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BACKGROUND In cancer, platelets may facilitate metastatic spread by a number of mechanisms as well as contribute

to thrombotic complications. Ticagrelor, a platelet antagonist- that blocks adenosine diphosphate activation of platelet

P2Y12 receptors, is widely used in the treatment of cardiovascular disease, but its efficacy in cancer remains unknown.

OBJECTIVES This study sought to evaluate the effect of aspirin and ticagrelor monotherapy, as well as dual

antiplatelet therapy, on platelet activation in cancer.

METHODS This study consisted of 2 phases: first, an in vitro study of human platelet�tumor cell interaction; and

second, a randomized crossover clinical trial of 22 healthy donors and 16 patients with metastatic breast or colorectal

cancer. Platelet activation and inhibition were measured by aggregometry and flow cytometry.

RESULTS In vitro, tumor cells induced cellular clusters that were predominantly platelet�platelet aggregates. Tica-

grelor significantly inhibited formation of large tumor cell-induced platelet�platelet aggregates: 65.4 � 4.8% to 50.9 �
5.9% (p ¼ 0.002) and 62.3 � 3.1% to 48.3 � 7.3% (p ¼ 0.014) for MCF-7 and HT-29-induced aggregation, respectively.

Supporting this finding, cancer patients on ticagrelor had significantly reduced levels of spontaneous platelet aggrega-

tion and activation compared with baseline; 14.8 � 2.7% at baseline to 7.8 � 2.3% with ticagrelor (p ¼ 0.012).

CONCLUSIONS Our findings suggested that P2Y12 inhibitionwith ticagrelor might reduce spontaneous platelet aggregation

and activation in patients with metastatic cancer and merits further investigation in patients at high risk of cancer-associated

thrombosis. (Ticagrelor-Oncology [TICONC] Study; EudraCT: 2014-004049-29) (J Am Coll Cardiol CardioOnc 2020;2:236–

50) © 2020 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

ADP = adenosine diphosphate

DAPT = dual antiplatelet

therapy

TCIPA = tumor cell-induced

platelet activation
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C ancer-associated thrombosis and the devel-
opment of distant metastases are the prime
drivers of mortality in cancer (1). Tumor cells

that migrate from the primary tumor into the circula-
tion can interact with peripheral blood cells,
including platelets (2). Tumor cell�induced platelet
activation (TCIPA) has been reported to increase
circulating platelet activity (3) and to facilitate the
metastatic process via several mechanisms (4). Bound
platelets, or platelet aggregates, may also confer sur-
vival of the circulating tumor cell by shielding it from
immune destruction (5) or from physical injury
arising from shear stress in the microcirculation (6).
Therefore, inhibiting or limiting platelet activation
in patients with cancer may reduce metastasis and
be beneficial in patients at risk of cancer-associated
thrombosis.

Although there is growing evidence for a beneficial
effect of low-dose aspirin in preventing metastatic
tumor spread, research is still required to further
assess its effectiveness in different types of cancer
and to balance the potential benefits against risk of
bleeding (7–11). Inhibition of platelet activation by
aspirin monotherapy only affects one of the second-
ary platelet activation pathways, and it may be that
inhibitors of alternative pathways have potential for
greater impact on TCIPA. One such partial agonist,
adenosine diphosphate (ADP), has been implicated in
tumor cell activation of platelets (12); therefore, tar-
geting ADP-activated pathways may have the poten-
tial to inhibit ADP-induced platelet activation
facilitated by circulating tumor cells. P2Y12 antago-
nists, including ticagrelor, are routinely used in the
treatment and prevention of arterial thrombosis (13).
As a result of the PLATO (PLATelet inhibition and
patient Outcomes) study (14), ticagrelor has been
widely adopted clinically in the treatment of patients
with cardiovascular disease, due to its superior effi-
cacy over the earlier pro-drug, clopidogrel. Therefore,
ticagrelor may be a putative antiplatelet agent for
inhibition of platelet activation in cancer, potentially
reducing metastatic potential and thrombotic risk.
Ticagrelor has not previously been investigated for
this indication in a cancer population.

This study first used an in vitro model of
platelet�tumor cell interaction within the circula-
tion to compare the effects of mono- and dual
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antiplatelet therapy (DAPT) on platelet
activation and interaction with human
breast (MCF-7) and colorectal cancer (HT-29)
cells. The second part of the investigation
was an interventional trial that consisted of
a randomized, crossover study of the effects
of ticagrelor or aspirin monotherapy and
DAPT on platelets of patients with meta-

static breast and colorectal cancer compared with
healthy control subjects.

METHODS

Complete experimental details are outlined in the
Materials and Methods section of the Supplemental
Appendix. The human study was approved by a
regional ethics review committee and the UK Health
Research Authority (15/EM/0048). All procedures
performed in the study involving human participants
were conducted in accordance with the principles of
the Declaration of Helsinki.

