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VISUAL ABSTRACT
Franchi, F. et al. J Am Coll Cardiol Basic Trans Science. 2019;4(7):763–75.
HIGHLIGHTS

� Vorapaxar reduces thrombotic cardiovascular events in patients with atherosclerotic disease, with enhanced effects in

those with DM.

� Adjunctive vorapaxar therapy reduces platelet-mediated thrombogenicity without affecting clot kinetics in both patients

with and those without DM having prior MI/PAD on dual antiplatelet therapy with aspirin and clopidogrel.

� The pharmacodynamic effects of vorapaxar occur via selective blockade of the PAR-1 on the platelet membrane without

apparent interplay with other platelet signaling pathways.

� Aspirin withdrawal, which leaves patients on a background of clopidogrel and vorapaxar, increases markers specific to

COX-1–mediated blockade, leading to an increase in platelet-mediated global thrombogenicity, particularly among pa-

tients with DM.



ABBR EV I A T I ON S

AND ACRONYMS

ADP = adenosine diphosphate

CAT = collagen-related
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CI = confidence interval

COX = cyclooxygenase

DAPT = dual antiplatelet

therapy

DM = diabetes mellitus

LTA = light transmittance

aggregometry

MI = myocardial infarction

MPA = maximum platelet

aggregation

o.d. = once daily

PAD = peripheral arterial

disease

PAR = protease-activated

receptor

PD = pharmacodynamic

TRAP = thrombin receptor

activating peptide

TXB2 = thromboxane B2

VASP = vasodilator-stimulated

phosphoprotein
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SUMMARY
Vorapaxar reduces thrombotic cardiovascular events at the expense of increased bleeding. However, the dif-

ferential pharmacodynamic (PD) effects of vorapaxar according to diabetes mellitus (DM) status are unknown.

Moreover, although withdrawal of aspirin has emerged as a bleeding reduction strategy, the PD effects of

stopping aspirin in patients treated with vorapaxar also are unknown. In this prospective PD investigation,

vorapaxar was associated with reduced platelet-mediated thrombogenicity without affecting clot kinetics

irrespective of DM status. However, platelet-mediated thrombogenicity increased after aspirin withdrawal,

particularly among patients with DM. (Optimizing anti-Platelet Therapy In diabetes MellitUS-5 Study

[OPTIMUS-5]; NCT02548650) (J Am Coll Cardiol Basic Trans Science 2019;4:763–75) © 2019 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/).
P atients with diabetes mellitus (DM)
remain at increased risk for recurrent
atherothrombotic events despite

standard-of-care oral antiplatelet therapy
(1,2). This risk is in part due to their hyperreac-
tive platelet phenotype, which can contribute
to inadequate response to oral antiplatelet
agents, including dual antiplatelet therapy
(DAPT) with aspirin and clopidogrel, which is
commonly used for secondary prevention of
ischemic recurrences (2–4). Importantly,
platelets of patients with DM are character-
ized by up-regulation of platelet signaling
pathways that are not inhibited by DAPT,
including thrombin-mediated signaling (2). Of note,
thrombin is the most potent inducer of platelet activa-
tion and plays a key role in thrombus formation (5,6).
Hence, modulating the effects of thrombin represents
an attractive option to reduce the risk of thrombotic
complications, particularly in high-risk patients such
as those with DM (7).
SEE PAGE 776
Vorapaxar is a novel, orally active, highly selective,
competitive, slowly reversible protease-activated re-
ceptor (PAR)-1 inhibitor, which exerts potent inhibi-
tion of thrombin-mediated platelet aggregation (7–9).
In a large-scale clinical trial, vorapaxar (as adjunct to
standard-of-care antiplatelet therapy, mostly aspirin
and clopidogrel) significantly reduced recurrent
thrombotic events in patients with previous athero-
thrombosis, particularly those with prior myocardial
infarction (MI) or peripheral arterial disease (PAD),
albeit at the cost of increased bleeding (10–12).
Notably, the absolute risk reduction of thrombotic
complications associated with the adjunctive use of
vorapaxar was greater among DM compared with
patients without DM (13). These clinical observations
in conjunction with the distinctive platelet pheno-
type of patients with DM make these patients
particularly attractive for treatment with vorapaxar.
However, the differential pharmacodynamic (PD) ef-
fects of vorapaxar in DM compared with patients
without DM are unknown. Moreover, despite the
proven efficacy of vorapaxar in reducing thrombotic
complications, the increased risk of bleeding com-
plications remains of concern. Withdrawal of aspirin
when potent adjunctive antithrombotic therapies are
used has been suggested as a strategy to reduce the
risk of bleeding (14). Reduction of bleeding compli-
cations with aspirin withdrawal has been consistently
shown among patients undergoing coronary stenting
treated with a P2Y12 receptor inhibitor (mostly clopi-
dogrel) and requiring oral anticoagulant therapy (i.e.,
blockade of circulating thrombin) (15–18). However,
the PD effects associated with a combination of vor-
apaxar and clopidogrel, without aspirin, is unknown.

