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BACKGROUND: Vorapaxar as an adjunct to dual antiplatelet therapy (DAPT) reduces thrombotic events in patients with prior my-
ocardial infarction at the expense of increased bleeding. Withdrawal of aspirin has emerged as a bleeding reduction strategy.
The pharmacodynamic effects of vorapaxar with potent P2Y,, inhibitors as well as the impact of dropping aspirin is unexplored
and represented the aim of the VORA-PRATIC (Vorapaxar Therapy in Patients With Prior Myocardial Infarction Treated With
Newer Generation P2Y,, Receptor Inhibitors Prasugrel and Ticagrelor) study.

METHODS AND RESULTS: Post—-myocardial infarction patients (n=130) on standard DAPT (aspirin+prasugrel or ticagrelor) were
randomized to 1 of 3 arms: (1) triple therapy: aspirin+prasugrel/ticagrelor+vorapaxar; (2) dual therapy (drop aspirin): prasug-
rel/ticagrelor+vorapaxar; (3) DAPT: aspirin+prasugrel/ticagrelor. Pharmacodynamic assessments were performed at 3 time
points (baseline and 7 and 30 days). Vorapaxar reduced CAT (collagen-ADP-TRAP)-induced platelet aggregation, a marker
of platelet-mediated global thrombogenicity (triple therapy versus DAPT at 30 days: mean difference=-27; 95% CI,-35 to —19;
P<0.001; primary end point). This effect was attenuated but still significant in the absence of aspirin (dual therapy versus DAPT
at 30 days: mean difference=—15; 95% Cl,-23 to —-7; P<0.001; between-group comparisons, P<0.05). Vorapaxar abolished
TRAP-induced aggregation (P<0.001), without affecting thrombin generation and clot strength. There were no differences in
markers of P2Y, reactivity. Markers sensitive to aspirin-induced effects increased (P<0.001) in the dual-therapy arm.

CONCLUSIONS: In post-myocardial infarction patients treated with potent P2Y,, inhibitors, vorapaxar reduces platelet-driven
global thrombogenicity, an effect that persisted, albeit attenuated, in the absence of aspirin and without affecting markers of
P2Y,, reactivity or clot kinetics. The clinical implications of these PD observations warrant future investigation.
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CLINICAL PERSPECTIVE

What Is New?

® Adding vorapaxar to stabilized post-myocardial in-
farction patients who are on maintenance therapy
with one of the potent P2Y,, inhibitors, prasugrel or ti-
cagrelor, is feasible and has no major safety concerns.

e While not as suppressed as with triple therapy
(aspirin+prasugrel or ticagrelor+vorapaxar), plate-
let-mediated thrombogenicity during treatment with
dual therapy with vorapaxar and either prasugrel or
ticagrelor (without aspirin), was significantly reduced
compared with standard dual antiplatelet therapy.

What Are the Clinical Implications?

e Although our findings confirm that alternative an-
tithrombotic treatment regimens cannot replace
the selective effects of aspirin on platelet cyclooxy-
genase-1 blockade, the observations from VORA-
PRATIC (Vorapaxar Therapy in Patients With
Prior Myocardial Infarction Treated With Newer
Generation P2Y,, Receptor Inhibitors Prasugrel
and Ticagrelor) do provide pharmacodynamic sup-
port of a strategy of dropping aspirin in patients fol-
lowing myocardial infarction treated with vorapaxar
and potent P2Y,, inhibition (ie, prasugrel or tica-
grelor), as this leads to reduced platelet-mediated
global thrombogenicity compared with DAPT.

Nonstandard Abbreviations and Acronyms

BARC Bleeding Academic Research
Consortium

CAT collagen-ADP-thrombin  recep-
tor-activating peptide

DAPT dual antiplatelet therapy

LTA light transmittance aggregometry

MA clot strength as maximum amplitude

Mi myocardial infarction

MPA maximum platelet aggregation

PRI platelet reactivity index

R thrombin generation as reaction time

TRA2P-TIMI50 Thrombin Receptor Antagonist
in Secondary Prevention of
Atherothrombotic Ischemic
Events—Thrombolysis in
Myocardial Infarction 50

VASP vasodilator-stimulated phos-
phoprotein

VORA-PRATIC Vorapaxar Therapy in Patients With
Prior Myocardial Infarction Treated
With  Newer Generation P2Y,,
Receptor Inhibitors Prasugrel and
Ticagrelor
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a P2Y,, receptor inhibitor represents the stan-

dard of care for the prevention of atherothrom-
botic events in patients with myocardial infarction (MI).!
However, thrombotic complications continue to occur,
suggesting a contributing role of platelet signaling path-
ways not inhibited by DAPT.23 Thrombin is a potent in-
ducer of platelet activation, and its levels are increased
following an acute coronary event.*® Accordingly,
strategies aimed at modulating thrombin-mediated ef-
fects have been extensively investigated.® Vorapaxar
selectively targets the protease-activated receptor-1
on the platelet membrane inhibiting thrombin-induced
platelet activation.*” Notably, in patients with previous
atherothrombosis, in particular those with a prior M,
vorapaxar in addition to standard-of-care antiplatelet
therapy, including DAPT, reduces recurrent thrombotic
events.®?

