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Background: The potential role of new oral anticoagulants in
antiphospholipid antibody syndrome (APS) remains uncertain.

Objective: To determine whether rivaroxaban is noninferior to
dose-adjusted vitamin K antagonists (VKAs) for thrombotic APS.

Design: 3-year, open-label, randomized noninferiority trial. (EU
Clinical Trials Register: EUDRA [European Union Drug Regula-
tory Authorities] code 2010-019764-36)

Setting: 6 university hospitals in Spain.

Participants: 190 adults (aged 18 to 75 years) with thrombotic
APS.

Intervention: Rivaroxaban (20 mg/d or 15 mg/d, according to
renal function) versus dose-adjusted VKAs (target international
normalized ratio, 2.0 to 3.0, or 3.1 to 4.0 in patients with a history
of recurrent thrombosis).

Measurements: The primary efficacy outcome was the propor-
tion of patients with new thrombotic events; the primary safety
outcome was major bleeding. The prespecified noninferiority
margin for risk ratio (RR) was 1.40. Secondary outcomes included
time to thrombosis, type of thrombosis, changes in biomarker
levels, cardiovascular death, and nonmajor bleeding.

Results: After 3 years of follow-up, recurrent thrombosis oc-
curred in 11 patients (11.6%) in the rivaroxaban group and 6
(6.3%) in the VKA group (RR in the rivaroxaban group, 1.83 [95%
Cl, 0.71 to 4.76]). Stroke occurred more commonly in patients
receiving rivaroxaban (9 events) than in those receiving VKAs (0
events) (corrected RR, 19.00 [Cl, 1.12 to 321.9]). Major bleeding
occurred in 6 patients (6.3%) in the rivaroxaban group and 7
(7.4%) in the VKA group (RR, 0.86 [Cl, 0.30 to 2.46]). Post hoc
analysis suggested an increased risk for recurrent thrombosis in
rivaroxaban-treated patients with previous arterial thrombosis,
livedo racemosa, or APS-related cardiac valvular disease.

Limitation: Anticoagulation intensity was not measured in the
rivaroxaban group.

Conclusion: Rivaroxaban did not show noninferiority to dose-
adjusted VKAs for thrombotic APS and, in fact, showed a non-
statistically significant near doubling of the risk for recurrent
thrombosis.
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Antiphospholipid antibody syndrome (APS) is an ac-
quired thrombophilic disorder in which vascular
thrombosis (venous or arterial) and pregnancy losses
may occur in the presence of persistent antiphospho-
lipid antibodies (aPLs) (1-4). Although different patho-
genic mechanisms have been described, long-term an-
ticoagulation with vitamin K antagonists (VKAs), rather
than immunosuppression, remains the standard treat-
ment for secondary prevention of thrombosis.

Despite the use of dose-adjusted warfarin, the an-
nual risk for recurrent thrombosis ranges from 2% to
5% (5-9), with half the cases occurring when the inter-
national normalized ratio (INR) is below the predeter-
mined target range (5). In recent years, anticoagulation
management has been a matter of debate, with argu-
ments for and against high-intensity anticoagulation
(INR, 3.1 to 4.0). Two randomized controlled trials dem-
onstrated that standard-intensity anticoagulation (INR,
2.0 to 3.0) was noninferior to high-intensity treatment
(5, 6). Maintaining optimized anticoagulation to prevent
recurrent thrombosis and bleeding remains a thera-
peutic challenge.

Rivaroxaban is an orally active, direct factor Xa in-
hibitor that provides more consistent and predictable
anticoagulation than warfarin. Currently, it is licensed
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for the treatment and secondary prevention of venous
thromboembolism (10) and stroke prevention in pa-
tients with nonvalvular atrial fibrillation (11). So far, sev-
eral case reports, case series, cross-sectional studies,
and randomized controlled trials have provided con-
flicting data on the efficacy of rivaroxaban in APS (12-
19).

Two randomized controlled trials comparing rivar-
oxaban with warfarin suggested that rivaroxaban may
be efficacious in patients with previous venous throm-
boembolism who are receiving standard-intensity anti-
coagulation (INR, 2.0 to 3.0) (20) but showed an in-
creased thrombotic risk in those with triple-positive
aPLs (21). Results from these studies must be inter-
preted with caution in view of their limitations, which
include the use of a laboratory surrogate marker as a
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primary outcome and premature termination due to an
excess of study events (20, 21).

Thus, we conducted a randomized controlled com-
parative effectiveness trial to test whether rivaroxaban
is noninferior to dose-adjusted VKAs for preventing
thrombotic events in patients with APS.

