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Abstract

Thrombotic antiphospholipid syndrome (TAPS) is characterized by thrombosis and persistently
positive tests for antiphospholipid antibodies or lupus anticoagulant (LAC). Triple-positive APS
has the highest risk of recurrent thrombosis, but no studies have focused on recurrent thrombosis
in patients with single-positive TAPS. We conducted a retrospective cohort study of patients

with single-positive TAPS diagnosed at Lifespan Health System, Rhode Island, to determine

the rates and risk factors for recurrent thrombosis. Between January 2001 and April 2022,

128 patients were assessed who had single-positive APS (LAC =98, aCL = 21, ap2GPI = 9)

and who had been followed for a total of 1453.8 patient-years (median follow-up 3.04 years).
The initial antithrombotic regimen was warfarin in 44%, a direct oral anticoagulant (DOAC)

in 34%, enoxaparin in 2%, and no antithrombotic therapy or antiplatelet therapy only in 20%.
Recurrent thrombosis occurred in 16 (12.5%) with a recurrent thrombosis rate of 3.08 per 100
patient-years. Systemic lupus erythematosus was the only variable signifantly associated with
recurrent thrombosis in a model adjusted for age, sex, body mass index, and type of positive APS
test. All 16 patients with recurrent thrombosis were initially treated with warfarin, and, at the time
of recurrent thrombosis, 13 patients remained on warfarin and three were off anticoagulation. In
conclusion, the recurrent thrombosis rate in single-positive APS is low, and not all patients with a
single-positive test may need indefinite anticoagulation with warfarin. Larger prospective studies
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are required to confirm this finding and establish optimal anticoagulation regimens for low-risk

TAPS.

INTRODUCTION

Antiphospholipid syndrome (APS) is an acquired thrombophilia characterized by thrombosis
and/or pregnancy-related morbidity along with persistently positive antiphospholipid
antibodies (anti-beta-2 glycoprotein inhibitor (aB2GPl), anticardiolipin (aCL) antibodies)

or lupus anticoagulant (LAC)12. Patients with APS with at least one thrombotic episode,
known as thrombotic APS (TAPS), are at increased risk for recurrent thrombosis on stopping
anticoagulation.3* Some studies also suggest a very high rate of thrombosis recurrence
while these patients are receiving anticoagulation, but this was not seen in the warfarin
(control) arm of recent clinical trials, which reported a 0-6.8% rate of recurrent thrombosis
over a median follow up of 1-1.5 years.>~7 Thrombosis risk correlates with the number and
types of positive antiphospholipid tests with patients with triple-positive APS (positive for
LAC, aCL and ap2GPI) at highest risk.8

Current guidelines, including those from the European League Against Rheumatism, the
International Society of Thrombosis and Haemostasis (ISTH), and the British Society for
Haematology, recommend long-term anticoagulation with a vitamin K antagonist for all
patients with thrombotic APS%12, These recommendations are based on a small set of key
randomized clinical trials comparing the rates of recurrent thrombosis and bleeding events in
patients on a direct oral anticoagulant (DOAC) to warfarin as the standard of care>-7:13, The
trial of rivaroxaban in APS enrolled the highest risk group of triple-positive APS and failed
to show non-inferiority of rivaroxaban compared with warfarin for secondary thrombosis
prevention. Subsequent studies that enrolled unselected patients with APS also could not
establish the non-inferiority of rivaroxaban to VKAs for TAPS,? and reported increased rates
of thrombotic events, particularly arterial thrombotic events, in patients with APS treated
with DOACs’.

None of the trials evaluating anticoagulation strategies in APS have focused exclusively on
patients with a single-positive test to establish APS, or separately reported the outcomes

of patients with only a single-positive serological test enrolled in other studies. Thus,
patients with single-positive APS are often prescribed long-term warfarin therapy based on
data derived from patients who may be selected for a higher risk of recurrent thrombosis.
Long-term anticoagulation places patients at increased risk of major bleeding4, bleeding

or thrombosis due to drug-drug interactions and imposes financial and monitoring burdens.
While the benefit of indefinite anticoagulation in preventing recurrent thrombosis outweighs
these risks for higher-risk patients with APS1®, this may not be the case for those with APS
established by a single-positive assay. To date, no studies have specifically evaluated rates
and additional risk factors of recurrent thrombosis in patients with single-positive APS. The
present study aims to identify risk factors and rates of recurrent thrombosis in single-positive
APS.
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Study Design and Patients

