Arrhythmias and sudden death

OPEN ACCESS

For numbered affiliations see
end of article.

Correspondence to

Dr Christina Christersson,
Department of Medical Sciences,
Cardiology, Uppsala University,
Uppsala SE-751 85, Sweden;
christina.christersson@medsci.
uu.se

Received 27 March 2018
Revised 13 July 2018
Accepted 2 August 2018
Published Online First

12 September 2018

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: Christersson C,
Wallentin L,

Andersson U, et al. Heart
2019;105:235-242.

ORIGINAL RESEARCH ARTICLE

Effect of apixaban compared with warfarin on
coagulation markers in atrial fibrillation

Christina Christersson," Lars Wallentin, " Ulrika Andersson,® John H Alexander?
Marco Alings,* Raffaele De Caterina,” Bernard J Gersh,® Christopher B Granger,?
Sigrun Halvorsen,” Michael Hanna,® Kurt Huber,” Elaine M Hylek,'® Renato D Lopes,’

Byung-Hee Oh,'" Agneta Siegbahn?'

ABSTRACT

Objectives Compare the effect of apixaban and
warfarin on coagulation and primary haemostasis
biomarkers in atrial fibrillation (AF).

Methods The biomarker substudy from the Apixaban
for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation trial included 4850 patients
with AF randomised to treatment with apixaban or
warfarin. Sixty per cent of patients used vitamin K
antagonist (VKA) within 7 days before randomisation.
Prothrombin fragment 142 (F1+2), D-dimer, soluble
(D40 ligand (sCD40L) and von Willebrand factor (vVWF)
antigen were analysed at randomisation and after

2 months of study treatment.

Results In patients not on VKA treatment at
randomisation, F1+2 and D-dimer levels were decreased
by 25% and 23%, respectively, with apixaban, and by
59% and 38%, respectively, with warfarin (p<0.0001
for treatment differences for both). In patients on VKA
at randomisation, F1+2 and D-dimer levels increased
by 41% and 10%, respectively, with apixaban and
decreased by 37% and 11%, respectively, with warfarin
(p<0.0001 for treatment differences for both). sCD40L
levels were slightly increased at 2 months, regardless of
VKA or randomised treatment. Apixaban and warfarin
also both reduced vWF antigen regardless of VKA
treatment. The efficacy (stroke) and safety (bleeding)

of apixaban compared with warfarin was similar
irrespectively of biomarker levels at 2 months.
Conclusions Treatment with apixaban compared with
warfarin for stroke prevention in patients with AF was
associated with less reduction in thrombin generation
and fibrin turnover. This effect of apixaban could
contribute to the clinical results where apixaban was
superior to warfarin both in stroke prevention and in
reducing bleeding risk.

Trial registration number NCT00412984.

INTRODUCTION

Atrial fibrillation (AF) is associated with increased
risk of thromboembolic events. The reduced flow
in the left atrial appendage and in the atrium, in
combination with platelet activation and endothe-
lium dysfunction, increase coagulation activity and
contribute to the risk of stroke.! > The concentra-
tions of prothrombin fragment 1+2 (F1+2), and
D-dimer, markers for thrombin generation and
fibrin turnover, are increased in AF and reduced

by warfarin treatment.’ Higher D-dimer levels are
also associated with increased risk of future cardio-
vascular events.* > CD40 ligand is stored in the
alpha-granules and expressed at the time of platelet
activation. Soluble CD40 ligand (sCD40L), a part
of the CD40L receptor, which is released and shed
from activated platelets, exhibits elevated concen-
trations in AF.® Endothelial injury also contributes
to the activation of primary haemostasis in AF,
which might be reflected by increased levels of von
Willebrand factor (vWF).” Both sCD40L and vWF
have been described to be associated with future
cardiovascular events in patients with AF without
anticoagulant treatment.”’

