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Abstract Background Vorapaxar has been shown to reduce cardiovascular mortality in post-
myocardial infarction (MI) patients. Pharmacodynamic biomarker research related to
protease-activated receptor-1 (PAR-1) inhibition with vorapaxar in humans has short
follow-up (FU) duration and is mainly focused on platelets rather than endothelial cells.
Aim This article assesses systemic changes in endothelial-related biomarkers during
vorapaxar treatment compared with placebo at 30 days’ FU and beyond, in patients
with coronary heart disease.
Methods Local substudy patients in Norway were included consecutively from two
randomized controlled trials; post-MI subjects from TRA2P-TIMI 50 and non-ST-segment
elevationMI (NSTEMI) patients fromTRACER. Aliquots of citratedbloodwere stored at–80°
C. Angiopoietin-2, angiopoietin-like 4, vascular endothelial growth factor, intercellular
adhesion molecule-1, vascular cell adhesion molecule-1, E-selectin, von Willebrand factor,
thrombomodulin, and plasminogen activator inhibitor-1 and -2 weremeasured at 1-month
FU and at study completion (median 2.3 years for pooled patients).
Results A total of 265 consecutive patients (age median 62.0, males 83%) were
included. Biomarkers were available at both FUs in 221 subjects. In the total population,
angiopoietin-2 increased in patients on vorapaxar as compared with placebo at 1-
month FU (p¼0.034). Angiopoietin-like 4 increased (p¼ 0.028) and plasminogen
activator inhibitor-2 decreased (p¼ 0.025) in favor of vorapaxar at final FU. In post-

received
July 4, 2022
accepted after revision
October 20, 2022

DOI https://doi.org/
10.1055/s-0042-1760256.
ISSN 0340-6245.

© 2022. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14, 70469 Stuttgart,
Germany

THIEME

Endothelium and Angiogenesis

Article published online: 2022-12-31

https://orcid.org/0000-0001-6142-6863
mailto:dnilsen1@getmail.no
https://doi.org/10.1055/s-0042-1760256
https://doi.org/10.1055/s-0042-1760256


Introduction

Protease-activated receptor-1 (PAR-1) is expressed in a large
number of different cell types and is abundantly expressed
by both platelets and endothelial cells.1,2 The G protein-
coupled PAR-1 is irreversibly activated by thrombin1 and by
activated factor X (FXa).3,4 Activation of PAR-1 stimulates
complex intracellular signaling networks. Receptor crosstalk
mechanisms differ and contribute to a diversity of signal
transduction and receptor-trafficking processes, resulting in
multiple physiological effects.5 However, whereas low con-
centrations of thrombin and FXa may provide endothelial
protective actions by PAR-1-mediated routes under physio-
logical conditions,4,6 high and persistently elevated levels
could promote thrombus formation and enhanced endothe-
lial cell activation.

Clinical trials on vorapaxar, a potent inhibitor of PAR-1,7

such as TRA2P-TIMI 508 and TRACER,9 have investigated
vorapaxar’s efficacy to reduce future cardiovascular events
in stable post-myocardial infarction (MI) patients and in
patients suffering an acute coronary syndrome (ACS), respec-
tively. Biomarker research related to PAR-1 inhibition with
vorapaxar in humans has essentially focused on platelets and
to some degree on endothelial cells.10 However, follow-up
(FU) time has been short.

To further elucidate the effects of vorapaxar, we prede-
fined a subproject at three study sites in Norway, examining
both short and late effects of vorapaxar on a wide range of
markers of endothelial cell activation, also reflecting inflam-
mation and platelet activation, in subjects from the TRA2P-
TIMI 50 study, inwhich the included patients had undergone
a MI 2 weeks to 12 months earlier, and from the TRACER

MI subjects, a short-term increase in E-selectin favoring vorapaxar was observed,
p¼0.029. Also, a short-term increase in von Willebrand factor (p¼ 0.032) favoring
vorapaxar was noted in NSTEMI patients.
Conclusion Significant endothelial biomarker changes during PAR-1 inhibition were
observed in post-MI and NSTEMI patients.
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study (one study site) consisting of non-ST-segment eleva-
tion MI (NSTEMI) patients.

