
Effects of cangrelor in coronary artery disease patients
with and without diabetes mellitus: an in vitro pharmacodynamic
investigation
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Abstract Platelets from patients with diabetes mellitus

(DM) are hyper-reactive and whether cangrelor, a potent

intravenous P2Y12 receptor blocker, has differential pharma-

codynamic (PD) effects according DM status is unknown. The

aim of this investigation was to evaluate the in vitro PD effects

of cangrelor in coronary artery disease (CAD) patients with

and without DM. This prospective study enrolled 120 clopi-

dogrel-naı̈ve patients with CAD on aspirin therapy. PD

assessments using cangrelor (500 nmol/l) in vitro included

vasodilator-stimulated phosphoprotein assay to obtain the

P2Y12 reactivity index (PRI), and multiple electrode aggre-

gometry (MEA). In a 20 patients subgroup, dose-dependent

response was assessed following exposure to escalating con-

centrations (baseline, 5, 50, 500 and 5,000 nmol/l); thrombin

generation processes were evaluated by thromboelastography

(TEG). PD data were evaluable in 103 patients. No differences

in baseline PD parameters were observed in DM (n = 48) and

non-DM (n = 45) subjects. Cangrelor reduced PRI values

irrespective of DM status (p \ 0.0001), yielding no difference

in patients with and without DM (16.1 ± 12.3 vs. 16.8 ±

11.3; p = 0.346). All MEA values were significantly reduced,

although this was of greater magnitude with purinergic com-

pared to non-purinergic agonists. A trend analysis showed a

dose-dependent effect on platelet inhibition, with no interac-

tion due to DM status, whereas no significant dose-dependent

effect was observed for TEG-derived parameters. Therefore,

in vitro cangrelor provides potent and dose-dependent

blockade of the platelet P2Y12 receptor, with no differential

effect in DM and non-DM patients. In addition, in vitro

cangrelor exerts moderate inhibitory effects on non-puriner-

gic platelet signaling pathways, without modulating platelet-

derived thrombin generation processes.

Keywords Cangrelor � Diabetes mellitus �
Platelet inhibition � P2Y12 receptor � Antiplatelet agents

Diabetes mellitus (DM) has been shown to be associated

with impaired response to antiplatelet therapies, particu-

larly to the P2Y12 receptor antagonist clopidogrel [1–3].

These pharmacodynamic (PD) findings may contribute to

the increased rates of adverse atherothrombotic events

observed in DM patients compared with non-DM subjects

[4, 5]. Several metabolic and cellular abnormalities con-

tribute to the hyper-reactive platelet phenotype observed in

DM patients [6]. In particular, upregulation of P2Y12 sig-

naling has been postulated as a mechanism contributing to

impaired clopidogrel response in DM patients [7]. More-

over, the functional status of the P2Y12 signaling pathway

has also been shown to be associated with platelet-derived

thrombin generation [8–10], which is also increased in DM

patients and thus contribute to their pro-thrombotic status

[5, 11]. Overall, these findings underscore the need for

more potent P2Y12 receptor inhibiting strategies in patients

with DM.

Cangrelor is a novel intravenous P2Y12 receptor blocker

under advanced clinical investigation characterized by a

very rapid onset and offset of action (12). Cangrelor
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directly, without need for metabolic biotransformation, and

reversibly inhibits in a dose-dependent manner the P2Y12

receptor, achieving very potent ([90 %) platelet inhibition

[12–14]. However, the PD effects of cangrelor in DM and

non-DM platelets remain unexplored. Further, if cangrelor

can exert additional PD effects other than P2Y12 blockade,

such as modulating other platelet signaling pathways or

thrombin generation processes, is unknown. The present

manuscript describes the results of in vitro investigations

aimed to provide these insights on the PD effects of

cangrelor.

Methods

Subject population and study design

This was a prospective in vitro investigation conducted in

patients with stable coronary artery disease. All patients

were between 18 and 75 years of age, on maintenance

aspirin therapy (81 mg daily), and naı̈ve to treatment with

P2Y12 receptor inhibitors for at least 30 days prior to

inclusion. Patients were classified as having type 2 DM

according to criteria from the World Health Organization

Report [15]. Patients on any anticoagulant or antiplatelet

medication, other than aspirin, within the past 30 days

were not eligible for the study. The study had a parallel

design in which PD assessments to assess purinergic and

non-purinergic mediated signaling were performed at base-

line and after in vitro incubation with cangrelor. PD

assessments included vasodilator-stimulated phosphopro-

tein (VASP) and multiple electrode aggregometry (MEA).