In the Apixaban for Reduction in Stroke and
Other Thromboembolic Events in Atrial Fibrilla-
tion (ARISTOTLE) trial, the direct factor Xa (FXa)
inhibitor, apixaban, was superior to warfarin in
prevention of stroke/systemic embolism (SE) and
simultaneously reduced the risk of bleeding in
patients with AF.'® In acute deep venous throm-
bosis and acute coronary syndromes, where there is
a high level of coagulation activity due to ongoing
thrombus formation, apixaban has been shown to
reduce indicators of coagulation activity.!' '* In
experimental models, apixaban also reduced tissue
factor-induced platelet aggregation in a dose-de-
pendent manner.” There is, however, limited
knowledge of the effects of apixaban on coagula-
tion and platelet biomarkers in AF when the treat-
ment is given as prevention rather than treatment
of a thrombotic event. The aims of this study were
to evaluate the effect of apixaban compared with
warfarin on biomarkers reflecting coagulation
activity, platelet activation and endothelial injury,
and to evaluate the efficacy and safety of apixaban
compared with warfarin in relation to the levels of
these biomarkers during treatment.

METHODS

The ARISTOTLE trial

The details of the ARISTOTLE trial have been
published previously.'® Briefly, ARISTOTLE was a
double-blind, double-dummy, randomised clinical
trial that enrolled patients with AF and at least one
CHADS, risk factor for stroke/SE. Patients were
randomly assigned (1:1) to receive either warfarin
(target international normalised ratio (INR) 2.0-3.0)
or apixaban (Smg twice daily). The trial included
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18201 patients and the median follow-up time was 1.8 years. The
primary efficacy end point was stroke/SE and the primary safety
outcome was major bleeding according to the International Society
of Thrombosis and Haemostasis classification.'*

Biochemical analyses

All patients participating in the ARISTOTLE trial were invited to
take part in blood sampling for the biomarkers substudy at base-
line. At selected sites, around 5000 patients were preplanned for
invitation to participate in the serial blood sampling substudy
with repeated sampling at the 2-month visit. This population
constituted the material of the current study. Among the 4850
patients included in the serial biomarkers substudy, 4847 had
measurements for vWF antigen, 4849 for F1+2and sCD40L
and all 4850 for D-dimer.

Blood samples for core laboratory analyses of prespecified
serial biomarkers were obtained at randomisation before start
of study treatment and after 2months of randomised treat-
ment. After centrifugation at 2000Xg for 15 min, plasma was
stored at —80°C until analysis. Enzyme immunoassays were
used for the analyses of F14+2 (Enzygnost F1+2, Siemens,
Germany), D-dimer (Asserachrome, Stago, France), sCD40L
(Human sCD40L, Bender MedSystems, GmbH) and vWF
antigen (STA-Liatest vWE, Stago, France) at the Uppsala Clin-
ical Research Center laboratory, Sweden. The reference intervals
were 69-229 pmol/L for F1+2, <500 ug/L for D-dimer, 0.06—
3.98 ug/L for sCD40L and 0.60-1.60 kIE/L for vWF antigen.
The interassay precisions were 9%, 11%, 9% and 4% for F1+2,
D-dimer, sCD40L and vWF antigen, respectively.

Clinical end points and risk factor classification

The end points for this study included stroke/SE, death of all
causes, major bleeding and clinically relevant non-major (CRNM)
bleeding.” All clinical events were classified by a blinded clinical
event committee using prespecified criteria."”” CHA,DS,-VASc and
HAS-BLED scores were calculated individually for each patient
based on the sum of risk factors present at randomisation. Patients
were categorised by CHA,DS,-VASc according to score 0-1, 2, 3,
4 and =5, and by HAS-BLED according to score 0-1, 2 and =3.

Statistical analyses

Baseline characteristics were reported by treatment arm using
median and 25th and 75th percentiles for continuous vari-
ables and frequencies and percentages for categorical variables.
Comparisons of biomarker levels at randomisation and 2 months
between the apixaban and warfarin groups were stratified by
randomised treatment and use of vitamin K antagonist (VKA)
treatment within 7 days before randomisation, using box plots
showing medians and 25th and 75th percentiles with whiskers
showing 10th and 90th percentiles. Patients not treated with
VKA within 7 days before randomisation to study drug were
defined as the no VKA group. Patients receiving treatment with
VKA within 7 days before randomisation to study drug make up
the VKA group. Randomised treatment groups were compared
by use of VKA treatment at baseline using a linear regression
model with the logarithm of the 2-month biomarker levels as
dependent variables and logarithm of the baseline biomarker
levels and randomised treatment as independent variables. The
biomarker levels were log-transformed before analysis due to
skewed distribution. Consequently, model-adjusted estimates
were presented as geometric means and treatment group differ-
ences as ratios of geometric means.