We conducted a retrospective cohort study of consecutive adult patients (= 18 years of

age) with single-positive thrombotic APS who received care with the Lifespan Health
System in Rhode Island from Jan 1, 2001 to Apr 15, 2021. Potentially eligible subjects
were identified via a query of the electronic medical record for patients with a history of
Antiphospholipid syndrome (ICD-10-CM: D68.61), anticardiolipin syndrome (ICD-10-CM:
D68.61), and lupus anticoagulant syndrome (ICD-10-CM: D68.62). A manual review of
charts confirmed all diagnoses. We included only patients who met revised Sapporo criteria?
for thrombotic APS with positive testing for anticardiolipin IgG enzyme immunoassay
(EIA) (>40 G phospholipid [GPL] units) and/or IgM (>40 M phospholipid units [MPL]

or >99 percentile), beta-2-glycoprotein IgG and/or IgM enzyme-linked immunoassay
(ELISA) (>40 Units [U] or >99t percentile), or lupus anticoagulant (per International
Society on Thrombosis guidelines1) on at least two occasions at least 12 weeks apart,
along with thrombotic events confirmed by review of diagnostic imaging. Our laboratory
uses Hemaosil AcuStar chemoiluminescent immunoassay Kits for anti-beta-2-glycoprotein
testing and lupus anticoagulant and QUANTA Lite enzyme-linked immunosorbent assay
(ELISA) for anticardiolipin. Patients for whom laboratory diagnosis or thrombotic events
were not confirmed were excluded from the analysis. Length of follow-up was considered
to be the time of diagnosis of APS (time of second positive antiphospholipid antibody/LAC
testing at least 12 weeks after initial testing) until death or last clinically relevant follow-up
appointment, which occurred before Feb 2, 2022. The Rhode Island Hospital Institutional
Review Board (IRB) approved the study.

Data Management and Study Outcomes

We extracted data from the electronic medical record, including patient demographics,
details of APS diagnosis including circumstances and characteristics of thrombotic events,
antithrombotic therapies, and the presence of comorbidities, including hypertension,
hyperlipidemia, diabetes mellitus, morbid obesity (defined as body mass index >40 kg/m?),
cancer, atrial fibrillation, peripheral vascular disease (PVD), cirrhosis, smoking, chronic
kidney disease (CKD; defined as a glomerular filtration rate <60 mL/min per 1.73 m?
persisting over at least three months), oral contraceptive use, systemic lupus erythematosus
(SLE), and other autoimmune diseases. Comorbidities (period prevalence at the end of
follow-up) were determined by ICD-9/ICD-10 codes, documentation in health care provider
notes or documented requirement of regularly scheduled medications for these disorders
(along with documentation of the diagnosis).

The primary outcome was recurrent arterial or venous thrombosis, confirmed by a review of
diagnostic imaging. In cases of recurrent thrombosis, we also recorded whether the recurrent
event was provoked or unprovoked, the type of thrombosis (arterial or venous) and the
antithrombotic regimen being taken at the time of thrombosis. For patients who developed
recurrent thrombosis while on warfarin therapy, we evaluated whether the international
normalized ratio (INR) was in the therapeutic range or subtherapeutic range in the 30 days
before presentation with recurrent thrombosis. The therapeutic INR range was considered
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to be 2.0-3.0 as determined by prior randomized control trials in patients with TAPS17:18,
Patients with an INR below the the therapeutic range on at least two or more occasions
during this 30-day window were determined to be subtherapeutic.