Cangrelor at a final concentration of 500 nmol/l was cho-

sen for in vitro incubation in line with prior investigations

as it approximates that of the mean steady-state plasma

concentration of 484 nmol/l at the infusion dose of 4 lg/

kg/min, which is also the dose used in large-scale phase III

clinical trial investigations [13, 16, 17]. PD assessments

were performed in blood samples from 120 patients with

and without DM. In a subgroup of patients (n = 20), an

escalating concentration range of cangrelor (5, 50, 500 and

5,000 nmol/l) was used with the purpose of investigating

the presence of a dose-dependent effect of cangrelor on

purinergic and non-purinergic mediated platelet signaling;

in addition to VASP and MEA, thrombin-generation pro-

cesses assessed by thromboelastography (TEG) were also

evaluated. This subgroup of patients enrolled to measure

the dose-dependent effects of cangrelor represented the last

20 consecutive patients from the overall study cohort with

analyzable blood samples.

Patients were screened at the Division of Cardiology of

the Shands Jacksonville Hospital-University of Florida Col-

lege of Medicine. The study complied with the Declaration

of Helsinki and was approved by the Institutional

Review Board of the University of Florida College of

Medicine-Jacksonville. All subjects provided written

informed consent.

Sample collection and platelet function assays

Blood samples were collected from an antecubital vein,

discarding the first 2–4 ml of blood to avoid spontaneous

platelet activation. Tubes were immediately incubated at

37 �C in a waterbath and cangrelor was added to the whole

blood to reach the final concentrations desired and incu-

bated for 5 min [14, 18]. The same procedure was followed

with tubes used to perform baseline assessments, but

without adding cangrelor. After incubation, samples were

processed in parallel (all measurements of each assay at the

same time) by trained laboratory personnel. Samples were

processed within 2 h of blood drawing. PD assessments

included flow cytometric analysis of the phosphorilation

status of VASP, MEA and TEG.

VASP

The P2Y12 reactivity index (PRI) was calculated as a measure

of the functional status of the P2Y12 signalling pathway. PRI

was determined through assessment of phosphorylation status

of vasodilator-stimulated phosphoprotein (VASP), a key and

specific intraplatelet mediator of P2Y12 signaling, according

to standard protocols [19, 20]. In brief, VASP phosphorylation

(VASP-P) was measured by quantitative flow cytometry

using commercially available labelled monoclonal antibodies

(Biocytex Inc., Marseille, France). The PRI was calculated

after measuring the mean fluorescence intensity (MFI) of

VASP-P levels following challenge with prostaglandin E1

(PGE1) and PGE1 ? adenosine diphosphate (ADP). PGE1

increases VASP-P levels through stimulation of adenylate

cyclase (AC); ADP binding to purinergic receptors leads to

inhibition of AC; thus, the addition of ADP to PGE1-stimu-

lated platelets reduces levels of PGE1-induced VASP-P. The

PRI was calculated as follows: ([MFI PGE1] - [MFI

PGE1 ? ADP]/[MFI PGE1]) 9 100 %. A reduced PRI is

indicative of greater inhibition of the P2Y12 signaling pathway.

The relative decrease in platelet reactivity was defined as the

percentage of inhibition of platelet aggregation and calculated

as follows: (PRI value at baseline - PRI value after incu-

bation with cangrelor 500nM) 9 100/PRI value at baseline.