Primary and secondary efficacy end point analyses of time
from the 2-month measurement to clinical outcomes or
censoring included all randomised substudy patients and all
first events occurring between the 2-month measurement and
the efficacy cut-off date (31 January 2011). Analyses of bleeding
outcomes were based on the on-treatment population including
all randomised patients enrolled in the substudy who received
at least one dose of the study drug and included all first events
occurring between the 2-month measurement and 2 days after
the last dose of the study drug. For patients experiencing events
within 2 months of randomisation, the first event occurring after
2 months was counted as the first event.

The relations between clinical outcomes after 2months,
study treatment and biomarker levels at 2 months were anal-
ysed using a Cox regression model including treatment group,
biomarker and the treatment by biomarker interaction as covari-
ates. Biomarker levels were analysed as categorical variables
(under/above median) and as continuous log transformed vari-
ables, fitted using restricted cubic splines. The median levels of
biomarkers at 2 months were 75.9 pmol/L, 401 pg/L, 0.62 pg/L
and 1.23 kIE/L for F1+2, D-dimer, CD40L and vWF antigen,
respectively. Event rates per 100 patient-years of follow-up were
reported. The total patient-years of follow-up was 8907.

All analyses were performed using SAS software, V.9.4 (SAS
Institute, Cary, North Carolina, USA). Results with a two-sided
p value <0.05 were considered to be statistically significant, and
as all analyses were considered exploratory there were no adjust-
ments for multiple comparisons.

RESULTS

Baseline characteristics

Baseline characteristics in relation to treatment are presented in
table 1. Mean age of patients was 69.0 (SD 9.4) years, 34.1%
(n=1654) were women and a majority of patients (83.8%,
n=4062) had permanent or persistent AF. The distributions of
risk factors, risk scores and medical treatment were similar to the
main ARISTOTLE population.’® The no VKA and VKA groups
included 1946 and 2894 patients, respectively. In the VKA
group, the mean time in therapeutic range of the international
normalized ratio (INR) during the study was 64%.

