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Abstract

Background: The efficacy and safety of direct oral anticoagulants (DOACs) for patients with 

thrombotic antiphospholipid syndrome (APS) remain controversial.

Objectives: We performed a systematic review and meta-analysis of randomized controlled trials 

(RCTs) that compared DOACs with vitamin-K antagonists (VKAs).

Methods: We searched PubMed, EMBASE, and Cochrane Central Register of Controlled Trials 

through April 9, 2022. The two main efficacy outcomes were a composite of arterial thrombotic 

events, and venous thromboembolic events (VTE). The main safety outcome was major bleeding. 

Random effects models with inverse variance were used.

Results: Our search retrieved 253 studies. Four open-label RCTs involving 472 patients were 

included (mean control-arm time-in-therapeutic-range: 60%). All had proper random sequence 

generation and adequate allocation concealment. Overall, use of DOACs compared with VKAs 

was associated with increased odds of subsequent arterial thrombotic events (OR 5.43, 95% 

confidence interval [CI] 1.87–15.75, p < 0.001, I2 = 0%), especially stroke, and composite of 

arterial thrombotic events or VTE (OR 4.46, 95% CI 1.12–17.84, p = 0.03, I2 = 0%). The odds of 

subsequent VTE (OR 1.20, 95% CI 0.31–4.55, p = 0.79, I2 = 0%), or major bleeding (OR 1.02, 

95% CI 0.42–2.47, p = 0.97, I2 = 0%) were not significantly different between the two groups. 

Most findings were consistent within subgroups.
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Conclusions: Patients with thrombotic APS randomized to DOACs compared to VKAs appear 

to have increased risk for arterial thrombosis. No significant differences were observed between 

patients randomized to DOACs vs VKAs in the risk of subsequent VTE or major bleeding.

CONDENSED ABSTRACT:

While vitamin-K antagonists (VKAs) are effective for the management of thrombotic 

antiphospholipid syndrome, the role of direct oral anticoagulants (DOACs) remains uncertain. 

We conducted a systematic review and meta-analysis of randomized controlled trials that 

compared DOACs and VKAs in patients with thrombotic antiphospholipid syndrome. DOACs 

were associated with a higher odds of arterial thrombotic events compared to VKAs (OR: 5.43), 

while there was no significant change in the odds of subsequent venous thromboembolism or 

major bleeding. These findings support the preferential use of VKAs in patients with thrombotic 

antiphospholipid syndrome.
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INTRODUCTION

Thrombotic antiphospholipid syndrome (APS) is a systemic autoimmune disorder 

characterized by recurrent arterial and/or venous thrombotic events, with heterogeneous 

laboratory and clinical manifestations. The pathogenesis of thrombotic APS involves a 

complex interplay between inflammatory and coagulation pathways, with activation of 

vascular and immune cells, inhibition or down-regulation of antithrombotic factors such 

as protein C and plasminogen, and upregulation of procoagulant molecules such as tissue 

factor, and factors V and VIII(1,2).

Direct oral anticoagulants (DOACs) are now the standard treatment for many patients with 

venous thromboembolism (VTE)(3–11) or for those who require prevention of stroke and 

systemic embolism, particularly in the setting of non-valvular atrial fibrillation(3,12–15). 

Such decisions are based on several randomized clinical trials (RCTs) showing at least non-

inferior efficacy for DOACs and superior safety for bleeding events, especially intracranial 

bleeding, compared with vitamin-K antagonists (VKAs). Although VKAs are effective 

for patients with thrombotic APS, the use of DOACs as potential alternatives remains 

controversial. Recently, a few RCTs were reported and compared DOACs versus VKAs for 

the management of patients with thrombotic APS(16–19).

However, most of these RCTs were relatively small and although some of these studies 

raised concern for excess thrombotic events with DOACs compared with VKAs, particularly 

arterial thrombosis, they were not sufficiently powered to assess individual thrombotic 

outcomes or to analyze key subgroups. Therefore, the treatment tradeoffs between DOACs 

and VKAs in patients with thrombotic APS remain uncertain. For this reason, we conducted 

a systematic review and meta-analysis of RCTs to compare the efficacy and safety of 

DOACs with VKAs for the prevention of subsequent venous and/or arterial thrombosis in 

patients with thrombotic APS.
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METHODS