Guidelines recommend the preferential use of the
newer generation P2Y,, inhibitors (ie, prasugrel or ti-
cagrelor) over clopidogrel in patients following MI.10
However, regulatory approval of vorapaxar was based
on a clinical trial in which clopidogrel was the predom-
inant P2Y,, inhibitor (99.3% of patients), and to date
there is limited experience on the use of vorapaxar in
combination with the newer generation P2Y,, inhib-
itors.8 Moreover, despite the efficacy of vorapaxar in
reducing thrombotic complications, this benefit occurs
at the expense of an increased risk of bleeding compli-
cations.? In the presence of potent antithrombotic ther-
apies, withdrawal of aspirin has emerged as a strategy
to reduce the risk of bleeding."" However, the effects of
stopping aspirin in patients treated with vorapaxar and
a newer-generation P2Y,, inhibitor is unknown. The
aim of this study was to assess the pharmacodynamic
effects of vorapaxar in addition to a newer-generation
P2Y,, inhibitor (prasugrel or ticagrelor) with and without
aspirin in a real-world setting of patients following MI.

Dual antiplatelet therapy (DAPT) with aspirin and

METHODS

Study Design and Participants

VORA-PRATIC (Vorapaxar Therapy in Patients With Prior
Myocardial Infarction Treated With Newer Generation
P2Y,, Receptor Inhibitors Prasugrel and Ticagrelor)
was a prospective, randomized, parallel-design, open-
label study aimed to assess the pharmacodynamic ef-
fects of the adjunctive use of vorapaxar in a real-world
clinical setting of patients following MI on maintenance
DAPT with aspirin and either prasugrel or ticagrelor
(Clinicaltrials.gov identifier: NCT02545933). The study
was conducted in patients following Ml in line with the
approved indication and dosing regimen for the use of
vorapaxar (2.5 mg/day).”? In brief, patients between 18
and 75 years of age who had experienced an Ml within
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the previous 12 months and were on maintenance
DAPT (aspirin [81 mg/day] plus either prasugrel [10 mg/
day] or ticagrelor [90 mg twice daily]) as per standard-
of-care were considered for the study. In line with the
TRA 2P-TIMI 50 (Thrombin Receptor Antagonist in
Secondary Prevention of Atherothrombotic Ischemic
Events—Thrombolysis in Myocardial Infarction 50) trial
design, post-Ml patients needed to be on DAPT for
at least 2 weeks without experiencing any complica-
tion (ischemic or bleeding) following their index event.'?
Patients with a prior cerebrovascular event, at high risk
for bleeding, or with a contraindication to vorapaxar
were not considered eligible for the study.'? The ration-
ale for the exclusion of elderly patients (aged >75 years)
and patients with a low body weight (<60 kg) is that
prasugrel is generally not recommended in these pa-
tient populations."® Specific study inclusion and exclu-
sion criteria are provided in Data S1.

The study was performed at the University of Florida
Health Science Center (Jacksonville, FL). Patients were
screened and recruited at the outpatient clinics of our
institution. Although the study had an open-label de-
sign, laboratory personnel performing pharmacody-
namic testing were blinded to treatment assignment.
The study complied with the Declaration of Helsinki
and was approved by the Western Institutional Review
Board, and all patients gave their written informed con-
sent. The data, analytic methods, and study materi-
als will not be made available to other researchers for
purposes of reproducing the results or replicating the
procedure.

After providing written informed consent, patients
meeting study entry criteria were randomly assigned
in a 1:1:1 fashion to one of the following 3 treatment

