0.4 0.2 0.026
Complete revascularization, % 79.4 71.8 67.1 < 0.001
DAPT duration, months 14.1 + 134 129 + 8.8 11.6 + 4.8 < 0.001
Beta-blocker, % 80.7 91.3 83.7 < 0.001
ACEI/ARB, % 67.6 65.1 65.6 0.511
Spironolactone, % 7.1 8.7 5.9 0.360
Statin, % 95.0 97.2 97.6 0.016

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors/Angiotensin Receptor Blockers; ACS: Acute Coronary Syndrome; CABG: Coronary Artery Bypass Graft; DAPT:
Dual Antiplatelet Therapy; HIV: Human Immunodeficiency Virus; LVEF: Left Ventricular Ejection Fraction; MDRD-4: Modification of Diet in Renal Disease (MDRD)
equation version 4; NSTEMI: Non ST-segment Elevation Myocardial Infarction; PCI: Percutaneous Coronary Intervention; STEMI: ST-segment Elevation Myocardial

Infarction; UA: Unstable Angina.
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Fig. 2. Cumulative incidence function (per 1000 patients/year) according to the type and duration of dual antiplatelet therapy (DAPT).

therapy), and for other variables with known biological plausibility
(smoking, HIV infection, DAPT duration), we have found that ticagrelor
resulted associated with lower follow-up cancer risk than clopidogrel
(sHR 0.20: 95% IC 0.05-0.84; p = 0.028), without differences between
prasugrel and clopidogrel (Table 3). Fig. 4 shows the adjusted cumu-
lative incidence function of cancer for the three P2Y12 inhibitors, with
lower rates of cancer among patients with DAPT with ticagrelor. These
results were maintained even after excluding cancers detected in the
first 1 year after DAPT (see Supplementary data).

2.5. Propensity score analysis for ticagrelor vs clopidogrel/prasugrel

After including the PS to receive ticagrelor in the same previously
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described multivariate analysis, DAPT with ticagrelor resulted asso-
ciated with lower follow-up cancer risk (sHR for ticagrelor vs clopido-
grel/prasugrel 0.22, 95% CI 0.05-0.91; p = 0.035). Even after ad-
justing for the IPW, ticagrelor continued to be associated with lower
cancer risk (sHR 0.22, 95% CI 0.05-0.87; p = 0.031). Using a PS
matching, we obtained two similar groups of 455 patients: one with
DAPT with ticagrelor, another one with DAPT with clopidogrel/pra-
sugrel. In this matched population, DAPT with ticagrelor was also as-
sociated with lower incidence of new cancer in comparison with DAPT
with clopidogrel/prasugrel (sHR 0.22; 95% CI 0.05-0.90; p = 0.036)
[Supplementary data].
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Table 3
Competing risk multivariate analysis for new follow-up cancer using a flexible
parametric survival model.

Variable sHR 95% CI P-value
Age (per decade) 1.55 1.39-1.73 < 0.001
Female sex 0.55 0.41-0.77 < 0.001
Active smoking 1.45 1.11-1.89 0.007
Hypertension 0.91 0.70-1.19 0.495
Dislipemia 1.29 1.01-1.68 0.047
Peripheral artery disease 1.67 1.22-2.29 0.001
HIV infection 2.11 0.61-7.26 0.235
Anemia 1.17 0.87-1.59 0.296
MDRD-4 < 60 ml/min/1.73 m2 1.08 0.83-1.42 0.546
Multivessel coronary artery disease 1.12 0.89-1.42 0.329
Complete revascularization 1.07 0.79-1.47 0.651
Beta-blocker 0.85 0.66-1.11 0.247
P2Y12 inhibitor (clopidogrel as reference)

Prasugrel 0.89 0.51-1.56 0.696

Ticagrelor 0.20 0.05-0.84 0.028
DAPT duration 0.99 0.99-1.01 0.172

DAPT: Dual Antiplatelet Therapy; HIV: Human Immunodeficiency Virus;
MDRD-4: Modification of Diet in Renal Disease (MDRD) equation version 4.
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3. Discussion

Basing on our knowledge, this is the first study to provide a direct
comparison about the cancer risk between the different P2Y12 in-
hibitors in “real world” patients treated with DAPT after an ACS. Our
report goes a step further by showing that ticagrelor could be associated
with lower follow-up cancer incidence than DAPT with clopidogrel or
prasugrel after an ACS.