The selected biomarkers in this study included mediators
withamajor role in leukocyteandendothelial interactions (i.e.,
E-selectin [ESEL], intercellular adhesionmolecule-1 [ICAM-1],
and vascular cell adhesion molecule-1 [VCAM-1]), angioge-
netic factors with effects on inflammation (angiopoietin-2
[ANGPT2], angiopoietin-like 4 [ANGPTL4], and vascular endo-
thelial growth factor [VEGF]), mediators with antifibrinolytic
(plasminogen activator inhibitor-1 [PAI-1] and [PAI-2]) and
antithrombin (thrombomodulin [TM]) effects, and a mediator
promoting endothelial-platelet interaction (von Willebrand
factor [VWF]). For more details, see ►Table 1.

Methods

Study Population
Patients were recruited consecutively from two large inter-
national, multicenter, randomized, double-blind, clinical
trials. In the “Trial to Assess the Effects of Vorapaxar in
Preventing Heart Attack and Stroke in Patients with Athero-
sclerosis” (TRA2P-TIMI 50), ClinicalTrials.gov Identifier:
NCT00526474,8 three sites in Norway, with the main site
located in Stavanger, participated in a biomarker substudy, in

which patientswho had suffered anMI 2weeks to 12months
earlier, were included. At the Stavanger site, patients were
also recruited from the “Thrombin Receptor Antagonist for
Clinical Event Reduction in ACS (TRACER)” trial, Clinical-
Trials.gov Identifier: NCT00527943,9 in which NSTEMI
patients were included, applying a similar study protocol
as for the TRA2P-TIMI 50 substudy. Recruitment of patients
in the main trials was ongoing when the subproject was
launched. Patients in both TRA2P-TIMI 50 and TRACER were
treated with a daily maintenance dose of 2.5mg vorapaxar,
with a loading dose of 40mg inTRACER, ormatching placebo.
Background medication was recorded for all patients. Medi-
an FU length in the main studies was 30 months for TRA2P-
TIMI 50 and 502 days for TRACER, respectively, and locally
the median FU time was 29.9 months for the former and
540 days for the latter, as provided by the main trial
organizers.

Laboratory Measurements
Treatment effects on 10 biomarkers related to endothelial
function were studied in citrated plasma processed from
venous blood harvested at baseline, 1-month FU, and pro-
longed FU. Samples were stored at �80°C in aliquots con-
taining 0.25mL citrated plasma. Plasma levels of ANGPT2,

Table 1 Endothelial biomarkers

Description and functional aspects

Angiopoietin-2
(ANGPT2)

Involved in angiogenesis, inflammation and progression of atherosclerosis.4,21,22 Potential
prognostic biomarker in cardiovascular disease (CVD).11,23,24 Released fromWeibel-Palade bodies
of endothelial cells (ECs).21 Upregulated by inflammatory stimuli, counteracting the vascular
protective effects of angiopoietin-1 (ANGPT1)11,21,22

Angiopoietin-like 4
(ANGPTL4)

Involved in angiogenesis, inflammation and progression of atherosclerosis.4,21 Potential
prognostic biomarker in CVD.23,25 Highly expressed on ECs in response to ischemia25,26 and is
involved in angiogenesis15,16,27 and metabolism regulation.16,25,28 Full-length ANGPTL4 is
cleaved into an N-terminal and a C-terminal fragment, which display different biological
functions.25 Full-length28 and soluble N-terminal fragment are mainly involved in lipid
metabolism. C-terminal fragment is mainly produced by endothelial cells and is involved in
regulation of vascular integrity and angiogenesis28

Vascular endothelial
growth factor (VEGF)

Potent angiogenic factor, promoted by ANGPT229

E-selectin (ESEL) One of the three members of the selectin family, expressed on ECs in response to inflammation.
Plays a role in cell adhesion to the vascular endothelium, and regulates leukocyte recruitment
during inflammation30,31

Intercellular adhesion
molecule 1 (ICAM-1) and
vascular cell adhesion
protein-1 (VCAM-1)

Plays a role in cell adhesion to the vascular endothelium together with ESEL. A firm union and
transmigration of leucocytes depend on the binding to ICAM-1 and VCAM-1.30,31 Adhesion
molecules separated from the cell surface may reflect their expression on the endothelial
surface31