METHODS
Design Overview

This multicenter, randomized, open-label, phase 3
noninferiority clinical trial was conducted at 6 university
hospitals in Spain. The study recruited patients from
March 2013 to December 2014. Follow-up was com-
pleted in December 2017. Vall d'Hebron Hospital
(VHH) coordinated the trial, managed the database,
and performed the primary analyses independently.
The original research protocol and a summary of pro-
tocol changes are in Supplement 1 (available at Annals
.org). The local ethics committees approved the study,
and all participants provided written informed consent
before enrollment. The study was conducted in accor-
dance with the Declaration of Helsinki and Good Clini-
cal Practice principles. The full list of study investigators
is shown in Supplement 2, Appendix 1 (available at An-
nals.org).

Setting and Participants

Adult patients fulfilling the international consensus
criteria for APS (3) were recruited from internal medi-
cine and rheumatology clinics. Eligible patients in-
cluded those with objectively confirmed arterial or ve-
nous thrombosis and a positive result on aPL testing on
2 occasions at least 3 months apart. Testing for aPL was
performed locally and confirmed by the central labora-
tory (VHH). Acceptable candidates included those with
lupus anticoagulant or moderate to high titers (=40
GPL [IgG phospholipid] units) of IgG anticardiolipin,
anti-B,-glycoprotein | antibodies, or both, measured in
accordance with international guidelines (3, 22). Pa-
tients with only IgM subtypes were not eligible. All pa-
tients with systemic lupus erythematosus were classi-
fied according to the revised criteria of the American
College of Rheumatology (23).

Patients were excluded if they had clinically signif-
icant bleeding diathesis (such as refractory thrombocy-
topenia with a platelet count <50 x 107 cells/L); had
intracranial hemorrhage, stroke, or gastrointestinal
bleeding within the previous 3 months; were pregnant
or lactating; had severe renal impairment (creatinine
clearance, calculated with the Cockcroft-Gault formula,
<30 mL/min/1.73 m? [24]); had an alanine aminotrans-
ferase level more than twice the upper limit of normal;
had Child-Pugh class B or C cirrhosis; were nonadher-
ent to their warfarin regimen; or were receiving cyto-
chrome P450 3A4 inducers. Complete eligibility criteria
are shown in Supplement 2, Appendix 2 (available at
Annals.org).

Randomization and Interventions
The randomized list, stratified by center and pres-
ence of systemic lupus erythematosus, was created at
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VHH by using computer-generated random-number
sequences (C4-Study design pack software [Glaxo-
SmithKline]) in blocks of 10. Sequentially numbered,
concealed envelopes containing group assignments
were provided to the investigators. After written in-
formed consent was obtained, the envelopes were
opened in sequence and patients were randomly as-
signed in a 1:1 ratio to receive rivaroxaban (20 mg/d, or
15 mg/d for patients with a creatinine clearance of 30
to 49 mL/min/1.73 m?) (24) or to continue receiving the
adjusted dosage of VKAs (target INR, 2.0 to 3.0, or 3.1
to 4.0 for those with a history of recurrent thrombosis).

The trial was open label to ensure optimum VKA
dosing and monitoring, and because bleeding man-
agement differs between VKAs and rivaroxaban. The
transition from VKAs to rivaroxaban involved an inter-
mediate step to therapeutic low-molecular-weight hep-
arin. In brief, VKA therapy was discontinued; then, hep-
arin administration (1 mg/kg per 12 hours) began when
the INR was 2 or less, and it was continued for 48 hours.
Finally, rivaroxaban treatment was started (Supplement
2, Appendix 3, available at Annals.org).

During the study, the rivaroxaban dosage could be
modified in relation to changes in creatinine clearance
(24). Adherence in the rivaroxaban group was evalu-
ated by self-reported questionnaire and residual pill
count at each visit. Patients exiting the study were not
considered in the adherence calculation.

The use of additional aspirin, antimalarial drugs, or
immunosuppressive agents was allowed at the investi-
gator's discretion (Supplement 2, Appendix 3).

Outcomes and Follow-up

The primary efficacy end point was the proportion
of patients who had a new thrombotic event during the
study, confirmed by adjudication. Diagnosis of venous
and arterial thrombosis was based on objective imag-
ing techniques. The primary safety end point was the
proportion of patients with a major bleeding episode.
Secondary efficacy end points included time to throm-
bosis, type of thrombotic event, cardiovascular death,
and changes in levels of selected biomarkers (D-dimer,
von Willebrand factor, and platelet factor 4) (25-27).
Secondary safety end points included any adverse
event and nonmajor bleeding.