Search strategy and data extraction

This systematic review was performed in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (Table 1 in the Supplement)(20). The study protocol 

was registered on the International Prospective Register of Systematic Reviews, PROSPERO 

(Registration No. CRD42022268035). We conducted a search in PubMed, EMBASE, and 

the Cochrane Central Register of Clinical Trials (CENTRAL) for RCTs that compared 

DOACs to VKAs in patients with thrombotic APS through April 9, 2022. We also searched 

ClinicalTrials.gov to identify any ongoing RCTs. No language restriction was imposed. The 

search was complemented by manual search of the reference list of relevant articles and 

published guideline statements by professional societies. We included RCTs that studied 

patients older than 18 years with thrombotic APS and reported cardiovascular outcomes in 

patients receiving DOACs versus VKAs. Thrombotic APS was defined in the individual 

trials according to standard criteria as reported history of arterial or venous thrombosis with 

documented positivity of at least one antiphospholipid antibody (lupus anticoagulant, IgG 

and/or IgM anticardiolipin antibodies, anti-beta-2 glycoprotein 1 antibodies) and verified at 

least 12 weeks apart. We excluded clinical trials that were not randomized, used a crossover 

design, focused on APS without thrombosis, and clinical trials of pediatric populations.

The protocol was drafted by three authors (C.D.K, A.B, and B.B) and reviewed by all 

co-authors. All records identified through database and hand-searching were imported 

into Covidence (www.covidence.org), a software platform to facilitate a collaborative 

screening process and maintenance of systematic reviews. Two authors (C.D.K and A.B) 

independently screened the studies and extracted the data. Potential discrepancies were 

discussed with the senior author (B.B). If the pre-specified data elements were not found 

during the review of published trial results, we contacted the trialists of these publications 

to obtain additional study-level summary information. Investigators from three trials (V.P., 

S.C.W, and J.C.H) provided additional data upon request.

Outcomes

The two main efficacy outcomes were: 1. composite of arterial thrombotic events, and 

2. venous thromboembolic events. Other efficacy outcomes included acute myocardial 

infarction, ischemic stroke or transient ischemic attack, acute major limb events, pulmonary 

embolism (PE), deep vein thrombosis (DVT), all-cause death, and a composite of any 

arterial or venous thromboembolic events. The main safety outcome was major bleeding, 

as defined by International Society on Thrombosis and Haemostasis (ISTH)(21). Clinically 

relevant non-major bleeding (CRNMB), according to the ISTH definition, was also 

assessed(22). Definitions in individual trials were reviewed, and a harmonizing definition 

was used across the trials to the extent possible (Supplemental Table 2).

We used the Cochrane Collaboration criteria to determine the risk of bias for each included 

study(23). We then used the Grading of Recommendations, Assessment, Development, 

and Evaluation (GRADE) profiler tool to assess the reporting quality of major study 

outcomes(24).
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Statistical analysis

For the primary analysis, random-effects models with inverse variance weights were used to 

calculate pooled odds ratio (OR) estimates with the related 95% confidence intervals (CIs). 

The proportion of variability due to heterogeneity between studies was assessed using visual 

inspection of forest plots and calculation of the Higgin’s index (I2). An I2 value of 75–100% 

was interpreted as high heterogeneity(25). Statistical analyses were performed using Stata 

version 17 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: 

StataCorp LLC). Figures were prepared using Stata and GraphPad Prism version 9.4.0 for 

Windows (GraphPad Software, San Diego, California, USA, www.graphpad.com). Since 

no prospective patient enrollment was planned, an a priori power calculation was not 

performed. The choice of the main outcomes and other outcomes were determined according 

to consensus in the authors’ group prior to conducting the analyses. No adjustment for 

multiplicity of comparisons was planned, and the study results, albeit pre-specified, were not 

definitive.

Subgroup and Sensitivity Analyses

The treatment effect of DOACs versus VKAs was explored in patients with triple-positive 

APS versus those with any other combination of APS. The results were descriptively 

reported separately for dual positive and single positive APS. Additional subgroup analyses 

compared the efficacy and safety results in women versus men, and in patients with a history 

of arterial thrombotic events versus those without. To assess the robustness of the findings, 

inverse variance fixed-effects models with Peto odds ratio (OR) and Mantel-Haenszel fixed 

effects models with relative risk (RR) were used for sensitivity analysis.