MEA

Blood was collected in hirudin-treated tubes. MEA was

assessed in whole blood with the Multiplate analyzer (Dyna-

byte Medical, Munich, Germany) as previously described
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[21, 22]. This instrument can perform up to five parallel

aggregometry measurements assessing the change in imped-

ance caused by the adhesion of platelets onto sensor units

formed by silver-covered electrodes. Curves were recorded for

6 min and platelet aggregation was determined as area under

the curve of arbitrary aggregation units (AU * min). The rel-

ative change in platelet aggregation was defined as the per-

centage of inhibition of platelet aggregation and calculated for

each agonist as follows: (AU * min at baseline - AU * min

after incubation with cangrelor 500 nM) 9 100/AU * min at

baseline. In the present investigation, the following 5 different

agonists were used to assess for purinergic and non-purinergic

mediated platelet signaling: (a) purinergic: 6.4 lmol/l ADP

and 6.4 lmol/l ADP ? 9.4 nmol/l PGE1; and (b) non-puri-

nergic: 0.5 mM arachidonic acid (AA), 32 lmol/l thrombin

receptor activating peptide (TRAP), and 3.2 lg/ml collagen.

TEG

The Thrombelastograph� (TEG�) Hemostasis System (Hae-

moscope Corporation, Niles, IL, USA) equipped with auto-

mated software for the determination of the first derivative

was used according to the manufacturer’s instructions [8, 11].

Several parameters related to the rate of development of the

tensile strength of the developing clot are derived from the first

derivative of the waveform generated by the TEG system. In

brief, TEG is a viscoelastic monitor that measures platelet–

fibrin-mediated clot strength through a rotating sample cup

with a stationary pin suspended by a torsion wire. The torque

of the rotating cup is transmitted to the pin immersed in the

blood sample and the movement of the pin, which depends of

the contribution of platelets to the clot strength through

platelet–fibrin binding, is transformed into an electrical signal

generating a tracing. The reaction time (R), expressed in

minutes, is a measure of time to initial thrombin induced

platelet–fibrin clot formation and has been correlated with the

velocity of thrombin generation [23]. The analytical software

of the TEG system also allows use of the first derivative of the

waveform generated by the system to determine the time to

maximum rate of thrombin generation (TMRTG), also

expressed in minutes. About 1 ml of heparinised blood is

transferred to a vial containing kaolin and mixed by inversion.

Afterwards, 500 ll of the activated blood is transferred to a

vial containing heparinase and mixed to neutralize he heparin

effect. The neutralised blood (360 ll) is immediately added to

a heparinase-coated cup and assayed in the TEG analyser.

Two TEG System devices were available, thus, up to four

parallel measurements could be performed simultaneously.

Study endpoints and sample size calculation

The primary endpoint was the comparison of VASP-PRI

values in DM and non-DM achieved after incubation with

500 nmol/l of cangrelor. Assuming that the standard devi-

ation of the PRI is 10, we will be able to perform an

equivalence analysis, being ± 6 % the limit of equivalence,

with 80 % power and 2-sided alpha = 0.05 with 48

subjects per group. Considering an approximate dropout

of 20 %, recruitment of up to 120 patients was allowed to

ensure that complete data from 96 subjects was available

for analysis. Other endpoints included the comparison of

platelet function in DM versus non-DM patients with MEA

using different stimuli, purinergic (ADP and ADP ? PGE1)

and non-purinergic agonists (AA, TRAP, collagen). For

the subgroup of 20 patients undergoing PD testing

with escalating concentrations of cangrelor, the endpoints

included: (a) evaluation of the dose-dependent effect

achieved with escalating doses of cangrelor using VASP

and MEA, investigating if DM status is an interaction

factor; and (b) evaluation of the effect of escalating doses

of cangrelor in platelet-derived thrombin generation pro-

cesses measured with TEG.

Statistical analysis

For baseline characteristics, continuous variables are expres-

sed as mean ± SD and categorical variables as frequen-

cies and percentages. Normal distribution was evaluated for

continuous variables with the Kolmogorov–Smirnov test.