Vorapaxar and Potent P2Y12 Inhibition Post-MI

regimens: (1) triple therapy: aspirin+prasugrel or ticagre-
lor+vorapaxar; (2) dual therapy (ie, drop aspirin): prasu-
grel or ticagrelor+vorapaxar; (3) DAPT: aspirin+prasugrel
or ticagrelor. Randomized treatment was maintained
for 30+£3 days. Randomization was stratified accord-
ing to type of P2Y,, inhibitor to include at least 35%
of patients on prasugrel. The rationale for predicting a
higher number of randomized patients on ticagrelor de-
rives from the broader clinical indications of ticagrelor
compared with prasugrel."'® Blood sampling for phar-
macodynamic testing was conducted at 3 time points:
(1) baseline (while patients were on standard DAPT and
before randomization); (2) after 7 to 10 days of random-
ized study treatment; (3) after 30+3 days of randomized
study treatment. At each time point, blood was col-
lected before the morning dose of prasugrel/ticagrelor
and vorapaxar to measure trough levels of platelet inhi-
bition. During study treatment, major adverse cardiac
events (death, MI, stroke, and urgent revascularization
procedures) and serious adverse events (bleeding and
other adverse events) were collected. Bleeding was
defined by the BARC (Bleeding Academic Research
Consortium) definition.’® After study completion, pa-
tients resumed an antiplatelet treatment regimen at the
discretion of the treating physician. 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

Randomization

Patients on DAPT

Stop aspirin

DAPT
plus
Vorapaxar 2.5mg qd

Prasugrel/Ticagrelor

(aspirin+prasugrel/ticagrelor)
Prior MI within 2 weeks - 12 months

Baseline

Study treatment

plus
Vorapaxar 2.5mg qd

Continue DAPT

7-10 days

e
Study treatment 3043 days

I

PD testing

l l

PD testing PD testing

Figure 1. Study design.

DAPT indicates dual antiplatelet therapy; MI, myocardial infarction; and PD, pharmacodynamic.
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blood were discarded to avoid spontaneous platelet
activation. Blood sampling for pharmacodynamic as-
sessments was performed at 3 time points as indi-
cated above in the study design section. A number of
assays were used, including light transmittance ag-
gregometry (LTA); whole blood vasodilator-stimulated
phosphoprotein;  Thrombelastograph  Coagulation
Analyzer TEG 6s Series system, which also included
the Platelet Mapping assay using ADP; and ELISA-
based assessment of serum thromboxane B,.'"*"" A
detailed description of the assays is provided in Data
S1. Assessments were performed and described with
the following objectives: (1) to define the pharmacody-
namic effect of vorapaxar on thrombin-mediated ef-
fects on platelets and systemically; to this extent, LTA
following thrombin receptor—activating peptide (TRAP,
15 pmol/L) stimuli and markers of clot kinetics using
the TEG 6s system were used, respectively; (2) to
define the pharmacodynamic effect of vorapaxar on
platelet-mediated global thrombogenicity; to this ex-
tent, LTA following stimuli with combination of 2 ug/mL
collagen-related peptide +5 pmol/L ADP +15 pmol/L
TRAP (CAT) was used; (3) to define the pharmacody-
namic effect of vorapaxar on P2Y,, inhibition induced
by prasugrel/ticagrelor and the impact of aspirin with-
drawal; to this extent, LTA following stimuli with ADP
(20 pmol/L) and vasodilator-stimulated phosphopro-
tein (VASP), and markers sensitive to cyclooxygenase-
1 blockade, including LTA following arachidonic acid
(1 mmol/L) and collagen (3 pg/mL) stimuli, as well as
measurement of serum thromboxane B, levels, re-
spectively, were assessed. LTA results were reported
as maximum platelet aggregation (MPA, %), VASP re-
sults as platelet reactivity index, thrombin generation
as reaction time, clot strength as maximum amplitude
(mm), and serum thromboxane B, levels in picograms
per milliliter."4="7

Study End Points and Sample Size
Calculation

The primary end point of our study is the comparison
of CAT-induced MPA between DAPT plus vorapaxar
and DAPT after 30+3 days of treatment. We hypoth-
esized that adjunctive vorapaxar would result in a
significant reduction of CAT-induced platelet aggrega-
tion, a marker of platelet-mediated thrombogenicity.
Assuming a 10% absolute reduction in CAT-induced
MPA with a common standard deviation of 13%, 37
patients per group with valid primary end point data
were required to detect a significant difference be-
tween DAPT plus vorapaxar and DAPT with a 90%
power and 2-sided a=0.05. Considering up to 30% to
35% rate of invalid results attributable to hemolysis or
dropout and the 3 arms of treatment, up to 146 pa-
tients were estimated to be randomized. Since at the

J Am Heart Assoc. 2020;9:e015865. DOI: 10.1161/JAHA.120.015865
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time of study design there were no preliminary data
in this particular setting, the sample size of our study
was calculated based on previous data of vorapaxar
in addition to DAPT with aspirin and clopidogrel.’” This
approach is in agreement with recommendations for
pilot investigations.® Our exploratory outcomes in-
cluded the comparison of CAT-induced MPA between
vorapaxar in addition to a P2Y,, receptor inhibitor and
vorapaxar in addition to standard DAPT (aspirin and
prasugrel/ticagrelor). We hypothesized that stopping
aspirin would not lead to significant differences in CAT-
induced MPA after 30+3 days of treatment.