METHODS

STUDY DESIGN AND PARTICIPANTS. The OPTIMUS
(Optimizing anti-Platelet Therapy In diabetes
MellitUS)-5 study (NCT02548650) was a prospective,
parallel-design, open-label investigation aimed at
assessing the PD effects of adjunctive use of vor-
apaxar in patients with a history of MI or PAD, with
and without type 2 DM, on treatment with DAPT
(aspirin and clopidogrel) and assessing the PD impact
associated with discontinuation of aspirin therapy.
The study was conducted in patients with a history of
MI or PAD in line with the approved indication for use
of vorapaxar (19,20). In particular, vorapaxar is
approved by the United States Food and Drug
Administration and the European Medicines Agency
for the reduction of thrombotic cardiovascular events
in patients with a history of MI or PAD and is required
to be used in addition to standard-of-care antiplatelet
therapy with aspirin and/or clopidogrel (20,21). The
study was performed at the University of Florida
Health–Jacksonville (Jacksonville, Florida). Patients

https://clinicaltrials.gov/ct2/show/NCT02548650?term=NCT02548650&amp;rank=1
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://clinicaltrials.gov/ct2/show/NCT02548650?term=NCT02548650&amp;rank=1


FIGURE 1 Study Design

Patients with prior MI 
or PAD on DAPT with 

aspirin 81mg plus 
clopidogrel 75mg
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PD assessments
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PD assessments PD assessments

Patients with DM

Patients without DM

Addition of Vorapaxar

Aspirin 81mg od 
Clopidogrel 75mg od 
Vorapaxar 2.5mg od

Stop Aspirin

Clopidogrel 75mg od 
Vorapaxar 2.5mg od

Clopidogrel 75mg od 
Vorapaxar 2.5mg od

DAPT ¼ dual antiplatelet therapy; DM ¼ diabetes mellitus; MI ¼ myocardial infarction; od ¼ once daily; PAD ¼ peripheral arterial disease; PD ¼ pharmacodynamics.
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with a history of MI or PAD older than 18 years on
DAPT with aspirin and clopidogrel as part of their
standard of care for at least 2 weeks were screened for
study eligibility at the outpatient cardiology clinics of
our institution (see Supplemental Material for details
on study inclusion and exclusion criteria). The study
complied with the Declaration of Helsinki and was
approved by the Western Institutional Review Board.
All patients gave written informed consent.

Patients on DAPT with aspirin and clopidogrel who
met study entry criteria were divided into 2 cohorts
according to the presence or absence of type 2 DM.
Type 2 DM status was defined according to the World
Heart Organization criteria, and patients needed to be
on treatment with oral hypoglycemic agents and/or
insulin for at least 2 months, without any changes in
regimen (22). Vorapaxar (2.5 mg once daily [o.d.]) was
added to the standard DAPT regimen of aspirin (81 mg
o.d.) plus clopidogrel (75 mg o.d.), also known as
triple therapy. Triple therapy was maintained for 30 �
5 days. Patients then stopped taking aspirin and
maintained dual therapy with vorapaxar (2.5 mg o.d.)
plus clopidogrel (75 mg o.d.) for 30 � 5 days. Blood
sampling for PD testing was conducted at 3 time
points: baseline (while patients were on standard
DAPT); after 30 � 5 days of triple therapy; and 30 �
5 days after dual therapy. At each time point, blood
was collected before the morning dose of clopidogrel
and vorapaxar, in order to measure trough levels of
platelet inhibition. Laboratory personnel were blin-
ded to treatment assignments. Compliance to ran-
domized treatment was assessed by pill count and
patient interview. After completing the study, pa-
tients resumed their standard DAPT regimen. A flow
diagram of the study design is illustrated in Figure 1.

BLOOD SAMPLING AND LABORATORY ASSESSMENTS.

Peripheral venous blood samples were drawn through
a short venous catheter inserted into a forearm vein
and collected in citrate, EDTA, and serum tubes as
appropriate for assessments. The first 2 to 4 ml of
blood was discarded to avoid spontaneous platelet
activation. Blood sampling for PD assessments was
performed at 3 time points as indicated in the study
design section. Multiple assays were used, including
light transmittance aggregometry (LTA); whole blood
vasodilator-stimulated phosphoprotein (VASP); TEG
6s (Haemonetics Corp., Braintree, Massachusetts)
thrombelastograph coagulation analyzer, which also
included the platelet mapping assay using adenosine
diphosphate (ADP); and enzyme-linked immunosor-
bent assay–based assessment of serum thromboxane

https://doi.org/10.1016/j.jacbts.2019.07.011


TABLE 1 Baseline Characteristics of the PD Population

DM (n ¼ 30) Non-DM (n ¼ 34) p Value

Age, yrs 61 � 8 56 � 9 0.015

Male 23 (77) 23 (67) 0.579

BMI, kg/m2 31 � 5 32 � 8 0.757

Race 0.487

White 15 (50) 22 (65)