Thrombin generation and fibrin turnover during apixaban or
warfarin treatment

The baseline levels of F14+2 were higher in the no VKA group
compared with the VKA group (figure 1A). Patients in the no VKA
group treated with apixaban for 2 months (no VKA/apixaban group)
had a mean reduction of 25% in F1+2 levels compared with base-
line, with a ratio of month 2/baseline of 0.75 (95% CI 0.70 to 0.80)
(figure 1A; table 2). In contrast, patients in the VKA group treated
with apixaban for 2 months (VKA/apixaban group) had a 41% mean
increase in F1+42 levels compared with baseline, estimated ratio
month 2/baseline 1.41 (95% CI 1.34 to 1.48) (figure 1A; table 2).
Treatment with warfarin for 2months, reduced F1+2 levels in the
no VKA and VKA groups by 59%, ratio month 2/baseline 0.41
(95% CI 0.38 to 0.43) and 37%, ratio month 2/baseline 0.63 (95%
CI0.60 to 0.66), respectively (figure 1A; table 2). Accordingly, treat-
ment with warfarin was associated with significantly larger reduc-
tions and lower F142 levels than apixaban regardless of VKA use
at randomisation (p<0.0001). Ratios of geometric means of F1+2
levels after apixaban versus warfarin treatment were 1.84 (95% CI
1.67 to 2.02) and 2.24 (95% CI 2.09 to 2.41) for the no VKA and
VKA groups, respectively.
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Table 1 Baseline characteristics of the biomarkers substudy cohort
Aixaban group Warfarin group Total substudy cohort
n=2473 n=2377 n=4850
Age at consent date, median (Q1, Q3) 70.0 (63.0, 76.0) 70.0 (62.0, 76.0) 70.0 (63.0, 76.0)
Sex, female 827 (33.4%) 827 (34.8%) 1654 (34.1%)
Sex, male 1646 (66.6%) 1550 (65.2%) 3196 (65.9%)
AF, paroxysmal 386 (15.6%) 400 (16.8%) 786 (16.2%)
Renal impairment, moderate/severe 364 (14.8%) 355 (15.0%) 719 (14.9%)
Risk factors
Congestive HF/LVEF <40% 872 (35.3%) 873 (36.7%) 1745 (36.0%)
Age=75 years 737 (29.8%) 714 (30.0%) 1451 (29.9%)
Hypertension 2144 (86.7%) 2091 (88.0%) 4235 (87.3%)
Diabetes mellitus 604 (24.4%) 604 (25.4%) 1208 (24.9%)
Prior stroke/SE/TIA 431 (17.4%) 462 (19.4%) 893 (18.4%)
Prior Ml 351 (14.2%) 313 (13.2%) 664 (13.7%)
PAD 119 (4.8%) 110 (4.6%) 229 (4.7%)
CHA,DS,-VASc score
0-1 237 (9.6%) 192 (8.1%) 429 (8.8%)
2 535 (21.6%) 496 (20.9%) 1031 (21.3%)
3 641 (25.9%) 652 (27.4%) 1293 (26.7%)
4 539 (21.8%) 519 (21.8%) 1058 (21.8%)
=5 521 (21.1%) 518 (21.8%) 1039 (21.4%)
HAS-BLED score
0-1 1393 (56.3%) 1331 (56.0%) 2724 (56.2%)
2 776 (31.4%) 748 (31.5%) 1524 (31.4%)
>3 304 (12.3%) 298 (12.5%) 602 (12.4%)
Medical treatment before randomisation
Aspirin 750 (30.3%) 674 (28.4%) 1424 (29.4%)
Warfarin 1450 (58.8%) 1444 (60.9%) 2894 (59.8%)

Biomarkers at baseline
F1+2 (pmol/L), median (Q1, Q3) (n)
D-dimer (ug/L), median (Q1, Q3) (n)
sCD40L (pg/L), median (Q1, Q3) (n)
VWF antigen (kIE/L), median (Q1, Q3) (n)

90.2 (56.5, 149.0) (2463)

0.56 (0.27, 1.00) (2463)
1.41 (0.99, 1.87) (2461)

462.0 (295.5, 752.0) (2464)

88.9 (55.5, 146.0) (2365)
452.0 (291.0, 760.0) (2366)
0.55(0.28, 1.10) (2366)
1.42 (0.99, 1.88) (2364)

89.5 (56.1, 148.0) (4828)
456.0 (294.0, 754.0) (4830)
0.55 (0.27, 1.10) (4829)
1.42 (0.99, 1.88) (4825)

N (%) are presented if not stated otherwise.

AF, atrial fibrillation; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral arterial occlusive disease; SE, systemic embolism; TIA,

transient ischaemic attack.

The baseline level of D-dimer was higher in the no VKA group
compared with the VKA group (figure 1B). Apixaban treat-
ment for 2months was associated with a 23% mean reduction
in D-dimer levels in the no VKA group compared with base-
line, estimated ratio 0.77 (95% CI 0.74 to 0.80) (figure 1B;
table 2). In contrast, the VKA/apixaban group had a 10% mean
increase in D-dimer level, estimated ratio 1.10 (95% CI 1.07 to
1.12). Warfarin was associated with a 38% mean reduction of
D-dimer levels in the no VKA group, estimated ratio 2 months/
baseline 0.62 (95% CI 0.60 to 0.64) while the VKA/warfarin
group exhibited an 11% mean reduction, ratio 2 months/base-
line 0.89 (95% CI 0.86 to 0.91) (figure 1B; table 2). Accordingly,
treatment with warfarin was associated with significantly larger
reductions and lower D-dimer levels than apixaban regardless
of VKA use at randomisation (p<0.0001). Ratios of geometric
means of D-dimer levels after apixaban versus warfarin treat-
ment were 1.24 (95% CI 1.18 to 1.31) and 1.24 (95% CI 1.20
to 1.28) for the no VKA and VKA groups, respectively.