Comparisons of quantitative variables were made with

non-paired Student’s t test or Mann–Whitney’s U test as

appropriate, while qualitative variables were compared

with Chi square test or Fisher’s exact test (if expected

value in any cell was fewer than 5). An ANCOVA

method with a general linear model was used to evaluate

the primary endpoint and all other between-groups com-

parisons, using as covariates the baseline value of the

corresponding platelet function test, as well as unbalanced

demographic or clinical variables (p \ 0.10) in the uni-

variate analysis. A repeated measures ANOVA model was

used to evaluate intragroup comparisons, such as the

comparison of functional assessments before and after

cangrelor incubation, as well as the effect of escalating

concentrations of cangrelor. In addition, p values for trend

analyses to assess platelet reactivity with escalating doses

of cangrelor were obtained using a polynomial contrast

in the ANOVA method, considering concentration as

a categorical variable with an ordinal scale. A two-tailed

p value of less than 0.05 was considered to indicate

a statistically significant difference for all the analy-

ses performed. Results are reported as least squares mean

(LSM) ± standard error of the mean (SEM) for the above

detailed analyses. Statistical analysis was performed

using SPSS version 16.0 software (SPSS Inc., Chicago,

IL).
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Results

Study population

A total of 470 patients were screened; of these, 218 refused

to participate and 132 did not meet study inclusion criteria

as they were not clopidogrel naı̈ve or had been on other

antithrombotic medications in the past 30 days. Therefore,

a total of 120 patients were finally included in the study. A

total of 17 samples were invalidated due to inability to

measure platelet function for reasons including hemolysis,

insufficient volume obtained or inaccurate processing of

blood samples. Therefore, samples from a total of 103

patients (DM = 48; non-DM = 55) were available to

assess the in vitro PD effects of a fixed concentration of

cangrelor (500 nmol/l); in a subgroup of 20 patients

(DM = 10; non-DM = 10) an escalating concentration

range of cangrelor (5, 50, 500 and 5,000 nmol/l) was used.

Baseline demographics and clinical characteristics of the

overall study population are shown in Table 1. Among DM

patients, HbA1c levels were 7.8 ± 2.2 and approximately

half (n = 26; 54.2 %) were on insulin therapy. Baseline

characteristics were overall well balanced between groups,

with the exception of body mass index and creatinine

concentration, which were higher among DM patients

(Table 1) and were accordingly included in the statistical

analyses as covariates.

In vitro PD effects of a fixed (500 nmol/l) cangrelor

concentration

VASP-PRI

There were no statistical differences at baseline in PRI

values between DM patients compared with non-DM

subjects (84.3 ± 5.6 vs. 86.0 ± 3.8 %; p = 0.072). A

significant reduction in VASP-PRI after in vitro incubation

with 500 nmol/l of cangrelor was observed in the overall

population, in whom there was a 80.6 ± 14.0 % relative

reduction in PRI. This reduction was consistent in DM and

non-DM patients (p \ 0.0001 for both comparisons), with

no difference in PRI values between groups (16.1 ± 12.3

vs. 16.8 ± 11.3; p = 0.346), as shown in Fig. 1a.

MEA

No differences in baseline values were found for all MEA

measurements between DM and non-DM patients (Table 2). In

the overall population, a marked decrease in platelet aggrega-

tion after in vitro incubation with 500 nmol/l of cangrelor was

observed independently of the agonist used (p\ 0.0001 for all

comparisons, Table 2). When expressed as percentage of

inhibition of platelet aggregation, the reduction of platelet

reactivity was higher when using stimuli to assess puriner-

gic mediated signaling (ADP and ADP ? PGE1) (Fig. 1b).

Table 1 Baseline demographic data and clinical characteristics

stratified according to diabetes mellitus status

DM

(n = 48)

Non-DM

(n = 55)

p value

Age (years) 62.8 ± 9.4 62.5 ± 8.8 0.845

Male 28 (58.3 %) 40 (72.7 %) 0.124

BMI (kg/m2) 33.3 ± 6.6 29.9 ± 6.2 0.012

Race 0.674

Caucasian 30 (62.5 %) 40 (72.7 %)

Africanamerican 13 (27.1 %) 12 (21.8 %)

Other 5 (10.4 %) 3 (6.5 %)

