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KEY PO INT S

l Direct anticoagulants
are currently used
in patients with
thromboembolism,
irrespective of the
presence of
antiphospholipid
antibodies.

l This trial shows an
increased rate of
events with
rivaroxaban compared
with warfarin in
patients with
antiphospholipid
syndrome.

Rivaroxaban is an effective and safe alternative towarfarin in patients with atrial fibrillation
and venous thromboembolism.We tested the efficacy and safety of rivaroxaban compared
with warfarin in high-risk patients with thrombotic antiphospholipid syndrome. This is a
randomized open-label multicenter noninferiority study with blinded end point adjudica-
tion. Rivaroxaban, 20 mg once daily (15 mg once daily based on kidney function) was
compared with warfarin (international normalized ratio target 2.5) for the prevention
of thromboembolic events, major bleeding, and vascular death in patients with anti-
phospholipid syndrome. Only high-risk patients triple positive for lupus anticoagulant, anti-
cardiolipin, and anti–b2-glycoprotein I antibodies of the same isotype (triple positivity)
were included in the study. The trial was terminated prematurely after the enrollment
of 120 patients (59 randomized to rivaroxaban and 61 to warfarin) because of an excess of
events among patients in the rivaroxaban arm. Mean follow-up was 569 days. There were
11 (19%) events in the rivaroxaban group, and 2 (3%) events in the warfarin group.
Thromboembolic events occurred in 7 (12%) patients randomized to rivaroxaban (4 is-
chemic stroke and 3 myocardial infarction), whereas no event was recorded in those ran-
domized to warfarin. Major bleeding occurred in 6 patients: 4 (7%) in the rivaroxaban group

and 2 (3%) in the warfarin group. No death was reported. The use of rivaroxaban in high-risk patients with antiphospholipid
syndromewas associatedwith an increased rate of events compared with warfarin, thus showing no benefit and excess
risk. This trial was registered at www.clinicaltrials.gov as #NCT02157272. (Blood. 2018;132(13):1365-1371)

Introduction
Antiphospholipid syndrome (APS) is an acquired autoimmune
disease that is characterized by the association of thromboem-
bolic events or pregnancy morbidity and the presence of anti-
phospholipid (aPL) antibodies.1 The laboratory tests exploring the
presence of aPL antibodies include lupus anticoagulant (LA), anti-
cardiolipin (aCL) antibodies, and anti–b2-glycoprotein I (ab2GPI)
antibodies. Laboratory tests may be positive in different combi-
nations; however, a particular group of individuals, those pre-
senting with positivity for all 3 laboratory tests (triple positive),
are at the highest risk for both a first thrombotic event and
a higher rate of recurrence despite antithrombotic treatment.2-7

Triple-positive individuals make up ,50% of those positive for
1 or 2 tests exploring the presence of aPL antibodies.4 Secondary
prevention of thromboembolic events is the primary therapeutic
goal in these patients, and the mainstay treatment is warfarin,
because it significantly reduces thromboembolic recurrences.8-10

However, the management of warfarin therapy is challenging,
and thromboembolic events are frequent when the intensity of
anticoagulation is not adequate (ie, International Normalized
Ratio [INR] ,2).11 Major bleeding is also a concern among APS
patients when INR is kept at target values .3.11,12 An antico-
agulant with a predictable effect and no need for monitoring
would be of interest to the young population of patients with
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thrombotic APS. Rivaroxaban, a direct inhibitor of factor Xa, is at
least as effective as warfarin in preventing venous13 and arterial
thromboembolism.14,15 Moreover, it exhibits a safer profile due
to a significantly lower incidence of cerebral bleeding.14 Under
these premises, we designed and conducted a randomized
controlled trial aiming to compare the efficacy and safety of
rivaroxaban and warfarin in APS patients (Trial on Rivaroxaban in
AntiPhospholipid Syndrome [TRAPS]) at high-risk for thrombo-
embolic recurrence.

Methods
Study design
TRAPS is a prospective randomized phase 3 open-label non-
inferiority study with blinded end point adjudication conducted
in 14 centers in Italy. The study design has been described
previously.16 The protocol was approved by the Institutional
Review Board at each participating site. An independent Data
and Safety Monitoring Board whose members were unaware of
treatment allocation closely monitored the trial.

