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Abstract
Background The cornerstone of thrombotic antiphospholipid
syndrome (APS) patients’management is to prevent recurrent
thrombosis by long-term anticoagulation.
Purpose of review The purpose of the review is to summarize
available literature on direct oral anticoagulants (DOACs) use
in APS patients through a systematic review and to determine
factors associated with thrombosis recurrence.
Recent findings The recent RAPS trial demonstrated that
APS patients treated with rivaroxaban had a significant
twofold-increased thrombin potential, suggesting a higher
thrombotic risk, in comparison with warfarin users.
Furthermore, several reports of APS patients treated with
DOACs have raised safety issues. Our systematic review
identified 122 published APS patients treated with
DOACs; among them, 19 experienced a recurrent throm-
bosis while on DOACs. Of note, triple positivity (positiv-
ity of all three laboratory criteria for APS) was associated
with a 3.5-fold increased risk for recurrent thrombosis.
Summary In conclusion, DOACs should be used with caution
in APS patients and randomized control trials with clinical
primary endpoints assessing clinical efficacy and safety are
awaited to establish whether the prescription of DOACs could
be a safe alternative to warfarin.

Keywords Antiphospholipid syndrome . Direct oral
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Introduction

Antiphospholipid syndrome (APS) is characterized by the as-
sociation of vascular thrombosis (venous and/or arterial and/or
small vessels) and/or pregnancy morbidity, with the presence
of persistent antiphospholipid antibodies (aPL) [1].

APS may be primary or associated with autoimmune dis-
eases, especially systemic lupus erythematosus (SLE).
Antiphospholipid antibodies tests regroup lupus anticoagulant
(LA), IgG or IgM anticardiolipin antibodies (aCL), and IgG or
IgM anti-β2-glycoprotein-1 (aβ2GP1), detected in medium to
high titers, on a minimum of two consecutive occasions, at
least 12 weeks apart in accordance to the international consen-
sus (revised Sapporo criteria) [1]. It has been shown that APS
patients carrying all three tests (also known as Btriple
positivity^) have a higher risk of thrombosis recurrence than
other APS patients [2].

To date, the gold standard for the secondary prevention of
thrombosis in APS patients is warfarin [3]. However, warfarin
use is associated with low quality of life by frequent blood
controls and INR instability [4]. Recently, direct oral antico-
agulants (DOACs) were developed; however, no randomized
controlled clinical trial with clinical primary endpoints has
been performed so far in APS [56••]. Furthermore, case re-
ports and case series have raised some concerns in terms of
thrombosis recurrence while on DOACs. Therefore, the pur-
pose of this systematic review is to assess DOACs efficacy
and safety in APS patients and to determine factors associated
with thrombosis recurrence based on all available evidence.
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Thrombosis Prevention for APS Patients

Current management of thrombosis prevention in APS is
based on long-term vitamin K antagonists (VKAs) [1]. With
regards to recent guidelines, recommended international nor-
malized ratio (INR) target is 2 to 3 and 3 to 4 in high-risk
patients [3]. VKAs monitoring is often challenging and re-
quires frequent controls due the lability of the INR caused
by drugs and dietary interactions [7] and variable responsive-
ness of thromboplastin reagent to LA [8].