Several findings deserve special attention. First, the cumulative in-
cidence function of cancer was low, 2.1 per 100 people per year. This
was consistent with the annual cancer rate previously reported in prior
studies, which ranges between 1.5 and 3% [7,10,13]. Second, the most
frequent locations were the urinary (18%), lung (15.8%) and colorectal
(14.1%), and prostate in males (14.1%). With the exception of urinary
cancer -that showed a higher rate in our study in comparison with prior
studies-, the rates of lung and colorectal cancer were similar to those
previously described in the TRILOGY-ACS trial [13] (14.4% lung,
12.5% colorectal, 12.7% prostate), and in the recent study of Leader
et al. [7] (13.7% colorectal, 7.4% lung). Third, there was a strong in-
terrelation between cancer and bleeding, which was concordant with
prior reports [18,19]. In our study, the peak of bleeding rate coincided
with the date of cancer diagnosis, which suggested that many cancers
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Fig. 4. Cumulative incidence function for new cancer and risk by type of dual
antiplatelet therapy.

were diagnosed in relation to a bleeding episode. In an unadjusted way,
we have seen that people with a bleeding event have up to 42% more
risk of being diagnosed of cancer than those who have not bled.
Moreover, after the diagnosis of cancer, there is a higher risk of
bleeding (in an unadjusted way, 82% more risk of bleeding than those
without cancer).

In relation with DAPT therapy and de novo cancer risk, we have not
observed differences regarding to DAPT duration. In spite of the alarm
that had been generated with the results of the DAPT study [9], sub-
sequent studies had presented results similar to ours [7,18,20], without
finding higher rates of cancer when DAPT extended beyond the first
year. More interesting, we have reported a significant difference be-
tween DAPT with ticagrelor and DAPT with prasugrel or clopidogrel. In
the PLATO, DAPT with ticagrelor in comparison with DAPT with clo-
pidogrel was associated with less new diagnosis cancer incidence,
however, the difference was not relevant [14]. And in the substudy of
TRILOGY-ACS have confirmed that there are not differences in cancer
diagnosis after ACS between clopidogrel and prasugrel [13]. In our
study, there was a significant difference in the incidence of cancer be-
tween patients treated with clopidogrel and prasugrel (CIF 2.2 and 2.1
per 100 person/year, respectively) vs ticagrelor (CIF 0.3 per
100 person/year), and this lower CIF of cancer with ticagrelor was in-
dependently of DAPT duration. After adjusting by confounding vari-
ables, we reported a relative risk difference of 78% in cancer rate at
72 months in favour of ticagrelor.