Thrombomodulin (TM) High-affinity thrombin receptor expressed on the ECs surface.32–34 Serves as a cofactor of thrombin-
catalyzed activation of protein C, counteracting the procoagulant effects of thrombin32,33

von Willebrand factor
(VWF)

Synthesized within ECs and is either directly released or stored in the Weibel-Palade bodies.19,35

Upon release, VWF rapidly unfolds into ultralong strings, docking on the endothelium and acting as
a bridging molecule, promoting platelet adherence and aggregation35

Plasminogen activator
inhibitor-1 (PAI-1)

Main inhibitor of tissue-type plasminogen activator (t-PA) and urokinase-type plasminogen
activator (u-PA). Elevated PAI-1 is a risk factor for thrombosis and atherosclerosis36

Plasminogen activator
inhibitor-2 (PAI-2)

Weak inhibitor of fibrinolysis.20 Present in high quantities in the placenta and only in low
concentrations in quiescent ECs.12,20 Rapidly stimulated by a variety of inflammatory mediators.
Only small quantities are exported from ECs due to lack of N-terminal signal peptide. Its
physiological importance is still being investigated37,38
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ANGPTL4, ICAM-1, VCAM-1, ESEL, TM, PAI-1, PAI-2 (R&D
Systems, Minneapolis, Minnesota, United States) and VEGF-
A (PeproTech, Cranbury, New Jersey, United States) were
measured in duplicate by enzyme immunoassays (EIAs),
applying commercially available antibodies in a 384 format,
and using a combination of a SELMA (Jena, Germany)
pipetting robot and a BioTek (Winooski, Vermont, United
States) dispenser/washer. Absorption was read at 450 nm
with wavelength correction set to 540 nm using an enzyme-
linked immunosorbent assay plate reader (Bio-Rad, Hercu-
les, California, United States). Plasma VWF levels were
measured by EIAs, as described above with antibodies
obtained from Dako (Glostrup, Denmark), using a polyclonal
antibody for coat (A0082) and a horseradish peroxidase-
conjugated polyclonal antibody for detection (P02256).
Parallel-diluted pooled human plasma from 10 random
samples was used as standard. Intra- and interassay coef-
ficients of variation were<10% for all EIAs. Units were -
ng/mL, except for VEGF (pg/mL) and VWF (AU).

Statistics

Absolute values were reported as median (Q1–Q3). Differ-
ences in baseline characteristics were assessed by the Krus-
kal–Wallis test for continuous data and the chi-squared test
for categorical data. The Mann–Whitney U test was used to
test for the equality of themedian of two samples, comparing
treatment differences and intragroup changes for (1) both
patient groups collectively (pooled), (2) post-MI patients
(chronic coronary heart disease [CHD]) at the three sites,
(3) NSTEMI patients recruited at the site in Stavanger, and (4)
males and females separately. Statistical significance was set
at p<0.05, whereas statistical trends were defined as p-
values between 0.05 and 0.1, also used in view of the
hypothesis-generating nature of this study. As this was an
exploratory study, no adjustment was made for multiplicity
and no power calculations were undertaken.

Results

In all, 328 patients (agemedian 61.0 years [Q1–Q3: 55.0–68.0
years], males 82%) were included. Pending and directly
following approvals by the Ethics Committee of Northern
Norway, 265 (age median 62.0 [Q1–Q3: 55.0–68.0 years],
males 83%) consecutive subjects with at least one change
from baseline value were included in the pooled biomarker
study. At the three TRA2P-TIMI 50 sites, there were 186
patients; of these, 158 patients were included at the largest
center located in Stavanger. FromTRACER, 79 patientswere all
included at the site in Stavanger. Biomarkers were available in
221 patients at both 30 days’ and median 2.3 years’ FU. There
were no statistical differences in important baseline variables
between the vorapaxar and placebo groups, counting all
patients (►Supplementary Table S1, available in the online
version), or those with available biomarkers (►Table 2).

Absolute biomarker values for the pooled study and by
clinical subgroups at baseline and at early and final (late) FU,
respectively, are shown in ►Tables 3–5.

Biomarker Changes between Treatment
Arms

Within-group changes from baseline to 1-month- and late
FU, respectively, and treatment-induced differences in the
pooled study and by clinical subgroups are shown
in ►Table 6.►Supplementary Figs. S1–S5 (A and B, available
in the online version) illustrate the changes for each bio-
marker in the pooled study. Intergroup p-values for each
biomarker are summarized in►Supplementary Tables S2–S4
(available in the online version), for the pooled study and by
clinical subgroups and sex, respectively.