Recently, direct oral anticoagulants (DOACs) have
been developed and were shown to be non-inferior to
VKAs for the secondary prevention of venous thrombo-
embolic event (VTE) and stroke in patients with non-
valvular atrial fibrillation (AF). Several DOACs are
available as follows: dabigatran etexilate, a direct throm-
bin inhibitor; rivaroxaban; apixaban; and edoxaban,
which are direct factor Xa inhibitors. All four were
non-inferior to warfarin for the prevention of thrombosis
in non-valvular AF in international, randomized con-
trolled trials [9–12]. Regarding the secondary prevention
of recurrent deep vein thrombosis (DVT) and pulmonary
embolism (PE), dabigatran, rivaroxaban, apixaban, and
recently edoxaban were approved [13–17]. Their use is
convenient because of a fixed dose with a predictable
effect, fewer drug interactions, and no monitoring.
However, in some situations, DOACs are not efficient
and safe. For instance, dabigatran etexilate is contrain-
dicated in patients after a heart valve replacement [18].
Likewise, an increased risk of myocardial infarction was
demonstrated with dabigatran compared to warfarin
users in patients with AF [19]. In APS patients, we do
not know whether DOACs are safe and effective in
comparison with warfarin and scientific proofs are ea-
gerly awaited. Of course, few APS patients might have
been included in phase III trials [20, 21] but this does
not validate DOACs use in APS patients. Dedicated
randomized controlled trials using clinical endpoints
are ongoing, and it will be possible in the future to
know whether DOACs use is a safe alternative in APS
patients [22••, 23••].

The RAPS Trial: the First Randomized Controlled
Trial on DOACs in APS

Recently, Cohen et al . reported the impact of
rivaroxaban on thrombin generation in APS patients
[6••] (RAPS trial). This controlled, randomized, open-
label, non-inferiority trial compared 54 APS patients
treated with rivaroxaban versus 56 APS patients treated
with warfarin. The primary endpoint was the mean per-
centage change of endogenous thrombin potential (ETP)

determined by thrombin generation before and after the
introduction of rivaroxaban. The number of required
subject was 58 patients per group to show the non-
inferiority of rivaroxaban with less than 20 % increase
in mean percentage change ETP compared to warfarin.
Patients with only at least one venous thrombosis during
no or sub-therapeutic anticoagulant therapy were includ-
ed, which correspond to low-risk APS patients. Indeed,
high-risk APS patients were not included, those with
previous arterial manifestations or with recurrent VTE
while on therapeutic dose of warfarin. Moreover, a
low percentage of patients with triple positivity were
included (25 %). Overall, patients treated with
rivaroxaban had a significant twofold-increased throm-
bin potential, suggesting a higher thrombotic risk, in
comparison with warfarin users. However, authors stated
that no increased thrombotic risk was noticed in the
rivaroxaban arm compared to standard-intensity warfarin
because no clinical event occurred during the short
follow-up (210 days). In conclusion, Cohen et al. dem-
onstrated that rivaroxaban was inferior to warfarin to
inhibit thrombin generation in comparison to warfarin
in APS patients. Therefore, randomized controlled trials
using strong clinical endpoint are mandatory to assess
the efficacy and safety or DOACs in APS patients
[22••, 23••].

Challenge of LATesting While on DOACs

It is documented that the presence of direct thrombin inhibi-
tors and factor Xa inhibitors influence diluted prothrombin
time, a sensitive screening test for LA, causing false positivity
[24]. Regarding rivaroxaban, several studies reported false
positivity for LA with dilute Russell’s viper venom time
(dRVVT) and LA-partial thromboplastin time (PTT-LA) tests,
mainly at peak therapeutic levels [25, 26]. In fact, rivaroxaban
and Russell’s viper venom use the same target [27]. These
results have been recently confirmed by Sciascia et al. who
demonstrated that Taipan/Ecarin time was poorly affected by
rivaroxaban; however, false-positive results could be seen
with all types of LA reagent; this suggests that a LA test
should not be performed in patients receiving rivaroxaban
[28]. Furthermore, Merriman et al. reported several false-
negative detection of LA with PTT-LA (Triniclot) due to the
moderate sensitivity of the reagent to the presence of a LA
[27]. Therefore, when possible, LA testing should be done
after a wash out period to avoid false-positive LA [29, 30].

One study evaluated a LA detection during treatment
by dabigatran etexilate (110 mg BID), and similarly, it has
been demonstrated that this treatment affects LA testing
both during screening and confirmatory studies
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suggesting that LA testing should not be performed while
on dabigatran etexilate [31].