Black 14 (47) 11 (32)

Other 1 (3) 1 (3)

Enrollment criteria* 0.002

Prior MI 13 (43) 28 (82)

PAD 17 (57) 6 (18)

CKD 2 (7) 2 (6) 1

Hypertension 29 (97) 25 (74) 0.015

Dyslipidemia 27 (90) 22 (65) 0.020

Active smoking 10 (33) 14 (41) 0.408

CAD 22 (73) 30 (88) 0.199

Prior PCI 20 (67) 25 (73) 0.593

Prior CABG 7 (23) 4 (12) 0.322

Creatinine, mg/dl 1.1 � 0.3 0.9 � 0.2 0.073

CrCl, ml/min 102 � 40 117 � 58 0.232

Platelet count, 103/ml 249 � 62 227 � 59 0.160

Hematocrit, % 39 � 4 41 � 4 0.182

Hemoglobin, g/dl 12.9 � 1.3 13.5 � 1.6 0.145

Medications

Insulin therapy 16 (53) 0 (0) <0.001

OAD 23 (77) 0 (0) <0.001

Beta-blockers 27 (90) 30 (88) 1

ACE inhibitor/ARB 25 (83) 21 (62) 0.093

Statins 30 (100) 32 (94) 0.494

Values are mean � SD or n (%). *2 patients categorized as MI also had PAD (see Supplemental
Material for definition of study entry criteria).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; BMI ¼ body mass
index; CABG ¼ coronary artery bypass graft; CAD ¼ coronary artery disease; CKD ¼ chronic kidney
disease; CrCl ¼ creatinine clearance; DM ¼ diabetes mellitus; MI ¼ myocardial infarction;
OAD ¼ oral antidiabetic drug; PAD ¼ peripheral arterial disease; PCI ¼ percutaneous coronary
intervention; PD ¼ pharmacodynamic.
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B2 (TXB2) (23–26). A detailed description of the assays
is provided in the Supplemental Material. Assess-
ments were performed and described with the
following objectives: 1) to define the PD effect of
vorapaxar on thrombin-mediated effects on platelets
and systemically; to this extent, LTA following
thrombin receptor activating peptide (TRAP) (15 mM)
stimuli and markers of clot kinetics using the TEG 6s
system were utilized, respectively; 2) to define the PD
effect of vorapaxar on platelet-mediated thromboge-
nicity; to this extent, LTA following stimuli with
combination of 2 mg/ml collagen-related peptide þ
5 mM ADP þ 15 mM TRAP (CAT) was used; and 3) to
define the PD effect of vorapaxar on P2Y12 inhibition
induced by clopidogrel and the impact of aspirin
withdrawal; to this extent LTA following stimuli with
ADP (20 mM) and VASP as well as markers sensitive to
cyclooxygenase (COX)-1 blockade, including LTA
following arachidonic acid (1 mM) and collagen
(3 mg/ml) stimuli, and measurement of serum TXB2

levels, respectively, were assessed. LTA results are
reported as maximum platelet aggregation (MPA%),
VASP results as platelet reactivity index, and serum
TXB2 levels in ng/ml.

STUDY ENDPOINTS AND SAMPLE SIZE CALCULATION.

The primary endpoint of our study was the compari-
son of CAT-induced MPA measured by LTA between
triple (vorapaxar plus DAPT) and dual (vorapaxar plus
clopidogrel) therapy. The rationale for choosing CAT-
induced MPA for the primary endpoint was that this
combination of agonist is more reflective of global
thrombogenicity as it stimulates multiple platelet
signaling pathways. We hypothesized that dual ther-
apy would be noninferior to triple therapy after 30 �
5 days of treatment in both patients with and without
DM. Under the null hypothesis that the mean CAT-
induced MPA between dual and triple therapy is not
equal to 0 and a common standard deviation of 13%, a
sample size of 28 patients per group with a valid pri-
mary endpoint time point allowed for the 95% confi-
dence interval (CI) to stay within �10% with 80%
power and 2-sided a ¼ 0.05. Considering the 2 groups
(patients with and without DM), a total of 56 patients
with valid primary endpoint data needed to be
included. Assuming up to 40% rate of invalid results
due to hemolysis or dropout, we estimated that up to
79 patients would need to be enrolled. Noninferiority
was assessed using a 95% CI of the difference in mean
MPA between the 2 arms. As there were no pre-
liminary data in this setting, the 10% noninferiority
margin was arbitrarily defined. Mean values of
platelet aggregation and variability were estimated
based on previous data of vorapaxar (26). Our
approach for the statistical assumption is in agree-
ment with recommendations for pilot in-
vestigations (27).