Other objectives included the comparisons among
the 3 groups of all pharmacodynamic parameters mea-
sured by multiple assays at every time point, as well as
intragroup comparisons of pharmacodynamic param-
eters to evaluate the variability over time of vorapaxar
pharmacodynamic effects, as well as how pharmaco-
dynamic measures were affected by aspirin withdrawal.

Statistical Analysis

Categorical variables are expressed as frequencies
and percentages. Continuous variables are presented
as mean+SD. Continuous variables were analyzed
for normal distribution with the Kolmogorov—Smirnov
test. Comparisons between categorical variables was
performed using 2-tailed Fisher's exact test or the
Pearson’s chi-square test. Student t test and Mann—
Whitney U-test were used to compare continuous
variables when appropriate. An analysis of variance
method with a general linear model was used to evalu-
ate the overall difference among the 3 groups and all
between-group comparisons, including the primary
end point. In line with similar pharmacodynamic stud-
ies, considering the exploratory nature of comparisons
other than the primary end point, adjustment for mul-
tiple comparisons was not performed.'*'® A repeated
measure ANOVA was used to evaluate intragroup com-
parisons. A 2-tailed P<0.05 was considered to indicate
a statistically significant difference for all the analyses
performed. Statistical analysis was performed by our
group using SPSS version 25.0 software (SPSS Inc.,
Chicago, IL). The first and corresponding authors had
full access to all the data in the study and take respon-
sibility for its integrity and the data analysis.

RESULTS

Patient Population

Between February 2016 and April 2019, 238 post-MI
patients were screened, and a total of 131 patients
on maintenance DAPT with aspirin and either prasu-
grel or ticagrelor therapy agreed to participate in the
study; 1 patient was not eligible for randomization due
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to the presence of an exclusion criteria. Therefore, a
total of 130 patients were randomized and exposed
to at least 1 dose of study medication (triple therapy,
n=44; dual therapy, n=43; DAPT, n=43). At randomiza-
tion, 57 patients were on prasugrel-based DAPT, and
73 were on ticagrelor-based DAPT. Of these, 115 pa-
tients (triple therapy, n=37; dual therapy, n=39; DAPT,
n=39) had valid primary end point data (Figure 2). There
were no significant differences in baseline characteris-
tics between the study groups (Table). Mean time from
index event to randomization was 42+57 days, without
any significant difference among groups (triple therapy,
51+69; dual therapy, 36+41; DAPT, 39+57; P=0.471). No
ischemic or BARC type 2 to 5 bleeding events were
observed; 7 patients (5.4%) had a BARC type 1 bleed-
ing (triple therapy, N=6 [13.6%); dual therapy, n=1 [2.3%];
DAPT, n=0; P=0.010), which led to study drug discon-
tinuation in 1 patient receiving triple therapy. Twelve pa-
tients (9%) had nonbleeding adverse events (Table S1).

Pharmacodynamic Findings

Effects of Vorapaxar on Thrombin-Mediated
Effects

Adjunctive treatment with vorapaxar was associated
with complete blockade of TRAP-induced plate-
let aggregation in both the triple- and dual-therapy

Vorapaxar and Potent P2Y12 Inhibition Post-MI

groups compared with DAPT (P<0.001; Figure 3A).
Vorapaxar had only transient and modest effects on
thrombin generation (P=0.028 at 7 days), which did
not persist at 30 days (Figure 3B). Adjunctive treat-
ment with vorapaxar did not result in any differences
in clot strength (Figure 3C). These overall findings did
not differ significantly irrespective of P2Y,, inhibitor
used (prasugrel or ticagrelor) (P for interaction >0.05
for all assays).

Effects of Vorapaxar on Global Platelet-
Mediated Thrombogenicity

Adjunctive treatment with vorapaxar significantly re-
duced CAT-induced platelet aggregation. Intragroup
comparisons showed that CAT-induced platelet
aggregation was significantly reduced by 7 days
(compared with baseline; P<0.001), and platelet ag-
gregation continued to decline at 30 days (compared
with 7 days; P=0.011) in the triple-therapy group.
In the dual-therapy group, CAT-induced aggrega-
tion was numerically lower than baseline at 7 days
(P=0.055) and significantly lower at 30 days (P=0.011)
(Figure 4). Intergroup comparisons showed that add-
ing vorapaxar was associated with a significant re-
duction in CAT-induced aggregation both at 7 and
30 days, which was enhanced in patients receiving

(n=238)

Patients screened

Screen failure (n=24)

Refusal to participate (n=83)

(n=131)

Patients consented

1 Active cancer (n=1)

Patients randomized
(n=130; 57 prasugrel, 73 ticagrelor)

DAPT plus
Vorapaxar
(n=44)

Vorapaxar
(n=43)

DAPT plus
Vorapaxar
(n=37)

P2Y,, inhibitor plus

P2Y,, inhibitor plus
Vorapaxar
(n=39)

DAPT only
(n=43)

Safety/PD
population

DAPT only
(n=39)

Patients with valid
primary endpoint

Figure 2. Trial profile.