STATISTICAL ANALYSIS. Data and statistical anal-
ysis for aggregation assays and flow cytometry were
performed using GraphPad Prism software v7
(GraphPad Software Incorporated, La Jolla, Califor-
nia). Continuous variables are presented as mean �
SEM. Within group comparisons were performed us-
ing a paired Student’s t-test. Comparison of platelet
activity in platelets from healthy donors and patients
with metastatic cancer was analyzed using a standard
t-test for 2 independent groups. TICONC study pa-
tient characteristics in Table 1 are presented as mean
� SD or number (percentage). Sample size was
determined based on obtaining a 10% reduction in
platelet-cancer cell interaction with 80% power. Mi-
croscopy images were analyzed using Image-J
(version 1.37, National Institutes of Health Image,
Bethesda, Maryland). Significance is indicated as
p < 0.05, p < 0.01, and p < 0.001 or is given as not
significant (NS) for p $ 0.05.

RESULTS

IN VITRO STUDY. Ticagrelor inhibits tumor cell-induced
cellLcell aggregation. Initial experiments established
the optimal concentrations of antiplatelet agents to
be used in the in vitro study and testing the platelet
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TABLE 1 The TICONC Participant Characteristics

Healthy
Donors
(n ¼ 22)

Breast Cancer
Patients
(n ¼ 10) p Value

Colorectal
Cancer Patients

(n ¼ 6) p Value

Sex

Male 6 (27.3) 0 (0) 3 (50)

Female 16 (72.7) 10 (100) 3 (50)

Age (yrs) 43.5 � 2.5 63.4 � 4.8 <0.001 64.0 � 3.5 <0.001

BMI (kg/m2) 28.9 � 1.0 29.2 � 5.7 0.881 23.6 � 1.3 0.018

Hb (g/l) 125.6 � 9.0 133.1 � 8.9 0.592 128.0 � 9.1 0.815

Plt count (109/l) 259 � 21.3 292 � 70.6 0.357 263 � 135 0.935

WBC count (109/l) 5.60 � 1.0 7.03 � 1.1 0.579 6.08 � 0.6 0.852

Systolic BP (mm Hg) 129.3 �16.2 131.8 � 17.5 0.699 120.8 � 14.1 0.251

Diastolic BP (mm Hg) 80.3 � 10.3 83.1 � 15.7 0.542 79.7 � 14.1 0.908

Heart rate (beats/min) 72.9 � 11.1 80.2 � 12.1 0.099 82.5 � 18.8 0.113

Values are n (%) or mean � SD. The p values denote t-test comparison between cancer groups and healthy
control subjects.

BMI ¼ body mass index; BP ¼ blood pressure; Hb ¼ hemoglobin; Plt¼ platelet; TICONC ¼ Ticagrelor-Oncology
study; WBC ¼ white blood cell.
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response to physiological agonists in the presence
and absence of aspirin and ticagrelor. ADP (10 mM)
and arachidonic acid (1 mM) induced a maximal
platelet aggregatory response that was significantly
inhibited by 10 mM of ticagrelor (from 93.0 � 3.5% to
2.0 � 2.0% aggregation) or 50 mM aspirin (from 99.3
�0.7% to 6.7 � 2.3% aggregation), respectively. These
concentrations of inhibitors were used throughout
the in vitro study (Figures 1A and 1B).

As shown in Figure 1C (reproduced in Supplemental
Figure 1A), platelets from healthy subjects, stirred
without addition of tumor cells, did not spontane-
ously aggregate; however, the presence of MCF-7
breast cancer cells resulted in significant levels of
aggregation within 10 min (platelets þ MCF-7 65.4 �
4.8%; p < 0.001; n ¼ 8). MCF-7-induced platelet ag-
gregation was significantly reduced by pre-treatment
of platelets with ticagrelor (50.9 � 5.9%; p ¼ 0.002)
(Figure 1C). Aspirin alone had no significant effect on
MCF-7-induced aggregation (mean 63.1 � 3.8%;
p ¼ 0.139), but as dual therapy, aspirin with ticagrelor
significantly reduced aggregation in the presence of
MCF-7 breast tumor cells (mean 46.1 � 5.4%; p <

0.001) (Figure 1C). A similar pattern was seen for
platelets incubated with another human breast cancer
cell line, SKBR3 tumor cells (Supplemental Figure 1B).

TCIPA and inhibition of tumor cell�induced
cellular aggregation followed a similar pattern when
using the colorectal cancer cell line, HT-29. Aggrega-
tion in the presence of HT-29 cells was significantly
reduced by ticagrelor (from 62.3 � 3.1% to 48.3 �
7.3%; p ¼ 0.014; n ¼ 8) (Figure 1D, and reproduced in
Supplemental Figure 1C). Aspirin alone did not alter
HT-29�induced aggregation (61.1 � 2.7%; p ¼ 0.344),
nor did it further enhance the inhibition of ticagrelor
(50.6 � 6.5%; p ¼ 0.013) (Figure 1D). Ticagrelor also
had a significant inhibitory effect on platelets incu-
bated with another colon cancer cell line, HCT116
(Supplemental Figure 1D).