Other exploratory objectives included comparisons
between patients with and without DM of all PD pa-
rameters measured by multiple assays, and compari-
sons between levels of platelet inhibition achieved by
DAPT (baseline therapy) versus levels achieved by
adding vorapaxar. The effects of additive inhibition
of the thrombin-mediated platelet activation
pathway, with or without aspirin therapy, on serum
thromboxane levels also were evaluated.
STATISTICAL ANALYSIS. Categorical variables are
expressed as frequencies and proportions. Contin-
uous variables were analyzed for normal distribution
with the Kolmogorov-Smirnov test and are expressed
as mean � SD. Comparisons between categorical
variables were performed using the 2-tailed Fisher
exact test or the Pearson chi-square test. The

https://doi.org/10.1016/j.jacbts.2019.07.011
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FIGURE 2 Thrombin-Mediated Effects on Platelets and Systemically

(A) Thrombin receptor activating peptide (TRAP)-induced maximal platelet aggregation (MPA%) measured by light transmittance aggregometry (LTA). The p values

represent comparisons between the 2 groups at each time point. Error bars indicate SD. Intragroup comparisons for non-DM: Baseline versus DAPT þ vorapaxar: mean

difference ¼ 72; 95% confidence interval (CI): 67 to 77; p < 0.001. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 72; 95% CI: 67 to 77; p < 0.001. DAPT þ
vorapaxar versus clopidogrel þ vorapaxar: mean difference ¼ 0.3; 95% CI: �1.6 to 0.72; p ¼ 0.20. Intragroup comparisons for DM: Baseline versus DAPT þ vorapaxar:

mean difference ¼ 73; 95% CI: 68 to 78; p < 0.001. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 73; 95% CI: 68 to 78; p < 0.001. DAPT þ vorapaxar

versus clopidogrel þ vorapaxar: mean difference ¼ 0; 95% CI: �0.35 to 0.35; p ¼ 1.00. (B) Reaction time (R) measured by thromboelastography (TEG) using kaolin as

agonist. The p values represent comparisons between the 2 groups at each time point. Error bars indicate SD. Intragroup comparisons for non-DM: Baseline versus

DAPT þ vorapaxar: p ¼ 0.736. Baseline versus clopidogrel þ vorapaxar: p ¼ 0.829. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: p ¼ 0.886. Intragroup

comparisons for DM: Baseline versus DAPT þ vorapaxar: p ¼ 0.436. Baseline versus clopidogrel þ vorapaxar: p ¼ 0.416. DAPT þ vorapaxar versus clopidogrel þ
vorapaxar: p ¼ 0.412. Abbreviations as in Figure 1.
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Student’s t-test was used to compare continuous
variables. A full-factorial repeated measure analysis
of variance method for dependent variables with a
general linear model was used to evaluate intragroup
comparisons between time points (3). Least square
mean differences in MPA between groups and the
corresponding 2-sided 95% CI for the difference were
obtained to assess noninferiority based on the linear
model. The Student’s t-test was used to compare
continuous variables between groups. Platelet reac-
tivity results are reported as mean � SD for the
detailed analyses. p Values are used to report supe-
riority testing, and CIs are used to determine non-
inferiority. A 2-tailed p < 0.05 is considered to
indicate a statistically significant difference for all the
analyses performed. Given the exploratory nature of
superiority intragroup comparisons, adjustment for
multiple comparisons was not performed. Statistical
analysis was performed using SPSS version 25.0
software (SPSS Inc., Chicago, Illinois).

The safety population was composed of all patients
exposed to at least 1 dose of study medication (any
time from enrollment until completion of the study).
Any adverse event during the study period was
recorded. The PD population included all patients
with PD data and without a major protocol deviation
thought to affect the PD effects of vorapaxar, aspirin,
and clopidogrel. The PD population was used for
analysis of all primary and secondary PD variables.

RESULTS

PATIENT POPULATION. Between March 25, 2016 and
October 22, 2018, 132 patients were screened. A total
of 71 patients on maintenance therapy agreed to
participate in the study; 5 patients were not eligible
for randomization due to the presence of an exclusion
criteria. A total of 66 patients (30 with DM, 36 without
DM) were exposed to at least 1 dose of study medi-
cation, representing the safety population. Two pa-
tients were not compliant with medications and
therefore were excluded from the PD analysis. Thus, a
total of 64 patients (30 with DM, 34 without DM)
represented the PD population of the study. Of these
patients, 56 (28 with DM, 28 without DM) had valid
primary endpoint data. Prior MI and PAD were the
enrollment criteria for 41 (64%) and 23 (36%) patients,
respectively. Baseline characteristics of the study
population are summarized in Table 1. Patients with
DM were older and had higher rates of PAD, hyper-
tension, and hyperlipidemia. No ischemic or Bleeding
Academic Research Consortium type 2 to 5 bleeding
events were observed. One DM patient had a Bleeding
Academic Research Consortium type 1 bleeding