RESULTS

Our search in PubMed, Cochrane Central Register for Controlled Trials, and EMBASE 

identified 253 studies (Supplemental Figure 1) including five full-text articles reporting 

4 RCTs, which were assessed for eligibility. These RCTs include RAPS (rivaroxaban in 

antiphospholipid syndrome), TRAPS (trial on rivaroxaban in antiphospholipid syndrome), 

rivaroxaban versus VKA in APS: a randomized non-inferiority trial, and ASTRO-APS 

(apixaban for the secondary prevention of thrombosis among patients with antiphospholipid 

syndrome) (16–19). The fifth article, which addressed the two-year outcomes of the TRAPS 

trial, was excluded from the current meta-analysis since randomization was broken for 

the two-year analysis, and the only intervention was warfarin(26). The original report from 

TRAPS was included in the analysis. Search of ClinicalTrial.gov identified one ongoing 

RCT (the RISAPS trial [Rivaroxaban for Stroke Patients with AntiPhospholipid Syndrome]; 

ClinicalTrial.gov identifier: NCT03684564).

In the end, 4 RCTs involving 474 patients, comprising 234 patients assigned to DOACs 

and 240 patients assigned to VKAs, were included in the analysis (Figure 1). The RCTs 

were conducted in the United Kingdom(16), Italy(17), Spain(18), and the United States(19). 

All RCTs were industry-funded; two of them were investigator-initiated. The average age 

of participants across the trials was 48.0 years, and the mean BMI was 28.3 kg/m2. Women 

accounted for 68% of the total study participants, and 56.5% of the study participants had 
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triple positive APS. Across the four included RCTs, the mean percent time in the therapeutic 

range for patients in the VKAs arm was 60%, and the mean follow-up time was 19 months.

Clinical outcomes

Overall, the use of DOACs compared with VKAs was associated with increased odds of the 

composite of arterial thrombotic events (10.3% vs. 1.3%, OR 5.43, 95% CI 1.87–15.75, p < 

0.001, I2 = 0%) (Figure 2A). Among the arterial thrombotic events, the odds of subsequent 

stroke were significantly higher in patients assigned to DOACs, compared with VKAs (8.6% 

vs 0%, OR 10.74, 95% CI 2.29–50.38, p < 0.001, I2 = 0%) (Figure 2B). There was no 

significant difference between DOACs and VKAs in the odds of myocardial infarction 

(1.3% vs 0%, OR 2.15, 95% CI 0.35–13.11, p = 0.41, I2 = 0%) (Figure 2C) or in the odds 

of major acute limb events (0.4% vs 1.3%, OR 0.58, 95% CI 0.12–2.92, p = 0.51, I2 = 0%) 

(Supplemental figure 2).

Subsequent VTE events were infrequent and occurred in 4 patients receiving DOACs (1 case 

of PE and 3 cases of DVT) and 3 patients receiving VKAs (3 cases of DVT). The odds of 

VTE risk were not significantly different between patients assigned to DOACs versus VKAs 

(1.7% vs. 1.3%, OR 1.20, 95% CI 0.31–4.55, p = 0.79, I2 = 0%) (Figure 3A). Similarly, the 

odds of PE (0.4% vs 0%, OR 1.49, 95% CI 0.23–9.53, p = 0.68, I2 = 0%) and DVT (1.3% 

vs 1.3%, OR 1.03, 95% CI 0.23–4.57, p = 0.97, I2 = 0%) were not significantly different 

between patients assigned to DOACs versus VKAs (Figures 3B and 3C).

Twenty cases of major bleeding were reported across the 4 studies, equally split among the 

2 therapeutic groups. Overall, the odds of major bleeding were not significantly different 

between patients randomized to DOACs versus VKAs (4.3% vs. 4.2%, OR 1.02, 95% CI 

0.42–2.47, p = 0.97, I2 = 0%) (Figure 4A). The odds of CRNMB were not significantly 

different between patients on DOACs versus VKAs (6.0% vs 2.9%, OR 1.90, 95% CI: 

0.78–4.66, p = 0.16, I2 = 0%, respectively) (Figure 4B).

DOACs were associated with an increased odds of composite of arterial thrombotic events or 
VTE compared to VKAs (11.5% vs 2.5%, OR 4.46, 95% CI 1.12–17.84, p = 0.03, I2 = 0%) 

(Supplemental figure 3). All-cause mortality was not significantly different between patients 

randomized to DOACs versus VKAs (2.6% vs 1.7%, OR 1.43, 95% CI 0.44–4.62, p = 0.55, 

I2 = 0%) (Supplemental figure 4).