TICAGRELOR REDUCES TUMOR CELL-INDUCED,

PLATELETLPLATELET INTERACTION. In the micro-
environment of the circulating tumor cell, cellular
aggregates could potentially form as platelet�platelet
aggregates, or between platelets and tumor cells
through direct ligand-receptor binding. Analysis of
samples by microscopy demonstrated that changes in
cellular aggregation appeared to be predominantly
due to platelet�platelet interaction rather than the
interaction of platelets and tumor cells. Consistent
with the aggregometry data, samples containing
washed platelets alone showed an even dispersal af-
ter stirring (Figure 2A). The addition of MCF-7 cells
(Figure 2, left-sided column) resulted in clumps of
platelet�platelet aggregates, with some but not all,
associated with a tumor cell. Pre-incubation of
platelets with ticagrelor (10 mM) resulted in fewer
large clumps of platelet�platelet aggregates, and
more platelets remained dispersed throughout the
sample. As seen in the previous aggregation experi-
ments, aspirin (50 mM) appeared to have little effect
on the inhibition of platelet�platelet aggregates.
Presence of both antiplatelet agents (ticagrelor and
aspirin) appeared to have a mixed effect, with
platelet�platelet aggregates still being present, but
also with observable platelet dispersal. Analysis of
changes in platelet fluorescence demonstrated a var-
iable change in the size of platelet aggregates, with
the mean perimeter (Figure 2B) and diameter
(Figure 2D) of platelet aggregates in the presence of
MCF-7 cells significantly reduced in the presence of
both ticagrelor and aspirin.

There was less variability in the effect of the single
antagonist ticagrelor observed in platelet samples
that were stirred in the presence of the colorectal HT-
29 cell line (Figure 2, right-sided column). Quantifi-
cation of the size of platelet aggregates in the pres-
ence or absence of the 2 inhibitors demonstrated a
significant decrease in perimeter (Figure 2C) and
diameter (Figure 2E) of fluorescently labeled platelets
in the presence of ticagrelor or DAPT.

TUMORLCELL INTERACTION INDUCES PLATELET

SECRETION AND PHOSPHATIDYLSERINE EXPOSURE. We
also investigated the influence of tumor cells on other
markers of platelet activation, using flow cytometric
assessment of P-selectin expression (a marker of
platelet degranulation) and Annexin-V binding
(which is an indicator of platelet membrane exter-
nalization of phosphatidylserine, or “platelet

https://doi.org/10.1016/j.jaccao.2020.04.009
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FIGURE 1 Cellular Aggregation in the Platelet-Tumor Cell Microenvironment

(A) Aggregation trace depicts typical agonist-induced platelet aggregation (10 mM adenosine diphosphate (ADP), and 1 mM arachidonic acid

[AA]) and inhibition by antiplatelet agents (A and B) ticagrelor (Ticag) (10 mM) and aspirin (ASA) (50 mM), respectively. Platelets from normal

healthy donors were pre-incubated with Ticag (10 mM), ASA (50 mM), or dual inhibitors, then stirred in the presence of (C)MCF-7 breast cancer

cells or (D) HT-29 colorectal cancer cells. Values are mean percent aggregation � SEM (n ¼ 8). *p < 0.05; **p < 0.01; ***p < 0.001.

DAPT ¼ dual antiplatelet therapy (ticagrelor and aspirin); Plts ¼ platelets; TC ¼ tumor cells.
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membrane flipping”). As a positive control, and to
confirm the efficacy of the antiplatelet drugs, we
initially assessed platelet activation in the absence of
tumor cells, in response to ADP (10 mM) or arachidonic
acid (1 mM) and in the presence or absence of tica-
grelor (10 mM) and aspirin (50 mM).

Unstimulated platelets expressed basal levels of P-
selectin of 2.5 � 1.2%. In contrast, significant
degranulation was induced by the platelet agonist
ADP (10 mM) and was significantly inhibited by pre-
treatment with 10 mM ticagrelor (61.5 � 3.2% and 4.8
� 1.6% respectively; p < 0.001; n ¼ 4) (Figure 3A).
Arachidonic acid (1 mM) induced a similar level of
degranulation as a result of thromboxane generation,
and pre-treatment of platelets with aspirin (50 mM)
had a much smaller, but statistically significant
inhibitory effect on P-selectin expression in response
to arachidonic acid (1 mM) (47.0 � 1.1% and 39.6 �
0.6%, respectively; p ¼ 0.007; n ¼ 3) (Figure 3A). In
contrast to induction of secretion, ADP and arach-
idonic acid had only a minimal effect on external-
ization of phosphatidylserine, as demonstrated
by <10% Annexin-V binding in response to either
agonist (Figure 3B).