FIGURE 3 Markers of Platelet-Mediated Thrombogenicity

CAT-induced maximal platelet aggregation (MPA%) measured by light transmittance aggregometry (LTA). The p values represent compar-

isons between the 2 groups at each time point. Error bars indicate SD. The agonist CAT is a combination of collagen-related peptide,

adenosine diphosphate, and thrombin receptor activating peptide. Intragroup comparisons for non-DM: Baseline versus DAPT þ vorapaxar:

mean difference ¼ 20; 95% CI: 15 to 25; p < 0.001. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 10; 95% CI: 3 to 16;

p < 0.001. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: mean difference ¼ 10; 95% CI: 4 to 16; p ¼ 0.003. Intragroup comparisons

for DM: Baseline versus DAPT þ vorapaxar: mean difference ¼ 15; 95% CI: 7 to 23; p < 0.001. Baseline versus clopidogrel þ vorapaxar: mean

difference ¼ 3; 95% CI: �6 to 11; p ¼ 0.542. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: mean difference ¼ 12; 95% CI: 3 to 21;

p ¼ 0.010. Abbreviations as in Figure 1.

Franchi et al. J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 4 , N O . 7 , 2 0 1 9

Vorapaxar and Diabetes N O V E M B E R 2 0 1 9 : 7 6 3 – 7 5

770
(hematuria) while on triple therapy that led to study
drug discontinuation, and 11 patients (7 with DM, 4
without DM) had nonbleeding adverse events (see
Supplemental Material for details).

PD FINDINGS. Effects of vorapaxar on thrombin-
mediated effects . Adjunctive treatment with vor-
apaxar was associated with complete blockade of
TRAP-induced platelet aggregation (p < 0.001).
Complete suppression of TRAP-induced platelet ag-
gregation persisted after discontinuation of aspirin
therapy (p < 0.001). Overall, such effects were
consistent irrespective of DM status (Figure 2A). On
the contrary, vorapaxar did not affect markers of clot
kinetics, including speed of thrombin generation,
which remained unvaried even after discontinuation
of aspirin therapy (Figure 2B). Findings were consis-
tent irrespective of DM status (Supplemental
Figures 1 to 4). These observations are supportive of
the platelet-specific, and not systemic, effects of
vorapaxar on modulating thrombin-mediated effects.

Effects of vorapaxar on global thrombogenicity. Adding
vorapaxar to DAPT significantly reduced CAT-
induced aggregation in both patients with DM
(mean difference ¼ 15; 95% CI: 7 to 23; p < 0.001) and
patients without DM (mean difference ¼ 20; 95% CI:
15 to 25; p < 0.001). However, stopping aspirin was
associated with an increase in CAT-induced aggrega-
tion in both patients with DM (mean difference ¼ 12;
95% CI: 3 to 21; p ¼ 0.010) and patients without DM
(mean difference ¼10; 95% CI: 4 to 16; p ¼ 0.003),
thus not meeting the primary endpoint of non-
inferiority (Figure 3). After aspirin withdrawal, CAT-
induced aggregation was significantly lower
compared with baseline in patients without DM
(mean difference ¼ 10; 95% CI: 3 to 16; p < 0.001) but
not in DM (mean difference ¼ 3; 95% CI; -6 to 11;
p ¼ 0.542) patients. Overall, the magnitude of in-
crease in CAT-induced aggregation after aspirin
withdrawal in the presence of vorapaxar and clopi-
dogrel therapy was higher in DM patients compared
with patients without DM (p ¼ 0.036) (Figure 3).
Effects of vorapaxar on modulating P2Y12 inhibition
induced by clopidogrel in the presence and absence of
aspirin. Adding vorapaxar to DAPT did not affect
markers assessing P2Y12 inhibition using all assays,
including LTA and VASP. After aspirin withdrawal,
there were no significant differences in levels of these

https://doi.org/10.1016/j.jacbts.2019.07.011
https://doi.org/10.1016/j.jacbts.2019.07.011
https://doi.org/10.1016/j.jacbts.2019.07.011


FIGURE 4 Markers of P2Y12 Signaling

(A) Adenosine diphosphate (ADP)-induced maximal platelet aggregation (MPA%) measured by light transmittance aggregometry (LTA). The p values represent

comparisons between the 2 groups at each time point. Error bars indicate SD. Intragroup comparisons for non-DM: Baseline versus DAPT þ vorapaxar: p ¼ 0.166.

Baseline versus clopidogrel þ vorapaxar: p ¼ 0.811. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: p ¼ 0.269. Intragroup comparisons for DM: Baseline versus

DAPT þ vorapaxar: p ¼ 0.837. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 12; 95% CI: 5 to 20; p ¼ 0.002. DAPT þ vorapaxar versus clopidogrel þ
vorapaxar: mean difference ¼ 13; 95% CI: 5 to 20; p ¼ 0.002. (B) Platelet reactivity index (PRI) measured by vasodilator-stimulated phosphoprotein (VASP). The

p values represent comparisons between the 2 groups at each time point. Error bars indicate SD. Intragroup comparisons for non-DM: Baseline versus DAPT þ
vorapaxar: p ¼ 0.063. Baseline versus clopidogrel þ vorapaxar: p ¼ 0.067. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: p ¼ 0.959. Intragroup comparisons for

DM: Baseline versus DAPT þ vorapaxar: p ¼ 0.296. Baseline versus clopidogrel þ vorapaxar: p ¼ 0.142. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: p ¼ 0.398.