No data regarding LA detection while on edoxaban or
apixaban were published so far.

Safety and Efficacy of DOACs in APS Patients:
Systematic Review of the Literature

Based on these studies we conducted a systematic literature
search of articles published in English or French in PubMed
through September 2016, by using the following key words:
Antiphospholipid Syndrome, Antibodies, Antiphospholipid,
Antibodies Anticardiolipin, Lupus Coagulation Inhibitor,
Rivaroxaban, Apixaban, Dabigatran, Edoxaban. Inclusion
criteria were APS patients defined according to revised
Sapporo criteria, treated by a DOACs with documented throm-
bosis recurrence or not. Overall, six case reports were pub-
lished in the literature [32–37] and eight case series [28,
38–44]. An equal number of reports indicated either a good
safety and efficacy profile [28, 34, 35, 37–40, 44] or thrombo-
sis recurrences [32, 33, 36, 38, 39, 41–43]. Of note, results
from the recent RAPS study were analyzed separately (see
section BThe RAPS Trial: the First Randomized Controlled
Trial on DOACs in APS^). Among 124 cases identified, we
excluded two cases with unclear thrombosis recurrence defini-
tion. Individual patient data were retrieved from these papers,
and authors were contacted if needed (n = 2). Results were
summarized using a standardized data form. Variables collect-
ed were sample size, design of the study, demographics of
patients (mean age, gender), thrombosis history, aPL profile,
presence of any underlying autoimmune disease, previous
anticoagulation and reason for switching, DOACs use, and
duration of follow-up. Then patients were categorized accord-
ing to thrombosis recurrence to determine associated factors.
The association between thrombosis recurrence and variables
was tested using non-parametric tests (the Wilcoxon test for
quantitative variables and Fisher’s exact test for qualitative var-
iables). Missing data were excluded from analyses. A p ≤ 0.05
was considered significant. SAS 9.1.3 software (SAS Institute
Inc., Cary, NC, USA) was used to perform analyses.

Characteristics of APS patients are described in
Table 1. Main characteristics of cases reports and cases
series are summarized in Table 2. To summarize, among
124 identified patients, 122 were included in the analyses.
Two patients were excluded because of unclear definition
of thrombosis recurrence. Nineteen had a recurrent throm-
bosis. Mostly, those with previous arterial or venous man-
ifestation recurred with the same type of thromboses.
Indeed, among nine patients with venous thrombosis re-
currence, eight had previous venous manifestation of APS
(89 %). Likewise, among nine patients with arterial
thrombosis recurrence, six had previous arterial

thromboses (67 %). Overall aCL positivity tend to be
associated with a higher risk of thrombosis recurrence
without reaching statistical significance (94 vs. 68 %,
p = 0.06) while triple positivity was significantly associat-
ed with a 3.5-fold increased risk for thrombosis recur-
rence (OR = 3.53 (95 % CI 1.14–11.0), p = 0.03) in pa-
tients treated with DOACs. Furthermore, a higher number
of criteria for definite APS was found in patients with
thrombosis recurrence compared to those without (1.63
± 0.7 vs. 1.23 ± 0.6, p = 0.002). Duration of follow-up
was shorter in patients with thrombosis recurrence than
those without (5.2 ± 3.2 vs. 14.3 ± 8.5, p < 0.0001). The
latter result suggests that thrombosis recurrences occur
early after switching for DOACs. Even if previous studies
identified history of arterial thromboses as a risk factor for
thrombosis recurrence [40, 45], our systematic review did
not confirm this finding. Bleeding leading to stop the
DOAC was reported in five patients. Considering the
large number of patients treated by rivaroxaban
(n = 107), we also performed an analysis excluding pa-
tients treated with other DOACs. Despite a lower number
of patients, triple positivity was still significantly associ-
ated with thrombosis recurrence (OR = 3.69 (95 % CI
1.12–12.14), p = 0.05).