Tumor cell interaction with platelets induced sig-
nificant platelet degranulation and externalization of
phosphatidylserine, as depicted in the flow cytometry
(Figure 3C, left panel, Figure 3C, right panel). More
specifically, incubation of platelets with MCF-7 breast
cancer cells resulted in 75.2 � 5.6% of the platelet



FIGURE 2 Effect of Antiplatelet Agents on Breast and Colorectal Cancer Cell-Induced Aggregation

Platelets, fluorescently labeled in red, were pre-incubated for 10 min at 37 oC with Ticag (10 mM), ASA (50 mM), or dual inhibitors, then stirred for 10 min in the presence

of MCF-7 breast cancer cells or HT-29 CRC cells. (A) Samples were stained with platelet-specific CD42a-PE conjugated antibody and images acquired using an EVOS FL

cell imaging system (Thermo Fisher Scientific, Glasgow, United Kingdom). (B and C) The perimeter of platelet aggregates and (D and E) diameter of platelet aggregates

were analyzed using Image-J (National Institutes of Health, Bethesda, Maryland). Data show mean � SEM (n ¼ 5). *p < 0.05; **p < 0.01 for MCF-7 (n ¼ 3); and

*p < 0.05; **p < 0.01 for HT29. Con ¼ control; CRC ¼ colorectal cancer; other abbreviations as in Figure 1.
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FIGURE 3 Tumor Cell Interaction Induces Platelet Activation

The amplitude of normal physiological platelet activation leading to expression of (A) P-selectin and (B) Annexin-V binding in response to ADP (10 mM) and AA (1 mM),

and subsequent inhibition in the presence of ticagrelor (10 mM) and aspirin (50 mM), were first tested in the absence of TCs. Platelet interaction with TCs induced

platelet degranulation (C, D, F) and externalization of phosphatidylserine (C, E, G). Washed platelets were pre-treated with Ticag (10 mM), ASA (50 mM), or DAPT, stirred

at 37 oC in the presence of MCF-7 or HT-29 cells and analyzed by flow cytometry for P-selectin and Annexin-V binding. *p < 0.05; **p < 0.01; ***p < 0.001 (n ¼ 6 for

both cell lines). FITC ¼ fluorescein isothiocyanate; other abbreviations as in Figure 1.
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population expressing P-selectin compared with
platelets that had been stirred in the same conditions
in the absence of MCF-7 (16.7 � 3.4%; p < 0.001; n ¼ 6)
(Figure 3D). Pre-incubation of platelets with single or
dual antiplatelet agents had no significant effect on
degranulation, as measured by P-selectin expression
(67.6 � 10.6%, 81.5 � 2.0%, or 68.6 � 8.6%; p > 0.05
for all, for treatment with ticagrelor, aspirin, or dual
inhibitors, respectively) (Figure 3D).

These findings were also consistent in the colo-
rectal cancer cell line, HT-29. Incubation with the
colorectal cancer cells induced most of the platelet
population to express P-selectin (85.4 � 1.8%;
p ¼ 0.013; n ¼ 6 compared with platelets alone);
however, pre-incubation of platelets with single or
dual inhibitors had only a small effect on P-selectin
expression that did not reach levels of significance
(67.3 � 9.1%, 80.9 � 4.8%, and 71.2 � 7.0% for tica-
grelor, aspirin, and both inhibitors, respectively)
(Figure 3F).

Surface exposure of phosphatidylserine on plate-
lets stirred in the absence of tumor cells was <10%.
However, incubation of platelets with MCF-7 cells, in
the absence of any inhibitors, resulted in a significant
increase of the platelet population expressing
Annexin-V (22.7 � 5.0%; p ¼ 0.010; n ¼ 6) (Figure 3E).
Pre-incubation of platelets with ticagrelor reduced
this significantly (11.7 � 3.4%; p ¼ 0.031). Again,
aspirin alone did not have an inhibitory effect (25.9 �
6.4%; p ¼ 0.383), nor any additive effect when com-
bined with ticagrelor (11.2 � 2.6%; p ¼ 0.014)
(Figure 3E). Tumor cell-induced platelet induction of
phosphatidylserine exposure was even greater with
HT-29 cells (mean: 37.7 � 9.5%; p ¼ 0.036) (Figure 3G).
This was again significantly inhibited by ticagrelor
(15.2 � 3.1%; p ¼ 0.041) and to some extent by aspirin,
either alone (27.3 � 3.3%; p ¼ 0.186) or combined with
ticagrelor (11.8 � 2.2%; p ¼ 0.029) (Figure 3G).