Biomarkers for primary haemostasis during apixaban or
warfarin treatment

The concentrations of sCD40L and vWF antigen were similar in
the no VKA and VKA groups at baseline (figure 1C,D). Levels

of sCD40L increased by 9% in the no VKA/apixaban group
compared with baseline, with a ratio month 2/baseline of 1.09
(95% CI 1.04 to 1.14), whereas sCD40L levels increased by 5%
in the VKA/apixaban group (figure 1C; table 2). Similar results
were found in the group randomised to warfarin treatment
(figure 1C; table 2). There were no significant differences of
sCD40L concentrations comparing the apixaban and warfarin
treatment groups at 2months (p=0.5), regardless of VKA
treatment.

Apixaban treatment for 2months reduced vWF antigen by
20% in the no VKA group (estimated ratio 0.80 (95% CI 0.77
to 0.84)) and by 18% in the VKA group (estimated ratio 0.82
(95% CI1 0.79 to 0.84)), respectively (figure 1D; table 2). Similar
results were found in the no VKA and on VKA groups when
randomised to warfarin treatment. No significant differences in
vWF antigen levels at 2months was found between apixaban/
warfarin groups regardless of VKA treatment.

Clinical outcomes in relation to biomarker concentrations
during treatment with apixaban or warfarin

From 2months after study start until the end of follow-up,
43 patients in the apixaban group (0.96 %/year) experienced
a stroke/SE compared with 53 patients (1.23 %/year) in the
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The concentrations of fragment 142 (F1+2) (A), D-dimer (B), soluble CD40 ligand (sCD40L) (C) and von Willebrand factor (vWF) antigen

(D) in the apixabanand warfarin treatment groups stratified by warfarin (vitamin K antagonist (VKA)) status at randomisation. Boxes represent the
25th—75th percentiles with the median marked by a black line. Whiskers represent the 10th and 90th percentiles.

warfarin group. Major/CRNM bleeding occurred in 169
(4.05%/year) and 210 (5.34%)/year) patients in the apixaban and
warfarin groups, respectively. The efficacy and safety of apix-
aban compared with warfarin as assessed by the clinical end
points was not significantly different across any of the biomarker
concentrations at 2months (figure 2).

DISCUSSION

The present study showed that in patients with AF, apixaban treat-
ment reduced coagulation activity, as indicated by reduction in
plasma concentrations of biomarkers reflecting thrombin gener-
ation and fibrin turnover. The reduction in coagulation activity
with apixaban was less than with warfarin. Both anticoagulant

Table 2 Biomarker concentrations at month 2, by baseline vitamin K antagonist treatment group

Apixaban Warfarin
Month 2 Apixaban vs

VKA treatment  Month 2/baseline Month 2 concentration Month 2/baseline  concentration warfarin ratio Treatment

before geometric mean geometric mean geometric mean geometric mean geometric mean difference P
Biomarker randomisation  (95%Cl) (95% Cl) (95% Cl) (95%Cl) (95% CI) values
F1+2 (pmol/L)  No (n=1939) 0.75 (0.70 to 0.80) 130.1 (121.8 to 138.9) 0.41 (0.38 t0 0.43) 70.8 (66.1 to 75.8) 1.84 (1.67 t0 2.02) <0.0001

Yes (n=2879) 1.41 (1.34 10 1.48) 116.1 (110.5t0 122.0)  0.63 (0.60 to 0.66) 51.7 (49.2 to 54.4) 2.24 (2.09 to 2.41) <0.0001
D-dimer (ug/L) No (n=1939) 0.77 (0.74 t0 0.80) 488.1 (471.1 to 505.9) 0.62 (0.60 to 0.64) 392.6 (378.2t0 407.5) 1.24(1.1810 1.31) <0.0001

Yes (n=2881) 1.10(1.07 t0 1.12) 461.8 (450.5 t0 473.3)  0.89 (0.86 to 0.91) 373.0(363.9t0382.3)  1.24(1.20t0 1.28) <0.0001
sCD40L (pg/L)  No (n=1939) 1.09 (1.04 to 1.14) 0.63 (0.60 to 0.66) 1.07 (1.02 t0 1.12) 0.62 (0.59 to 0.65) 1.02 (0.95 to 1.09) 0.5531