The findings of our study regarding type of DAPT and cancer risk
are biologically plausible in view of a handful of recent studies that
have proved a relation between adenosine and cancer [21] (Fig. 5).
Unlike the clopidogrel and prasugrel, ticagrelor is not a thienopyridine,
but rather belongs to a new class of P2Y12 receptor inhibitors known as
cyclopentyl-triazolo-pyrimides, with certain characteristics that make it
unique. This drug is a very selective antagonist for the P2Y12 receptor
on platelets and binds reversibly and directly to this receptor without
any need for bioactivation [22]. Several studies consistently showed
that ticagrelor inhibits the cellular uptake of adenosine, in addition to
antagonizing the P2Y12 receptor [23]. This additional effect of tica-
grelor beyond P2Y12R antagonism was in part as a consequence of ti-
cagrelor inhibiting the equilibrative nucleoside transporter 1 (ENT1) on
platelets, leading to accumulation of extracellular adenosine and acti-
vation of G-coupled adenosine receptors [24]. Adenosine exerts its
biological effects by interacting with 4 G-protein—coupled receptors:
A1R and A3R are coupled to Gi, the inhibitory G protein, which inhibits
adenylyl cyclase and thus decreases intracellular cAMP, whereas A2AR
and A2BR are coupled to the stimulatory G protein, Gs, which stimu-
lates adenylyl cyclase, increasing intracellular cAMP [25]. The Al and
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A3 receptors have high affinity for adenosine, whereas the A2A re-
ceptors has a lower affinity (the A2BR a much lower affinity) [22].
Basing on this, low concentrations of adenosine, which activate A1R
and A3R, promote neutrophil chemotaxis and phagocytosis, whereas
high concentrations of adenosine, which activate A2R, inhibit neu-
trophil trafficking, granule release, and the production of reactive
oxygen species and inflammatory mediators [26]. The rise in extra-
cellular adenosine observed in patients treated with ticagrelor leads to
an increase in intracellular levels of cAMP, that activate specific in-
tracellular proteins, such as protein kinase A and protein kinase G,
which phosphorylate proteins that regulate different physiological
processes, e.g. transcription factors and ion channels, resulting in di-
verse biological effects [25]. Higher levels of cAMP, either by stimu-
lating its formation or by preventing its degradation, inhibit pro-in-
flammatory cytokines, e.g. TNF-a and IL-1f3, together with a significant
number of factors that stimulate cancer cell proliferation and survival,
including transforming growth factor bl and platelet-derived growth
factor, which are involved in the promotion of epithelial-mesenchymal
transition (EMT), migration and metastasis formation [27]. So the in-
crease in extracellular adenosine levels secondary to the inhibition by
ticagrelor of the cellular uptake of adenosine leads to a downregulation
of relevant transcription factors involved in the EMT process [28].
Several studies have proved that ticagrelor specifically inhibited tumor
cell platelet interactions and decreased tumor cell adhesion by acting
primarily on platelets [29], underscoring a potential clinical use of this
agent in cancer therapy in the future. In rodent models of ovarian
cancer, ticagrelor -given by daily gavage- reduced the growth of pri-
mary tumors [30]. Moreover, ticagrelor treatment was also associated
with a marked reduction in tumor cell-platelet aggregates in the lungs
[5]. This could explain, at least in part, the lower cancer rate that we
observed with ticagrelor in comparison with prasugrel/clopidogrel
after ACS in patients treated with DAPT.

4. Limitations

This is a retrospective nonrandomized study, and the observational
nature of the analysis entails the obvious limitations. In this way, some
risk factors for cancer, such as diet, occupation, and family history,
were not registered in this cohort, and residual confounding is prob-
able. Therefore, it remains a possibility that these and other unknown
factors may have mediated the impressive decrease in cancer incidence
seen with combined antiplatelet therapy with clopidogrel/prasugrel,
rather than a true drug effect. Nevertheless, most major risk factors
were registered and accounted for in multivariate analysis, and pro-
pensity scoring and instrumental variable analysis adjusted for con-
founding by indication. Moreover, our study was not designed to assess
the short-term effect of DAPT on cancer incidence. In this sense, pa-
tients were not included in a cancer screening program prior to the start
of the DAPT. In addition to this, the risk of missing cancer diagnoses
during follow-up is a real possibility given the retrospective nature of
the design. Finally, although findings were statistically significant, the
small sample size and number of events are a potential limitation, and
confirmation with a larger cohort may be warranted.

5. Conclusions

In patients treated with DAPT after ACS, ticagrelor seems to be as-
sociated with lower incidence of de novo cancer during follow-up in
comparison with prasugrel and clopidogrel, irrespective of DAPT
duration. Further studies are needed to confirm our results. The current
findings call for a better understanding of shared risk factors and un-
derlying mechanisms.

Declaration of interest

None.



S. Raposeiras-Roubin et al.

CLOPIDOGREL
PRASUGREL

ey

-
A

- v
YA ' ALY

»

rTumourceHsW] NF-kB?g

Thrombosis Research 174 (2019) 51-58

S

T cells, natural killer cells, dendritic cells, myeloid
derived cells, and i
macrophages.

Fig. 5. Effects of antagonism of P2Y12 receptors and of inhibition of equilibrative nucleoside transporter 1 (ENT1) on the development of cancers.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.thromres.2018.12.014.

References

[1]

[2]

[3]

[4]

[5]

[6]

71

[8

—

[9]

[10]

[11]

[12]

[13]

P.M. Rothwell, M. Wilson, C.E. Elwin, B. Norrving, A. Algra, C.P. Warlow,

T.W. Meade, Long-term effect of aspirin on colorectal cancer incidence and mor-
tality: 20-year follow-up of five randomised trials, Lancet 376 (9754) (2010)
1741-1750.