Patients and randomization
Adult patients were eligible for inclusion if they were between
the ages of 18 and 75 years, were positive for all 3 aPL tests in the
last blood sampling (triple positivity), and had a history of
thrombosis (objectively proven arterial, venous, and/or biopsy-
proven microthrombosis). Triple positivity was defined as pos-
itivity for immunoglobulin G (IgG) and/or IgM aCL (.40 GPL
[G phospholipid units] or MPL [M phospholipid units] or greater
than the 99th percentile), IgG, and/or IgM ab2GPI (.40 U or
greater than the 99th percentile) and LA test based on the
recommendations of the International Society of Thrombosis
and Hemostasis.17,18 aCL and ab2GPI ELISA tests had to be
positive for the same isotype. At the screening visit, as well as at
follow-up visits, recent laboratory tests (complete blood count,
renal and liver function, and standard coagulation tests) were
examined. After signing an informed consent form, patients
underwent Web-based randomization using random block sizes
of 2, 4, and 6 and stratified based on sex and the presence or
absence of an associated autoimmune disease. In this way, 4
strata were constructed: females with or without associated
autoimmune disease and males with or without associated au-
toimmune disease. Exclusion criteria are detailed elsewhere.16

Randomization and study data were managed using Research
Electronic Data Capture19 tools hosted at the Department of
Cardiac Thoracic and Vascular Sciences, Padua University
Hospital.

Study drug regimen
Patients randomized to rivaroxaban received 20 mg once daily
if they had a creatinine clearance (CrCl) .50 mL/min, as de-
termined by the Cockroft–Gault method. In case of CrCl between
30 and 50 mL/min, 15 mg of rivaroxaban was administered once
daily. Patient compliance was checked by counting residual pills
at each follow-up visit. Patients exiting the study were not con-
sidered in compliance calculation. Patients on warfarin ran-
domized to rivaroxaban started treatment when INR was ,3.
If the patient was naive to anticoagulation and randomized to
warfarin, patient maintenance dose was determined using the
protocol endorsed by the Italian Federation of Anticoagulation
Clinics.20 INR was maintained between 2.0 and 3.0 and checked

at least every 4 weeks, or more frequently if needed, at the
investigator’s discretion.

Follow-up and outcomes
Enrolled patients underwent regularly scheduled visits 1 and
3 months after randomization and every 6 months thereafter. At
each visit, compliance to rivaroxaban was checked by residual
pill count, and compliance to warfarin was checked by calculating
the time in therapeutic range. Temporary drug discontinuation
for surgery or invasive procedures was carried out according
to established protocols.21,22 The reasons for final premature
drug discontinuation were recorded. The use of aspirin in
addition to anticoagulant drugs was allowed at the investiga-
tor’s discretion.

The primary outcome was the cumulative incidence of throm-
boembolic events, major bleeding, and vascular death. Diagnosis
of venous and arterial thromboembolism was based on objective
imaging techniques, diagnosis of major bleeding was according
to published guidelines,23 and diagnosis of vascular death
was ascertained from clinical or autopsy reports and/or death
certificates.16

Statistical analysis
The primary analysis was designed to test whether the experi-
mental drug (rivaroxaban) is noninferior to the active control
(warfarin). The noninferiority margin was set to correspond to
the preservation of 50% of the warfarin effect, as adopted in the
other rivaroxaban registration trials. The noninferiority margin
is derived from the only observational study comparing vitamin
K antagonists with control in triple-positive APS patients.4 This
study showed a rate of composite events (thrombosis, major
bleeding, and death) among APS patients receiving warfarin of
;6% per year. On the other hand, the incidence of events in
untreated patients is 13% per year. The hazard ratio (HR) margin
corresponding to preservation of 50% of the warfarin effect is
1.7. To satisfy the noninferiority hypothesis, the upper boundary
of the 1-sided 95% confidence interval (CI) for the HR of an
outcome with rivaroxaban compared with warfarin must fall
below 1.7. A noninferiority log-rank test with 88 overall events
and sample size of 536 subjects (268 in the reference group and
268 in the treatment group) achieves 80% power at a 0.05 1-tail
significance level to detect an equivalence HR of 1.7.