Statistical Analysis

RESULTS

Data were summarized as counts and proportions for categorical data and medians and
25M_75t™ percentiles for continuous data. To minimize the effect of varying follow-up
times, we calculated the incidence rate of recurrent thrombosis per 100 patient-years. First,
patients with and without recurrent thrombosis were compared using Fisher’s exact tests for
categorical data and Wilcoxon rank-sum tests for continuous data. Next, we evaluated risk
factors for recurrent thrombosis in a Cox proportional hazards regression model. The date
of APS diagnosis was set as time zero for the analysis, and covariates were selected based
on significant association with recurrent thrombosis in univariate analysis or biologically
plausible associations with recurrent thrombosis risks such as age, type of anticoagulant

or type of positive antiphospholipid test (LAC, aCL or ap2GPI). Freedom from recurrent
thrombosis was graphed using Kaplan-Meier survival curves and compared between groups
using the log-rank test. STATA version 17 (StataCorp) was used for all analyses. P < 0.05
was considered statistically significant.

Characteristics of the patient cohort

A total of 128 patients were evaluated who had APS established based on a single positive
assay between Jan 2001 to Apr 2021. These patients were followed for a median of 3.04
years (interquartile range [IQR], 1.94-6.04). The total observation period for the cohort
was 1453.8 patient years. The majority of patients were single-positive for LAC (n=98),
with the remainder positive for aCL (n=21) and ap2GPI (n=9). The mean age at APS
diagnosis was 55 years (range: 19-92 years old), and 56% were female (Table 1). The
median number of thrombotic events before APS diagnosis was 1 (range 0-4), and the first
was venous thrombosis in most cases. The antithrombotic regimen started after the first
thrombotic event was warfarin for 44.5% (N=57), a direct oral anticoagulant for 34.4%
(N=44) and enoxaparin for 1.6% (N=2). There were also 25 patients (20.3%) who were
either on no anticoagulation, or antiplatelet therapy alone, at the time of APS diagnosis. The
most common reasons identified for the use of anti-platelet therapy alone was in patients
with isolated positive anticardiolipin antibody and stroke or transient ischemic attack (TIA)
or bleeding complications although data was limited by retrospective design. Characteristics
of the patient cohort are summarized in table 1. (Table 1, Figure 1B).

Predictors and characteristics of recurrent thrombosis

Recurrent thromboembolism occurred in 16 individuals (12.5%). The incidence of recurrent
thrombosis was approximately 3 per 100 patient-years for the entire cohort. The recurrence
rate was 2.52 per 100 patient-years (95% Cl 0.96-4.08) among patients with single-positive
LAC, 5.88 per 100 patient-years (95% CI 0.73-11.04) for single-positive aCL, and 2.58 per
100 patient years (95% Cl —2.49-7.67) for single-positive ap2GPI. Recurrent thrombosis-
free survival by aPL profile is shown in figure 1A. All patients with recurrent thrombosis
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had been started on warfarin as their initial antithrombotic regimen. There was no difference
in the distribution of type of antiphospholipid positivity in patients on DOACSs versus
warfarin. In our real world cohort, patients on warfarin were more likely to have systemic
lupus erythematous (p=0.020) and more likely to have had an arterial clot at time of

APS diagnosis than those initiated on DOACSs (p<0.001) (Table 3) consistent with current
guidelines on warfarin use in arterial thrombosis in APS®>713, Of these, 13 remained

on warfarin at the time of recurrent thrombosis, and three patients had discontinued
anticoagulation before the event (Figure 1B). Nine of the 13 patients on warfarin had

INR data available for 30 days before the thrombotic event, of which 66.7% had at least
two INRs below the accepted therapeutic range for patients with APS (2.0-3.0). Three
patients with a recurrent clot had a clear provoking factor, which included recent surgery,
hospitalization, or the presence of a central venous catheter.

Systemic lupus erythematous [HR 6.30 (95% CI 1.42-27.84), p=0.015] was associated with
recurrent thrombosis in a Cox regression model that also included type of antiphospholipid
antibody test [LAC: HR 0.61 (95% CI 0.07-4.95), p=0.640; aCL : HR 0.34 (95% CI 0.32-
28.54), p=0.336 with a p2GPI as the reference category, age [HR 0.99 (95% CI 0.96-1.03),
p=0.678], sex [HR 0.63 (95% CI 0.17-2.27), p=0.476], and body mass index > 40 [HR 2.03
(95% CI 0.059-6.99), p=0.263].