Yes (n=2880) 1.05 (1.01 to 1.09) 0.55 (0.53 to 0.58) 1.07 (1.03 to 1.11) 0.56 (0.54 to 0.59) 0.98 (0.93 to 1.03) 0.4931
VWF antigen ~ No (n=1938) 0.80 (0.77 to0 0.84) 1.01 (0.97 to 1.05) 0.83 (0.80 t0 0.87) 1.05 (1.01 to 1.09) 0.96 (0.91 to0 1.02) 0.1884
(KIE/L) Yes (n=2877) 0.82 (0.79 to 0.84) 1.08 (1.04t0 1.11) 0.85 (0.82 t0 0.87) 1.12 (1.09 to 1.15) 0.96 (0.92 to 1.01) 0.0843

Randomised treatment groups were compared by VKA treatment group using a linear regression model with the logarithm of the month 2 biomarker concentration as dependent
variable and the logarithm of baseline biomarker concentration and randomised treatment as independent variables. Model-adjusted estimates are presented as geometric

means and treatment group differences as ratios of geometric means.
F1+2, fragment 1+2; sCD40L, soluble CD40 ligand; VKA, vitamin K antagonist; vWF, von Willebrand factor.
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Apixaban  Warfarin  Apixaban Warfarin
No of No of Events Events
patients patients (%lyear) (%lyear)
Stroke/SE
F1+2 <75.9 pmol/L 613 1818 7 (0.62) 34 (1.03)
F1+2 >75.9 pmol/L 1860 558 36 (1.07) 19 (1.89)
D-dimer <401 ug/L 1077 1355 17 (0.85) 23 (0.93)
D-dimer >401 ug/L 1396 1022 26 (1.05) 30 (1.65)
sCD40L <0.62 ug/L 1254 1189 18 (0.79) 30 (1.40)
sCD40L >0.62 ug/L 1219 1187 25(1.13) 23 (1.06)
WF  <1.23kIE/L 1300 1135 15 (0.63) 25(1.22)
WF  >1.23KIE/L 1172 1240 28 (1.33) 28 (1.25)
Death
F1+2 <75.9 pmol/L 613 1818 30 (2.62) 91 (2.73)
F1+2 >75.9 pmol/L 1860 558 114 (3.34) 43 (4.20)
D-dimer <401 ug/L 1077 1355 36 (1.77) 36 (1.43)
D-dimer >401 ug/L 1396 1022 108 (4.28) 98 (5.32)
sCD40L <0.62 ug/L 1254 1189 67 (2.91) 68 (3.13)
sCD40L >0.62 ug/L 1219 1187 77 (3.43) 66 (3.02)
WF  <1.23kIE/L 1300 1135 67 (2.77) 61 (2.94)
WF  >1.23 kIE/L 1172 1240 77 (3.61) 72 (3.17)
Major or CRNM bleeding
F1+2 <75.9 pmol/L 612 1814 51 (4.83) 162 (5.34)
F1+2 >75.9 pmol/L 1851 556 118 (3.78) 48 (5.34)
D-dimer <401 ug/L 1074 1353 57 (3.00) 106 (4.58)
D-dimer >401 ug/L 1389 1018 112 (4.92) 104 (6.43)
sCD40L <0.62 ug/L 1250 1186 87 (4.09) 119 (6.13)
sCD40L >0.62 ug/L 1213 1184 82 (4.00) 91 (4.57)
WF  <1.23kIE/L 1292 1131 89 (4.06) 104 (5.54)
WVWF  >1.23 kIE/L 1170 1238 80 (4.03) 106 (5.15)
Major bleeding
F1+2 <75.9 pmol/L 612 1814 26 (2.42) 84 (2.71
F1+2 >75.9 pmol/L 1851 556 63 (1.99) 20 (2.17
D-dimer <401 ug/L 1074 1353 29 (1.51) 52 (2.20
D-dimer >401 ug/L 1389 1018 60 (2.58) 52 (3.12
sCD40L <0.62 ug/L 1250 1186 45 (2.08) 62 (3.13
sCD40L >0.62 ug/L 1213 1184 44 (2.11) 42 (2.06
WF  <1.23kIE/L 1292 1131 42 (1.88) 51 (2.65
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Figure 2  Efficacy of apixaban relative to warfarin for fragment 1+2 (F1+2) and D-dimer levels at 2 months (A). Efficacy of apixaban relative
warfarin for soluble CD40 ligand (sCD40L) and von Willebrand factor (vWF) levels at 2 months (B). Cox proportional hazards model with biomarker
level, treatment and interaction between biomarker level and treatment as covariates. CRNM, clinically relevant non-major; SE, systemic embolism.