EFFECT OF ANTIPLATELET AGENTS ON PLATELET-

FACILITATED TUMOR CELL-ENDOTHELIAL CELL

ADHESION. Cellular arrest and adhesion to the endo-
thelial wall is key to metastatic disease progression.
Platelets may play a role in this process, providing
mechanisms of cellular interaction that facilitate the
tumor cell attachment and adhesion to the endothe-
lial wall, and therefore, may optimize the opportunity
for tumor cell migration into the underlying tissues.
Under static conditions, the addition of platelets
increased the level of MCF-7 breast cancer cell adhe-
sion to cultured human umbilical vein endothelial
cells from 21.3 � 3.9% to 24.1 � 6.2%, albeit nonsig-
nificantly (p ¼ 0.501; n ¼ 3) (Figure 4A). A similar but
significant effect on endothelial adhesion was
observed for HT-29 cells, rising from 21.2 � 3.4%
without platelets to 28.7 � 4.7% in the presence of
platelets (p ¼ 0.015; n ¼ 5) (Figure 4C).

To investigate whether antiplatelet agents altered
the magnitude of platelet-facilitated tumor cell
adhesion to human umbilical vein endothelial cells,
platelets were pre-treated for 10 min with aspirin
(50 mM), ticagrelor (10 mM), or DAPT. MCF-7 breast
cancer cell adhesion appeared to be unaffected by
these antiplatelet agents (Figure 4B). In contrast, HT-
29 colorectal cancer cell�endothelial cell adhesion,
which was more sensitive to the presence of platelets,
was significantly reduced when platelets had been
pre-treated with single inhibitors. Ticagrelor reduced
adhesion from 25.2 � 4.6% to 17.9 � 4.5% (p ¼ 0.020;
n ¼ 5), and aspirin reduced adhesion to 20.1 � 3.8%
(p ¼ 0.030). Treatment with both therapies did not
appear to further enhance the inhibitory effect (17.8 �
3.4%) (Figure 4D).

THE TICONC STUDY. Study populat ion . Healthy
donors, patients with metastatic breast cancer, and
patients with metastatic colorectal cancer were
enrolled in a randomized, open-label crossover
design study (Ticagrelor-Oncology [TICONC] Study;
EudraCT: 2014-004049-29). Thirty-eight eligible
donors (22 healthy donors, 10 patients with breast
cancer, and 6 patients with colorectal cancer with
advanced cancer) were recruited. The completion
rate was 81.6% due to the following: rapid disease
progression (n ¼ 3), serious adverse effect
(hematuria) (n ¼ 1), and patient choice to withdraw
from trial (n ¼ 3). The inclusion criteria
(Supplemental Table 1) and baseline characteristics
of the populations included in the study are
presented in Table 1. The mean age of the 3
subgroups ranged from 43.5 to 63.4 years, with the
healthy control subjects being significantly younger
than both cancer subgroups. The mean body mass
index of patients with colorectal cancer was
significantly lower than that of healthy donors
(p ¼ 0.018), and male patients with colorectal cancer
also had lower levels of hemoglobin than healthy
male donors. There was no significant difference in
platelet or white blood cell count between healthy
donors and cancer cohorts.

CIRCULATING PLATELET ACTIVITY IN PATIENTS

WITH METASTATIC BREAST OR COLORECTAL

CANCER. Following randomization of the trial par-
ticipants (Figure 5), samples obtained at the initial
trial visit (before drug treatment commenced)
(Figure 6) were used for an ex vivo study of the level
of platelet activation in unstimulated platelets iso-
lated from the circulation of patients with metastatic

https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-004049-29/GB
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FIGURE 4 Platelet-Enhanced Tumor Cell�Endothelial Cell Adhesion

Platelet-rich plasma was prepared from citrated blood collected from normal healthy donors, and was pre-incubated with Ticag (10 mM), ASA

(50 mM), a combination of ASA (50 mM) and Ticag (10 mM), or dimethyl sulphoxide vehicle control, then incubated for 15 min at 37oC with

MCF-7 breast cancer cells and HT-29 colorectal cancer cells. Graphs show the (A and B) percentage of TC adhesion for MCF-7 and (C and D)

HT-29 following 1-h incubation of each platelet�tumor cell sample with a human umbilical vein endothelial cell monolayer. Values are

expressed as mean percentage of adhesion � SEM. *p < 0.05 (n ¼ 3) and (n ¼ 5) for MCF-7 and HT-29, respectively. Abbreviations as in

Figure 1.
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cancer compared with healthy donors. Platelet ag-
gregation assays showed that in the absence of addi-
tional exogenous platelet agonists, patients with
metastatic colorectal cancer had significantly higher
levels of spontaneous platelet aggregation (p ¼ 0.007)
than platelets from healthy donors or patients with
breast cancer (Figure 6A). In support of this, platelets
from patients with colorectal cancer also had signifi-
cantly higher levels of P-selectin expression
(p ¼ 0.030) (Figure 6B). In contrast, platelets from
participants with breast cancer bound significantly
higher levels of fibrinogen (p ¼ 0.034) (Figure 6C).
There was no significant difference in Annexin-V
binding across the groups (Figure 6D).