An independent committee blinded to the clinical
end points applied protocol definitions to adjudicate
suspected cases of thrombosis, death, and bleeding
events that contributed to the prespecified end points
(see outcome definitions in Supplement 2, Appendix 4,
available at Annals.org).

Patients were evaluated monthly for the first 3
months and every 3 months thereafter. Follow-up was
36 months, regardless of events. The study treatment
could be discontinued early because of unacceptable
serious adverse or thrombotic events, any change in
the patient's condition that justified discontinuation,
consent withdrawal, pregnancy, or lack of adherence to
the protocol. In the VKA group, doses were monitored
and INR was measured at local hematologic clinics. In-
ternational normalized ratio was checked every 2 to 6
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weeks as necessary, but every 4 weeks on average. Un-
scheduled INR measurements during a thrombotic ep-
isode were obtained from the patient's clinical record.
If the INR was not measured on the day of the episode,
the reported INR was the value at the last scheduled
visit before diagnosis of the episode.

Patients were instructed to go to the local emer-
gency department if they had recurrent thrombosis or
major bleeding. Results of any objective diagnostic
tests were forwarded to VHH. Temporary drug with-
drawal due to bleeding, surgery, or invasive proce-
dures was carried out according to established proto-
cols. Reasons for premature discontinuation of
treatment were recorded.

The following laboratory tests were performed at
each visit: complete blood count; renal and liver function
tests; standard coagulation tests; urinalysis; 24-hour pro-
tein collection; and tests for anti-double-stranded DNA
antibodies, antinuclear antibodies, complement levels, lu-
pus anticoagulant, IgG and IgM anticardiolipin, and anti-
B>-glycoprotein | antibodies. Additional samples were ob-
tained at baseline and every 6 months for further
measurement of thrombotic risk biomarkers (D-dimer,
von Willebrand factor, and platelet factor 4). At random-
ization, Global Anti-Phospholipid Syndrome Score (28)
also was assessed (see Supplement 2, Appendix 5 [avail-
able at Annals.org] for study measures).

Reports of serious adverse events and serious ad-
verse reactions were reviewed by external, indepen-
dent, medically qualified staff and classified according
to MedDRA (Medical Dictionary for Regulatory Activi-
ties), version 12 (available at www.meddra.org).

ORIGINAL RESEARCH

Statistical Analysis

The study was designed and powered to determine
whether rivaroxaban was noninferior to VKAs by 36 weeks
for the primary efficacy outcome. No clinical trials com-
paring rivaroxaban and warfarin in APS were available
when the study was designed. Thus, to define the non-
inferiority margin, we considered meta-analysis data com-
paring warfarin with placebo with regard to stroke inci-
dence in patients with atrial fibrillation (29), in whom the
relative risk for stroke reduction was estimated as 0.36
(95% CI, 0.26 to 0.51). From this upper limit (0.51), the
noninferiority margin was set to correspond to the pres-
ervation of 50% of the warfarin versus placebo effect,
which corresponds to the square root of 0.51: 0.71. This
corresponds to a relative risk for rivaroxaban versus war-
farin of 0.71/0.51 = 1.40 as the noninferiority limit-that is,
the limit of the upper 95% Cl for rivaroxaban versus war-
farin to declare noninferiority—with the 1-sided a-error at
2.5%. With these premises, 95 patients in each group
would offer a statistical power of 80%.

Because this was a noninferiority study, the primary
efficacy analysis was prespecified to be performed in
the per protocol population, which included all patients
receiving at least 1 dose of the study drug and being
followed for events occurring while receiving treatment
or within 7 days after discontinuation. An intention-to-
treat (ITT) analysis was also performed. Follow-up in the
ITT population continued until notification of study ter-
mination. The safety population comprised all patients
receiving at least 1 dose of study medication. More de-
tailed information is available in Supplement 1.

Figure 1. Study flow diagram.
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INR = international normalized ratio; ITT = intention-to-treat; VKA = vitamin K antagonist.
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Table 1. Characteristics of the Study Sample at Baseline

Characteristic Rivaroxaban Group (n = 95) VKA Group (n = 95)
Female sex, n (%) 61(64.2) 60 (63.2)
Median age (IQR), y 47 (40-55) 51(38-63)
Mean BMI (SD), kg/m? 28 (5.1) 29 (6.0)
Median duration of APS (IQR), y 7 (4-15) 6(4-12)
APS category, n (%)

Primary 64 (67.4) 68(71.6)

Secondary 31(32.6) 27 (28.4)
Clinical criteria for initial anticoagulation, n (%)