DAPT indicates dual antiplatelet therapy; and PD, pharmacodynamic.
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Table. Baseline Characteristics

Vorapaxar and Potent P2Y12 Inhibition Post-MI

Vorapaxar+P2Y,, Inhibitor
Vorapaxar+DAPT (n=44) (n=43) DAPT (n=43) P Value

Age, y 57+9 56+9 56+10 0.953
Sex, male, n (%) 30 (68) 32 (74) 29 (67) 0.740
BMI, kg/m? 319 33+6 30+6 0.090
Race, n (%) 0.873

White 24 (54) 26 (60) 29 (67)

Black 17 (39) 14 (33) 13 (30)

Other 3(7) 3(7) 12
P2Y,, inhibitor, n (%) 0.425

Prasugrel 19 (43) 22 (51) 16 (37)

Ticagrelor 25 (57) 21 (49) 27 (63)
Hypertension, n (%) 28 (64) 35 (81) 30 (70) 0177
Diabetes mellitus, n (%) 11 (25) 12 (28) 10 (23) 0.882
Dyslipidemia, n (%) 27 (61) 34 (80) 31(72) 0187
Active smoking, n (%) 14 (32) 10 (23) 17 (39) 0.267
Prior PCI, n (%) 42 (96) 42 (98) 42 (98) 0.786
Prior CABG, n (%) 3(7) 3(7) 3(7) 0.778
PAD, n (%) 12 12 0(0) 0.605
LVEF (%) 4714 48+11 49412 0.578
Creatinine, mg/dL 0.9+0.2 1.0£0.3 0.9+0.3 0.788
CrCL, mL/min 108+39 118+38 114+49 0.569
Platelet count, x10%/uL 247+61 225154 226+54 0111
Hematocrit, % 40+4 40+5 4045 0.821
Hemoglobin, g/dL 13.4+1.5 18.1+1.7 13.4+1.7 0.656
Medications, n (%)

Insulin therapy 3(7) 6 (14) 5(12) 0.548

OAD 9 (21 9(21) 7(16) 0.834

B-Blockers 41 (93) 42 (98) 41 (95) 0.607

ACEI/ARB 30 (68) 32 (74) 34 (79) 0.510

Statins 43(98) 43 (100) 42 (98) 0.605

PPI 10 (23) 15 (35) 6 (14) 0.073

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft;
CrCl, creatinine clearance; DAPT, dual antiplatelet therapy; LVEF, left ventricular ejection fraction; OAD, oral antidiabetic drug; PAD, peripheral arterial disease;

PCI, percutaneous coronary intervention; and PPI, proton pump inhibitor.

aspirin (all between-group comparisons had a signifi-
cant P<0.05). Compared with DAPT, the triple-therapy
group had significantly lower CAT-induced aggrega-
tion at 7 days (triple therapy versus DAPT: mean differ-
ence=-18; 95% ClI, -26 to —11; P<0.001) and 30 days
(triple therapy versus DAPT: mean difference=-27;
95% ClI, -35 to ——19; P<0.001; primary end point)
(Figure 4). The dual-therapy group also had signifi-
cantly lower CAT-induced aggregation at 7 days (dual
therapy versus DAPT. mean difference=-9; 95% Cl,
—16 to —1; P=0.015) and 30 days (dual therapy ver-
sus DAPT: mean difference=—15; 95% ClI, —23 to -7,
P<0.001) (Figure 4). Aspirin withdrawal was associated
with significantly higher CAT-induced aggregation at
both 7 (P=0.015) and 30 days (P=0.003) compared

J Am Heart Assoc. 2020;9:e015865. DOI: 10.1161/JAHA.120.015865

with triple therapy. These overall findings did not differ
significantly irrespective of P2Y,, inhibitor used (pras-
ugrel or ticagrelor) (P for interaction >0.05).