According to these results, high-risk APS patients with
triple positivity or with several clinical criteria for definite
APS developed more frequently a thrombosis recurrence
while on DOACs in comparison to warfarin. This result is
based on a systematic review of more than 100 patients
treated with DOACs. These results are in contrast with the
recent RAPS study [6••] in which no clinical event was
recorded among 54 patients during a 210-day follow-up.
This finding could be explained by baseline characteris-
tics of included patients: No patients with a history of
arterial thrombosis were included in the RAPS study
while up to 30 % of patients described in the available
literature had history of arterial thrombosis. Furthermore,
in comparison patients descriptions published so far, a
lower proportion of lupus patients as well as triple posi-
tivity patients were included in the RAPS study. This
leads to a different risk profile among RAPS patients
and published case series so far. Furthermore, the short
follow-up time (210 days) in the RAPS study may have
been insufficient to record any clinical event. Finally, no
information was recorded in the RAPS study regarding
the mechanism (provoked or unprovoked) of the initial
venous thromboembolic event (VTE); we may hypothe-
size that patients with spontaneous VTE may be at higher
risk of recurrence.

Reasons for failure of DOACs in APS are unclear.
Calibrated automated thrombin generation measurement
is useful to characterize the overall coagulation system.
RAPS study demonstrated that thrombin potential was
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less inhibited with rivaroxaban than warfarin in APS pa-
tients. We may hypothesize that DOACs have a focused
anticoagulant action on only one factor that may be less

efficient for thrombosis prevention in high-risk APS pa-
tients than a multi-targeted coagulation factors inhibition
as provided by VKA. Future s tudies assess ing

Table 1 Characteristics of APS patients

Total
population
(n = 122)

APS without recurrent
thrombosis
(n = 103)

APS with recurrent
thrombosis
(n = 19)

p value

Mean age, year ± SD 43.1 ± 11.7 43.4 ± 10.8 41.3 ± 15.5 0.19

Gender, n/N (%)

Female 88/122 (72) 75/103 (73) 13/19 (68) 0.78

Male 34/122 (28) 28/103 (27) 6/19 (32) 0.78

Number of clinical criteria for definite APS, mean ± SD 1.29 ± 0.6 1.23 ± 0.6 1.63 ± 0.7 0.002

History of clinical manifestations, n/N (%)

Venous thrombosis 102/120 (85) 85/101 (84) 17/19 (89) 0.73

Arterial thrombosis 36/120 (30) 28/101 (28) 8/19 (42) 0.27

Small vessel thrombosis 5/99 (5) 3/81 (4) 2/18 (11) 0.22

Obstetrical morbidity 13/64 (20) 9/45 (20) 4/19 (21) 0.99

aPL profile

LA 61/84 (73) 49/68 (72) 12/16 (75) 0.99

aCL 61/84 (73) 46/68 (68) 15/16 (94) 0.06

Anti-β2GP1 37/84 (44) 27/68 (40) 10/16 (63) 0.16

Double positivity 29/84 (35) 24/68 (35) 5/16 (31) 0.99

Triple positivity1 23/84 (27) 15/68 (22) 8/16 (50) 0.03

Underlying autoimmune disease, n/N (%)

Primary APS 45/75 (60) 35/60 (58) 10/15 (67) 0.77

Associated APS 30/75 (40) 25/60 (42) 5/15 (33) 0.77

SLE 25/75 (33) 20/60 (33) 5/15 (33) 0.99

Previous Treatments, n/N (%)

VKA 85/100 (85) 73/81 (90) 12/19 (63) 0.008

LMWH 3/100 (3) 1/81 (1) 2/19 (11) 0.09

Fondaparinux 2/100 (2) 1/81 (1) 1/19 (5) 0.35

None 10/100 (10) 6/81 (7) 4/19 (21) 0.09

Reason for switching, n/N (%)