Venous thrombosis 69 (72.6) 70(73.7)

Arterial thrombosis 37(38.9) 34(35.8)

Both arterial and venous thrombosis 11(11.6) 9(9.5)
Obstetric medical history, n (%) 17(17.9) 13(13.7)
Recurrent thrombosis, n (%) 12(12.6) 16(16.8)

Other APS nonthrombotic manifestations, n (%)

Valvular heart disease* 23(24.2) 22(23.2)
Renal thrombotic microangiopathy 6(6.3) 9(9.5)
Livedo reticularist 37(38.9) 26 (27.4)
Migrainet 33(34.7) 21(22.1)
Laboratory profile at inclusion, n (%)
Lupus anticoagulant 93(97.9) 90 (94.7)
Lupus anticoagulant alone 37(38.9) 30(31.6)
IgG/IgM antibodies
aCL 62 (65.3) 65 (68.4)
Anti-B,GPI 60(63.2) 62 (65.3)
Anti-aPS/PT 31(32.6) 33(34.7)
Mean aCL/B,GPI antibody level (SD)
IgG aCL, GPL units 190.2 (6.5) 181.8(275.5)
IgM aCL, MPL units 21.8(30.4) 16.5(20.3)
I9G anti-B,GPI, GPL units 141.4(241.9) 137.4(262.8)
IgM anti-B,GPI, MPL units 24.8(31.9) 19.1(31.6)
Lupus anticoagulant and IgG aCL and IgG anti-B,GPI antibodies, n (%) 58(61.1) 57 (60.0)
GAPSS risk for thrombosist
Mean score (SD) 13.8(2.7) 13.5(2.7)
Score, n (%)
<10 10(10.5) 10(10.5)
10 to <15 63(66.3) 68(71.6)
=15 22(23.2) 17(17.9)
Aspirin use, n (%) 13(13.7) 11(11.6)
Rivaroxaban dose, n (%)
20 mg once daily 90 (94.7) NA
15 mg once daily§ 5(5.2) NA
C isting cardio lar risk factors, n (%)
Smokingl| 28(29.5) 38(40.0)
Dyslipidemia 40 (42.1) 34 (35.8)
Diabetes mellitus 8(8.4) 4(4.2)
Hypertension 39(41.1) 38 (40.0)
Mean biomarker levels
D-dimer (SD), nmol/L 0.72(0.76) 0.49 (0.45)
von Willebrand factor (SD), ng/mL 7221.3 (7458.9) 6381.7 (3381.9)
PF4 (SD), ng/mL 475.4(237.1) 468.9 (4123)

aCL = anticardiolipin; APS = antiphospholipid antibody syndrome; aPS/PT = antiphosphatidylserine/prothrombin; B,GPl = B,-glycoprotein I;
BMI = body mass index; GAPSS = Global Anti-Phospholipid Syndrome Score; GPL = IgG phospholipid; IQR = interquartile range; MPL = IgM
phospholipid; NA = not applicable; PF4 = platelet chemokine platelet factor 4; VKA = vitamin K antagonist.

* Defined as echocardiographic detection of lesions, regurgitation, or stenosis of the mitral or aortic valve, according to the actual definition of
APS-associated cardiac valve disease (3).

T P < 0.050 for the between-group comparison.

T GAPSS (33) is a categorical score derived from combining independent risk factors for thrombosis and pregnancy loss, considering the antiphos-
pholipid antibody profile, conventional cardiovascular risk factors, and the autoimmune antibody profile. It was developed and validated in a cohort
of patients with systemic lupus erythematosus. The GAPSS ranges from 1 to 20, with higher scores indicating increased risk.

§ Given only to patients with creatinine clearance of 30 to 49 mL/min/1.73 m?.

[ Including a history of smoking.
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For the sample description, continuous variables
are presented as mean and range or SD or as median
and interquartile range; categorical variables are pre-
sented as frequencies and percentages. To estimate
the main results, risks for thrombotic events and their
ratio were calculated with 95% confidence limits. When
a zero count was present, a corrected RR was com-
puted, adding 0.5 in each table cell. A noninferiority
contrast test against the noninferiority limit of 1.40 was
applied.