A.M. Algra, P.M. Rothwell, Effects of regular aspirin on long-term cancer incidence
and metastasis: a systematic comparison of evidence from observational studies
versus randomised trials, Lancet Oncol. 13 (5) (2012) 518-527.

P.C. Elwood, A.M. Gallagher, G.G. Duthie, L.A. Mur, G. Morgan, Aspirin, salicylates,
and cancer, Lancet 373 (9671) (2009) 1301-1309.

J.V. Michael, J.G.T. Wurtzel, G.F. Mao, A.K. Rao, M.A. Kolpakov, A. Sabri,

N.E. Hoffman, S. Rajan, D. Tomar, M. Madesh, M.T. Nieman, J. Yu, L.C. Edelstein,
J.W. Rowley, A.S. Weyrich, L.E. Goldfinger, Platelet microparticles infiltrating solid
tumors transfer miRNAs that suppress tumor growth, Blood 130 (5) (2017)
567-580.

S. Gebremeskel, T. LeVatte, R.S. Liwski, B. Johnston, M. Bezuhly, The reversible
P2Y12 inhibitor ticagrelor inhibits metastasis and improves survival in mouse
models of cancer, Int. J. Cancer 136 (1) (2015) 234-240.

S. Mezouar, R. Darbousset, F. Dignat-George, L. Panicot-Dubois, C. Dubois,
Inhibition of platelet activation prevents the P-selectin and integrin-dependent ac-
cumulation of cancer cell microparticles and reduces tumor growth and metastasis
in vivo, Int. J. Cancer 136 (2) (2015) 462-475.

A. Leader, R. Zelikson-Saporta, D. Pereg, G. Spectre, U. Rozovski, P. Raanani,

D. Hermoni, M. Lishner, The effect of combined aspirin and clopidogrel treatment
on cancer incidence, Am. J. Med. 130 (7) (2017) 826-832.

J.S. Floyd, V.L. Serebruany, Prasugrel as a potential cancer promoter: review of the
unpublished data, Arch. Intern. Med. 170 (12) (2010) 1078-1080.

L. Mauri, D.J. Kereiakes, R.W. Yeh, P. Driscoll-Shempp, D.E. Cutlip, P.G. Steg,
S.L. Normand, E. Braunwald, S.D. Wiviott, D.J. Cohen, D.R. Holmes Jr.,

M.W. Krucoff, J. Hermiller, H.L. Dauerman, D.I. Simon, D.E. Kandzari, K.N. Garratt,
D.P. Lee, T.K. Pow, P. Ver Lee, M.J. Rinaldi, J.M. Massaro, D.S. Investigators,
Twelve or 30 months of dual antiplatelet therapy after drug-eluting stents, N. Engl.
J. Med. 371 (23) (2014) 2155-2166.

V.L. Serebruany, M.H. Kim, H.A. Cabrera-Fuentes, K. Lee, Y.R. Cho, K. Park,

T.H. Park, Y.D. Kim, S.C. Yoon, Mortality and cancer after 12 versus 30 months dual
antiplatelet therapy. The Korean Outcomes Registry Evaluating Antithrombotics
(KOREA), Thromb. Haemost. 117 (5) (2017) 934-939.

V.L. Serebruany, V. Cherepanov, H.A. Cabrera-Fuentes, M.H. Kim, Solid cancers
after antiplatelet therapy: confirmations, controversies, and challenges, Thromb.
Haemost. 114 (6) (2015) 1104-1112.

J.S. Berger, D.L. Bhatt, P.G. Steg, S.R. Steinhubl, G. Montalescot, M. Shao,

W. Hacke, K.A. Fox, P.B. Berger, E.J. Topol, A.M. Lincoff, Bleeding, mortality, and
antiplatelet therapy: results from the Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and Avoidance (CHARISMA) trial, Am.
Heart J. 162 (1) (2011) 98-105 (el).

M.T. Roe, D.D. Cyr, D. Eckart, P.J. Schulte, M.A. Morse, K.L. Blackwell, N.E. Ready,
S.Y. Zafar, A.W. Beaven, J.H. Strickler, J.E. Onken, K.J. Winters, L. Houterloot,

D. Zamoryakhin, S.D. Wiviott, H.D. White, D. Prabhakaran, K.A. Fox,

P.W. Armstrong, E.M. Ohman, T.A. Investigators, Ascertainment, classification, and
impact of neoplasm detection during prolonged treatment with dual antiplatelet

57

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

therapy with prasugrel vs. clopidogrel following acute coronary syndrome, Eur.
Heart J. 37 (4) (2016) 412-422.