Subgroup analysis

We conducted a pre-specified subgroup analysis of patients with different types of 

thrombotic APS: 249 had triple-positive APS (124 were assigned to DOACs and 125 to 

VKAs) and 93 had any other combination of APS (46 were assigned to DOACs and 47 to 

VKAs). Those receiving DOACs, compared with VKAs, had increased odds of a composite 

of arterial thrombotic events, with no change in the odds of subsequent VTE or major 

bleeding whether they had triple APS or any other combination of APS. Test for subgroup 

differences indicated that there was no statistically significant subgroup effect (p = 0.80 for 

arterial thrombotic events, p = 0.85 for VTE, p = 0.45 for major bleeding). These results 

indicate that the type of APS, as included in the trials, did not modify the effect of DOACs 

in comparison to VKAs on the odds of these outcomes (Figure 5).
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Another subgroup analysis was performed in patients with a history of prior arterial 

thrombosis versus those with no history of arterial thrombosis at the time of enrollment. 

The odds of a composite of arterial thrombotic events in the DOACs arms compared to 

the VKAs arms were increased with no significant change in the odds of subsequent VTE 

or major bleeding. Test for subgroup differences indicated that there was no statistically 

significant subgroup effect (p = 0.90 for arterial thrombotic events, p = 0.93 for VTE, p = 

0.21 for major bleeding). These data suggest that a history of arterial thrombosis did not 

modify the effect of DOACs in comparison to VKAs on the odds of these outcomes (Figure 

5).

A third pre-specified subgroup analysis was according to sex: 120 men, of whom 58 were 

assigned to DOACs and 62 to VKAs, and 238 women, of whom 119 were assigned to 

each treatment arm were included. Both men and women receiving DOACs compared with 

VKAs had increased odds of developing a composite of arterial thrombotic events, with no 

significant change in the odds of VTE or major bleeding. Test for subgroup differences did 

not show statistically significant subgroup effects (p = 0.20 for arterial thrombotic events, p 
= 0.87 for VTE, p = 0.95 for major bleeding) (Figure 5).

Sensitivity analysis

Sensitivity analysis using inverse variance fixed-effects model and Peto OR yielded similar 

results; there were significant increased odds in the pooled effects of arterial thrombotic 

events in patients receiving DOACs compared to patients receiving VKAs (Peto OR 5.51, 

95% CI 2.52–12.07, p < 0.001, I2 = 0%), but no significant difference in the odds of 

subsequent VTE (Peto OR 1.36, 95% CI 0.31–6.05, p = 0.69, I2 = 7.52%), or major bleeding 

(Peto OR 1.02, 95% CI 0.41–2.50, p = 0.97, I2 = 0%) (Supplemental figure 5). There was 

also no significant difference in other efficacy and safety outcomes. Sensitivity analysis 

using Mantel-Haenszel fixed effects models with RR as the effect measure yielded similar 

results (Supplemental figure 6).

Risk of bias and quality assessment of outcomes

All RCTs were open-label. However, their outcomes were adjudicated by expert committees 

blinded to treatment allocation. All studies had proper random sequence generation and 

adequate allocation concealment (Table 1).

Our confidence in the main outcomes assessment, using the GRADE criteria,(27) was 

variable (Table 2). For the composite of arterial thrombotic events, the observed effect 

was large (OR >5). Thus, despite the wide CIs, the quality of evidence was graded as high 

according to the GRADE criteria. With regards to VTE and major bleeding, the CIs included 

no clear benefit or harm with the use of DOACs along with a low number of events; this 

led us to downgrade for imprecision, and the overall quality of evidence was moderate. A 

funnel plot was not generated to assess for publication bias since fewer than ten studies were 

included(28).
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DISCUSSION

This systematic review of the efficacy and safety of DOACs compared with VKAs in 

patients with thrombotic APS retrieved 4 existing RCTs with a total of 474 patients. We 

found that among patients with thrombotic APS, treatment with DOACs compared with 

VKAs is associated with an increase in the odds of arterial thrombotic events, while the 

odds of VTE and major bleeding are not significantly different between the 2 groups 

(Central Illustration). Our subgroups results suggest an increased odds of subsequent 

arterial thrombotic events, especially stroke, in patients taking DOACs compared to VKAs, 

regardless of the type of thrombotic APS (triple positive vs others), sex, and history of prior 

arterial thrombosis (vs VTE).