FIGURE 5 The TICONC Study Design

A total of 22 healthy donors, 10 patients with breast cancer, and 6 patients with colorectal cancer were recruited to the TICONC (Ticagrelor-Oncology) study, a

randomized, open-label crossover study design. All donors were aged between 18 and 85 years. Following initial screening and baseline sample collection, participants

were randomized and received 2 weeks of ASA (75 mg daily) or Ticag (90 mg twice daily) followed by a 2-week washout period. This was followed by 2 weeks of

remaining monotherapy, and finally, 2 weeks of DAPT. Blood samples were collected at each visit and assayed for platelet activation.
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EFFECT OF PLATELET ANTAGONISTS ON SPONTANEOUS

PLATELET ACTIVATION IN PATIENTS WITH METASTATIC

CANCER. Patients with colorectal cancer who took
ticagrelor had significantly lower levels of sponta-
neous platelet aggregation compared with baseline
(14.8 � 2.7% to 7.8 � 3.3% with ticagrelor; p ¼ 0.012)
(Figure 7A). Although aspirin did not significantly
inhibit aggregation of platelets from patients with
colorectal cancer, it significantly increased sponta-
neous platelet aggregation in participants with breast
cancer (8.7 � 1.1% at baseline to 12.6 � 1.6% with
aspirin; p ¼ 0.026) and in healthy donors (8.1 � 1.0%
to 10.5 � 1.4% with aspirin; p ¼ 0.035) (Figure 7A).
Although none of the antiplatelet drugs had any ef-
fect on inhibition of Annexin-V binding (Figure 7B) or
P-selectin expression (Figure 7C), ticagrelor signifi-
cantly reduced levels of fibrinogen binding in unsti-
mulated platelets isolated from healthy donors (31.4
� 4.2% at baseline to 17.9 � 3.6% with ticagrelor;
p ¼ 0.008) (Figure 7D) and patients with metastatic
breast cancer (49.5 � 7.8% to 26.7 � 5.2% with tica-
grelor; p ¼ 0.048) (Figure 7D). The absolute inhibitory
effect of the antiplatelet drugs was tested in the
presence of exogenously added platelet agonists for
ADP (10 mM) (Supplemental Figure 2) and arachidonic
acid (1 mM) (Supplemental Figure 3), which
confirmed that platelet activation in each subgroup
was significantly increased and was subsequently
significantly inhibited in the presence of ticagrelor
(10 mM) and aspirin (50 mM), respectively,
as expected.

DISCUSSION

This study investigated the potential benefit of
repurposing ticagrelor, which is already widely used
for the treatment of patients with cardiovascular
disease, to treat cancer. Our main findings were as
follows. First, in an in vitro model of platelet�tumor
cell interaction, ticagrelor monotherapy, but not
aspirin, primarily reduced tumor cell-induced
platelet aggregation and activation (phosphati-
dylserine externalization) in response to human
breast cancer cells (MCF-7) and colorectal cancer cells
(HT-29). Second, in addition to cellular aggregation,
both ticagrelor and aspirin monotherapy significantly
reduced colorectal cancer cell adhesion in the pres-
ence of platelets but not the adhesion of breast cancer
cells. Third, the data from the crossover study
showed that in patients with metastatic cancer, tica-
grelor could significantly reduce spontaneous platelet
aggregation (Central Illustration). These findings
support further investigation of the potential role for
ticagrelor monotherapy as prophylaxis in cancer
patient populations at risk for thrombotic complica-
tions (e.g., venous thromboembolism).

For continued improvement of overall cancer sur-
vival, there is a clinical need for rapidly translatable
medications that are effective at reducing cancer
incidence, metastasis, and cancer-associated throm-
bosis. Evidence that platelets contribute to cancer is
mixed. Epidemiological studies that investigated the
protective effect of the antiplatelet drug aspirin sug-
gested a possible role, at least in colorectal cancer
(10), but clinical trials in older adults (ASPREE
[Aspirin in Reducing Events in the Elderly]) (15) or
patients with diabetes (ASCEND [A Study of
Cardiovascular Events iN Diabetes]) (16) were disap-
pointing. However, platelets were reported to
play an important role in cancer metastasis and
cancer-associated thrombosis (4,17,18); therefore,
limiting platelet activation in patients with cancer
might be important in these key areas.

Tumor metastasis involves many mechanistic steps
and is driven by multiple pathways, making thera-
peutic targeting of the different phases problematic.
Platelet activation results in release of soluble medi-
ators, such as vascular endothelial growth factor and
platelet-derived growth factor, which facilitate
angiogenesis (19), and sP-selectin, which is involved
in cell adhesion and aggregation (20). In addition to
physiological functions, these platelet-derived medi-
ators can contribute to disease (21,22). Therefore,
targeting the circulating platelet may be beneficial in
reducing metastatic spread and may limit the risk of
cancer-associated thrombosis. Although aspirin has
been associated with reduced metastatic progression
in some colorectal cancers, these findings have not
been replicated in all studies or in other cancers (11).
The much anticipated AddAspirin trial will further
inform these key questions. However, aspirin only
affects 1 of the secondary pathways for platelet acti-
vation. Therefore, more potent platelet inhibitors
have the potential to have a greater effect on these
processes.