Risk factors

Current smoking 7 (14.5 %) 14 (27.3 %) 0.268

Hypertension 41 (91.1 %) 45 (81.8 %) 0.286

Dyslipidemia 41 (91.1 %) 45 (81.8 %) 0.286

Family history 28 (58.3 %) 31 (56.4 %) 0.793

Medical history

Prior MI 24 (50.0 %) 30 (54.5 %) 0.680

Prior stroke 3 (6.25 %) 3 (5.5 %) 0.845

Prior PCI 28 (58.3 %) 28 (50.9 %) 0.293

Prior CABG 6 (12.5 %) 8 (14.5) 0.810

Symptomatic PAD 6 (12.5 %) 5 (9.1 %) 0.720

Multivessel CAD 31 (64.6 %) 31 (56.4 %) 0.462

Medical therapy

Beta-blockers 39 (81.3 %) 40 (72.7 %) 0.420

ACEI/ARB 34 (70.8 %) 33 (60.0 %) 0.235

Nitrates 19 (39.6 %) 17 (30.9 %) 0.369

Calcium antagonists 18 (37.5 %) 16 (29.1 %) 0.269

Statins 0.699

CYP3A4 metabolism 37 (77.1 %) 39 (70.9 %)

Non-CYP3A4

metabolism

5 (10.4 %) 8 (14.5 %)

Proton-pump inhibitors 0.953

Omeprazole 8 (16.7 %) 10 (18.2 %)

Other 15 (31.2 %) 19 (34.5 %)

Oral antidiabetic agents 34 (70.8 %) 0 (0 %)

Insulin 26 (54.2 %) 0 (0 %)

Laboratory data

Platelet count

(103/mm3)

225.0 ± 58.9 219.9 ± 59.3 0.432

Hematocrit (%) 40.2 ± 5.8 41.5 ± 4.4 0.145

Creatinine (g/dl) 1.3 ± 0.8 1.0 ± 0.3 \0.001

Values are expressed as mean ± SD or n (%)

ACEI/ARB angiotensin-converting enzyme inhibitors or angiotensin

receptor blockers, BMI body mass index, CABG coronary artery

bypass graft, CAD coronary artery disease, CYP cythochrome P450,

DM diabetes mellitus, HbA1c glycated hemoglobin A1c, PAD
peripheral artery disease
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Similarly to PRI, there were no significant differences in MEA

measurements between DM and non-DM patients for all ago-

nists (purinergic and non-purinergic) used (Table 2).

PD effects of escalating concentrations of cangrelor

VASP-PRI

Trend analysis showed a dose-dependent effect of esca-

lating concentrations of cangrelor on PRI (expressed as

LSM ± SEM): baseline: 86.1 ± 1.4 %; 5 nmol/l: 76.4 ±

2.5 %; 50 nmol/l: 48.7 ± 3.8 %; 500 nmol/l: 19.0 ±

3.2 %; 5,000 nmol/l: 9.5 ± 2.0 % (p for trend \0.0001).

There was no interaction in this dose-dependent effect

according to DM status (Fig. 2a).

MEA

PD results with MEA also showed a dose-dependent effect

of cangrelor, irrespective of the agonist used (Fig. 2b).

There was no interaction according to DM status for all

MEA measurements (Table 3). In addition, no significant

differences were observed at any cangrelor concentration

between DM and non-DM patients, irrespective of agonists

used to stimulate platelet aggregation (Table 3).

TEG

There were no significant differences in the R and TMRTG

values at all concentrations of cangrelor (p [ 0.05 for all

between-concentrations comparisons). Accordingly, there

was no significant trend for a dose-dependent effect

Fig. 1 Platelet function measurements at baseline and after in vitro

incubation with cangrelor. a Platelet reactivity values according to

DM status. b Relative reduction of platelet aggregation after in vitro

incubation with cangrelor measured with multiple electrode aggre-

gometry and using purinergic and non-purinergic stimuli. The

percentage of inhibition of platelet aggregation, calculated as

(AU * min at baseline—AU * min after incubation with cangrelor

500 nM) 9 100/AU * min at baseline, is higher when using puriner-

gic agonists that assess more specifically the P2Y12 signalling

pathway. Values are expressed as means and error bars indicate SD.