These findings provide pooled estimates from high-quality studies to guide clinical decision-

making. In patients with thrombotic APS, some current guidelines recommend against the 

use of DOACs in those with either triple-positive APS or a history of arterial thrombosis 
(1,29–33). Our results extend the existing knowledge on this topic by providing pooled 

estimates from four RCTs that increased statistical power and by providing subgroup-

specific analyses. None of the tests for subgroup differences was statistically significant 

to indicate effect modification in such a way that reassures about the safety of DOACs 

for patients with thrombotic APS. The difference in point estimates for arterial thrombotic 

events among women versus men could suggest an effect modification, such that even higher 

odds of thrombotic events are observed for women with APS who receive DOACs compared 

to men (OR: 10.6 vs 2.8). Nonetheless, patients of both sexes manifested increased odds of 

arterial thrombotic events on DOACs compared to VKAs.

There are other recently published studies that examined the effect of various anticoagulant 

regimens in patients with thrombotic APS. Two RCTs compared conventional warfarin 

therapy to higher intensity warfarin (INR 3–4) in patients with thrombotic APS but failed 

to show improved outcomes with a higher INR target(34,35). The details about the potential 

explanations for failure of high-intensity INR in preventing recurrent thrombotic arterial 

or venous events are complex and beyond the scope of the current study. Briefly, lack 

of benefit from high-intensity warfarin therapy may have been, at least in part, related to 

suboptimal treatment adherence in the active intervention arms in those trials, or difficulty 

with INR monitoring in the setting of APS. The rate of a composite of arterial thrombotic 

events or VTE in our meta-analysis was 2.5% in the warfarin arms over a mean duration of 

follow up of 1.6 years. The event rates in the INR 2–3 groups were slightly higher in the 

trials by Crowther et al.(34) and Finazzi et al.(35), compared to randomized trials included 

in our study. However, factors that could explain these findings include longer duration of 

follow-up in both trials compared to our study and also a smaller sample size in these 2 

trials, that may have brought imprecision. Visual estimates from the Kaplan-Meier curves 

of thrombotic events in the study by Crowther et al.(34), suggest that the control arm event 

rate was close to 1.7% (1/58), which is within range with findings in our study. Previous 

prospective cohort studies showed rates of VTE and arterial thrombotic events directionally 

similar with the pooled rates in our meta-analysis. In a prospective cohort study by Malec 

et al.(36), reviewing the provided Kaplan-Meier curves, there were no arterial thrombotic 

events or VTE in the DOACs (82 patients) and VKAs arms (94 patients) over follow-up 
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duration of 1.6 years. However, over a median duration of follow-up of 4.2 years, the rate 

of recurrent thrombosis (arterial or venous) was 3.54 per 100 patient-years for patients on 

DOACs and 2.65 per 100 patient-years for patients on VKAs. In a single-arm cohort study 

of rivaroxaban(37), over a median follow-up of 1.7 years, the rates of VTE and arterial 

thrombotic events were both 2.4% (2/82). In the trial by Crowther et al.(34), the rates of 

VTE and arterial thrombotic events in the INR 2–3 group were both approximately 1.7% 

(1/58) during a follow-up interval similar to average follow-up in the current meta-analysis. 

In the WAPS trial(35), there was no VTE and the rate of arterial thrombotic events was 5.5% 

(3/55) in the INR 2–3 group. After TRAPS was prematurely discontinued because of a high 

incidence of stroke in the rivaroxaban arm, 109 patients were given warfarin while 6 patients 

remained on DOACs. In a subsequent analysis of TRAPS participants, the rate of recurrent 

thrombosis was significantly higher among those who continued receiving DOACs upon 

trial discontinuation compared to those receiving warfarin 2 years after study closure(26). It 

is also interesting to note that patients with a history of venous thrombosis only and assigned 

to DOACs developed subsequent arterial thrombotic events. These findings go against the 

dogma that patients with thrombotic APS and VTE develop recurrent VTE, while patients 

with thrombotic APS and prior arterial thrombosis develop recurrent arterial thrombotic 

events.

