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Abstract
Warfarin is recognized as the standard treatment for thrombotic antiphospholipid syndrome (APS); however, direct oral 
anticoagulants (DOACs) represent appealing therapeutic alternatives given their lack of monitoring and limited drug inter-
actions. A few randomized controlled trials comparing rivaroxaban with warfarin showed an increased risk of recurrent 
thromboembolism, specifically arterial thrombosis, in patients with high risk forms of APS such as those that are triple 
antibody positive. We conducted a single-center, retrospective cohort study of all patients within our health system from 
2015 to 2020 with a diagnosis of APS (single or double antibody positive) and history of venous thromboembolism. We 
sought to compare the proportion of patients with a recurrent thrombosis when prescribed a DOAC versus warfarin. Among 
96 patients included, 57 were prescribed warfarin and 39 were prescribed a DOAC (90% rivaroxaban). The proportion of 
patients with a recurrent thromboembolism was almost three times higher in the DOAC group (15.4%) compared to the 
warfarin group (5.3%), although this was not statistically significant (p = 0.15). Major bleeding was not different between 
groups. Our findings suggest that rivaroxaban may pose an increased risk for recurrent thromboembolism in low risk APS 
patients that are single or double-antibody positive compared to warfarin. Results of our study should be cautiously applied 
to DOACs besides rivaroxaban given their small representation in this study.
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Highlights

• Guidelines recommend warfarin as standard treatment for 
thrombotic APS whereas DOACs may be used for certain 
low risk APS populations such as those without a history 
of arterial thrombosis and those without a triple antibody 
positive profile.

• This retrospective study compared the proportion of 
recurrent thromboembolic events among patients with 
single or double antibody positive APS and a history of 

only venous thromboembolism that were prescribed a 
DOAC versus warfarin.

• Patients in the DOAC group had a non-significant near 
tripling of risk for a recurrent thrombosis compared to 
warfarin while bleeding risk was similar between groups.

• Opportunities for future studies include prospective 
assessments focusing on lower risk APS populations and 
studies evaluating the use of DOACs besides rivaroxaban 
such as dabigatran and apixaban.

Introduction

Antiphospholipid syndrome (APS) is an acquired autoim-
mune disease characterized by vascular thrombosis and/
or pregnancy loss/morbidity with persistently positive 
antiphospholipid antibodies (aPL; lupus anticoagulant [LA], 
IgG/IgM anticardiolipin [aCL]) and anti-beta-2-glycoprotein 
I [aβ2GPI]). Triple aPL-positive represents the presence of 
all three antibodies (LA, aCL and aβ2GPI); whereas single or 
double antibody positive APS describes those patients that 
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are positive for any one or two out of the three antibodies 
[1]. APS is the most common acquired thrombophilia and 
is associated with both venous and arterial thromboses [2].

Treatment with warfarin is recognized as the standard 
treatment for thrombotic APS [3–6]. The 2019 EULAR 
guidelines recommend warfarin (INR goal 2–3) as preferred 
treatment for patients with a history of vascular thrombosis 
and recommend against direct oral anticoagulants (DOACs) 
for those with arterial thrombosis [6]. The 2020 ISTH guide-
lines have similar guidance and recommend warfarin for 
high risk APS patients such as those with triple positive aPL, 
arterial thrombosis, small vessel thrombosis, or heart valve 
disease [7]. These guidelines suggest that DOACs can be 
used in patients with lower risk forms of APS which offers 
an appealing therapeutic alternative given that DOACs do 
not require therapeutic monitoring and have fewer dietary 
and drug interactions.

Three randomized controlled trials (RCTs) have been 
conducted to date evaluating the safety and efficacy of rivar-
oxaban compared to warfarin in patients with APS. In the 
Rivaroxaban in APS (RAPS) trial, rivaroxaban 20 mg daily 
was compared to standard intensity warfarin (INR range 
2.0–3.0) and failed to meet prespecified criteria for nonin-
feriority; however, there were no thrombotic events during 
the 7-month follow-up [8]. The Trial on Rivaroxaban in APS 
(TRAPS) compared rivaroxaban 20 mg daily with standard 
intensity warfarin in triple positive APS patients, but was 
terminated early due to an excess of thromboembolic events 
(primarily arterial thromboses) in the rivaroxaban arm [9]. 
Lastly, a randomized trial comparing rivaroxaban 20 mg 
daily with standard intensity warfarin in patients with a his-
tory of arterial or venous thromboses and at least 1 positive 
aPL found that rivaroxaban failed to meet the prespecified 
noninferiority criteria. Patients in the rivaroxaban arm had 
a non-significant near doubling of risk for recurrent throm-
bosis [10].