The primary outcome was analyzed according to “as treated”
and intention to treat (ITT) principle; “as treated” analysis in-
cluded patients who completed the study on the assigned
treatment on randomization, whereas ITT included all patients
who underwent randomization. Final analysis included events
that occurred from the randomization date to 25 January 2018
(the day on which investigators were instructed to switch patients
to a nonstudy vitamin K antagonist). Baseline continuous and
categorical data are reported as appropriate: means and standard
deviations for continuous data and as numbers and percentages
for categorical data. Cox proportional-hazards modeling was
used for the end point analyses. Statistical significance was set
at P # .05.

Results
Trial enrollment began on 2 November 2014 and was stopped
ahead of the planned date on 25 January 2018 by the Advisory
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Board, based on recommendations of the Adjudication and
Safety Committee. All participating patients discontinued the
assigned study drug and switched to a nonstudy vitamin K

antagonist. At the time of trial termination, 120 patients had
been randomized: 59 in the rivaroxaban group and 61 in the
warfarin group. Patient characteristics are described in Table 1.
Randomization produced a satisfactory balance between groups
for the considered variables. Risk factors for thrombosis were
also comparable between the 2 study groups. Two patients met
the dose-reduction criteria based on calculated CrCl and re-
ceived 15 mg of rivaroxaban.

There were 9 (12%) patients in the rivaroxaban group and 3 (5%)
in the warfarin group who permanently stopped their assigned
therapy before an end point event and before the termination
date. Reasons for discontinuation are shown in Table 2. The
mean follow-up period was 569 days for the “as treated” cohort
and 611 days for the ITT cohort. No patient was lost to follow-
up. Adherence to treatment was 96% in the rivaroxaban group,
and the time in therapeutic range was 67% in the warfarin
group.

Clinical outcomes
Overall, 13 events were reported during follow-up in the “as
treated” population (Table 3). A post hoc ITT analysis included
2 additional events. In the “as treated” analysis (Table 4; Figure 1),
the composite primary outcome of thromboembolic events,
major bleeding, and vascular death occurred in 11 patients in the
rivaroxaban group and in 2 patients in the warfarin group (HR,
6.7; 95% CI, 1.5-30.5; P 5 .01). In the rivaroxaban arm, ischemic
stroke occurred in 4 (7%) patients, and myocardial infarction
occurred in 3 (5%) patients, whereas there were no cases of
ischemic stroke or myocardial infarction in the warfarin group.
Of the 7 patients experiencing arterial events in the rivaroxaban
arm, 1 patient was on aspirin; conversely, among the 52 patients
without arterial events, 10 patients were on aspirin (P 5 not
significant). No episode of venous thromboembolism was
recorded in either arm. There were 4 and 2 cases of major
bleeding in the rivaroxaban and warfarin groups, respectively
(HR, 2.5; 95%CI; 0.5-13.6; P5 .3). Overall, bleeding events were
associated with predisposing factors in 5 of 6 cases (uterine fi-
broma, anal fissure, and Crohn’s disease, as well as thrombo-
cytopenia in 2 patients). None of the patients treated with the
lower-dose rivaroxaban had an event. No patient died during the
follow-up.

In the ITT analysis (Table 4) that includes the 12 patients who
exited the study prematurely, the composite primary outcome
of thromboembolic events, major bleeding, and vascular death
occurred in 13 patients in the rivaroxaban group and in 2 patients
in the warfarin group (HR, 7.4; 95% CI, 1.7-32.9; P5 .008). There

Table 1. Baseline characteristics of the patients

Characteristic
Rivaroxaban
(n 5 59)

Warfarin
(n 5 61)

Females, n (%) 39 (66) 38 (62)

Age, y 46.5 6 10.2* 46.1 6 13.2*

Body mass index, kg/m2 26.1 6 6.1* 25.5 6 5.9*

CrCl, mL/min 117.0 6 38.6* 109.3 6 36.7*

Hemoglobin, g/L 131.7 6 17.6* 135.9 6 17.1*

Platelet count, 3109/L 214.9 6 73.8* 209.3 6 63.5*

APS laboratory test
positivity, n

LA: dRVVT/aPTT/both 16/5/38 14/7/40
aCL: IgG or IgG 1

IgM/IgM only
57/2 52/9

ab2GPI: IgG or IgG 1
IgM/IgM only

57/2 52/9

Autoimmune disease, n (%) 24 (41) 25 (41)
Systemic lupus erythematosus 10 15
Other autoimmune disease 14 10

Previous thrombotic
events, n (%)