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen,

PGE prostaglandin E1, TRAP thrombin receptor activating peptide

Table 2 Platelet reactivity values at baseline and after cangrelor incubation according to diabetes mellitus status measured by multiple electrode

aggregometry using purinergic and non-purinergic agonists

Assay Baseline After cangrelor incubation

DM Non-DM p value DM Non-DM p value

MEA ADP 633.6 ± 33.7 601.4 ± 31.5 0.976 116.9 ± 7.8 107.5 ± 7.3 0.408

MEA ADP ? PGE 449.7 ± 30.7 416.3 ± 28.8 0.497 79.0 ± 8.0 76.5 ± 7.5 0.426

MEA AA 267.5 ± 39.3 269.2 ± 36.6 0.430 96.2 ± 13.7 76.6 ± 12.3 0.127

MEA TRAP 1,082.7 ± 42.9 1,070.0 ± 40.0 0.830 605.4 ± 36.9 544.2 ± 34.4 0.467

MEA COLL 477.2 ± 27.8 450.5 ± 26.0 0.484 251.3 ± 13.1 233.0 ± 12.3 0.365

MEA values are reported as area under the curve of arbitrary aggregation units (AU * min). Values are expressed as LSM ± SEM

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide, DM diabetes mellitus
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observed for any of these TEG-derived thrombin genera-

tion parameters. Similar results were obtained when eval-

uating DM and non-DM subjects separately (Table 4).

Additionally, no significant differences were observed

between DM and non-DM patients at any cangrelor con-

centration.

Fig. 2 Effects of escalating doses of cangrelor on: a Platelet reactivity

index values according to DM status No interaction due to DM status

was observed. Values are expressed as least standard means and error
bars indicate SE of the mean. b Platelet reactivity measured by multiple

electrode aggregometry using multiple agonists. Values are expressed

as least standard means and error bars indicate SE of the mean. AA
arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA
multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide

Table 3 Platelet reactivity values achieved with increasing concentrations of cangrelor (in vitro incubation) according to diabetes mellitus status

measured by multiple electrode aggregometry using purinergic and non-purinergic agonists

Assay Baseline Cangrelor 5 nM Cangrelor 50 nM Cangrelor 500 nM Cangrelor 5,000 nM p value

for interaction

MEA AA

DM 263.2 ± 77.8 144.1 ± 39.8 90.8 ± 23.9 74.0 ± 16.8 71.7 ± 24.9 0.509

Non-DM 199.4 ± 29.5 116.7 ± 21.7 71.0 ± 16.2 61.3 ± 13.6 61.3 ± 13.6

p value 0.473 0.566 0.512 0.572 0.729

MEA ADP

DM 500.0 ± 51.1 216.9 ± 22.7 160.3 ± 14.6 135.7 ± 15.3 117.3 ± 13.0 0.645

Non-DM 571.9 ± 51.1 265.4 ± 30.1 144.8 ± 16.1 108.7 ± 17.0 104.7 ± 12.8

p value 0.333 0.215 0.486 0.253 0.501

MEA ADP ? PGE

DM 287.0 ± 35.3 134.7 ± 24.4 83.8 ± 18.4 62.8 ± 14.3 52.0 ± 15.6 0.610

Non-DM 292.2 ± 36.0 154.5 ± 22.2 102.1 ± 18.5 82.8 ± 15.9 54.5 ± 14.2

p value 0.918 0.555 0.490 0.362 0.905

MEA TRAP

DM 891.4 ± 42.5 672.6 ± 52.5 530.1 ± 42.0 491.6 ± 48.2 459.8 ± 42.5 0.683

Non-DM 847.0 ± 61.0 648.8 ± 82.0 504.8 ± 61.2 450.7 ± 60.2 448.1 ± 52.7

p value 0.558 0.809 0.737 0.603 0.865

MEA COLL

DM 386.9 ± 43.7 253.5 ± 28.7 219.2 ± 18.9 225.1 ± 19.2 205.4 ± 22.6 0.914

Non-DM 339.7 ± 38.0 270.7 ± 50.3 227.8 ± 37.0 221.5 ± 29.1 207.8 ± 29.0

p value 0.425 0.770 0.837 0.919 0.948

MEA values are reported as area under the curve of arbitrary aggregation units (AU * min). Values are expressed as LSM ± SEM

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide, DM diabetes mellitus
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Discussion

Cangrelor is a novel intravenous P2Y12 receptor inhibitor.