The reason why DOACs are less effective than VKAs in prevention of arterial thrombosis, 

particularly stroke, in patients with thrombotic APS remains elusive. DOACs are targeted 

drugs. In the RAPS trial, patients in the rivaroxaban arm had higher endogenous 

thrombin generation compared to those receiving VKAs, which inhibit multiple sites in 

the coagulation cascade(16). In the context of APS, it is possible that VKAs prove to 

be more effective because of suppressing multiple pathways leading into thrombosis, 

compared with DOACs. Whether inhibition of only one coagulation factor could explain 

these treatment failures remains to better assessed. Another potential reason could be related 

to the shorter half-life of DOACs compared to VKAs and short periods of non-adherence 

may significantly increase the risk of thrombotic events. However, in the ASTRO-APS 

trial, patients’ reported adherence to apixaban was 97.3%(19). The ongoing RISAPS trial 

(NCT03684564) is investigating the efficacy and safety of high-intensity rivaroxaban (15 mg 

twice daily) compared to high-intensity warfarin (INR 3–4) for 24 months in stroke patients 

with thrombotic APS. The trial’s primary outcome, however, will involve using a surrogate 

marker of ischemic damage by evaluating the change in brain white matter hyperintensity.

Study limitations

This study has several limitations. First, only 4 relevant RCTs were included with a pooled 

sample size of 472 patients. The limited number of participants and events observed in 

the different RCTs resulted in wide CIs. However, this constitutes the current pool of 

evidence on this subject, and the certainty of evidence was high with regards to the odds 

of arterial thrombotic events, according to the GRADE criteria. Second, subgroup analysis 

must be interpreted with caution because they are not based on randomized comparisons, but 

rather they are observational in nature and are also subject to type II error(38,39). However, 

the completed analyses did not identify a major departure from the pooled results and 

showed relatively similar results, supporting the robustness of the findings. Third, we did not 
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compare rivaroxaban and apixaban to each other. This question could have been potentially 

addressed using a network meta-analysis to explore whether the excess in arterial thrombotic 

events is a class effect, or specific to an individual DOAC agent. However, a network 

meta-analysis would not be clinically informative in this case since only 1 prematurely 

terminated and relatively small study used apixaban. Nevertheless, the direction of results 

was similar in trials of rivaroxaban and the trial using apixaban, hinting that the excess 

in arterial thrombotic events in patients with thrombotic APS receiving DOACs compared 

with VKAs is likely a class effect. Lastly, a positive lupus anticoagulant antibody is known 

to be the most strongly associated with thrombosis and many participants in these trials 

had positive lupus anticoagulants(40). Therefore, it is still possible that in patients with 

other forms of low-titer single positive APS, treatment with DOACs would be reasonable. 

However, in ASTRO-APS, less than half of participants had a positive lupus anticoagulant 

result, including only 3 out of the 6 who developed arterial thrombosis. Therefore, until 

further studies are available and prove the safety of DOACs, caution should be exercised for 

treating thrombotic APS with DOACs.

CONCLUSIONS

This systematic review and meta-analysis of four RCTs that compared the safety and 

efficacy of DOACs versus VKAs in patients with thrombotic APS indicated an increased 

odd of arterial thrombotic events, specifically stroke, and no significant change in the odds 

of VTE or major bleeding in patients receiving DOACs compared to those receiving VKAs. 

Subgroup analysis according to sex, type of APS (triple versus any other combination), 

and history of arterial thrombosis (versus no history of arterial thrombosis) did not show 

evidence of effect modification. Collectively, the findings of this study do not support the 

routine use of existing DOAC regimens in patients with thrombotic APS. Further RCTs will 

be required to elucidate whether higher doses of DOACs can offer convenience to patients 

and clinicians, while ensuring efficacy and safety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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APS antiphospholipid syndrome

CRNMB clinically relevant non-major bleeding

DOACs direct oral anticoagulants

DVT deep vein thrombosis

OR odds ratio

PE pulmonary embolism

RCT randomized controlled trial

VKAs vitamin-K antagonists

VTE venous thromboembolism
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CLINICAL PERSPECTIVES

Competency in patient care and procedural skills:

In patients with thrombotic APS, DOACs are associated with a higher rate of arterial 

thrombotic events, without a significant change in the odds of subsequent VTE or major 

bleeding compared to VKAs.