Time to thrombotic event was analyzed with Cox
proportional hazard models. If the number of events
was too small to obtain a direct estimator of the hazard
ratio, the Firth correction was applied. As secondary
analyses, efficacy end points were also estimated, ad-
justing for potential confounder variables that substan-
tially modify (>10%) the raw estimates: age, recurrent
thrombosis, livedo racemosa, and migraine. Poisson re-
gression was used to calculate the adjusted RRs. The
estimates for bleeding events were not adjusted for
other variables. Adverse events were compared by us-
ing the Fisher exact test. For the graphic representa-
tion, the product limit method was used. The estima-
tors for potential interest subgroups were calculated
with an exploratory aim. The statistical significance limit
was set at P < 0.050. Statistical analyses were per-
formed by using Stata 13.1 (StataCorp) and SAS 9.4
(SAS Institute).

Biomarker values were presented as continuous
variables. Comparisons between groups were per-
formed by t test, or Mann-Whitney U test for continuous
values. Statistical analyses were performed by using
GraphPad Prism, version 6.

Role of the Funding Source

Bayer Hispania had no role in the design or con-
duct of the study; collection, management, analysis, or
interpretation of the data; or preparation, review, or ap-
proval of the manuscript.
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RESULTS
Recruitment and Follow-up

A total of 190 patients were randomly assigned to
treatment groups (Figure 1). In each group, 6.3% of
patients permanently stopped their assigned therapy
before a thrombotic event and before the end date.
Mean length of treatment was 33.1 months (range, 2 to
36 months) in the rivaroxaban group and 34.1 months
(range, 6 to 36 months) in the VKA group; overall mean
follow-up was 35.4 months (range, 18 to 36 months).

Patient Characteristics and Treatments

Table 1 shows the baseline clinical characteristics
of the study participants. Migraine and livedo racemosa
were more prevalent in the rivaroxaban group. A third
of the patients had concomitant cardiovascular risk fac-
tors, such as smoking history, hypertension, or hyper-
lipidemia. Overall, APS-related valvular heart disease
was present on echocardiography in 45 patients.
Among these patients, mild to moderate mitral thicken-
ing was the most common finding (21 patients [22.1%]
in the rivaroxaban group and 14 [14.7%] in the VKA
group). Mean duration of valvular disease before ran-
domization was 7.15 years (range, 1 to 15 years) in the
rivaroxaban group and 8.4 years (range, 1 to 16 years)
in the VKA group. Global Anti-Phospholipid Syndrome
Score was similar between groups. Twenty-eight pa-
tients (14.7%) were receiving high-intensity VKA ther-
apy. At baseline, 13 patients (13.7%) in the rivaroxaban
group and 11 (11.6%) in the VKA group were receiving
concomitant aspirin. Likewise, hydroxychloroquine and
corticosteroids were being used by 29 patients (30.5%)
and 26 patients (27.4%) in the rivaroxaban group and
26 (27.4%) and 23 (24.2%) in the VKA group, respec-
tively (Supplement Table 1, available at Annals.org).

Primary Efficacy Outcome
In the per protocol analysis, recurrent thrombosis
occurred in 11 patients (11.6%) in the rivaroxaban

Table 2. Efficacy End Points of Recurrent Thrombotic Events*

Study Population Events, n (%) Risk Ratio P Value Hazard Ratio P Value
(95% CI) (95% Cht
Rivaroxaban Group VKA Group
(n = 95) (n = 95)t
Per protocol, as treated
All events 11(11.6) 6(6.3) 1.83(0.71-4.76) 0.21 1.94(0.72-5.24) 0.190
Arterial events§ 10(10.5) 3(3.2) 3.33(0.95-11.73) 0.060 3.52(0.97-12.79) 0.060
Venous events§ 2(2.1) 3(3.2) 0.67 (0.11-3.90) 0.65 0.70(0.12-4.21) 0.70
Stroke 9(9.5) 0(0) 19.00 (1.12-321.9) <0.001 19.97 (1.00-400.0) 0.050
Intention to treat
All events 12(12.6) 6(6.3) 2.00(0.78-5.11) 0.150 2.10(0.79-5.59) 0.140
Arterial events 11(11.6) 3(3.2) 3.67 (1.06-12.73) 0.040 3.84(1.07-13.76) 0.040
Venous events 2(2.1) 3(3.2) 0.67 (0.11-3.90) 0.65 0.70(0.12-4.18) 0.69
Stroke 10(10.5) 0(0) 21.00(1.25-353.3) 0.001 20.01(1.12-431.8) 0.040

VKA = vitamin K antagonist.

* All analyses of thrombotic events were based on the first event in the safety population during treatment. Among patients who had a thrombotic
event, 3 (50%) in the VKA group and 6 (54.5%) in the rivaroxaban group had additional conventional cardiovascular risk factors, and they were

adherent to their treatment.