Effects of Vorapaxar on Modulating P2Y,,
Inhibition Induced by Prasugrell/Ticagrelor in the
Presence and Absence of Aspirin

Adding vorapaxar to DAPT did not affect markers
assessing P2Y,, inhibition using all assays, includ-
ing LTA-ADP, VASP, and thromboelastography plate-
let mapping. These findings were consistent in the
triple- and dual-therapy groups (Figure 5 and Figure
S1). Aspirin withdrawal was associated with a marked
increase in makers sensitive to cyclooxygenase-1
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@ Vora + DAPT

p=0.028%

@ Vora + DAPT @ Vora + DAPT

0

A & Vora + P2Y,, inhibitor B
LTA TRAP # DAPT TEGR
100 10
p=0.053 Pp<0.001* P<0.001* o]
80, T 1 s o662
7
« 60 1 1 o
:
4
3
2
1

& Vora + P2Y,, inhibitor C & Vora + P2Yy, inhibitor
- DAPT TEG MA 4 DAPT
100
p=0.397
p=0210
801=0.903 p=0481
" —- —

*p<0.001 for Vora + DAPT vs DAPT and Vora + P2Y12 inhibitor vs DAPT

o
Baseline 7 days 30 days Baseline 7 days

#p<0.05 for Vora + DAPT vs DAPT and Vora + P2Y12 inhibitor vs DAPT

30 days Baseline 7 days 30 days

Figure 3. Thrombin-mediated effects.

A, TRAP-induced maximal platelet aggregation (MPA%) measured by LTA. B, Reaction time (R) measured by TEG using kaolin as
agonist. C, Clot strength (MA) measured by TEG using kaolin as agonist. P-values represent the comparisons among the 3 groups
at each time point. Data are presented as mean; error bars indicate standard deviation. Offset between symbols and error bars is to
improve readability. DAPT indicates dual antiplatelet therapy; LTA, light transmittance aggregometry; MA, maximal amplitude; TEG,

thromboelastography; and Vora, vorapaxar.

blockade, including arachidonic acid— and collagen-
induced aggregation as well as serum thromboxane B,
levels (P<0.001) (Figure 6 and Figure S2). These overall
findings did not differ significantly irrespective of P2Y,,
inhibitor used (prasugrel or ticagrelor) (P for interaction
>0.05 for all assays).

DISCUSSION

Vorapaxar is a selective platelet protease-activated re-
ceptor-1 inhibitor approved for the reduction of throm-
botic cardiovascular events in patients with a history

@ Vora + DAPT
4% Vora + P2Y,, inhibitor
LTA CAT % DAPT

1007 20,745

p<0.001* p<0.001*$

| I

MPA%

0+
Baseline 7 days 30 days

* All between groups comparisons p<0.05

S Vora + DAPT vs. DAPT: mean difference=-27; 95% CI: -35 to -19; p<0.001 (primary end point)

Figure 4. Platelet-mediated global thrombogenicity.
CAT-induced maximal platelet aggregation (MPA%) measured by
LTA. P values represent the comparisons among the 3 groups
at each time point. Data are presented as mean; error bars
indicate standard deviation. The agonist CAT is a combination
of collagen-related peptide, ADP and TRAP. Offset between
symbols and error bars is to improve readability. DAPT indicates
dual antiplatelet therapy; LTA, light transmittance aggregometry;
and Vora, vorapaxar.
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of MI.4#892 |n line with the TRA-2P trial design that led
to its approval, vorapaxar must be used in addition to
standard-of-care antiplatelet therapy, which may in-
clude aspirin and a P2Y,, inhibitor.®°™2 However, to
date, clinical trial experience with vorapaxar has been
almost exclusively with the P2Y,, receptor inhibitor
clopidogrel, and the effects of vorapaxar in combina-
tion with guideline-recommended agents in the post-MI
setting (ie, prasugrel or ticagrelor) is largely unexplored.
This may indeed represent a limitation for the uptake
of vorapaxar in current-day clinical practice, where
prasugrel and ticagrelor are preferentially used over
clopidogrel."0 In the present investigation, we demon-
strate the feasibility of adding vorapaxar to stabilized
patients following Ml who were on maintenance therapy
with aspirin and either prasugrel or ticagrelor. Although
the study was not designed for clinical outcomes, this
treatment regimen was overall well tolerated and did
not raise any major safety concerns, with the excep-
tion of an increase in minor bleeding events (BARC type
), which was observed when vorapaxar was added to
DAPT but not when aspirin was discontinued. From a
pharmacodynamic perspective, our study confirmed
the platelet-specific, and not systemic, nature of vora-
paxar on modulating thrombin-mediated effects. In
fact, while vorapaxar completely abolished TRAP-
induced platelet aggregation, it only had modest and
transient effects on thrombin generation. In line with
prior investigations, this explains why platelet-mediated
thrombogenicity was markedly reduced with vorapaxar,
while clot strength, which is the result of platelet-fibrin
binding, was not affected.' In fact, levels of circulating
thrombin, hence downstream fibrin, grossly unaffected
by vorapaxar, have a pivotal role on thrombus formation
and stabilization, which is why ultimately clot strength
is not affected even if platelet-mediated thrombogenic-
ity is reduced.*'* Moreover, despite the known interplay
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A @ Vora + DAPT
4 Vora + P2Y,; inhibitor
LTA ADP 20pM # DAPT
100+
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é p=0.967 gt
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Figure 5. Markers of P2Y,, signaling.