To explore the effect of the antiplatelet agents on
the interaction between platelets and tumor cells in
the circulation, we first used an in vitro model with
tumor cells and human platelets that were pre-
treated with monotherapy or DAPTs. Using aspirin
at a concentration we confirmed to completely inhibit
platelet activation in response to 1 mM arachidonic
acid, platelet aggregation in the presence of tumor
cells was not inhibited by aspirin monotherapy. This
was also reported in a previous in vitro study of breast
cancer cell�induced platelet activation (23) and sug-
gested that aggregation driven by tumor cells did not
occur via activation of the platelet thromboxane

https://doi.org/10.1016/j.jaccao.2020.04.009
https://doi.org/10.1016/j.jaccao.2020.04.009


FIGURE 6 Platelet Activity in Circulating Resting Platelets of Healthy Donors and Patients With Metastatic Breast or CRC

Platelet activation markers were measured in the absence of additional exogenous platelet agonists for (A) spontaneous aggregation,

(B) P-selectin expression, (C) fibrinogen-binding, and (D) Annexin-V binding. Data show mean � SEM for healthy donors (n ¼ 22), patients

with breast cancer (BC) (n ¼ 10), and patients with CRC (n ¼ 6). *p < 0.05; **p < 0.01. Abbreviations as in Figure 2.
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pathway, which aspirin is known to inhibit. In
contrast to cellular aggregation, aspirin significantly
reduced platelet-facilitated colorectal cancer cell
adhesion to endothelial cells, which suggested it
might be an inhibitor of the platelet contribution to
this part of the metastatic process.

An alternative secondary pathway of platelet acti-
vation is via ADP stimulation of the P2Y1 and P2Y12

receptors. In vitro and in vivo data suggested that
blocking ADP was also beneficial in reducing cancer
progression (24,25), and this was particularly relevant
because tumor cells can release ADP into the tumor
microenvironment. An in vivo study of P2Y12

�/� and
P2Y1

�/� mice demonstrated that it was the P2Y12 re-
ceptor that contributed to ovarian tumor growth (26)
and that mice treated with the P2Y12, ticagrelor, had
improved survival (27). In our in vitro study, in
contrast to platelet pre-treatment with aspirin,
cellular aggregation in the presence of MCF-7- breast
cancer cells and HT-29 colorectal cancer cells was
significantly reduced by ticagrelor monotherapy, with
no additive effect of dual therapy.
Platelets were reported to aggregate with tumor
cells, forming a “cloak” that shields the tumor cell
from immune detection (28). Therefore, we ex-
pected the aggregation recorded to consist of a
heterogeneous cell population. However, analysis
by microscopy revealed that in the presence of
tumor cells, in the timeframe studied, cellular
clusters were predominantly platelet�platelet ag-
gregates. Ticagrelor significantly inhibited forma-
tion of tumor cell�induced large platelet�platelet
aggregate complexes, which resulted in a platelet
population that was more dispersed and suggested
that blockade of platelet P2Y12 might potentially
reduce the risk of thrombotic complications (e.g.,
venous thromboembolism) if, in vivo, it had the
same effect.

Ticagrelor has not been previously tested in vivo
for its antiplatelet effects in a cancer population. In
this crossover trial (TICONC), we compared the effi-
cacy of ticagrelor and aspirin monotherapy with DAPT
on the activation of unstimulated platelets isolated
from patients with advanced metastatic breast or



FIGURE 7 The TICONC Trial Results: Effect of Antiplatelet Therapy on Activation Status of Circulating Resting Platelets in Healthy Donors and Patients With

Metastatic BC and CRC

(A) Mean percentage of spontaneous aggregation, (B) mean percentage of Annexin-V binding, (C) mean percentage of P-selectin positive, and (D) mean percentage of

fibrinogen-binding at baseline before drug treatment and during single or DAPT. Blood collected for the washout period (w/o) was drawn 2 weeks after the end of

initial antiplatelet therapy. Values are mean � SEM (healthy donors: n ¼ 22; BC: n ¼ 10, and CRC: n ¼ 6). *p < 0.05; **p < 0.01. Abbreviations as in Figures 1, 2, and 6.
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CENTRAL ILLUSTRATION Ticagrelor Reduces Platelet Activation in a Cancer Microenvironment

Wright, J.R. et al. J Am Coll Cardiol CardioOnc. 2020;2(2):236–50.