In the context of this prior evidence, our retrospective 
cohort study aimed to compare patients treated with a DOAC 
versus standard intensity warfarin, focusing on a lower risk 
APS population of patients that are single or double antibody 
positive with a history of only venous thromboembolism.

Methods

Study design and patients

We conducted a single-center retrospective cohort analy-
sis of adult patients at the University of Colorado Health 
System with a definitive diagnosis of APS and treated 
with a DOAC (apixaban, dabigatran, or rivaroxaban) or 
warfarin between January 2015 and January 2020. Epic’s 
Slicer Dicer® application was used to identify patients 

with the following: a documented diagnosis of APS using 
ICD-10 codes, current use of anticoagulation, and labora-
tory criteria for single or double antibody positive APS 
as defined by the Revised Sapporo Criteria [11]. Medi-
cal records were then manually reviewed to determine 
thrombosis history, obtain additional pertinent past medi-
cal history (PMH), and to ensure that patients met the 
laboratory criteria for APS diagnosis (at least one or two 
aPLs persistently positive 12 weeks apart). Patients were 
excluded if any of the following criteria were present: 
active cancer requiring chemotherapy any time after the 
index date (defined as the date of the first positive aPL), 
triple positive APS, warfarin INR goal range other than 
2.0–3.0, or history of arterial thrombosis prior to the index 
date. Evidence of testing for all three APS antibodies was 
required to ensure that higher risk, triple positive patients 
were excluded.

Patients prescribed warfarin were compared to those pre-
scribed a DOAC after the initial thromboembolic event that 
prompted a work-up for APS. Patients who were treated with 
warfarin (INR goal range of 2.0–3.0) were allocated to the 
warfarin group. Patients that were treated with a DOAC at 
therapeutic doses were allocated to the DOAC group. The 
Colorado Multiple Institutional Review Board approved this 
study as exempt.

Outcomes

The primary outcome was the proportion of patients with a 
documented venous or arterial thromboembolic event while 
on anticoagulation after the index date. If patients in the 
warfarin group had an event that met the primary endpoint 
but had a documented subtherapeutic INR (< 1.8) at the time 
of the event, it was not included in the primary outcome. 
The secondary outcome was the proportion of patients with 
a documented major bleeding event (as defined by ISTH 
criteria [12]) while on anticoagulation after the index date.

Statistical analysis

For parametric continuous data, mean and standard devia-
tion was reported and for non-parametric data, median and 
interquartile range (IQR) was reported. Categorical data was 
reported as a number and percentage of participants. Contin-
uous variables were compared using the t-test for parametric 
data and the Mann–Whitney U test for non-parametric data. 
Categorical variables were compared using the chi square 
test or the Fisher’s exact test if the frequency of the outcome 
was < 5. For all analyses, a p-value of < 0.05 was considered 
significant for two-tailed tests. GraphPad Prism 9 software 
(version 9.1.0) was used to run statistical analyses.
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Results

Patient characteristics

A total of 185 patients with APS and one or two persis-
tently positive aPLs were initially identified. Of these, 96 
patients met study criteria and were included in the final 
analysis (Fig. 1). History of arterial thrombosis prior to 
the index date was the most common exclusion criteria 
identified. A total of 57 patients were assigned to the war-
farin group and 39 patients were assigned to the DOAC 
group. Table 1 summarizes the baseline characteristics 
of the patients included in our study. There were signifi-
cantly more males in the DOAC group and significantly 
more patients with a PMH significant for diabetes mel-
litus in the warfarin group.

Outcomes

Patients in the DOAC group had a numerically higher rate 
of recurrent thromboembolic events compared with the war-
farin group, although this was not statistically significant 
(15.4% vs 5.3%, p = 0.15). Of the 3 patients in the warfarin 
group that had a thromboembolism, one of these events was 
arterial whereas 3 out of the 6 patients in the DOAC group 
had an arterial event (Fig. 2).

Of the 4 patients with an arterial thromboembolism, only 
1 patient in the DOAC group was prescribed an antiplatelet 
agent prior to their event. Notably, only one other patient 
meeting the primary endpoint, also in the DOAC group, was 
prescribed aspirin and experienced a VTE. Most patients 
(35/39) in the DOAC group were prescribed rivaroxaban 
(3 dabigatran, 1 apixaban). All patients in the DOAC group 
meeting the primary endpoint were prescribed rivaroxa-
ban. Approximately 8% of the patients in our study had a 
BMI ≥ 40 kg/m2. Of those only one patient in the warfarin 
group with a BMI ≥ 40 kg/m2 had a recurrent thrombosis. 
None of the patients with a BMI ≥ 40 kg/m2 in the DOAC 
group had a recurrent thrombosis. Table 2 provides a sum-
mary of the characteristics for the patients experiencing a 
recurrent thromboembolism while on anticoagulation.