A, ADP-induced maximal platelet aggregation (MPA%) measured by LTA. B, Platelet reactivity index (PRI) measured by VASP. P values
represent the comparisons among the 3 groups at each time point. Data are presented as mean; error bars indicate standard deviation.
Offset between symbols and error bars is to improve readability. DAPT indicates dual antiplatelet therapy; LTA, light transmittance
aggregometry; VASP, whole blood vasodilator-stimulated phosphoprotein; and Vora, vorapaxar.

between protease-activated receptor-1 and P2Y,,-
mediated signaling, adjunctive treatment with vora-
paxar did not interfere with markers of P2Y,, receptor
blockade.” This finding is consistent with other studies
modulating systemic levels of thrombin by means of oral
anticoagulant therapies and may be attributed to the
fact that these patients are already on P2Y,,-inhibiting
therapy, thus precluding our ability to detect such inter-
play previously observed in nonmedicated platelets.?0-25

The potent antiplatelet effects achieved with
the novel P2Y,, receptor inhibitors has questioned

the role of their combined use with aspirin.'"26:27
Prasugrel and ticagrelor are effective in inhibiting both
P2Y,,-dependent and thromboxane A,-dependent
pathways of platelet activation.?®?” In particular,
platelet inhibition achieved by combining aspirin and
a potent P2Y,,-receptor blocker was shown to be
no greater than that produced by the P2Y,,-receptor
blocker alone in healthy volunteers.?®?” Other stud-
ies conducted in animals using a variety of throm-
bogenic stimuli suggest a limited effect of aspirin in
reducing thrombus formation on a background of

@ Vora + DAPT
A 4% Vora + P2Y,, inhibitor
LTAAA  DAPT
100+
80
p<0.001* <0.001%
< 60
z
40
Tp=0.183
2017
0 ;
Baseline 7 days 30 days
* p<0.001 for Vora + P2Y12 inhibitor vs Vora + DAPT and Vora + P2Y12 inhibitor vs DAPT

@ Vora + DAPT
B & Vora + P2Yy; inhibitor
TXB, = DAPT
550+ _ p<0.001*

500+ p<0.001*
450+
400+

E 300
2 250

Baséline T d’ays 30 éays

* p<0.001 for Vora + P2Y12 inhibitor vs Vora + DAPT and Vora + P2Y12 inhibitor vs DAPT

Figure 6. Markers sensitive to cyclooxygenase-1 blockade.

A, Arachidonic acid (AA)-induced maximal platelet aggregation (MPA%) measured by LTA. B, Serum thromboxane B,. P values
represent the comparisons among the 3 groups at each time point. Data are presented as mean; error bars indicate standard deviation.
Offset between symbols and error bars is to improve readability. DAPT indicates dual antiplatelet therapy; LTA, light transmittance

aggregometry; and Vora, vorapaxar.
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ongoing P2Y,, blockade.?® Most recently, these ex-
perimental observations were extended to a high-
risk human population undergoing coronary stenting
showing that, after completing a 3-month post—per-
cutaneous coronary intervention period of DAPT, ti-
cagrelor monotherapy (without aspirin) significantly
reduced clinically relevant bleeding compared with
ticagrelor plus aspirin, without any increase in isch-
emic events.?® Overall, these findings raise interest
on the potential role of vorapaxar as part of a dual-
therapy treatment regimen in combination with either
prasugrel or ticagrelor, but without aspirin, as a strat-
egy to further reduce thrombotic events while mini-
mizing the risk of bleeding. This is noteworthy given
that trials of adjunctive treatment with vorapaxar
have consistently shown an increase in bleeding
complications.®%% Notably, numerous studies have
demonstrated the adverse prognostic implications
associated with bleeding, including increased mor-
tality, and thus over the past years safety aspects
with antiplatelet therapy and need to define treatment
regimens with reduced bleeding while preserving ef-
ficacy have gained increased importance.3' However,
it is important to underscore that clinical trial develop-
ment of novel antiplatelet agents, including the more
potent P2Y,, inhibitors and vorapaxar, was on top of
standard-of-care therapies, in particular aspirin. The
enhanced antithrombotic effects of these more po-
tent antiplatelet agents have not only questioned the
relative added contribution of aspirin on efficacy out-
comes, but overall its clinical value in light of aspirin’s
well-established association with gastrointestinal tox-
icity, a key driver of gastrointestinal bleeding.!