A significant overall increase in ANGPT2 and ANGPLT4 in
favor of vorapaxar as compared with placebo patients was
observed for pooled patients. However, whereas the increase
for ANGPT2 (p¼0.034) was noted at 1-month FU, mainly
contributed by males (p¼0.018), the increase in ANGPTL4
was observed at late FU (p¼0.028), andwas also statistically
present in males (p¼0.045), as shown in ►Table 6 and
►Supplementary Table S3 (available in the online version),
respectively.

Between-group trends in ANGPT2 were noted for both
post-MI (p¼0.062) and NSTEMI patients (p¼0.081) at 1-
month FU, whereas clinical group-related treatment differ-
ences were not quite that obvious during late FU, with p-
values between 0.1 and 0.2 (►Table 6). The only statistically
significant between-treatment difference was noted for
ANGPTL4 at late FU in NSTEMI patients (p¼0.045).

No significant intergroup difference in biomarker changes
were noted for VEGF during treatment with vorapaxar as
compared with placebo, ignoring an increase during short-
term intervention in females belonging to the TRACER group,
due to a small sample size.

ICAM-1 and VCAM-1 in the total study population and in
the clinical subgroups of TRA2P-TIMI 50 and TRACER, re-
spectively, were unaffected by treatment, whereas VCAM-1
increased significantly (p¼0.038) by PAR-1 inhibition in the
TRA2P female population during short-term treatment with
vorapaxar as compared with placebo, as shown in
►Supplementary Table S4 (available in the online version).

ESEL increased (p¼0.029) in the post-MI (chronic CHD)
group of patients, but not in the total study population,
during short-term (1 month) treatment with vorapaxar
(►Table 6). These changes were limited to males
(p¼0.018), as shown in►Supplementary Table S3 (available
in the online version), and were not present at late FU.

TM was unaffected by vorapaxar treatment as compared
with placebo, regardless of patient group and sex, whereas a
trend toward an increase in VWF in the pooled population
was noted in favor of vorapaxar at 1-month FU (p¼0.075),
mainly related to changes in NSTEMI patients (p¼0.032) and
in males of that group (p¼0.030), as shown in ►Table 6 and
►Supplementary Table S3 (available in the online version),
respectively.

No intergroup difference in PAI-1 changewas noted in the
pooled population or in the subgroups during intervention
with vorapaxar as compared with placebo. PAI-2 decreased
significantly in favor of vorapaxar as compared with placebo
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in the total study population (p¼0.025) at late FU, essentially
driven by changes in the post-MI (chronic CHD) patients
(p¼0.054), whereas vorapaxar induced a borderline signifi-
cant increase (p¼0.05) in NSTEMI (TRACER) patients during
short-term therapy (►Table 6). Males were the main con-
tributors to these changes (p¼0.045), as shown in
►Supplementary Table S3 (available in the online version).

All statistically significant biomarker changes in patients
on vorapaxar as compared with those on placebo in
the pooled study and by subgroups are summarized
in ►Fig. 1.

Discussion

Short- and late effects of PAR-1 inhibition with vorapaxar on
10 biomarkers related to endothelial function were assessed
in a combined analysis of two similar substudies based on
TRA2P-TIMI 508 recruiting post-MI subjects and TRACER9

recruiting NSTEMI patients, respectively. Comparing
changes in biomarkers between treatment groups, we found
that PAR-1 inhibition (1) increased ANGPT2 and ANGPTL4
during short- and late (final) FU, respectively, and (2)
decreased PAI-2 at final FU, mainly driven by changes in
post-MI patients, although a borderline significant transient
increase in PAI-2 during short-term treatment was noted in
NSTEMI patients. Whether the main findings reflect poten-

tial harmful effects of this treatment modality remains to
be determined.