T Four thrombotic events in the VKA group occurred in patients with an international normalized ratio below target.
f Hazard ratios are for the rivaroxaban group compared with the VKA group.
§ One patient with catastrophic antiphospholipid antibody syndrome presented with arterial and venous events simultaneously.
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Table 3. Safety End Points of Bleeding Events*

Variable Events, n (%) Risk Ratio P Value Hazard Ratio P Value
(95% CI) (95% CI)t
Rivaroxaban Group VKA Group
(n = 95) (n =95)
Major bleeding
Any 6(6.3) 7 0.86(0.30-2.46) 0.77 0.88(0.30-2.63) 0.82
Decrease in hemoglobin level >2 g/dL 6(6.3 5 1.20(0.38-3.80) 0.76 1.03(0.30-3.54) 0.97
Transfusion 5(5.3 5 1.00(0.30-3.34) 1.00 1.03(0.30-3.57) 0.96
Critical bleedingt 0 4 0.00 (0.00-1.51) 0.060 0.12(0.00-3.03) 0.190
Fatal bleeding 0 0 - - - -
Intracranial hemorrhage 0 2 (2. 0.00(0.00-5.32) 0.25 0.21(0.01-8.48) 0.41
Any bleeding 31(32.6) 26(27.4) 1.19(0.77-1.85) 0.43 1.27(0.75-2.15) 0.37
Nonmajor clinically relevant bleeding 9(9.5) 5 1.80(0.63-5.17) 0.28 2.35(0.72-7.61) 0.160
Minor bleeding 16(16.8) 14 (14.7) 1.14(0.59-2.21) 0.69 1.16 (0.57-2.37) 0.69

VKA = vitamin K antagonist.

* All analyses of bleeding rates were based on the first event in the safety population during treatment.
T Hazard ratios are for the rivaroxaban group compared with the VKA group.
1 Bleeding events were considered critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intra-articular, intramuscular (with

compartment syndrome), or retroperitoneal sites.

group and 6 (6.3%) in the VKA group (RR, 1.83 [CI, 0.71
to 4.76]; P for noninferiority = 0.29, P for VKA superior-
ity = 0.20). These results (upper Cl, 4.76) clearly exceed
the defined noninferiority margin of 1.40. Among all ran-
domly assigned patients in the ITT analysis, primary
events occurred in 12 (12.6%) in the rivaroxaban group
and 6 (6.3%) in the VKA group (RR, 2.0 [CI, 0.78 to 5.11];
P for noninferiority = 0.57; P for VKA superiority = 0.13).
Table 2 shows results of the unadjusted analyses, because
those of the adjusted analyses were similar.

Bleeding Outcomes

In the as-treated safety population, major bleeding
occurred in 6 patients (6.3%) in the rivaroxaban group
and 7 (7.4%) in the VKA group (corrected RR, 0.86 [C],
0.30 to 2.46]). Overall bleeding occurred in 31 patients
(32.6%) in the rivaroxaban group and 26 (27.4%) in the
VKA group (RR, 1.19 [CI, 0.77 to 1.85]) (Table 3). Bleed-
ing at critical anatomical sites (such as intracranial, in-
traspinal, retroperitoneal, or pericardial sites) occurred
in 4 patients in the VKA group, 2 of which were intra-
cranial. No fatal bleeding episodes were observed.
Rates of major bleeding from gastrointestinal sites were
low in both groups (1.1% in the rivaroxaban vs. 2.1% in
the VKA group). Menorrhagia was more common in pa-
tients receiving rivaroxaban (21 [22.1%] vs. 10 [10.5%]).

Secondary Efficacy Outcomes

Recurrent thrombotic events in the rivaroxaban
group were predominantly arterial, with a high rate of
stroke: 9 events compared with none in the VKA group
(RR, 19.00 [CI, 1.12 to 321.9]). The hazard ratio for time
to the primary event was 1.94 (Cl, 0.72 to 5.24) (P = 0.19)
(Figure 2). Results for the ITT analyses were effectively the
same (Table 2). Catastrophic APS developed in 1 patient
receiving rivaroxaban. Thrombotic events are reported in
Supplement Table 2 (available at Annals.org); none oc-
curred during the anticoagulation therapy-substitution
transition. Adherence to rivaroxaban treatment was 97%.
Among the patients who had a thrombotic event, rivar-
oxaban was withdrawn in 5 and aspirin was added for the
rest. Among patients receiving VKAs, INR values were
within therapeutic range a mean of 56% of the time (me-
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dian, 58% [interquartile range, 46 to 70]). Four thrombotic
events in the VKA group occurred in patients with an
INR below target; aspirin was added to treatment for
2 patients.