Abbreviations as in Figure 1.
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markers among patients without DM, but these levels
modestly increased in patients with DM (Figure 4,
Supplemental Figure 5). Aspirin withdrawal was
associated with a marked increase in makers sensitive
to COX-1 blockade, including arachidonic acid– and
collagen-induced aggregation as well as serum TXB2

levels, in both patients with and without DM
(Figure 5, Supplemental Figure 6).

DISCUSSION

Vorapaxar is a PAR-1 inhibitor clinically approved for
reduction of thrombotic cardiovascular events in pa-
tients with a history of MI or PAD treated with
standard-of-care antiplatelet therapy with aspirin
and/or clopidogrel (19–21). The OPTIMUS-5 study was
conducted to provide insights on the PD effects of
vorapaxar in this setting, particularly exploring pro-
files among patients with and without DM treated
with DAPT (aspirin and clopidogrel), which to date
have not been explored. Moreover, in light of the
emerging interest in an aspirin-free approach as a
strategy to reduce the risk of bleeding complications
in patients treated with more potent antithrombotic
therapies, this investigation also explored the PD ef-
fects associated with aspirin withdrawal in the pres-
ence of vorapaxar and clopidogrel therapy. The
results of OPTIMUS-5 can be summarized as follows:
1) adjunctive treatment with vorapaxar reduces
platelet-mediated thrombogenicity without affecting
clot kinetics in both patients with and without DM
treated with DAPT (aspirin and clopidogrel); 2) reduction
of platelet-mediated thrombogenicity induced by vor-
apaxar occurs selectively via PAR-1 blockade without
apparent interplay with other platelet signaling path-
ways (e.g., P2Y12 or thromboxane); and 3) platelet-
mediated thrombogenicity is increased after aspirin
withdrawal, particularly among patients with DM.

The TRA 2�P–TIMI 50 (Thrombin Receptor Antag-
onist in Secondary Prevention of Atherothrombotic
Ischemic Events–Thrombolysis In Myocardial Infarc-
tion 50) trial, conducted in patients with previous
atherothrombosis, demonstrated that, when added to
standard-of-care treatment, including antiplatelet
therapy with aspirin and clopidogrel, vorapaxar
significantly reduces recurrent thrombotic events
(10). This benefit was limited to patients with a his-
tory of prior MI or PAD but not to patients with a prior
cerebrovascular event, in whom vorapaxar was asso-
ciated with increased harm (i.e., increased rates of
intracranial hemorrhage) (10–12). Notably, in the
cohort of patients with DM and prior MI included in
the TRA 2�P trial, vorapaxar reduced the primary
composite endpoint at 3 years by 27% (p ¼ 0.002) and
led to a greater absolute risk reduction (absolute risk
difference: �3.50%) compared with those without DM
(absolute risk difference: �1.36%), with a number
needed to treat of 29 (13). The benefit of vorapaxar

https://doi.org/10.1016/j.jacbts.2019.07.011
https://doi.org/10.1016/j.jacbts.2019.07.011


FIGURE 5 Markers Sensitive to Cyclooxygenase-1 Blockade

(A) Arachidonic acid (AA)-induced maximal platelet aggregation (MPA%) measured by light transmittance aggregometry (LTA). The p values represent comparisons

between the 2 groups at each time point. Error bars indicate SD. Intragroup comparisons for non-DM: Baseline versus DAPT þ vorapaxar: mean difference ¼ 2; 95% CI:

�10 to 15; p ¼ 0.734. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 42; 95% CI: 26 to 58; p < 0.001. DAPT þ vorapaxar versus clopidogrel þ vorapaxar:

mean difference ¼ 44; 95% CI: 28 to 60; p < 0.001. Intragroup comparisons for DM: Baseline versus DAPT þ vorapaxar: mean difference ¼ 9; 95% CI: �2 to 21;

p ¼ 0.108. Baseline versus clopidogrel þ vorapaxar: mean difference ¼ 40; 95% CI: 25 to 54; p < 0.001. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: mean

difference ¼ 49; 95% CI: 36 to 63; p < 0.001. (B) Serum thromboxane B2 (TXB2). The p values represent comparisons between the 2 groups at each time point. Error