Translational outlook:

Additional research is needed to explore the potential efficacy and safety of higher doses 

of DOACs and their use across various subgroups in patients with thrombotic APS.
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Figure 1. Graphical summary of trial characteristics.
*Patients with a history of recurrent thrombosis were assigned to an INR of 3.1 to 4 in the 

VKA arm. ✝In ASTRO-APS, after 25 patients were randomized, all patients in the apixaban 

arm had their dose increased to 5 mg twice daily. ‡Ordi-Ros et al. used median and IQR 

for age. §In the ASTRO-APS trial, 31% had historical APS in the apixaban group, and 34% 

had historical APS in the VKA group. APS = antiphospholipid syndrome; ATE = arterial 

thrombotic events; BMI = body mass index; INR = international normalized ratio; IQR = 

interquartile range; VKA = vitamin-K antagonist; VTE = venous thromboembolism.
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Figure 2. Composite of arterial thrombotic events (A), MI (B), and stroke (C).
Pooled results revealed higher odds of arterial thrombotic events in patients assigned 

to DOACs. The rate of stroke was higher with DOACs, while the rate of MI was not 

significantly different between the two groups. CI = confidence interval; DOACs = direct 

oral anticoagulants; MI = myocardial infarction; VKAs = vitamin-K antagonists.
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Figure 3. VTE (A), DVT (B), and PE (C).
Pooled results showed no significant difference in the rate of VTE between DOACs and 

VKAs. The rates of DVT and PE were not significantly different among the two groups, 

either. CI = confidence interval; DOACs = direct oral anticoagulants; DVT = deep vein 

thrombosis; PE = pulmonary embolism; VKAs = vitamin-K antagonists; VTE = venous 

thromboembolism.
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Figure 4. Major bleeding and clinically relevant non-major bleeding.
Pooled results suggest no significant difference in the rates of major bleeding (A) and 

CRNMB (B) between patients receiving DOACs and patients receiving VKAs. CI = 

confidence interval; CRNMB = clinically relevant non-major bleeding; DOACs = direct 

oral anticoagulants; VKAs = vitamin-K antagonists. Abbreviations as in other Figures.
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Figure 5. Pre-specified subgroup analysis.
Pooled results indicate that patients assigned to DOACs compared with patients assigned 

to VKAs had higher odds of developing arterial thrombotic events without clear effect 

modification based on the type of APS (triple-positive vs any other combination), sex, or 

history of arterial thrombosis (vs no prior arterial thrombosis). The rates of VTE and major 

bleeding were not significantly different between the two treatment arms, regardless of the 

subgroup category.
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Central Illustration. Use of DOACs versus VKAs in thrombotic APS.
In this systematic review and meta-analysis of RCTs comparing DOACs to VKAs in 

patients with thrombotic APS, the results were limited by the small number of patients 

(472 among 4 studies) and the open-label status of the trials. Overall results indicated 

that in patients with thrombotic APS, DOACs were associated with significantly increased 

odds of subsequent arterial thrombotic events, an effect that appeared mostly driven by the 

increased rate of stroke, compared with VKAs. No significant differences were observed 

with regards to the odds of VTE or major bleeding. There was no major modification of 

the effect across subgroups. These results would favor the use of VKAs in patients with 

thrombotic APS. APS = antiphospholipid syndrome; DOACs = direct oral anticoagulants; 

RCTs = randomized controlled trials; VKAs = vitamin-K antagonists, VTE = venous 

thromboembolism.
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Table 1.

Risk of bias table for the included trials.

Study
Random 
sequence 

generation

Allocation 
concealment

Blinding of 
participants and 

personnel

Blinding of 
outcome 

assessment

Incomplete 
outcome data

Selective 
reporting

Other 
bias

RAPS 2016 + + − + − − −

TRAPS 2018 + + − + − − −

Ordi-Ros 
2019 + + − + − − −

ASTRO-APS 
2022 + + − + − − −

Note: +, present; −, absent; green, low risk of bias; red, high risk of bias.

J Am Coll Cardiol. Author manuscript; available in PMC 2024 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khairani et al. Page 22

Ta
b

le
 2

.