Arterial events 11 (19) 14 (23)
Stroke 8 8
Acute myocardial infarction 0 2
Other sites 3 4

Venous events 38 (64) 39 (64)
Deep vein thrombosis and/
or pulmonary embolism

36 32

Other sites 2 7
Venous and arterial events 10 (17) 8 (13)
Pregnancy morbidity, n (%)† 16 (41) 12 (32)

Risk factors, n (%)
Smoking‡ 31 (53) 29 (48)
Hypertension 15 (25) 22 (36)
Diabetes 4 (7) 0 (0)
Dyslipidemia 12 (20) 15 (25)
Other hypercoagulable

condition
9 (15) 9 (15)

Medications at time of
randomization, n (%)

Hydroxychloroquine 15 (25) 23 (38)
Corticosteroids 11 (19) 13 (21)
Other immunosuppressive

drugs
17 (29) 21 (34)

Aspirin 11 (19) 10 (16)
Statins 7 (12) 10 (16)

dRVVT, diluted Russell viper venom Ttme; aPTT, activated partial thromboplastin time.

*Data are mean 6 standard deviation; percentages are rounded to the nearest whole
number.

†Percentages calculated in women.

‡Includes history of smoking.

Table 2. Reasons for rivaroxaban or warfarin
discontinuation during the study period

Rivaroxaban Warfarin

Discontinuation, n, (%) 9 (15) 3 (5)
Withdrawal of

informed consent
2 1

Clinically relevant
nonmajor bleeding

2 0

Planned pregnancy 3 1
Other 2 1
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were 2 additional events in the rivaroxaban arm with respect to
the “as treated” analysis. One bilateral deep vein thrombosis of
the lower limbs was recorded 21 days from stopping the study

drug (rivaroxaban) for gingival bleeding while the patient was
treated with therapeutic doses of low molecular weight heparin.
One cardiovascular death occurred 433 days from study drug

Table 3. Characteristics of patients and end points according to “as treated” and ITT analysis

Patient Sex Age, y BMI, kg/m2 Arm
History of
events Event Description

Days from
randomization

1 F 44 49.6 R A1V1O Bleeding Metrorrhagia causing acute
Hb fall

21

2 M 39 25.2 R V Thrombosis Acute myocardial infarction 709

3 F 47 35.6 R A1O Bleeding Rectorrhagia requiring transfusion 429

4 M 59 24.5 R A1O Thrombosis Ischemic Stroke 322

5 F 35 32.8 R A Thrombosis Ischemic Stroke 36

6 F 57 26.1 R V Thrombosis Ischemic Stroke 299

7 F 55 24.7 R A Thrombosis Acute myocardial infarction 253

8 M 52 19.8 R A Bleeding Gastrointestinal bleeding
causing acute Hb fall

681

9 F 58 24.2 R A1V Thrombosis Ischemic Stroke 110

10 M 47 29.6 R V Thrombosis Acute myocardial infarction 20

11 F 43 19.1 R V Bleeding Hb fall 28

12 F 51 20.5 W A1V Bleeding Provoked Hb fall 365

13 F 36 21.3 W A1V Bleeding Metrorrhagia requiring
intervention

280

Additional end points considered in ITT analysis

14 M 47 22.5 R V Thrombosis Bilateral DVT in the lower
limbs

175

15 M 55 27.4 R A Death Cardiovascular death 475

Hb fall denotes a decrease in hemoglobin .2 g/L; all thrombotic events were documented by imaging.

A, arterial event; BMI, body mass index; DVT, deep vein thrombosis; F, female; M, male; O, obstetric event; R, rivaroxaban; V, venous event; W, warfarin.

Table 4. Adjudicated efficacy and safety outcomes

Outcome, n

“As treated” analysis ITT analysis

Rivaroxaban
(n 5 59)

Warfarin
(n 5 61) HR (95% CI) P

Rivaroxaban
(n 5 59)

Warfarin
( n 5 61) HR (95% CI) P

Thromboembolic events,
major bleeding, and
vascular death

11 (19) 2 (3) 6.7 (1.5-30.5) .01 13 (22) 2 (3) 7.4 (1.7-32.9) .008

Arterial thrombosis 7 (12) 0 — — 7 (12) 0 — —

Ischemic stroke 4 (7) 0 4 (7) 0
Myocardial infarction 3 (5) 0 3 (5) 0

Venous thromboembolism 0 0 1 (2) 0

Major bleeding 4 (7) 2 (3) 2.5 (0.5-13.6) .3 4 (7) 2 (3) 2.3 (0.4-12.5) .3

Death 0 0 — — 1 (2) 0 — —

Numbers in parentheses denote percentage with respect to total.