DISCUSSION

In this study, we show for the first time that the rate of recurrent thrombosis in patients with
single-positive APS is low regardless of antithrombotic strategy. All recurrent thrombosis
occurred in patients initially treated with warfarin, with 13 of 16 patients continuing to
receive warfarin at the time of their recurrent event; most of these events occurred in patients
who had had a sub-therapeutic INR. The low rates of recurrent thrombosis suggest that
selected patients who meet the criteria for APS (who have only a single-positive assay) may
not require lifelong anticoagulation with warfarin, which presents the additional challenges
of monitoring drug and food interactions.

The incidence rate of recurrent thrombosis in our single-positive APS cohort was lower
than expected at approximately 3 per 100 patient-years. This rate of recurrent thrombosis

is comparable to the 2 per 100 patient years rate of recurrent thrombosis in unselected
patients with VTE treated with oral anticoagulation!®. This rate is also much lower than the
rates of recurrent thrombosis reported in APS cohorts at higher risk of recurrent thrombosis,
which include patients with more than one positive antiphospholipid assay (double and
triple-positive APS).20-21 We did not find a significant difference in the rates of recurrent
thrombosis based on the type of antiphospholipid assay after adjusting for relevant variables
including age, type of anticoagulant or type of positive antiphospholipid test.

In a prospective study of patients that discontinued anticoagulation after a first thrombotic
event, Kearon et al. reported a relatively low recurrent thrombosis rate even in patients
with single positive APS that discontinued anticoagulation (3.6 per 100 patient years for
aCL only, 0.0 per 100 patient years for anti-beta2-glycoprotein-1 only, and 7.4 per 100
patient years for LA only) that was comparable to the recurrent thrombosis rate in patients
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without antiphopholipid antibodies (4.5 per 100 patient years).2! These results, along with
our findings, highlight that trials in higher risk APS may not be generalizable to single
positive APS and this group deserves to be evaluated separately.

Of those patients who were initiated on warfarin at diagnosis, there was a higher recurrence
rate (4.5 per 100 patient-years) versus other anticoagulation regimens (0.5 per 100 patient-
years). There were no episodes of recurrent thrombosis in patients (86% with venous
thrombotic APS) on DOACSs. The finding that recurrent thrombotic events did not occur
while on therapy with a DOAC is contrary to two recent retrospective studies focused on
lower-risk (combined single-positive and double-positive) APS22:23, The first study in this
patient cohort by Williams et al. showed higher rates of recurrent thrombosis in patients on
a DOAC versus warfarin23, We later conducted a comporable study showing similar rates of
recurrent thrombosis in patients with lower-risk APS on warfarin versus DOACs22. Earlier
clinical trials of patients with high-risk APS showed inferiority of DOACSs to warfarin in this
population. The Trial of Rivaroxaban in Antiphospholipid Syndrome (TRAPS) that enrolled
only patients with high-risk, triple-positive APS was stopped early due to increased rates of
recurrent thrombosis in the rivaroxaban arm (12%) compared to no recurrent thrombosis in
the warfarin group (0%).8 Ordi-Ros et al. randomized patients with thrombotic APS (single,
double or triple positive) to rivaroxaban or warfarin reported a non-statistically significant
near doubling in the rate of recurrent thrombosis in patients treated with rivaroxaban versus
warfarin (11.6% versus 6.3%, respectively)® and could not establish the non-inferiority of
rivaroxaban. Of the 190-patient cohort, 60.5% were triple-positive. Finally, the Apixaban
for Secondary Prevention of Thromboembolism Among Patients with Antiphospholipid
Syndrome (APS-ASTRO) trial enrolled a more heterogeneous sample of APS (29.2% triple-
positive) also revealed increased rates of recurrent stroke in patients treated with apixaban
compared with those treated with warfarin’.

A potential explanation for the lower recurrence rate in our cohort of single-positive APS

is that these trials enrolled higher risk APS and patients with single-positive APS are at
lower risk for thrombaosis at baseline. It is also likely that our patients on warfarin spent

less time in the therapeutic range than patients in clinical trials; studies of patients treated
with warfarin in the United States suggest that time in the therapeutic range ranges from
29-67%.24:25 Studies assessing non-adherence have showed differing rates with one finding
a median rate of non-adherence of 14.4% (IQR 5.8-33.8)26 and another of 76.9% for all
patients and 34.1% for patients with at least two warfarin prescriptions.2” DOACs, which
prior research has shown to be suboptimal anticoagulation for most patients with APS, may
be an acceptable alternative to warfarin for single positive APS with venous thrombosis,
especially in those patients with whom INR control remains difficult. Given that our DOAC
population almost exclusively included patients with venous thromboembolism at diagnosis,
the lower recurrent thrombotic rates cannot be extrapolated to patients with single positive
APS and arterial thrombosis.