treatments were associated with only minor changes in the levels
of the platelet activity indicators sCD40L and vWF antigen. In
the main ARISTOTLE trial, apixaban was superior to warfarin
in prevention of stroke/SE, and simultaneously reduced the risk
of bleeding in patients with AF. The less pronounced decrease
of the coagulation activity during apixaban treatment compared
with warfarin treatment may contribute to the clinical results.
Apixaban treatment reduced F1+2 levels in this cohort of
patients with AF, as has previously been described in patients
with ongoing acute thromboembolism."" With its selective inhi-
bition of coagulation FXa, the reduction in F1+42 levels was

moderate compared with warfarin. The F1+2 levels measured
in this study were in the upper range of the reference interval at
baseline and the optimal cut-off level for F1+2 for identification
of patients with AF at low risk of stroke remains to be defined.
Apixaban reduced F1+2 levels to around the median concen-
tration of the reference interval. Similar results of a moderate
reduction of F1+42 have recently been described for rivarox-
aban in patients with cardioembolic stroke, where prophylactic
treatment with dabigatran did not affect F1+2 levels.'® ' Low
F1+2 concentrations, however, as seen during warfarin therapy,
might be associated with a decreased ability to protect against
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bleeding events and could therefore increase the risk of bleeding
without substantial association with lower risk of stroke/SE.'
Elevated F142 levels have been described in stroke patients
with AF, and as F1+2 levels reflect thrombin generation they
have been suggested as a better marker for stroke prediction
than biomarkers including fibrin turnover.”” The levels of F1+2
during oral anticoagulant (OAC) treatment in the present study
were within the normal reference interval, indicating that a
moderate decrease by apixaban could be sufficient to protect
against stroke without limiting the sufficient residual thrombin
available for clot formation as a protective mechanism against
bleeding. This hypothesis however needs further evaluation.

D-dimer was also effectively reduced after 2months of
apixaban treatment. Only a small proportion of patients had
D-dimer concentrations above the reference interval during
OAC treatment. The effect of apixaban on D-dimer concentra-
tions in this AF cohort, without an acute thromboembolic event,
was similar to results described in studies of venous thromboem-
bolism.'" Treatment with rivaroxaban has been found to reduce
D-dimer levels similar to the results found for apixaban in the
present study.’’ In contrast, 150mg of dabigatran was found
to have a more pronounced effect on D-dimer compared with
warfarin in the Randomized Evaluation of Long-Term Antico-
agulation Theraphy (RELY) trial.*! High D-dimer levels before
start of OAC treatment have been used for successful identifi-
cation of patients at increased risk of stroke/SE and bleeding.*
D-dimer is a marker for thrombin generation and a marker for
endogenous fibrin turnover, and levels are influenced by age,
sex, underlying vascular disease and inflammation; factors asso-
ciated with patient frailty.*> Why high D-dimer is associated with
increased risk of bleeding is not fully explored, but fibrinogen
formation is important when bleeding occurs and an enhanced
fibrin turnover, resulting in increased D-dimer levels, might thus
be disadvantageous.?