—, statistical analysis not applicable.
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(rivaroxaban) suspension in a patient with a history of congestive
heart failure and while the patient was on warfarin.

Discussion
The aim of the present trial was to evaluate whether a direct oral
anticoagulant, rivaroxaban, was noninferior to warfarin in terms
of efficacy and safety in high-risk patients with thrombotic APS.
However, the trial was stopped prematurely for an excess of
events in the rivaroxaban arm. Thromboembolic events, all in
the arterial circulation, primarily drove the imbalance in the
cumulative primary end point. Four ischemic strokes and 3 myo-
cardial infarctions occurred in patients treated with rivaroxaban,
whereas none occurred in patients taking warfarin. Thus, rivar-
oxaban apparently does not protect high-risk patients from ar-
terial events. Because there is no strict concordance between
the arterial and venous sites of the qualifying event at diagnosis and
that of the recurrent thrombotic event,4 it does not mean that
rivaroxaban can be safely used in APS patients with venous
thromboembolism at diagnosis. Three of 7 cases with an arterial
outcome were originally patients with venous thromboembo-
lism. Reasons for rivaroxaban failure remain elusive. Possible
explanations may be related to poor adherence,24 insufficient
drug concentration, or a different mechanism of action with
respect to warfarin. In our study, the excellent adherence, based
on pill count, does not explain treatment failure in the rivarox-
aban arm. A suboptimal drug concentration may account for
thromboembolic complications during treatment.25 The re-
quirement for higher anti-Xa activity and plasma rivaroxaban
levels for the prevention of arterial vs venous events has been
demonstrated in animal models. Preclinical data showed an ef-
fective dose in 50% of animals (ED50) of 0.1 mg/kg vs 5.0 mg/kg
for the prevention of venous (venous stasis model) versus arterial
(arteriovenous shunt model) thrombosis in rats.26 Although
pharmacological studies have demonstrated a predictable

rivaroxaban anticoagulant effect, high interindividual variability
may expose some patients to inadequate plasma levels of the
drug.27 Differences in the mechanisms of action of rivaroxaban
and warfarin may also, in part, explain our findings. Thrombin
generation in APS patients treated with rivaroxaban is different
compared with warfarin, because vitamin K antagonists reduce
functional coagulation factors in the extrinsic and intrinsic
pathways of coagulation.28 The importance of the intrinsic
pathway in thrombin generation is highlighted by the ability of
warfarin to better attenuate thrombin generation with prosthetic
material.29

Platelets may play a major role in thrombus formation in the ar-
terial circulation, as shown in an animal model of aPL-induced
arterial thrombosis.30 Whether additional therapy with aspirin is
efficacious in APS patients is not known. To this end, conclusions
cannot be drawn from this trial, because only a small proportion of
patients were taking aspirin, and they were well balanced in the
2 groups. Moreover, there was no statistical difference between
patients who had arterial events on rivaroxaban and were treated
with aspirin and patients on rivaroxaban and not receiving aspirin
who did not experience arterial events. Hydroxychloroquine was
suggested to play a role in lowering aPL antibody titers and
preventing thrombotic recurrences in APS.31,32 In our study, the
small proportions of hydroxychloroquine-treated patients were
balanced in the 2 arms, and a clear correlation of its use with
events cannot be established.

Previous reports and systematic reviews were inconclusive re-
garding the benefit or harm of direct oral anticoagulants in
APS.33,34 Major biases in the reported studies were the het-
erogeneous aPL profiles and the lack of reports on drug com-
pliance.33 A previous randomized trial of rivaroxaban vs warfarin
(Rivaroxaban in Antiphospholipid Syndrome [RAPS]) with a bi-
ological end point was conducted in APS patients with venous
thromboembolism.28 However, there are differences between
the TRAPS and RAPS trials: the uniform high-risk patient pop-
ulation (triple positivity) enrolled in TRAPS, the inclusion of APS
patients with both arterial and venous qualifying events, and the
clinical endpoint. A strengthof theTRAPS trial is that itwasdesigned
to confirm clinical efficacy and long-term safety of rivaroxaban in
thrombotic APS; although the trial was not completed, results
strongly suggest the lack of benefit of its use in APS patients.