Major bleeding events were determined using ISTH cri-
teria. The rates of major bleeding were 7% in the warfarin 
group and 7.7% in the DOAC group (p = 0.99) (see Fig. 3). 
No patients died because of bleeding due to anticoagulation. 
Two patients in each group were prescribed concomitant 
antiplatelet therapy at the time of the bleeding event.

Several patients in our study switched their anticoagu-
lant to an alternate agent. However, all patients meeting the 
primary outcome were found to have a thrombosis while on 
their initial treatment. One patient in the warfarin group that 
had a recurrent thromboembolism was switched to a DOAC 
(apixaban) 3 years after their recurrent event due to undergo-
ing a liver transplant. Of the 6 patients in the DOAC group 

Fig. 1  Patient screening
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that experienced a recurrent thrombosis, 1 patient continued 
the DOAC, 2 switched to warfarin with a standard INR goal 
of 2.0–3.0, and 3 patients switched to warfarin with a high 
INR goal of 2.5–3.5.

Discussion

Our retrospective study is the first to evaluate DOAC 
use in lower risk APS patients that are single or double 

Table 1  Baseline characteristics

IQR Interquartile Range, BMI Body mass index
*Antiplatelet medication(s): aspirin, P2Y12 inhibitors
+ Medication(s) or classes included: antipsychotics, aromatase inhibitors, erythropoiesis-stimulating agents, 
estrogen-containing medications, tamoxifen
Boldface P-values indicate statistical significance

Variable Warfarin (n = 57) DOAC (n = 39) P-Value

Age, years – median (IQR) 54 (36–69) 56 (39–66) 0.90
Male – no. (%) 20 (35) 22 (56) 0.04
BMI ≥ 40 kg/m2 – no. (%) 5 (9) 3 (8) 0.99
Current or former smoker – no. (%) 27 (47) 15 (38) 0.39
Race – no. (%)
 White or Caucasian 50 (88) 34 (87) 0.94
 Black/African American 4 (7) 1 (3) 0.33
 Other/Unknown 3 (5) 4 (10) 0.36
 Single antibody positive – no. (%) 44 (77) 29 (74) 0.75
 Double antibody positive – no. (%) 13 (23) 10 (26) 0.75

Comorbidities – no. (%)
 Atrial fibrillation 5 (9) 6 (15) 0.32
 Hypertension 23 (40) 14 (36) 0.66
 Diabetes mellitus 14 (25) 2 (5) 0.01
 Liver disease 3 (5) 0 (0) 0.15
 Solid organ transplant 2 (4) 0 (0) 0.24
 CKD stage III or worse 8 (14) 5 (13) 0.86
 Other autoimmune condition(s) 16 (28) 7 (18) 0.25

Concomitant antiplatelet medication(s)* – no. (%) 16 (28) 11 (28) 0.99
Concomitant medications increasing clot  risk+ – no. (%) 12 (21) 4 (10) 0.16

Fig. 2  Primary outcome
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antibody positive without a history of arterial thrombo-
embolism. The risk of having a recurrent thromboembolic 
event while on a DOAC was almost 3 times higher com-
pared to those patients treated with warfarin. Although this 
difference was not statistically significant, this suggests 
that patients treated with DOACs (specifically rivaroxa-
ban) are at a higher risk for recurrent thromboembolic 
events, regardless of their aPL profile, compared to those 
treated with warfarin.

All recurrent thromboembolic events within the first 
90 days occurred in patients treated with a DOAC and 
accounted for 50% of events in the DOAC group, the time 

frame where thromboembolic recurrence is at its highest. 
The TRAPS trial was terminated early due to an excess of 
thromboembolic events in the rivaroxaban arm. Of the 7 
thromboembolic events in the rivaroxaban arm that occurred 
in their “as treated” population, 2 of them occurred within 
the first 90 days from randomization [9]. Ordi-Ros, et al. 
published another randomized controlled trial in 2019 
that compared rivaroxaban to warfarin in thrombotic APS 
patients with at least 1 positive aPL and found that rivar-
oxaban failed to meet noninferiority criteria. More than 
half (60.5%) of the trial’s population included patients with 
triple-positive APS. While warfarin was not statistically 

Table 2  Characteristics of patients with thromboembolic outcome

BMI Body mass index, AC Anticoagulation, aPL Antiphospholipid antibodies, LA Lupus anticoagulant, aCL Anticardiolipin, aβ2GPI Anti-beta 
2 glycoprotein 1, DVT Deep vein thrombosis, PE Pulmonary embolism; IVC Inferior vena cava, NSTEMI Non-ST segment myocardial infarction

Patient Gender Age (years) BMI (kg/m2) Initial AC Antiplatelet aPL Profile Event Description Days from 
start of initial 
AC