L. Wallentin, R.C. Becker, A. Budaj, C.P. Cannon, H. Emanuelsson, C. Held,

J. Horrow, S. Husted, S. James, H. Katus, K.W. Mahaffey, B.M. Scirica, A. Skene,
P.G. Steg, R.F. Storey, R.A. Harrington, P. Investigators, A. Freij, M. Thorsen,
Ticagrelor versus clopidogrel in patients with acute coronary syndromes, N. Engl. J.
Med. 361 (11) (2009) 1045-1057.

American College of Emergency P, Society for Cardiovascular A, Interventions,
P.T. O'Gara, F.G. Kushner, D.D. Ascheim, D.E. Casey Jr., M.K. Chung, J.A. de Lemos,
S.M. Ettinger, J.C. Fang, F.M. Fesmire, B.A. Franklin, C.B. Granger, H.M. Krumholz,
J.A. Linderbaum, D.A. Morrow, L.K. Newby, J.P. Ornato, N. Ou, M.J. Radford,
J.E. Tamis-Holland, C.L. Tommaso, C.M. Tracy, Y.J. Woo, D.X. Zhao, J.L. Anderson,
A.K. Jacobs, J.L. Halperin, N.M. Albert, R.G. Brindis, M.A. Creager, D. DeMets,
R.A. Guyton, J.S. Hochman, R.J. Kovacs, F.G. Kushner, E.M. Ohman,

W.G. Stevenson, C.W. Yancy, ACCF/AHA guideline for the management of ST-ele-
vation myocardial infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines, J. Am.
Coll. Cardiol. 61 (4) (2013) e78-140.

E.A. Amsterdam, N.K. Wenger, R.G. Brindis, D.E. Casey Jr., T.G. Ganiats,

D.R. Holmes Jr., A.S. Jaffe, H. Jneid, R.F. Kelly, M.C. Kontos, G.N. Levine,

P.R. Liebson, D. Mukherjee, E.D. Peterson, M.S. Sabatine, R.W. Smalling,

S.J. Zieman, 2014 AHA/ACC guideline for the Management of Patients with non-
ST-elevation acute coronary syndromes: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines, J. Am.
Coll. Cardiol. 64 (24) (2014) e139-e228.

R. Mehran, S.V. Rao, D.L. Bhatt, C.M. Gibson, A. Caixeta, J. Eikelboom, S. Kaul,
S.D. Wiviott, V. Menon, E. Nikolsky, V. Serebruany, M. Valgimigli, P. Vranckx,

D. Taggart, J.F. Sabik, D.E. Cutlip, M.W. Krucoff, E.M. Ohman, P.G. Steg, H. White,
Standardized bleeding definitions for cardiovascular clinical trials: a consensus
report from the bleeding academic research consortium, Circulation 123 (23)
(2011) 2736-2747.

S. Elmariah, G. Doros, O.R. Benavente, D.L. Bhatt, S.J. Connolly, S. Yusuf,

S.R. Steinhubl, Y. Liu, W.H. Hsieh, R.W. Yeh, L. Mauri, Impact of clopidogrel
therapy on mortality and cancer in patients with cardiovascular and cere-
brovascular disease: a patient-level meta-analysis, Circ. Cardiovasc. Interv. 11 (1)
(2018) e005795.

D. Symeonidis, G. Koukoulis, G. Christodoulidis, I. Mamaloudis, I. Chatzinikolaou,
K. Tepetes, Impact of antiplatelet treatment on colorectal cancer staging char-
acteristics, World J. Gastrointest. Endosc. 4 (9) (2012) 409-413.

S. Elmariah, L. Mauri, G. Doros, B.Z. Galper, K.E. O'Neill, P.G. Steg, D.J. Kereiakes,
R.W. Yeh, Extended duration dual antiplatelet therapy and mortality: a systematic
review and meta-analysis, Lancet 385 (9970) (2015) 792-798.

D. Vijayan, A. Young, M.W.L. Teng, M.J. Smyth, Targeting immunosuppressive
adenosine in cancer, Nat. Rev. Cancer 17 (12) (2017) 765.