In our study, we showed that platelet-mediated
thrombogenicity associated with dual therapy with
vorapaxar and either prasugrel or ticagrelor (without
aspirin), while not as suppressed as with triple ther-
apy, was significantly reduced compared with stan-
dard DAPT. This observation is in line with a prior
study of adjunctive treatment with vorapaxar con-
ducted in patients with and without diabetes mellitus
treated with clopidogrel in which platelet-mediated
global thrombogenicity increased following aspirin
withdrawal.”* However, the magnitude of such in-
crease in thrombogenicity was higher in patients with
diabetes mellitus compared with patients without di-
abetes mellitus. Moreover, in this setting of combined
use of vorapaxar and clopidogrel among patients with
diabetes mellitus, withdrawal of aspirin also led to an
increase in markers of P2Y,, signaling, a finding not
observed in our current study using prasugrel or tica-
grelor in which markers of P2Y,, signaling remained
unchanged in patients in whom aspirin was discon-
tinued." Nevertheless, withdrawal of aspirin did not
affect clot strength. Overall, our study findings are
rather consistent with another pharmacodynamic
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investigation conducted in high-risk patients under-
going percutaneous coronary intervention, which
showed that withdrawal of aspirin on a background of
ticagrelor therapy, while associated with an increase
in markers sensitive to cyclooxygenase-1 blockade,
did not affect markers of P2Y,, signaling or ex vivo
platelet-dependent thrombus formation under dy-
namic flow conditions of shear stress that mimic
moderate arterial stenosis (ie, Badimon perfusion
chamber).3? Collectively, these observations from
both in vitro and ex vivo investigations suggest that
the synergism that is known to occur between the
cyclooxygenase-1 and P2Y,, pathways may be less
relevant in the presence of more potent P2Y,, block-
ade.?8:27:32.33 Nonetheless, our findings showing that
markers specifically assessing cyclooxygenase-1
enzyme activity increase with aspirin withdrawal
further support that alternative antithrombotic treat-
ment regimens cannot replace the selective effects
of aspirin on platelet cyclooxygenase-1 blockade.
This should indeed caution on strategies of aspirin
withdrawal in the absence of effective alternative an-
tithrombotic treatment. It is important to note that our
investigation was not designed to test vorapaxar as
an alternative to aspirin, but rather to investigate the
pharmacodynamic effects associated with aspirin
withdrawal on background of vorapaxar and a potent
P2Y,, inhibitor. Indeed, the observations from VORA-
PRATIC do provide pharmacodynamic support of a
strategy of dropping aspirin in patients following Ml
treated with vorapaxar and potent P2Y,, inhibition
(ie, prasugrel or ticagrelor), as this leads to reduced
platelet-mediated global thrombogenicity compared
with DAPT. However, if these pharmacodynamic ob-
servations (Figure 4) with a dual-therapy strategy (ie,
vorapaxar+prasugrel or ticagrelor) can translate into
a reduction in thrombotic complications in patients
following MI without increasing bleeding compared
with a standard DAPT approach (aspirin+prasugrel
or ticagrelor) warrants dedicated investigations.

Study Limitations

Our study was not designed to assess clinical
outcomes. Therefore, the favorable safety pro-
file observed with the use of dual (ie, prasugrel or
ticagrelor+vorapaxar) compared with triple (ie,
aspirin+prasugrel or ticagrelor+vorapaxar) therapy
needs to be interpreted with caution. In addition, we
conducted our pharmacodynamic investigation after
carefully excluding patients at high risk for bleeding
complications, in line with the product label indica-
tions for vorapaxar.”” Moreover, we extended the
duration of treatment up to 30 days, which allowed
us to assess the tolerability of this treatment regi-
men, with which nonbleeding side effects were rare.
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Ultimately, our study was specifically conducted in
patients following Ml treated with potent P2Y, inhibi-
tors and how our pharmacodynamic findings would
directly compare with clopidogrel-treated subjects
cannot be deduced from our investigation.

CONCLUSIONS

Adjunctive treatment with vorapaxar reduces platelet-
mediated thrombogenicity without affecting clot ki-
netics in prior patients with Ml on maintenance DAPT
with aspirin and a potent P2Y,, inhibitor (ie, prasug-
rel or ticagrelor). In this setting of combined treatment
with vorapaxar and potent P2Y,, inhibitor blockade,
although withdrawal of aspirin led to an increase in
markers specific to cyclooxygenase-1 enzyme activ-
ity, platelet-mediated global thrombogenicity was sig-
nificantly reduced compared with DAPT. The clinical
implications of these pharmacodynamic observations
warrant future investigation.
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