Five deaths occurred in the rivaroxaban group
(5.3%) and 3 in the VKA group (3.2%) (RR, 1.67 [CI, 0.41
to 6.78]; P = 0.47). Most were cancer related. Data on
causes of death and nonhemorrhagic adverse events
are shown in Supplement Table 3 and Table 4 (avail-
able at Annals.org).

No significant differences were observed in compar-
ative biomarker levels at baseline or during follow-up
(Supplement Figure 1 and Figure 2, available at Annals
.org).

Exploratory Subgroup Analyses in Patients With
Recurrent Thrombotic Events

Although the subgroups were too small to draw firm
conclusions, recurrent thrombotic episodes tended to de-
velop more frequently in the rivaroxaban than the VKA
group among patients with livedo racemosa (21.6% vs.
7.7%), valvular heart disease (39.1% vs. 4.5%), and previ-
ous arterial episodes (18.9% vs. 8.8%) (Figure 3). In the
rivaroxaban group, patients with recurrent thrombosis
had a higher prevalence of livedo racemosa (72.7% vs.
34.5%; P= 0.02) and mitral valve disease (72.7% vs.
14.3%; P < 0.001) than those without it (Supplement Ta-
ble 5, available at Annals.org).

Di1scUSSION

Long-term anticoagulation with VKAs is the main-
stay of therapy for thrombotic APS, but its use may be
problematic because of food and drug interactions,
bleeding complications, and the need for frequent
monitoring. Because newly available anticoagulation
therapies may overcome some of these drawbacks,
comparing them with VKAs is necessary.

In this randomized noninferiority trial, we com-
pared rivaroxaban with VKA for secondary thrombo-
prophylaxis in patients with APS. Baseline variables
were evenly distributed, except for a higher proportion
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of patients with migraine, livedo racemosa, recurrent
thrombosis, and older age in the rivaroxaban group.
This imbalance occurred by chance, and our analysis
adjusted for these factors. The primary efficacy analyses
could not demonstrate rivaroxaban noninferiority to

ORIGINAL RESEARCH

dose-adjusted VKAs. In fact, although inconclusive, we
found an increased risk for recurrent thrombosis in the
rivaroxaban group, with a predominance of arterial
thrombotic events and stroke in particular. Recurrent
thrombosis in the VKA group occurred mainly while INR

Figure 2. Time to recurrent thrombotic and stroke events in the per protocol population.
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Figure 3. Exploratory subgroup analysis: Risk ratios of thrombosis in patient subgroups, according to clinically relevant

characteristics.

Subgroup Patients, n/N (%)
Rivaroxaban VKA Hazard Ratio
All patients 11/95 (11.6) 6/95 (6.3) .
Recurrent thrombosis
Yes 3/12 (25.0) 3/16 (18.8) u
No 8/83 (9.6) 3/79 (3.8) B
Previous arterial thrombosis
Yes 7/37 (18.9) 3/34 (8.8) B
No 4/58 (6.9) 3/61(4.9) B
Previous venous thrombosis
Yes 6/69 (8.7) 3/70 (4.3) l
No 5/26 (19.2) 3/25 (12.0) B
aPL triple positivity
Yes 10/58 (17.2) 5/57 (8.8) L
No 1/37 (2.7) 1/38 (2.6) u
Livedo racemosa
Yes 8/37 (21.6) 2/26 (7.7) I >
No 3/58 (5.2) 4/69 (5.8) n
APS-related valvular disease
Yes 9/23 (39.1) 1/22 (4.5) L] >
No 2/72 (2.8) 5/73 (6.8) B
Migraine
Yes 8/33 (24.2) 3/21 (14.3) B
No 3/62 (4.8) 3/71(4.2) B
SLE
Yes 3/31(9.7) 2/27 (7.4) L
No 8/64 (12.5) 4/68 (5.9) B
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T T T T 1
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Cardiac valvular disease related to APS was defined as echocardiographic detection of mitral or aortic valve lesions, regurgitation, or stenosis
according to the APS-associated cardiac valvular disease definition (3). aPL = antiphospholipid antibody; APS = antiphospholipid antibody syn-

drome; SLE = systemic lupus erythematosus; VKA = vitamin K antagonist.

values were below the desired range. In the primary
safety analysis, no differences were observed in major
bleeding rates.

Our findings differ from those of Cohen and col-
leagues (20), who observed no thrombotic events after
6 months of rivaroxaban or standard-intensity warfarin
in patients with APS. However, the primary outcome of
that trial was a laboratory surrogate measure: the dif-
ference in endogenous thrombin potential. In addition,
patients with arterial events and recurrent thrombosis
were excluded, only 28% of patients had a high-risk
antibody profile, and the follow-up was short (20).