The results of our trial should raise awareness among health care
personnel about the lack of efficacy of rivaroxaban in high-risk
triple-positive APS patients, and they may be relevant for the
other trials testing direct anticoagulants in this setting.35,36 In
fact, the Apixaban for the Secondary Prevention of Thrombo-
embolism Among Patients with the AntiphosPholipid Syndrome
(ASTRO-APS) investigators had to modify their protocol as a
result of an increased incidence of arterial events.37 Results from
this study cannot be translated to APS patients without a “full-
positive” laboratory profile. At present, the therapeutic strategy
in patients with a laboratory profile different from that of this
study should be considered on a case-by-case basis, taking into
account the presence of additional risk factors for venous and
arterial thrombosis,38 the nature of venous thromboembolism
(provoked or unprovoked), and the risk for bleeding.

In conclusion, rivaroxaban in high-risk patients with APS was
associated with an excess of events compared with warfarin.
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Figure 1. Cumulative incidence of events (death, thromboembolic events, and
major bleeding) in the rivaroxaban group (dotted and dashed line) and in the
warfarin group (solid line).

RIVAROXABAN IN ANTIPHOSPHOLIPID SYNDROME (TRAPS) blood® 27 SEPTEMBER 2018 | VOLUME 132, NUMBER 13 1369

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/132/13/1365/1467049/blood848333.pdf by guest on 13 June 2022



Acknowledgments
M. Taraborelli (University of Brescia), E. Silvestri (University of Florence),
T. Del Ross (University of Padua), and A. Doria (University of Padua)
contributed to patient enrollment.

This work was supported by funding from Bayer S.p.A. (V.P.)

Authorship
Contribution: V.P. conceived and planned the study and took the lead in
writing the manuscript; G.Z., S.P.J., A.H., A.R., L.A., A. Tincani, C.C., D.P.,
T.F., P.G., A.C., V.D.M., A.G., A.F., I.M., S.T., D.B., and M.G. made
substantial contributions to acquisition and interpretation of data; G.D.
and A. Tosetto computed data and performed data analysis; A.B.
monitored the database; and all authors critically revised the manuscript
and gave their approval to the final version.

Conflict-of-interest disclosure: The authors declare no competing fi-
nancial interests.

ORCID profiles: V.P., 0000-0003-2064-6071; G.D., 0000-0001-6484-
0007; L.A., 0000-0002-9107-3218.

Correspondence: Vittorio Pengo, Clinical Cardiology, Thrombosis Center,
Department of Cardiac Thoracic and Vascular Sciences, Via Giustiniani 2,
35128 Padua, Italy; e-mail vittorio.pengo@unipd.it.

Footnotes
Submitted 30 April 2018; accepted 3 July 2018. Prepublished online as
Blood First Edition paper, 12 July 2018; DOI 10.1182/blood-2018-04-
848333.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 USC section 1734.

Appendix
Study coordinator: V. Pengo; Steering Committee: V. Pengo, A.R.,
A. Tincani, and P. L. Meroni (University of Milan); Independent Blinded
Safety and Event-Adjudication Committee: G. Palareti (University of
Bologna) and P. Prandoni (University of Padua).

REFERENCES
1. Miyakis S, Lockshin MD, Atsumi T, et al.

International consensus statement on an up-
date of the classification criteria for definite
antiphospholipid syndrome (APS). J Thromb
Haemost. 2006;4(2):295-306.

2. Zoghlami-Rintelen C, Vormittag R, Sailer T,
et al. The presence of IgG antibodies against
beta2-glycoprotein I predicts the risk of
thrombosis in patients with the lupus antico-
agulant. J Thromb Haemost. 2005;3(6):
1160-1165.

3. Pengo V, Biasiolo A, Pegoraro C, Cucchini U,
Noventa F, Iliceto S. Antibody profiles for the
diagnosis of antiphospholipid syndrome.
Thromb Haemost. 2005;93(6):1147-1152.

4. Pengo V, Ruffatti A, Legnani C, et al. Clinical
course of high-risk patients diagnosed with
antiphospholipid syndrome. J Thromb
Haemost. 2010;8(2):237-242.