M. Cattaneo, R. Schulz, S. Nylander, Adenosine-mediated effects of ticagrelor:
evidence and potential clinical relevance, J. Am. Coll. Cardiol. 63 (23) (2014)
2503-2509.

D. Armstrong, C. Summers, L. Ewart, S. Nylander, J.E. Sidaway, J.J. van Giezen,
Characterization of the adenosine pharmacology of ticagrelor reveals ther-
apeutically relevant inhibition of equilibrative nucleoside transporter 1, J.
Cardiovasc. Pharmacol. Ther. 19 (2) (2014) 209-219.

R. Aungraheeta, A. Conibear, M. Butler, E. Kelly, S. Nylander, A. Mumford,

S.J. Mundell, Inverse agonism at the P2Y12 receptor and ENT1 transporter blockade
contribute to platelet inhibition by ticagrelor, Blood 128 (23) (2016) 2717-2728.
K.E. Barletta, K. Ley, B. Mehrad, Regulation of neutrophil function by adenosine,
Arterioscler. Thromb. Vasc. Biol. 32 (4) (2012) 856-864.

R.D. Leone, Y.C. Lo, J.D. Powell, A2aR antagonists: next generation checkpoint
blockade for cancer immunotherapy, Comput. Struct. Biotechnol. J. 13 (2015)


https://doi.org/10.1016/j.thromres.2018.12.014
https://doi.org/10.1016/j.thromres.2018.12.014
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0005
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0005
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0005
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0005
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0010
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0010
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0010
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0015
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0015
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0020
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0020
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0020
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0020
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0020
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0025
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0025
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0025
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0030
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0030
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0030
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0030
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0035
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0035
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0035
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0040
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0040
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0045
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0050
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0050
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0050
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0050
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0055
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0055
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0055
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0060
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0060
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0060
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0060
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0060
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0065
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0070
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0070
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0070
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0070
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0070
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0075
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0080
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0085
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0090
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0090
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0090
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0090
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0090
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0095
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0095
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0095
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0100
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0100
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0100
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0105
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0105
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0110
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0110
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0110
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0115
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0115
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0115
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0115
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0120
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0120
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0120
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0125
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0125
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0130
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0130

S. Raposeiras-Roubin et al.

265-272.

[27] M. Schmidt, F.J. Dekker, H. Maarsingh, Exchange protein directly activated by
cAMP (epac): a multidomain cAMP mediator in the regulation of diverse biological
functions, Pharmacol. Rev. 65 (2) (2013) 670-709.

[28] M. Idzko, D. Ferrari, H.K. Eltzschig, Nucleotide signalling during inflammation,
Nature 509 (7500) (2014) 310-317.

[29] A.J. Gareau, C. Brien, S. Gebremeskel, R.S. Liwski, B. Johnston, M. Bezuhly,

58

[30]

Thrombosis Research 174 (2019) 51-58

Ticagrelor inhibits platelet-tumor cell interactions and metastasis in human and
murine breast cancer, Clin. Exp. Metastasis 35 (1-2) (2018) 25-35.

M.S. Cho, K. Noh, M. Haemmerle, D. Li, H. Park, Q. Hu, T. Hisamatsu, T. Mitamura,
S.L.C. Mak, S. Kunapuli, Q. Ma, A.K. Sood, V. Afshar-Kharghan, Role of ADP re-
ceptors on platelets in the growth of ovarian cancer, Blood 130 (10) (2017)
1235-1242.


http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0130
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0135
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0135
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0135
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0140
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0140
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0145
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0145
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0145
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0150
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0150
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0150
http://refhub.elsevier.com/S0049-3848(18)30652-2/rf0150

	Risk of cancer after an acute coronary syndrome according to the type of P2Y12 inhibitor
	Methods
	Study design and population
	Follow-up and outcomes
	Statistical analyses

	Results
	Cancer incidence
	DAPT-related differences in new cancer diagnosis
	Type DAPT, bleeding and cancer
	Multivariate analysis for cancer risk according to type of DAPT
	Propensity score analysis for ticagrelor vs clopidogrel/prasugrel

	Discussion
	Limitations
	Conclusions
	Declaration of interest
	Supplementary data
	References