Patients that had been exposed to warfarin/VKA before rando-
misation and then received warfarin as study drug exhibited
further reduced levels of F14+2and D-dimer. Patients receiving
warfarin were regularly monitored during the trial, which could
have improved the time in therapeutic range of -INR, which is
associated with D-dimer levels and with risk of stroke in patients
with AF.? **

Although thrombus formation mechanisms in AF are not fully
elucidated, the endothelium of the left atrial appendage is acti-
vated and responds to stimuli to a higher degree than in the right
appendage.! The rhythm and the low flow in the appendage
increase platelet activity and formation of microparticles, which
also contribute to an increased coagulation potential in AF.* " In
this study, the platelet activity marker sCD40L was not reduced
after 2months of apixaban or warfarin treatment. In contrast,
concentrations were slightly increased compared with base-
line in both treatment groups, regardless of VKA treatment at
randomisation. The concentration of sCD40L was in the refer-
ence interval in the majority of the patients and there might
be a need for a more potent activation of platelets, including
thrombin formation, to observe an effect on sCD40L by OAC
treatment. Limited data exist regarding the effect of direct FXa
inhibitors on platelet activity and how the activity should be
evaluated. Edoxaban inhibits platelet aggregation in vitro to a
higher degree compared with fondaparinux.”® To further eval-
uate the effect of apixaban on platelet activity in AF, investi-
gations of other platelet markers are needed.”® In contrast to
sCD40L, vWF antigen levels were elevated in a proportion of
patients independent of VKA status before randomisation. These
findings are in accordance with previous results from a small

study where warfarin for 6 weeks did not change vWF antigen
levels.”” However, apixaban treatment for 2 months reduced the
vWF antigen by 20% and similar results were found for warfarin
study treatment. vWF antigen is associated with increased risk of
stroke and venous thrombosis and whether FXa inhibition could
modulate the dysregulation of vWF antigen found in thrombo-
embolic diseases has to be determined.

The risk of intracerebral bleeding is lower with all non-vitamin
K oral anticoagulants compared with warfarin.'?#*7° The mech-
anism behind this might be that the available amount of FVIIa is
enough to form thrombin on injury. The rapid initiation of coag-
ulation by the tissue factor/FVIIa complex forming thrombin is
indeed of high importance in organs such as the brain. In the
RELY trial, the direct thrombin inhibitor dabigatran induced
only a minor reduction of FVIIa concentrations compared with
warfarin.”' Similar results with only minor reduction of FVIla
can also be expected by treatment with inhibitors that are selec-
tively targeting FXa. FVIIa concentrations might thus constitute
a valuable future biomarker for predicting intracerebral bleeding
during OAC treatment.

Limitations of the present study include that the values for
time in therapeutic range of INR before randomisation were not
known and that the prespecified end point stroke included both
ischaemic and haemorrhagic stroke. Due to few events we did
not categorise the end point further. As the ARISTOTLE trial
contained exclusion criteria such as severe renal dysfunction, not
all patients with AF were eligible for participation. The study
population may therefore not be representative for unselected
patients with AF. This might have influenced the concentra-
tions of the coagulation activity markers in the present study
and the concentrations might be different in patients with AF in
everyday clinical practice.

In conclusion, apixaban reduced the coagulation activity as
measured by F1+2and D-dimer, to a lesser degree than warfarin.
Apixaban and warfarin treatment both reduced vWF antigen as a
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Key messages

What is already known on this subject?

» Atrial fibrillation is associated with a prothrombotic state
including the endothelium, platelets and plasma coagulation.

» In acute situations such as deep venous thrombosis or acute
coronary syndrome with an increased coagulation activity,
apixaban has been shown to reduce indicators for plasma
coagulation.

What might this study add?

» In a situation without an acute increased coagulation activity
such as in atrial fibrillation, apixaban reduces coagulation
markers D-dimer and fragment 1+2 (F1+2)to a lower degree
compared with warfarin, which seems enough to protect
against stroke without increasing risk for bleeding.

» Apixaban and warfarin treatment in atrial fibrillation did
not change CD40L and von Willebrand factor as markers for
platelet and endothelial activation.

How might this impact on clinical practice?

» Further broaden the understanding of how apixaban
compared with warfarin influences coagulation activity in
atrial fibrillation and that the more moderate reduction of
D-dimer and F1+2 may be preferable to balance the risk-
benefit of oral anticoagulant treatment.
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measurement of endothelial injury but had no effect on sCD40L.
The effect of apixaban compared with warfarin for the risk of
future thromboembolic and bleeding events was consistent at all
biomarker levels.
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