bars indicate SD. Intragroup comparisons for non-DM: Baseline versus DAPT þ vorapaxar: p ¼ 0.545. Baseline versus clopidogrel þ vorapaxar: p < 0.001. DAPT þ
vorapaxar versus clopidogrel þ vorapaxar: p < 0.001. Intragroup comparisons for DM: Baseline versus DAPT þ vorapaxar: p ¼ 0.671. Baseline versus clopidogrel þ
vorapaxar: p < 0.001. DAPT þ vorapaxar versus clopidogrel þ vorapaxar: p < 0.001. Abbreviations as in Figure 1.
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also was consistent in patients with PAD, although no
specific subgroup data according to DM status were
available (12,13). These observations make patients
with DM an attractive population for treatment with
vorapaxar. The reason for the enhanced benefit of
vorapaxar among patients with DM has been hy-
pothesized to be attributed to an up-regulated status
of thrombin-mediated platelet activation, which
makes these patients more susceptible to the antith-
rombotic effects of the drug (13). However, in our
investigation we found that vorapaxar completely
abolished TRAP-induced aggregation irrespective of
DM status. In addition, the effects on global throm-
bogenicity were similar in patients with and without
DM. Thus, it is more likely that the clinical observa-
tions from TRA 2�P–TIMI 50 can be attributed to the
greater baseline risk of patients with DM, which al-
lows for a greater magnitude of treatment effects with
vorapaxar. This observation is consistent with other
secondary prevention studies in patients with DM
using potent antiplatelet therapies (28).

The increased risk of bleeding complications with
vorapaxar remains a clinical concern. PD in-
vestigations have suggested that in the presence of
potent P2Y12 blockade, aspirin provides limited
adjunctive antithrombotic effects (14,29,30).
Although the GLOBAL LEADERS trial, which tested a
strategy of ticagrelor monotherapy after only 1 month
of DAPT versus standard DAPT in a large all-comers
population undergoing percutaneous coronary inter-
vention, failed to meet its primary endpoint for su-
perior efficacy of aspirin withdrawal, such an
experimental strategy was not associated with any
safety concerns (31). Several ongoing investigations
are evaluating the safety and efficacy of dropping
aspirin in the presence of potent P2Y12 receptor
blockade in patients undergoing percutaneous coro-
nary intervention (14,32). However, a number of
other studies, mostly conducted in patients with
atrial fibrillation undergoing coronary stenting and
requiring treatment with both oral anticoagulant
(OAC) and antiplatelet therapy, have shown that
stopping aspirin and maintaining treatment with OAC
and a P2Y12 inhibitor (mostly clopidogrel) signifi-
cantly reduced bleeding complications without any
apparent trade-off in ischemic events (15–18,33).
Accordingly, current recommendations are to mini-
mize the duration of DAPT in patients also taking
OAC (34,35). OPTIMUS-5 also explored the effects of
dropping aspirin in the setting of a platelet-specific,
rather than systemic, modulation of thrombin-
mediated effects. We showed that stopping aspirin
was associated with an increase in markers
specific to COX-1–mediated blockade leading to an
increase in platelet-mediated global thromboge-
nicity. Importantly, the magnitude of increase was
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higher in patients with DM compared with patients
without DM, and patients with DM achieved levels of
global thrombogenicity while on vorapaxar and clopi-
dogrel that were similar to those while on aspirin and
clopidogrel.

Our finding that markers specifically assessing
COX-1 blockade increase with aspirin withdrawal
provides support that alternative antithrombotic
treatment regimens cannot replace the selective ef-
fects of aspirin on platelet COX-1 blockade. The in-
crease in platelet-mediated global thrombogenicity
could also be attributed to the loss of synergism that
is known to occur when aspirin and clopidogrel are
concomitantly used (36). Such synergism may be less
relevant in the presence of more potent P2Y12

blockade (29,30). It may be hypothesized that the
enhanced increase in platelet-mediated thromboge-
nicity among patients with DM may be attributed to
the fact that these patients are more susceptible to
such loss of synergism as reflected by the increase in
markers of P2Y12 signaling. Overall, these findings
should caution against strategies of aspirin with-
drawal in the absence of effective alternative antith-
rombotic treatment (14). Indeed, our PD observations
question any potential clinical advantage of dual
therapy with vorapaxar and clopidogrel compared
with standard-of-care DAPT with aspirin and clopi-
dogrel, especially in patients with DM. The use of
OAC, which provides a block of systemic levels of
thrombin, may be more effective in this regard, as
modulation of circulating thrombin can also indi-
rectly affect platelet reactivity (37). Thus, this
approach would result in more wide-ranging antith-
rombotic effects compared with vorapaxar, which
only selectively inhibits the effects of thrombin on
platelets via selective PAR-1 blockade (7). The bene-
fits of the antithrombotic efficacy of an OAC in addi-
tion to a single antiplatelet agent (e.g., aspirin) was
recently supported by a large-scale secondary pre-
vention study conducted in patients with CAD and
PAD, which showed a significant reduction in
ischemic recurrences and reduced cardiovascular
mortality associated with a very low dosing regimen
of rivaroxaban in adjunct to aspirin (38).