In particular, it is an intravenous ATP analog, which

reversibly and directly, thus, not needing any biotransfor-

mation, inhibits the P2Y12 receptor [12]. It is able to

achieve very potent ([90 %) platelet inhibition, with

immediate onset of action and because of its ultra-short

half-life (3–6 min), it has a very rapid offset of action with

return to baseline platelet function within 30–60 min

[13, 14]. In the present investigation we performed very

comprehensive in vitro assessments to further elucidate the

PD effects of cangrelor in patients with CAD, expanding

upon prior studies by evaluating the impact of DM status

on these findings. Our in vitro PD investigation showed

that: (1) cangrelor potency is not affected by DM status; (2)

cangrelor provides a potent and dose-dependent inhibition

of the P2Y12 receptor, as well as a moderate effect on other

platelet signaling pathways; and (3) escalating concentra-

tions of cangrelor do not modify platelet-derived thrombin

generation processes.

Patients with DM have been shown to have impaired

response to clopidogrel [1–3], the most commonly utilized

P2Y12 receptor inhibitor, which may contribute to their

increased risk of ischemic recurrences, including stent

thrombosis, compared with non-DM patients [4, 5]. This may

in part be attributed to upregulation of P2Y12 mediated sig-

naling in these patients [7], underscoring the need for more

potent P2Y12 inhibiting strategies. The results of the present

study showed that cangrelor achieves a great degree of platelet

inhibition irrespective of DM status, which suggests that very

potent P2Y12 blockade may overcome the hyper-reactive

platelet phenotype which characterizes DM patients [5]. This

may contribute to the favorable outcomes in DM patients

observed with the novel oral P2Y12 receptor inhibitors,

prasugrel and ticagrelor, which are characterized by more

potent PD effects compared to clopidogrel [24–26]. In fact,

although studies specifically assessing the PD effects in

patients with DM have been conducted only with prasugrel

[27], both ticagrelor and prasugrel have been associated with

better ischemic outcomes compared with clopidogrel in patients

with acute coronary syndromes (ACS) with DM [25, 26].

Indeed, cangrelor represents a potentially promising agent

for clinical practice, and this underscores the need for a

comprehensive understanding of the PD effects of this drug,

particularly in high-risk patients, such as patients with DM.

This is the first study evaluating the PD effects of a thera-

peutic concentration of cangrelor on several platelet signal-

ing pathways other than the P2Y12 receptor, the specific

target of cangrelor. A marked decrease in platelet inhibition

when using non-purinergic agonists to stimulate platelets

was observed. Therefore, the findings of our study suggest

that strong blockade of P2Y12 mediated platelet activation

may have an impact on other signaling pathways. This

interplay between P2Y12 receptor mediated signaling and

other platelet activation signaling pathways has been

reported previously [9, 10, 28–30]. In fact, our results are in

line with those from a previous investigation that observed a

reduction in platelet aggregation, in a concentration-depen-

dent manner, after in vitro incubation with two potent P2Y12

antagonists, ticagrelor and the active metabolite of prasugrel,

using several platelet agonists other than ADP (including

arachidonic acid, collagen and TRAP) [31, 32]. However,

further studies are warranted to understand the clinical

implications of these PD observations.