5. Ruffatti A, Tonello M, Del Ross T, et al.
Antibody profile and clinical course in primary
antiphospholipid syndrome with pregnancy
morbidity. Thromb Haemost. 2006;96(3):
337-341.

6. de Groot PG, Lutters B, Derksen RH, Lisman T,
Meijers JC, Rosendaal FR. Lupus anticoagu-
lants and the risk of a first episode of deep
venous thrombosis. J Thromb Haemost. 2005;
3(9):1993-1997.

7. Devreese KMJ, Ortel TL, Pengo V, de Laat B;
Subcommittee on Lupus Anticoagulant/
Antiphospholipid Antibodies. Laboratory cri-
teria for antiphospholipid syndrome: com-
munication from the SSC of the ISTH.
J Thromb Haemost. 2018;16(4):809-813.

8. Tripodi A, de Groot PG, Pengo V.
Antiphospholipid syndrome: laboratory de-
tection, mechanisms of action and treatment.
J Intern Med. 2011;270(2):110-122.

9. Erkan D, Aguiar CL, Andrade D, et al. 14th
International Congress on Antiphospholipid
Antibodies: task force report on anti-
phospholipid syndrome treatment trends.
Autoimmun Rev. 2014;13(6):685-696.

10. Schreiber K, Sciascia S, de Groot PG, et al.
Antiphospholipid syndrome. Nat Rev Dis
Primers. 2018;4:17103.

11. Crowther MA, Ginsberg JS, Julian J, et al.
A comparison of two intensities of warfarin for
the prevention of recurrent thrombosis in
patients with the antiphospholipid antibody
syndrome. N Engl J Med. 2003;349(12):
1133-1138.

12. Finazzi G, Marchioli R, Brancaccio V, et al.
A randomized clinical trial of high-intensity
warfarin vs. conventional antithrombotic
therapy for the prevention of recurrent
thrombosis in patients with the anti-
phospholipid syndrome (WAPS). J Thromb
Haemost. 2005;3(5):848-853.

13. Bauersachs R, Berkowitz SD, Brenner B, et al;
EINSTEIN Investigators. Oral rivaroxaban
for symptomatic venous thromboembolism.
N Engl J Med. 2010;363(26):2499-2510.

14. Patel MR, Mahaffey KW, Garg J, et al;
ROCKET AF Investigators. Rivaroxaban versus
warfarin in nonvalvular atrial fibrillation.NEngl
J Med. 2011;365(10):883-891.

15. Mega JL, Braunwald E, Wiviott SD, et al;
ATLAS ACS 2–TIMI 51 Investigators.
Rivaroxaban in patients with a recent acute
coronary syndrome. N Engl J Med. 2012;
366(1):9-19.

16. Pengo V, Banzato A, Bison E, Zoppellaro G,
Padayattil Jose S, Denas G. Efficacy and safety
of rivaroxaban vs warfarin in high-risk patients
with antiphospholipid syndrome: Rationale
and design of the Trial on Rivaroxaban in
AntiPhospholipid Syndrome (TRAPS) trial.
Lupus. 2016;25(3):301-306.

17. Pengo V, Tripodi A, Reber G, et al; Sub-
committee on Lupus Anticoagulant/
Antiphospholipid Antibody of the Scientific
and Standardisation Committee of the In-
ternational Society on Thrombosis and Hae-
mostasis. Update of the guidelines for lupus
anticoagulant detection. J Thromb Haemost.
2009;7(10):1737-1740.

18. Devreese KM, Pierangeli SS, de Laat B,
Tripodi A, Atsumi T, Ortel TL; Subcommittee

on Lupus Anticoagulant/Phospholipid/
Dependent Antibodies. Testing for anti-
phospholipid antibodies with solid phase as-
says: guidance from the SSC of the ISTH.
J Thromb Haemost. 2014;12(5):792-795.

19. Harris PA, Taylor R, Thielke R, Payne J,
Gonzalez N, Conde JG. Research electronic
data capture (REDCap)–a metadata-driven
methodology and workflow process for
providing translational research informatics
support. J Biomed Inform. 2009;42(2):
377-381.

20. Pengo V, Biasiolo A, Pegoraro C. A simple
scheme to initiate oral anticoagulant treat-
ment in outpatients with nonrheumatic
atrial fibrillation. Am J Cardiol. 2001;88(10):
1214-1216.