The vorapaxar-induced increase in ANGPT2 and ANGPTL4
in the pooled populationwould suggest that their expression
is upregulated by PAR-1 inhibition. The increase in ANGPT2
was more pronounced in NSTEMI (TRACER) patients than in
post-MI (TRA2P-TIMI 50) patients (in the present context
classified as chronic CHD), possibly due to a more prominent
expression of ANGPT2 in acute- as compared with chronic
CHD, as previously reported.11 ANGPT2 possesses inflamma-
tory properties and acts as a chemoattractant.12 An increase
in this mediator may inflict damage during healing through
an endothelial destabilizing effect, alleviated in the presence
of angiopoietin-1 and VEGF.13,14 With regard to ANGPTL4,
levels in placebo-treated NSTEMI patients dropped signifi-
cantly from baseline, possibly indicating that ANGPTL4
expression is increased during the acute event. Furthermore,
the overall vorapaxar-induced increase in ANGPTL4 at late
FU would indicate that increased expression persists during
PAR-1 inhibition. This could in the long run, at least theoreti-
cally, exert a negative impact on angiogenesis, lipid metabo-
lism, and atherosclerotic development.15,16 Conversely,
experimental studies suggest that overexpression of
ANGPTL4 in endothelial cells may be protective and reduce
lesion area and macrophage content in the endothelium
wall.17,18 Furthermore, in subjects withmetabolic syndrome

Table 2 Baseline profile of pooled post-MI and NSTEMI patients with measured biomarkers (n¼ 265) at Norwegian sites
participating in the biomarker subproject, applying chi-squared [1] and Kruskal–Wallis [2] tests

Baseline variables Total Placebo Vorapaxar p-Value

(N¼265) (N¼ 123) (N¼142)

Age (y) median (Q1–Q3) 62.0 (55.0–68.0) 63.0 (55.0–69.0) 61.0 (55.0–68.0) 0.668 [2]

Males, n (%) 220 (83.02) 104 (84.55) 116 (81.69) 0.536 [1]

Baseline BMI<median 144 (54.34) 63 (51.22) 81 (57.04) 0.343 [1]

Hist. of MI/AP, n (%) 228 (86.04) 103 (83.74) 125 (88.03) 0.315 [1]

Index diagnosis

STEMI, n (%) 91 (34.34) 40 (32.52) 51 (35.92) 0.254 [1]

NSTEMI, n (%) 168 (63.40) 82 (66.67) 86 (60.56)

AMI other, n (%) 6 (2.26) 1 (0.81) 5 (3.52)

Hist. of PCI, n (%) 179 (67.55) 79 (64.23) 100 (70.42) 0.283 [1]

Hist. of HF, n (%) 15 (5.66) 8 (6.50) 7 (4.93) 0.580 [1]

Hist. of HT, n (%) 111 (41.89) 50 (40.65) 61 (42.96) 0.704 [1]

Hist. of DM, n (%) 31 (11.70) 15 (12.20) 16 (11.27) 0.815 [1]

Hist. of smoking, n (%) 197 (74.34) 90 (73.17) 107 (75.35) 0.685 [1]

Current smoker, n (%) 55 (20.75) 21 (17.07) 34 (23.94) 0.169 [1]

CrCl (mL/min) median (Q1–Q3) 107.0 (82.9–136.7) 107.1 (83.1–136.6) 106.6 (82.9–136.9) 0.759 [2]

Aspirin, n (%) 261 (98.49) 120 (97.56) 141 (99.30) 0.248 [1]

Thienopyridines, n (%) 188 (70.94) 87 (70.73) 101 (71.13) 0.944 [1]

Statins, n (%) 251 (94.72) 117 (95.12) 134 (94.37) 0.784 [1]

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index; CrCl, creatinine clearance; DM, diabetes mellitus; HF, heart failure; Hist.,
history; HT, hypertension; MI/AP, myocardial infarction or angina pectoris; NSTEMI, non-ST-segment elevation myocardial infarction; PCI,
percutaneous coronary intervention; Q, quartile; STEMI, ST-segment elevation myocardial infarction.
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Table 6 Between-group differences in biomarker levels assessed by the Mann–Whitney test in pooled and by study post-MI
(chronic CHD) and NSTEMI patients, respectively, at 1-month (1-M) and extended (EXT) follow-upa in vorapaxar- versus placebo-
treated patients