Our results are consistent with those of observa-
tional studies showing recurrent thrombosis in patients
with APS after switching from warfarin to direct oral
anticoagulants (12-19), as well as with the findings of
TRAPS (Trial on Rivaroxaban in Antiphospholipid Syn-
drome) (21). The TRAPS study aimed to demonstrate that
rivaroxaban is noninferior to warfarin for preventing
thromboembolic events in patients with high-risk triple-
positive APS. In contrast to our study, the primary out-
come was a composite of thromboembolic events, major
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bleeding, and vascular death. The trial was interrupted
prematurely because of an imbalance in the composite
end point. As in our study, a higher rate of thrombotic
events was observed in the rivaroxaban groups, all occur-
ring in the arterial circulation. Seven (12%) occurred in
patients randomly assigned to rivaroxaban (4 ischemic
strokes and 3 myocardial infarctions), whereas none oc-
curred in the warfarin group (21).

Although our study was not powered for subgroup
analysis, we identified livedo racemosa, valvular heart
disease, and previous arterial thrombosis as risk factors
for recurrent thrombosis in patients receiving rivaroxa-
ban. These are already known risk factors for arterial
thrombosis in APS (30-33). Although aPL triple positiv-
ity has been associated with recurrent thrombosis dur-
ing direct oral anticoagulant treatment (12, 21), we did
not find this association. Conventional cardiovascular
risk factors were found concomitantly in 30% to 40% of
the patients, similar to other reported cohorts (21), but
no association with thrombotic risk was found.

A strong association between widespread livedo
racemosa and cerebrovascular events has been de-

Annals.org


http://www.annals.org

Rivaroxaban in Antiphospholipid Syndrome

scribed for more than a decade (34). Livedo reticularis
also has been strongly associated with lupus anticoag-
ulant, hypertension, and heart valve abnormalities, es-
pecially mitral valve regurgitation. Its low prevalence in
patients with only venous events makes it a good
marker for the "arterial-arteriolar” APS subset (32, 33).

Whether additional therapy with aspirin is effective
in APS remains unknown (27). Although the proportion
of patients receiving aspirin in our study was small, no
statistical differences in arterial thrombotic rates were
observed between recipients and nonrecipients. Like-
wise, conclusions could not be drawn regarding addi-
tional therapy with hydroxychloroquine, a drug sug-
gested to play a role in lowering aPL titers and
preventing thrombotic recurrence (35).

The reasons rivaroxaban failed to prevent arterial
thrombotic events in patients with APS are uncertain.
One explanation may be a suboptimal drug concentra-
tion related to interindividual variability; however, in
previous trials of direct oral anticoagulation in which
variable drug concentration was measured, no associa-
tion between thrombosis and bleeding risk was dem-
onstrated (36, 37). Another reason may be higher
anti-Xa activity requirements to prevent arterial events,
as described in experimental models (38). A third ex-
planation may be poor treatment adherence, because
routine coagulation monitoring is not required; how-
ever, the adequate adherence rate in our study, despite
premature withdrawal in 6% of patients, does not ex-
plain the failure of treatment. Finally, whereas warfarin
targets factors Il, VII, IX, and X; protein S; and protein C,
and pharmacokinetically has a longer half-life than ri-
varoxaban, rivaroxaban targets only 1 coagulation fac-
tor (Xa). Whether inhibition of only 1 factor rather than
several might explain treatment failure is uncertain.

Our aim was to evaluate whether the new therapy
had an efficacy at least similar to that of the standard
treatment. The acceptable noninferiority margin was
defined from information available when the study was
designed. At that time, the anticipated rate of recurrent
thrombosis in patients with APS receiving warfarin was
estimated to be 14% over 3 years (5-7). However, the
outcome risk in our study's control group was lower
than expected (6.3% vs. 14%), but the potential prob-
lems that this could cause were limited by the poor
results in the rivaroxaban group.

The study had several limitations: Anticoagulation
intensity was not measured, the study was underpow-
ered to detect differences in patient subgroups, and
the exploratory nature of post hoc analyses did not al-
low conclusions to be drawn. Therefore, caution must
be used in interpreting results related to livedo rac-
emosa, migraine, and previous arterial episodes.

In conclusion, rivaroxaban did not demonstrate non-
inferiority to dose-adjusted VKAs for secondary throm-
boprophylaxis in patients with thrombotic APS. Instead,
our results indicate a recurrent thrombotic rate that is
nearly double, albeit without statistical significance.
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