SLE was associated with recurrent thrombosis in our cohort of single positive APS. This

is consistent with previous reports that SLE is a risk factor for thrombosis in patients with
an without APS.28-30 The higher proportion of patients with SLE on warfarin (21%) versus
DOACSs (5%) may help to explain the higher rates of recurrent thrombosis in the warfarin
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anticoagulation group and identify patients at higher risk of thrombosis in this otherwise
lower-risk cohort. Additonally, some of the recurrent thrombotic events were provoked,
highlighting the importance of continuing (or initiating) anticoagulation during high risk
periods.

Our analysis is strengthened by the use of real-world evidence, including potential treatment
interruptions that may play a role in the risk of recurrent thrombosis. However, it is limited
by a retrospective study design and relatively small numbers. We cannot exclude selection
bias where patients perceived by the treating clinician as ‘higher risk’ were preferentially
prescribed warfarin. We could not ascertain if patients suffered recurrent thrombosis that
was not captured by our methodology. We were also unable to determine time in the
therapeutic range for all patients on warfarin since INRs were available only for the minority
of patients who had INR monitoring by their hematologist or when INR was retrospectively
documnented on presenting with recurrent thrombosis, which is a limitation attributable

to the retrospective study design. Some of our patients with a positive LAC may have

been “false positives” attributable to testing while receiving anticoagulation. We could only
reliably assign patients to treatment groups based on the anticoagulation they received at
the time of their APS diagnosis. Because of the small number of patients, we could not
definitively evaluate the outcomes of patients who had discontinued antithrombotic therapy
altogether. The data collection and analysis for this study were completed prior to the recent
publication of the 2023 ACR/EULAR Antiphospholipid Syndrome Classification Criteria.3!
The use of the revised Sapporo criteria is similar to prior APS trials evaluating the use of
DOAC:s allowing for straighforward comparison between studies. Future research should
take into account these new criteria and the potential impact on the choice and duration of
anticoagulation in this patient population. Finally, though fluctuations in aPL titers and even
seroconversion from a positive to negative test has been described and may have particular
relevance in the potentially lower risk group of single positive APS, serial aPL and LA
testing was not systematically performed in this retrospective cohort so we were unable to
examine the effect changes in aPL titer over time on thrombotic risk.32-34

In conclusion, single-positive APS appears to represent a lower-risk group that may not
require indefinite Vitamin K antagonist therapy. Those with SLE are at higher risk of
recurrent thrombosis than other patient groups. We did not find any patient initially treated
with a DOAC, which predominantly represented patients with venous thrombotic APS, to
have suffered recurrent thrombosis. Larger, prospective studies are needed to validate our
findings and to identify optimal anticoagulation strategies for patients with single-positive
APS.

SC is supported by National Heart Lung and Blood Institute grant K99HL 15059 and an ASH Scholar award.
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Figure 1. Recurrent thrombosisfree survival by A) aPL profile (aCL, aB2GPi, or LA) and B)

Initial antithrombotic regimen
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Patient characteristics

Table 1:

Characteristic No Recurrent Clot | Recurrent Clot | p-value
N =112 N =16

Age, years (mean) 55.5 (45, 64.5) 55 (36, 69.5) 0.942
Female sex, n(%) 61 (55%) 10 (63%) 0.600
Type of APLA
LAC, n (%) 88 (79%) 10 (63%) 0.205
aCL, n (%) 16 (14%) 5 (31%) 0.140
ap2Gl, n (%) 8 (7%) 1 (6%) 1.000
Comorbidities
BMI 40.0 and above, n (%) 19 (17%) 4 (25%) 0.486
Estrogen containing oral contraceptives, n (%) 5 (5%) 0 (0%) 1.000
Systemic lupus erythematous, n (%) 10 (9%) 6 (38%) 0.006
Cancer, n (%) 3 (3%) 1 (6%) 0.418
Other thrombophilia, n (%) 12 (11%) 0 (0%) 0.360
Cigarette use, n (%) 26 (23%) 6 (38%) 0.227
Atrial fibrillation, n (%) 5 (5%) 2 (13%) 0.212
Peripheral vascular disease n (%) 3 (3%) 1 (6%) 0.418
Cirrhosis, n (%) 0 (0%) 0 (0%) -
Hypertension, n (%) 55 (49%) 7 (44%) 0.792
Hyperlipidemia, n (%) 40 (36%) 4 (25%) 0.575
Chronic kidney disease, n (%) 11 (10%) 3 (19%) 0.383
Diabetes, n (%) 11 (10%) 1 (6%) 1.000
Characteristics of first thrombosis
Arterial Clot (initial), n (%) 37 (33%) 5 (31%) 1.000
Venous Clot (initial), n (%) 70 (63%) 11 (69%) 0.784
Initial antithrombotic regimen
Warfarin, n (%) 41 (37%) 16 (100%) <0.001
Enoxaparin, n (%) 2 (2%) 0 (0%) 1.000
Direct oral anticoagulants, n (%) 44 (39%) 0 (0%) 0.001
No anticoagulation or antiplatelet only, n (%) 25 (22%) 0 (0%) 0.191
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Table 2:
Clinical characteristics and outcomes in patients with recurrent thrombosis
AC at time
Patient Agels aPL SLE OCP Initial Initial of Recurrent Re((:éjlrortent Subther apeutic
No. ex Type Use Clot AC Re(a;rtent Clot Type Provoked INR
1 37/F LAC + - DVT, PE Warfarin Warfarin DVT - +
2 59/F LAC - - DVT, PE Warfarin None DVT -
3 34/F aCL - - PE Warfarin Warfarin PE - +
4 80/F aCL - - CVA Warfarin Warfarin MI - +
5 55/F LAC - - DVT, PE Warfarin None DVT, PE -
6 30/F LAC + - CVA Warfarin Warfarin Other # + +
arterial
7 74/M aCL - NA DVT, PE Warfarin Warfarin DVT - N/A
i . . Other
8 35/F ap2Gi + - PE Warfarin Warfarin Venous - +
9 49/M LAC - NA DVT Warfarin Warfarin DVT - -
10 T4/F LAC + - DVT, PE Warfarin Warfarin CVA - +
11 30/F aCL + - DVT, PE Warfarin Warfarin DVT - N/A
Other . : Other
12 55/M LAC - NA Arterial Warfarin Warfarin arterial - -
13 sam | tac | - | na | BT ) Warfarin None pvT? +
Arterial
14 65/M aCL - NA DVT Warfarin Warfarin CVA - -
15 64/M LAC - NA DVT Warfarin Warfarin pvt/’ + N/A
16 88/F LAC + - CVA Warfarin Warfarin DVT - N/A

f= provoked, SLE = systemic lupus erythematous, OCP = oral contraceptive, AC = anticoagulation, LAC = lupus anticoagulant, aCL
= anticardiolipin antibody, ap2Gi = anti-beta-2 glycoprotein inhibitor, DVT = deep vein thrombosis, PE = pulmonary embolism, CVA =
cerebrovascular accident, M1l = myocardial infarction, NA = not applicable
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Table 3:

Patient characteristics for DOAC versus Warfarin groups

Characteristic DOAC Warfarin | p-value
N =44 N =57

Age, years (mean) 58.5 (51, 68) | 57 (40, 65) 0.260
Female sex, n(%) 18 (4%) 39 (68%) 0.008
Type of APLA
LAC, n (%) 36 (82%) 38(67%) | 0.110
aCL, n (%) 5 (11%) 13(23%) | 0.190
ap2Gl, n (%) 3 (7%) 6 (11%) 0.730
Comorbidities
Estrogen containing oral contraceptives, n (%) 2 (5%) 2 (4%) 1.000
Systemic lupus erythematous, n (%) 2 (5%) 12 (21%) 0.020
Characteristics of first thrombosis
Arterial Clot (initial), n (%) 3 (7%) 21 (37%) <0.001
Venous Clot (initial), n (%) 38 (86%) 34 (59%) 0.004
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