Time and
marker

Treatment
arm

N Pooled
post-MI
and NSTEMI
median
change

p-Value
between
treatments

N Post-MI
median
change

p-Value
between
treatments

N NSTEMI
median
change

p-Value
between
treatments

1-M: ANGPT2 PL 122 –0.044 0.034 84 –0.210c 0.062 38 0,390c 0.081

V 140 0.150c 100 0.060 40 0,720

EXT: ANGPT2 PL 108 –0.015 0.559 74 –0.045 0.148 34 0.210 0.185

V 116 –0.090 87 –0.180 29 0.510

1-M: ANGPTL4 PL 122 –0.560 0.304 84 –0.200 0.699 38 –1.607 0.162

V 140 –0.400 100 –0.160 40 –1.292

EXT: ANGPTL4 PL 108 –0.120 0.028 74 0.440 0.196 34 –1.467c 0.045

V 116 0.560d 87 0.720 29 0.000

1-M: VEGF PL 122 2.384 0.794 84 0.424 0.611 38 4.046 0.704

V 140 0.000 100 –0.848 40 4.690

EXT: VEGF PL 108 –2.804 0.266 74 –0.002 0.156 34 –5.233 0.591

V 116 –3.071 87 –2.863 29 –7.051

1-M: ICAM-1 PL 122 –0724 0.554 84 –6.298 0.487 38 6.927 0.908

V 140 –1.782 100 –6.081 40 11.010

EXT: ICAM-1 PL 108 1.803 0.675 74 –7.700 0.700 34 5.789 0.689

V 116 –0.200 87 –7.200 29 14.784

1-M: VCAM-1 PL 122 –10.000 0.120 84 –28.500 0.201 38 67.494 0.165

V 140 21.000 100 –16.750 40 136.163

EXT: VCAM-1 PL 108 26.836 0.727 74 –5.824 0.658 34 96.546 0.549

V 116 27.000 87 2.000 29 107.991

1-M: ESEL PL 122 0.035 0.135 84 –0.700b 0.029 38 1.358 0.849

V 140 0.505 100 0.500 40 0.509

EXT: ESEL PL 108 0.640 0.816 74 –0.100 0.959 34 2,250 0.684

V 116 0.050 87 –0.600 29 2,632

1-M: TM PL 122 0.038 0.478 84 –0.090 0.481 38 0.309 0.830

V 140 0.118 100 0.020 40 0.476

EXT: TM PL 108 0.065 0.959 74 –0.057 0.606 34 0.571 0.772

V 116 0.105 87 –0.050 29 0.549

1-M: VWF PL 122 –6.419d 0.075 84 –4.034 0.522 38 –8.750c 0.032

V 140 –0.500 100 –0.576 40 2.000

EXT: VWF PL 108 –1.864 0.867 74 0.661 0.477 34 –10.000 0.146

V 116 –3.457 87 –4.034 29 1.500

1-M: PAI-1 PL 122 0.164 0.634 84 0.240 0.796 38 –0.103 0.202

V 140 0.214 100 0.202 40 0.711

EXT: PAI-1 PL 108 –0.697 0.884 74 –0.767 0.815 34 –0.603 0.577

V 116 –0.599 87 –0.810 29 –0.218

1-M: PAI-2 PL 122 –0.699 0.142 84 –0.161 0.601 38 –2.383 0.050

V 140 1.347 100 1.407 40 1.186

(Continued)
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and low-grade inflammation, ANGPTL4 was found to be
independently and negatively associated with carotid ath-
erosclerosis measured by 3-Tmagnetic resonance imaging.18

However, on thewhole, an increase in ANGPT2 and ANGPTL4
could potentially reflect hitherto unrecognized harmful
effects of PAR-1 inhibition.

We found a reduction in PAI-2 levels by vorapaxar as
compared with placebo at late FU in the pooled cohort.
Within-treatment variations of PAI-2 were rather inconspic-
uous, which may be due to endothelial cells containing and
exporting only small amounts of PAI-2.12 Although the
synthesis of PAI-2 can be rapidly stimulated by inflammatory

Table 6 (Continued)