1 Female 44 28 Rivaroxaban 20 mg None LA Upper extremity 
DVT after initial 
treatment with 
thrombolysis

16

2 Female 72 37 Rivaroxaban 20 mg None aCL and LA Pulmonary embo-
lism

23

3 Female 50 30 Rivaroxaban 20 mg Aspirin 81 mg daily LA DVT 28
4 Male 57 31 Rivaroxaban 20 mg None aCL and aβ2GPI Ischemic stroke 99
5 Female 51 34 Warfarin None aCL and aβ2GPI Thrombus found in 

IVC filter
116

6 Male 58 23 Warfarin None aCL DVT and PE 139
7 Male 66 35 Rivaroxaban 20 mg None aCL NSTEMI 618
8 Female 36 29 Rivaroxaban 20 mg Aspirin 81 mg daily aβ2GPI and LA Cerebellar lacunar 

infarct
1011

9 Female 83 47 Warfarin None LA Ischemic stroke 2163

Fig. 3  Secondary outcome
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superior to rivaroxaban, the study did find that those treated 
with rivaroxaban were almost twice as likely to experience 
a recurrent thrombotic event compared to those treated with 
warfarin (11.6% vs 6.3%; p = 0.21) [10]. Time to first recur-
rent thrombotic event was not reported. Our study is unique 
in that we excluded patients with triple-positive APS, but 
adds to the evidence that rivaroxaban, especially when used 
in the first 3 months after a thrombotic event, may be asso-
ciated with higher rates of recurrent thrombosis regardless 
of aPL status.

In previous phase 3 trials that evaluated DOACs for VTE 
treatment, the risk of major bleeding was found to be sig-
nificantly lower when both rivaroxaban and apixaban were 
compared with warfarin, providing yet another benefit to 
prescribing these medications [13–15]. In contrast, our 
study found the risk of major bleeding to be similar between 
DOAC and warfarin groups. This is comparable to findings 
in the TRAPS trial that showed 7% in the rivaroxaban group 
experienced a major bleeding event compared with 3% in the 
warfarin group (p = 0.3) [9]. In the more recent randomized 
trial published by Ordi-Ros and colleagues, they also found a 
similar rate in major bleeding events between groups (rivar-
oxaban 6.3% vs warfarin 7.4%; p = 0.77) [10].

Most patients in our DOAC group were treated with 
rivaroxaban. We postulate that rivaroxaban was more com-
monly prescribed because it is dosed once daily (compared 
with apixaban twice daily) and it is the preferred DOAC 
on several insurance formularies [16, 17]. No published 
randomized controlled trials are available comparing other 
DOACs with warfarin. Results from the ASTRO-APS trial 
comparing apixaban to warfarin were not yet available at the 
time our study was completed [18]. Surrate et al. published 
a case report describing the successful use of dabigatran 
for catastrophic antiphospholipid syndrome in a 19 year 
old patient nonadherent with warfarin. After implementing 
dabigatran therapy, the patient remained thrombosis free 
for several years [19]. Noel et al. published a multicenter 
observational study that followed 26 APS patients of which 
11 were treated with dabigatran and 13 treated with rivar-
oxaban. Only one instance of recurrent thromboembolism 
occurred with rivaroxaban and none with dabigatran [20]. 
Dabigatran offers an alternative mechanism of action as it 
is a direct thrombin inhibitor compared to the other DOACs 
that inhibit factor Xa which may or may not provide differ-
ing results in APS patients [16, 17, 21]. Additional rand-
omized controlled trials are needed to further assess whether 
DOACs other than rivaroxaban can be used in this patient 
population.

There are several limitations to our study. There is inher-
ent bias due to its retrospective nature which introduces con-
founding variables. Any primary or secondary outcomes that 
occurred outside of our health system could not be evaluated 
or accounted for in the analysis. Reasonable efforts were 

made through manual chart review to ensure that patients 
with a history of arterial thrombosis were excluded. How-
ever, there may be some patients included with a history 
of undocumented or unknown subclinical ischemic strokes, 
although there is no reason to believe that these patients 
would not be balanced between treatment groups. Because 
therapeutic monitoring is not typically done with DOACs 
and fill history was not obtained, adherence to therapy can-
not be determined. Additionally, time in therapeutic range 
for warfarin was not evaluated. Over the counter medication 
use with NSAIDs or aspirin could have impacted either the 
primary or secondary outcomes for our study, but if these 
medications were not on the patient’s medication list, then 
they were not accounted for in the analysis.

Our findings suggest that rivaroxaban may pose an 
increased risk for recurrent thromboembolism in low risk 
APS patients that are single or double-antibody positive 
compared to warfarin. Results of our study should be cau-
tiously applied to DOACs besides rivaroxaban given their 
small representation in this study. Prospective and rand-
omized trials focusing on low risk APS patients are needed 
to further elucidate the role of DOACs in this population.
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