G
R

A
D

E
 A

ss
es

sm
en

t

C
er

ta
in

ty
 a

ss
es

sm
en

t
N

o 
of

 p
at

ie
nt

s
E

ff
ec

t

C
er

ta
in

ty
Im

po
rt

an
ce

N
o 

of
 

st
ud

ie
s

St
ud

y 
de

si
gn

R
is

k 
of

 
bi

as
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
 

co
ns

id
er

at
io

n
D

O
A

C
s

V
K

A
s

R
el

at
iv

e 
(9

5%
 C

I)
A

bs
ol

ut
e 

(9
5%

 C
I)

C
om

po
si

te
 o

f 
ar

te
ri

al
 t

hr
om

bo
ti

c 
ev

en
ts

4
R

an
do

m
iz

ed
 

tr
ia

ls
N

ot
 

se
ri

ou
s

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

V
er

y 
st

ro
ng

 
as

so
ci

at
io

n
24

/2
34

(1
0.

3%
)

3/
23

8
(1

.3
%

)

O
R

 5
.4

3
(1

.8
7 

to
 

15
.7

5)

5 
m

or
e 

pe
r 

10
0

(f
ro

m
 1

 m
or

e 
to

 1
5 

m
or

e)

⨁
⨁
⨁
⨁

H
ig

h
C

R
IT

IC
A

L

V
en

ou
s 

th
ro

m
bo

em
bo

lic
 e

ve
nt

s

4
R

an
do

m
iz

ed
 

tr
ia

ls
N

ot
 

se
ri

ou
s

N
ot

 s
er

io
us

N
ot

 s
er

io
us

Se
ri

ou
sa

N
on

e
4/

23
4

(1
.7

%
)

3/
23

8
(1

.3
%

)

O
R

 1
.2

0
(0

.3
1 

to
 

4.
55

)

0 
fe

w
er

 p
er

 
10

0
(f

ro
m

 1
 f

ew
er

 
to

 4
 m

or
e)

⨁
⨁
⨁
◯

M
od

er
at

e
IM

PO
R

TA
N

T

M
aj

or
 b

le
ed

in
g

4
R

an
do

m
iz

ed
 

tr
ia

ls
N

ot
 

se
ri

ou
s

N
ot

 s
er

io
us

N
ot

 s
er

io
us

Se
ri

ou
sa

N
on

e
10

/2
34

(4
.3

%
)

10
/2

38
(4

.2
%

)

O
R

 1
.0

2
(0

.4
2 

to
 

2.
47

)

0 
fe

w
er

 p
er

 
10

0
(f

ro
m

 2
 f

ew
er

 
to

 6
 m

or
e)

⨁
⨁
⨁
◯

M
od

er
at

e
IM

PO
R

TA
N

T

Fa
ct

or
s 

co
nt

ri
bu

tin
g 

to
 th

e 
ce

rt
ai

nt
y 

of
 e

vi
de

nc
e 

in
cl

ud
e 

th
e 

ri
sk

 o
f 

bi
as

, i
nc

on
si

st
en

cy
, i

nd
ir

ec
tn

es
s,

 im
pr

ec
is

io
n,

 p
ub

lic
at

io
n 

bi
as

, a
nd

 th
e 

st
re

ng
th

 o
f 

as
so

ci
at

io
n.

 C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; D

O
A

C
s 

=
 d

ir
ec

t 
or

al
 a

nt
ic

oa
gu

la
nt

s;
 G

R
A

D
E

 =
 G

ra
di

ng
 o

f 
R

ec
om

m
en

da
tio

ns
, A

ss
es

sm
en

t, 
D

ev
el

op
m

en
t a

nd
 E

va
lu

at
io

n;
 O

R
 =

 o
dd

s 
ra

tio
; V

K
A

s 
=

 v
ita

m
in

-K
 a

nt
ag

on
is

ts
.

E
xp

la
na

tio
ns

a.
L

ow
 e

ve
nt

 r
at

e 
an

d 
w

id
e 

C
I 

w
ith

 n
o 

cl
ea

r 
ha

rm
 o

r 
be

ne
fi

t w
ith

 th
e 

us
e 

of
 d

ir
ec

t o
ra

l a
nt

ic
oa

gu
la

nt
s.

J Am Coll Cardiol. Author manuscript; available in PMC 2024 January 03.


	Abstract
	CONDENSED ABSTRACT:
	INTRODUCTION
	METHODS
	Search strategy and data extraction
	Outcomes
	Statistical analysis
	Subgroup and Sensitivity Analyses

	RESULTS
	Clinical outcomes
	Subgroup analysis
	Sensitivity analysis
	Risk of bias and quality assessment of outcomes

	DISCUSSION
	Study limitations

	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Central Illustration.
	Table 1.
	Table 2.