(Left) Summary of the effect of antiplatelets in an in vitro model of platelet�tumor cell interaction within the circulation. Although ticagrelor inhibited aggregation and

platelet membrane flipping in both cancer models, there was a lack of effect of ticagrelor or aspirin on breast tumor cell adhesion. In contrast, both drugs were effective in

inhibition of colorectal cancer cell adhesion. Neither drug inhibited platelet degranulation. Ticagrelor effects shown in red, aspirin effects in green, � represents drug

inhibition, þ indicates enhanced activity, x represents no drug effect. (Right) Flowchart of the TICONC (Ticagrelor-Oncology) clinical trial, and levels of activation in

circulating platelets isolated from patients with metastatic cancer before commencing antiplatelet therapy. BC ¼ breast cancer; CRC ¼ colorectal cancer; CTC ¼ circulating

tumor cells.
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colorectal cancer. Supporting the results of the
in vitro study, in the absence of exogenously added
ADP, ticagrelor significantly reduced the aggregatory
response of platelets isolated from patients with
higher levels of spontaneous platelet aggregation.

The mechanisms behind platelet hyperreactivity,
the elevated activity level of circulating platelets, is
still poorly understood, but increased spontaneous
aggregation has historically been shown to correlate
with poor prognosis in patients with myocardial
infarction (29,30). Platelet hyperreactivity in a cancer
population has been previously reported; however,
the possible effects of antiplatelet agents on this
population were not considered in this previous
study of a small patient cohort of a mixed cancer
population (3). We considered only 2 major cancers to
understand any differential response to treatment
between groups. In contrast to patients with colo-
rectal cancer, platelets from normal healthy donors
and patients with breast cancer had similar lower
levels of spontaneous aggregation. Although
in vitro monotherapy treatment with aspirin was
ineffective at blocking cellular aggregation, it
significantly increased the level of platelet aggre-
gation of platelets from donors whose level of
spontaneous platelet aggregation was initially low.
Further study is necessary to elucidate the mecha-
nisms behind these effects.

Ticagrelor has been widely adopted in pop-
ulations of patients with high-risk coronary syn-
dromes due to its increased efficacy and reduced
mortality rates compared with other P2Y12 antago-
nists (e.g., clopidogrel) (14), with the most common
side effects being dyspnea and minor bleeding
(14,31). However, the use of this antiplatelet agent
has not previously been tested in a cancer popu-
lation. In the present study, 1 colorectal cancer
patient presented with hematuria during the com-
bined aspirin and ticagrelor period, which resolved
once DAPT was stopped.

STUDY LIMITATIONS. This is the first study to
explore the potential benefits of ticagrelor in a
cancer population; therefore, direct comparisons
are not possible. Limitations of our study were
predominantly related to small sample size. A sta-
tistically significant difference was considered at
p < 0.05, which did not account for multiple
testing because these data were exploratory and
aimed to provide evidence to justify a larger, suf-
ficiently powered study. Although we limited our
study to just 2 main types of cancer, breast and
colorectal, there still is a molecular subtype
variation, and consequently, a difference in
response to anticancer treatments. In addition, it
was likely that other endogenous factors released
by tumor cells that might activate platelets (e.g.,
thrombin) might also contribute to platelet activa-
tion in the tumor microenvironment. We observed
that spontaneous aggregation of platelets was
inhibited in some patients who received other
antithrombotic drugs (e.g., warfarin and rivarox-
aban). Therefore, to further explore and validate
the findings of this exploratory study, larger scale
studies need to be developed with stratification
according to cancer subtypes to analyze the effect
of antiplatelet and anticoagulant treatment on
different patients. In addition, long-term studies
are needed to determine the effectiveness of tica-
grelor in reducing metastatic spread in different
cancer populations.

CONCLUSIONS

The primary finding of this study demonstrated that
some populations of patients with cancer have
circulating platelets that are hyperreactive in com-
parison to platelets from healthy donors. Ticagrelor,
as monotherapy but not dual therapy, was more
effective than aspirin in reducing both in vitro and
ex vivo tumor cell-induced platelet aggregation. This
finding warrants further investigation in larger co-
horts of patients with cancer to explore the potential
role for ticagrelor monotherapy as prophylaxis in
patients at high risk of cancer-associated venous
thromboembolism, as well as long-term assessment
of its ability to reduce metastatic spread and improve
progression-free survival.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In can-

cer, platelets may facilitate metastatic spread by a num-

ber of mechanisms as well as contribute to thrombotic

complications. Our in vitro studies and a small, random-

ized crossover clinical trial suggested significant inhibi-

tion of tumor-cell induced platelet activation during

treatment with ticagrelor.

TRANSLATIONAL OUTLOOK: Large-scale randomized

clinical trials are needed to assess the effects of ticagrelor

in different cancer populations, evaluating its efficacy in

reducing metastatic spread, and its potential for reducing

the risk of cancer-associated venous thromboembolism.
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