21. Heidbuchel H, Verhamme P, Alings M, et al.
EHRA practical guide on the use of new oral
anticoagulants in patients with non-valvular
atrial fibrillation: executive summary. Eur
Heart J. 2013;34(27):2094-2106.

22. Pengo V, Cucchini U, Denas G, et al; Italian
Federation of Centers for the Diagnosis of
Thrombosis and Management of Antith-
rombotic Therapies (FCSA). Standardized low-
molecular-weight heparin bridging regimen
in outpatients on oral anticoagulants un-
dergoing invasive procedure or surgery: an
inception cohort management study.
Circulation. 2009;119(22):2920-2927.

23. Schulman S, Kearon C; Subcommittee on
Control of Anticoagulation of the Scientific
and Standardization Committee of the In-
ternational Society on Thrombosis and Hae-
mostasis. Definition of major bleeding in
clinical investigations of antihemostatic me-
dicinal products in non-surgical patients.
J Thromb Haemost. 2005;3(4):692-694.

24. Abdou JK, Auyeung V, Patel JP, Arya R.
Adherence to long-term anticoagulation
treatment, what is known and what the future
might hold. Br J Haematol. 2016;174(1):30-42.

25. US Food and Drug Administration. FDA
briefing document, 10 August 2011. Cardio-
vascular and Renal Drugs Advisory Committee
(CRDAC): Xarelto (rivaroxaban) tablets.

1370 blood® 27 SEPTEMBER 2018 | VOLUME 132, NUMBER 13 PENGO et al

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/132/13/1365/1467049/blood848333.pdf by guest on 13 June 2022

http://orcid.org/0000-0003-2064-6071
http://orcid.org/0000-0001-6484-0007
http://orcid.org/0000-0001-6484-0007
http://orcid.org/0000-0002-9107-3218
mailto:vittorio.pengo@unipd.it
https://doi.org/10.1182/blood-2018-04-848333
https://doi.org/10.1182/blood-2018-04-848333
http://www.bloodjournal.org/content/132/13/1357


https://www.accessdata.fda.gov/drugsatfda_docs/
nda/2011/202439Orig1s000MedR.pdf.
Accessed 3 March 2018.

26. Perzborn E, Strassburger J, Wilmen A, et al. In
vitro and in vivo studies of the novel antith-
rombotic agent BAY 59-7939–an oral, direct
factor Xa inhibitor. J Thromb Haemost. 2005;
3(3):514-521.

27. Testa S, Tripodi A, Legnani C, et al; START-
Laboratory Register. Plasma levels of direct
oral anticoagulants in real life patients with
atrial fibrillation: Results observed in four
anticoagulation clinics. Thromb Res. 2016;
137:178-183.

28. Cohen H, Hunt BJ, Efthymiou M, et al; RAPS
trial investigators. Rivaroxaban versus warfarin
to treat patients with thrombotic anti-
phospholipid syndrome, with or without
systemic lupus erythematosus (RAPS): a
randomised, controlled, open-label, phase
2/3, non-inferiority trial. Lancet Haematol.
2016;3(9):e426-e436.

29. Jaffer IH, Stafford AR, Fredenburgh JC,
Whitlock RP, Chan NC, Weitz JI. Dabigatran
is less effective than warfarin at attenuating
mechanical heart valve-induced thrombin

generation. J Am Heart Assoc. 2015;4(8):
e002322.

30. Proulle V, Furie RA,Merrill-Skoloff G, Furie BC,
Furie B. Platelets are required for enhanced
activation of the endothelium and fibrinogen
in a mouse thrombosis model of APS. Blood.
2014;124(4):611-622.

31. Nuri E, Taraborelli M, Andreoli L, et al. Long-
term use of hydroxychloroquine reduces
antiphospholipid antibodies levels in patients
with primary antiphospholipid syndrome.
Immunol Res. 2017;65(1):17-24.

32. Belizna C. Hydroxychloroquine as an anti-
thrombotic in antiphospholipid syndrome.
Autoimmun Rev. 2015;14(4):358-362.

33. Dufrost V, Risse J, Zuily S, Wahl D. Direct oral
anticoagulants use in antiphospholipid syn-
drome: are these drugs an effective and safe
alternative to warfarin? A systematic review
of the literature. Curr Rheumatol Rep. 2016;
18(12):74.
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