Time and
marker

Treatment
arm

N Pooled
post-MI
and NSTEMI
median
change

p-Value
between
treatments

N Post-MI
median
change

p-Value
between
treatments

N NSTEMI
median
change

p-Value
between
treatments

EXT: PAI-2 PL 108 2.069 0.025 74 0.595 0.054 34 5.009 0.328

V 116 –0.613 87 –1.559 29 0.832

Abbreviations: ANGPT2, angiopoietin 2; ANGPTL4, angiopoietin-like 4; CHD, chronic heart disease; ESEL, E-selectin; ICAM, intercellular adhesion
molecule; MI, myocardial infarction; NSTEMI, non-ST-segment elevation MI; PAI, plasminogen activator inhibitor; PL, placebo; TM,
thrombomodulin; V, vorapaxar; VCAM, vascular cell adhesion molecule; VEGF, vascular endothelial growth factor; VWF, von Willebrand factor.
Note: Significance levels for within-group changes were indicated in the presence of statistically significant between-group differences.
aExtended follow-up time (median): post-MI (chronic CHD) patients 2.5 years, NSTEMI patients 1.5 years, pooled MI and NSTEMI patients 2.3 years.
Statistical significance was set at p< 0.05, whereas statistical trends were defined as p-values between 0.05 and 0.1 due to the hypothesis-
generating design of this study.

bp¼ 0.05–0.1.
cp< 0.05.
dp< 0.01.

Fig. 1 Statistically significant biomarker changes on vorapaxar as compared with placebo in pooled patients and by post-myocardial infarction
(MI) (chronic coronary heart disease [CHD]) and ST-segment elevation MI (NSTEMI) subgroups.
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signaling,19 it is a weak inhibitor of fibrinolysis as compared
with PAI-1.20 Thus, the clinical significance of the overall
modest effects of PAI-2 inhibition requires further
investigation.

As compared with placebo, vorapaxar induced a signifi-
cant increase in E-selectin, a specific marker for endothelial
cell activation, in stable post-MI (TRA2P) subjects at 1-month
FU. These subjects will have recovered after their MI andwill
be in a steady-state condition. A potential activating effect on
the endotheliumwas also seen in NSTEMI patients (TRACER),
inwhomVWF levels, a biomarker with endothelial cells as its
main contributor, were maintained by PAR-1 inhibition, in
contrast to a significant drop in the placebo-treated patients
at both 1-month and late FU. Although these findings may
suggest endothelial activating effects of PAR-1 inhibition by
vorapaxar, their clinical significance is at present unclear.

Study Limitations and Strengths
Recruitment was consecutive from two randomized, double-
blind, clinical trials. Despite a slightly uneven number of
patients in the active treatment- as compared with the
placebo group, baseline characteristics were well balanced.
Furthermore, storage of plasma was optimal at –80°C and
biomarker analysis was run blindly and simultaneously for
all samples.

As there are several biomarkers, each would need a
different number of patients for power calculations, and,
therefore, this was not performed. The testing procedurewas
run as a modification of the original assay kits, which may
affect the absolute biomarker values obtained, whereas
changes will not be affected by the modified approach.
Furthermore, all subjects were recruited from a Norwegian
population, and, therefore, our resultsmay not necessarily be
generalizable.

In conclusion, several endothelial-related biomarkers
were significantly affected by PAR-1 inhibition as compared
with placebo during short and late FU in patients recruited
from two large-scale randomized trials assessing clinical
outcome in post-MI and NSTEMI subjects, respectively. Our
datamay suggest someharmful effects of PAR-1 inhibition on
markers of endothelial cell activation. If this could have
contributed to the lack of effects on mortality in both the
TRACER and TRA2P-TIMI 50 study is at present unclear, but
should be taken into account in future studies with PAR-1
inhibitors.

What is known about this topic?

• Antiplatelet effects of vorapaxar have been thoroughly
investigated.

• A short-term pharmacodynamic study with vorapaxar
as compared with placebo has been performed in
NSTEMI patients.

• Large RCTs with vorapaxar versus placebo have dem-
onstrated reduced combined cardiovascular events in
patients on vorapaxar, with no effect on total
mortality.

What does this paper add?

• In this study we have focused on endothelial-related
biomarkers.

• Patients with both acute and chronic coronary heart
disease were included.

• Variations in biomarker levels during short- and long-
term PAR-1 inhibition with vorapaxar versus placebo
were studied.

• We provide novel information on long-term effects of
PAR-1 inhibition in the total population, as well as in
the two subpopulations.

• Our results suggest that negative effects on some
prognostic biomarkers may arise from PAR-1
inhibition.
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