The functional status of the P2Y12 signaling pathway

has been associated with platelet-derived thrombin gener-

ation profiles. In particular, blockade of the P2Y12 receptor

with clopidogrel has been associated with a prolongation of

the TEG parameters evaluated in this study [8, 11]. How-

ever, no effect of cangrelor on TEG parameters related

with thrombin generation processes have been revealed in

the present investigation. This is in contrast with other

investigations, in which cangrelor did show to have an

effect on thrombin generation, which however included a

different methodological approach and a distinct study

population [9]. Indeed, more studies are warranted to better

understand the role of cangrelor on modulating procoagu-

lant activities, which to date have been limited and con-

flicting. Recent observations suggest that cangrelor may

exert differential actions from other P2Y12 receptors inhib-

itors on thrombin generation processes due to its effects on

intraplatelet signaling which can be mediated through

activation of a G protein-coupled pathway separate from

Gi, presumably involving Gs [30]. Similarly, the lack of

modulating effects on thrombin generation processes has

also been shown with other strategies that increase c-AMP

Table 4 Thrombin generation times, assessed by thromboelastogra-

phy, observed with increasing concentrations of cangrelor (in vitro

incubation) in the overall group and according to diabetes mellitus

status

Assay Baseline Cangrelor

5 nM

Cangrelor

50 nM

Cangrelor

500 nM

p value

for trend

R

All 4.4 ± 0.4 4.3 ± 0.4 4.1 ± 0.4 4.2 ± 0.4 0.171

DM 4.3 ± 0.4 4.2 ± 0.3 3.9 ± 0.4 3.9 ± 0.3 0.097

Non-DM 4.4 ± 0.8 4.4 ± 0.8 4.3 ± 0.8 4.5 ± 0.7 0.844

TMRTG

All 5.4 ± 0.5 5.2 ± 0.5 5.2 ± 0.5 5.2 ± 0.5 0.364

DM 5.4 ± 0.5 5.2 ± 0.4 5.0 ± 0.5 5.0 ± 0.4 0.186

Non-DM 5.5 ± 0.9 5.2 ± 0.9 5.3 ± 0.9 5.5 ± 0.9 0.706

R and TMRTG are expressed in minutes

R reaction time, TMRTG time to maximum rate of thrombin

generation
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levels which in turn are associated with enhanced inhibi-

tion of PD markers measuring the activity of the P2Y12

pathway [33]. These findings have also been attributed to

differential effects on intraplatelet signaling that way occur

within the purinergic mediated pathways of platelet acti-

vation [34, 35]. These PD observations may explain why

the rates of major bleeding and transfusions were not

increased with cangrelor in a pooled analysis of the

CHAMPION program [36].

The PD properties of cangrelor make this a potentially

desirable antiplatelet agent for clinical practice. Cangrelor

may have a role as a bridging strategy in the setting of

patients requiring surgery but who may require treatment

with a P2Y12 inhibitor to prevent thrombotic complica-

tions, such as in ACS patients or those treated with coro-

nary stents [37]. However, despite these promising

findings, 2 large scale phase III clinical trials conducted in

the setting of percutaneous coronary intervention (PCI)

were both terminated before completion because of an

interim analysis showing insufficient evidence of clinical

effectiveness of cangrelor [16, 17]. A PD interaction

between cangrelor and clopidogrel was deemed unlikely as

a cause of these findings, and pitfalls in trial design, par-

ticularly with regards to the definition of myocardial

infarction, may have been a potential explanation [38].

Notably, in a pooled analysis of the two CHAMPION trials

(n = 13,049 patients), with the use of the universal myo-

cardial infarction (MI) definition instead of the original

definition used, cangrelor was associated with a significant

18 % relative risk reduction in the primary end point

(death, myocardial infarction, or ischemia-driven revascu-

larization at 48 h), which included a 66 % relative risk

reduction in stent thrombosis [36]. Therefore, these obser-

vations have provided the rationale for the design of the

ongoing large-scale phase III clinical trial CHAMPION-

PHOENIX (NCT01156571), which evaluates the efficacy

and safety of cangrelor compared to standard of care in

patients undergoing PCI [39].

In conclusion, in vitro cangrelor provides a potent and

dose-dependent blockade of the platelet P2Y12 receptor,

with no differential effect in patients with and without DM.

In addition, in vitro cangrelor exerts moderate inhibitory

effects on other non-purinergic platelet signaling pathways,

without modulating platelet-derived thrombin generation

processes. Ex vivo studies are warranted to confirm these

in vitro findings.

Study limitations

The main limitation of the present investigation is derived

from its very design, since in vitro conditions convert the

results of this study in exploratory and ex vivo PD studies are

warranted to confirm these findings. No significant

differences in baseline platelet reactivity were found

between DM and non-DM patients, although an upregulation

of P2Y12 signaling pathway has been reported in prior

investigations [7]. This may be due to the fact that studies

with a similar sample size to ours that have shown differ-

ences in platelet function profiles between patients with and

without DM have usually included patients on dual anti-

platelet therapy with aspirin and clopidogrel [29], while a

larger sample size may be needed to find baseline differences

in patients not taking a P2Y12 inhibitor [3]. In addition, the

effect of escalating concentrations of cangrelor was evalu-

ated in a relatively small sample size, which may have played

a role in the absence of interaction due to DM condition

observed and in the lack of effects on TEG thrombin gen-

eration parameters found. Further, thrombin generation

comprise a number of complex mechanisms that include cell

interactions, thus, a cell-based model could have been

potentially more fitting for the present investigation [40].
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