Simplification 4/98 (4) 1/80 (1) 3/18 (17) 0.02

Physician’s choice 10/98 (10) 6/80 (8) 4/18 (22) 0.08

INR lability or poor adherence to INR monitoring 75/98 (77) 68/80 (85) 7/18 (39) <0.001

Bleeding during VKA 4/98 (4) 3/80 (4) 1/18 (6) 0.57

Recurrence during VKA 7/98 (7) 5/80 (6) 2/18 (11) 0.61

Patient’s choice 1/98 (1) 0/80 (0) 1/18 (6) 0.18

Other indication for DOAC 1/98 (1) 1/80 (1) 0/18 (0) 0.99

DOAC, n/N (%)

Rivaroxaban 107/122 (88) 90/103 (87) 17/19 (89) 0.99

Dabigatran 14/122 (11) 12/103 (12) 2/19 (11) 0.99

Apixaban 1/122 (1) 1/103 (1) 0/19 (0) 0.99

Duration of follow-up, month ± SD 12.6 ± 8.6 14.3 ± 8.5 5.2 ± 3.2 <0.0001

Values are numbers (percentage) or mean ± SD of observations. N: total number of patients with available data

aCL anticardiolipin antibodies, Anti-β2GP1 anti-β2-glycoprotein 1, aPL antiphospholipid antibodies, APS antiphospholipid syndrome, DOAC direct
oral anticoagulant, LA Lupus anticoagulant, LMWH low molecular weight heparin, SD Standard Deviation, SLE systemic lupus erythematosus, VKA
vitamin K antagonist
1 Triple positivity is defined as LA and aCL and anti-ß2GP1 antibodies
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mechanisms of thrombosis prevention in APS patients
treated with DOACs will be very useful to understand
our findings [46•].

Limitations of VKAs and DOACs Maintenance
in APS

In APS, a good adherence to anticoagulation treatments is of
paramount importance. Long-term VKA can be restrictive for
some patients requiring frequent INR control and potentially
inducing many drug and dietary interactions. Nevertheless,
thanks to its long half-life, the risk of thrombosis recurrence
in case of underdosing exists, but is minimized; indeed, INR
lability can increase the risk of recurrence. DOACs are less
restrictive in everyday life. A bridging therapy with low mo-
lecular weight heparin is not necessary due to its rapid onset
[43]. Moreover, it requires no diet adjustments and no routine
laboratory monitoring because of their predictable pharmaco-
kinetic effects [47]. However, DOACs have a short half-life
that could be responsible for a high risk of recurrence in case
of missing doses, especially in patients with a high thrombotic
risk. Furthermore, in case of poor adherence to VKA, bridging
from VKA to DOACs is not a good option because laboratory
testing will not be possible in patients with DOACs to ensure
that patients are taking their treatments.

Futures Directions

To date, excepting RAPS study, almost all studies assessing
DOACs use in APS are case series. Among them, important
data are missing, especially aPL profile [28, 42] or underlying
autoimmune diseases [39, 41, 42]. Given the publication bias
and also the low evidence level of studies published so far,
results from this systematic review should be used cautiously.
Now it is time to shift to randomized controlled trial to deter-
mine the efficacy and safety of DOACs in APS patients using
clinical endpoints such as thrombosis or death and a long
follow-up. Several trials in thrombotic APS (TRAPS and
ASTRO-APS) are ongoing [22••, 23••].

Conclusion

Based on this systematic review of the available evidence,
DOACs do not seem to be efficient in preventing thrombosis
in high-risk APS patients, especially those with triple positivity
and several clinical criteria for definite APS. These findings can
be explained by a higher thrombin potential determined by
thrombin generation in the recent RAPS study. This must be
confirmed by ongoing randomized controlled trials which will
focus on clinical endpoints. Consequently, even if DOACs

seem to be promising in thrombotic APS patients with INR
lability or poor adherence to INR monitoring, data are not in
favor bridging VKA to DOACs in high-risk APS patients.
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