Despite the known interplay between thrombin-
and P2Y12-mediated signaling, adjunctive treatment
with vorapaxar does not interfere with markers of
P2Y12 receptor blockade (39). This is consistent with
other studies modulating systemic levels of thrombin
with oral anticoagulant therapies (40–42). These
findings may be attributed to the fact that these pa-
tients already are on P2Y12-inhibiting therapy,
which may not allow unraveling such interplay as
previously observed in in vitro investigations and in
platelets from nonmedicated patients (43–45).
STUDY LIMITATIONS. Our study was not designed to
assess clinical outcomes. Moreover, our study was
conducted in patients treated with aspirin and clopi-
dogrel, and it may be argued that many patients with
a history of MI are currently treated with more potent
P2Y12 inhibitors (prasugrel or ticagrelor). However, in
the TRA 2�P study, clopidogrel was the P2Y12 inhibitor
utilized in 99.3% of patients, and the approved indi-
cation for vorapaxar was based on this background
antiplatelet therapy. Accordingly, our PD study was
conducted to mimic how vorapaxar was approved for
clinical use based on the TRA 2�P trial (10,20,21).
Moreover, clopidogrel is still the most frequently
used P2Y12 inhibitor and is the only agent of this class
approved for treatment of PAD (46). If similar findings
would have been observed in patients on DAPT with
aspirin and prasugrel or ticagrelor is unknown. The
PD effects associated with the addition of vorapaxar
to patients with a history of MI, treated with
potent P2Y12 inhibitors (prasugrel or ticagrelor)
and the effects associated with aspirin withdrawal
in these patients are currently under investiga-
tion (NCT02545933).

CONCLUSIONS

Adjunctive treatmentwith vorapaxar reduces platelet-
mediated thrombogenicity without affecting clot
kinetics in both patients with DM and patients without
DM, while on DAPT. However, platelet-mediated
thrombogenicity is increased after aspirin with-
drawal, particularly among patients with DM. These
PD observations do not support any potential clinical
advantage of dual therapy with vorapaxar and clopi-
dogrel compared with standard-of-care DAPT with
aspirin and clopidogrel, especially in patients with
DM. The PD findings of this study suggest that the
enhanced clinical benefit among patients with DM
associated with adjunctive treatment with vorapaxar
in addition to standard-of-care oral antiplatelet ther-
apy, including aspirin and clopidogrel, is more likely
due to the greater baseline risk profile of these pa-
tients, which allows for a greater magnitude of treat-
ment effects, rather than a differential effect on
platelets from patients with DM compared to patients
without DM.

ADDRESS FOR CORRESPONDENCE: Dr. Dominick J.
Angiolillo, University of Florida College of Medicine–
Jacksonville, 655 West 8th Street, Jacksonville, Flor-
ida 32209. E-mail: dominick.angiolillo@jax.ufl.edu.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Vorapaxar is a PAR-1 inhibitor clinically approved for the

reduction of thrombotic cardiovascular events in patients

with a history of MI or PAD treated with standard-of-care

antiplatelet therapy with aspirin and/or clopidogrel. This

study provides evidence that adjunctive treatment with

vorapaxar in addition to DAPT reduces platelet-mediated

thrombogenicity without affecting clot kinetics in both

patients and patients without DM. Notably, this reduction

occurs selectively via PAR-1 blockade without apparent

interplay with other platelet signaling pathways, and

platelet-mediated thrombogenicity is increased after

aspirin withdrawal, particularly among patients with DM.

This has clinical implications as it demonstrates that the

enhanced benefit of vorapaxar shown in clinical trials

among patients with DM is likely just attributed to the

greater baseline risk of patients with DM, thus under-

scoring the need for more aggressive treatment of these

patients. In addition, the study shows that alternative

antithrombotic treatment regimens cannot replace the

selective effects of aspirin on platelet COX-1 blockade

and cautions against strategies of aspirin withdrawal in

the absence of effective alternative antithrombotic

treatment.

TRANSLATIONAL OUTLOOK: Our study was

conducted in patients treated with aspirin and clopidog-

rel, and it may be argued that many patients with a his-

tory of MI are currently treated with the more potent

P2Y12 inhibitors prasugrel and ticagrelor. The PD effects

associated with the addition of vorapaxar to treatment

with prasugrel or ticagrelor and the effects associated

with aspirin withdrawal in these patients need to be

investigated in specifically designed studies. Use of direct

oral anticoagulants, which inhibit systemic thrombin, may

be more effective in reducing platelet-mediated global

thrombogenicity, as modulation of circulating thrombin

(rather than just its selective effect on the platelet PAR-1

receptor) can also indirectly affect platelet reactivity and

result in more wide-ranging antithrombotic effects. The

association between PD findings and clinical outcomes in

patients with vascular disease manifestations treated

with strategies that modulate the effects of thrombin

warrants further investigation.
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