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Abstract

Antiphospholipid syndrome (APS) is a systemic disorder clinically characterized by widespread throm-
bosis and obstetric complications associated with the persistent presence of antiphospholipid an-
tibodies (aPLs). The persistent presence of aPLs represents a thrombotic risk in APS, which can be
stratified according to the aPL profile. Thrombosis occurs in both arteries and veins. Notably, arterial
thromboses have a higher recurrence compared with venous thromboses and a tendency for recur-
rence in the same vascular (arterial) site. Secondary prevention of arterial thrombosis requires more
intensive treatment than prevention of venous thrombosis. Data from randomized clinical trials indi-
cated that factor Xa inhibitors should not be recommended for APS. Recurrent thromboses in patients
with APS treated with factor Xa inhibitors were mainly arterial, with a high rate of stroke. Dual antiplate-
let therapy may have some benefit for preventing the recurrence of arterial thrombosis in patients
with APS. This review article describes pathogenic mechanisms, clinical features, risk assessment, and
management of arterial thrombosis in patients with APS. Particularly, we discuss how secondary pro-
phylaxis may be a useful approach to reduce the occurrence of arterial thrombosis.

Keywords: Antiphospholipid syndrome, antiphospholipid antibodies, arterial thrombosis, risk stratifi-
cation

Introduction

Antiphospholipid syndrome (APS) is a systemic disorder clinically characterized by widespread thrombosis
and obstetric complications associated with the persistent presence of antiphospholipid antibodies (aPLs)
(1). The laboratory criteria used to diagnose APS include the presence of anticardiolipin antibodies (aCL),
anti- b2-glycoprotein I antibodies (a b2GPI), and/or lupus anticoagulant (LA) (2). Furthermore, highly spe-
cific antibodies against the phosphatidylserine/prothrombin complex (@PS/PT) (3) and a cryptic epitope
on the domain | of b2GPI (a b2GPI-DI) (4) are widely recognized as non-criteria antiphopholipid antibodies.
The combination of aPS/PT and a b2GPI-DI tests shows a high predictive value for the diagnosis of APS
(5). The presence of aPLs is a tool for risk stratification of thrombosis as well as the serological hallmark of
APS (6). Thrombosis occurs in both arteries and veins, which is different from other thrombophilia that
predominantly affect only veins, such as deficiency of protein S, protein C, antithrombin lll, and factor V
Leiden mutation. The prevalence of arterial and venous thrombotic events in patients with APS may vary
in different ethnic populations due to genetic and environmental factors. For example, a lower incidence
of deep vein thrombosis (DVT) and a higher incidence of arterial thrombosis were found in Japanese com-
pared with European cohorts (7). The higher incidence of arterial thrombosis in APS is consistent with the
general population in Japan (8) and associated with a high blood pressure compared with individuals in
other countries (9, 10).

Primary and secondary thromboprophylaxes based on risk stratification are required in patients with per-
sistent aPLs. The European League Against Rheumatism (EULAR) proposed that general recommendations
for aPL-positive individuals should include screening for cardiovascular risk factors, such as smoking, hyper-
tension, dyslipidemia, and diabetes. High-risk patients with APS have a high rate of thrombosis recurrence
regardless of antithrombotic therapy (11). Hence, patients with a high-risk aPL profile should maintain strict
control of these factors (6). This review provides a comprehensive overview of the pathogenesis, clinical
features, risk stratification, and management of APS with a focus on arterial thrombosis.
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Pathogenic mechanisms of thrombosis in APS
The aPLs are pathogenic antibodies that tar-
get activated or damaged endothelial cells,
monocytes, and platelets (Figure 1). These
antibodies bind to cellular membranes with
phospholipid-binding plasma proteins, such
as b2GPI or prothrombin (1). Subsequently,
aPLs induce the phosphorylation of p38 mi-
togen-activated protein kinase, leading to the
production of procoagulant substances and
adhesion molecules that drive thrombus for-
mation. There are a number of “cofactors” and
specific antigens of aPLs, such as annexin V,
protein S, protein C, and high-/low-molecu-
lar weight kininogens (1). Several candidate
receptors that bind to aPLs have been iden-
tified, including apolipoprotein E receptor 2,
glycoprotein Ib/IX/V, platelet factor 4, annexin
A2, low-density lipoprotein receptor-related
protein, megalin, very low-density lipoprotein
receptor, P-selectin, and members of the Toll-
like receptor (TLR) family, particularly TLR-2 and
TLR-4 (12). Beyond the concept of engaging
aPLs with cell surfaces, Wu et al. (13) reported
that aB2GPI triggered the release of “extracel-
lular vesicles” from endothelial cells. The extra-
cellular vesicles contained both interleukin-1
and microRNAs and activated endothelial cells
through a mechanism that was dependent on
the single-stranded RNA and TLR-7 signaling
pathway.

The role of complement in APS is well dis-
cussed due to the close relationship between
the complement and coagulation pathways.

e The antiphospholipid syndrome (APS) is
a systemic disorder clinically character-
ized by widespread thrombosis and ob-
stetric complications associated with the
persistent presence of antiphospholipid
antibodies (aPLs).

e The aPLs are pathogenic antibodies that
target activated or damaged endothelial
cells, monocytes, and platelets.

e In patients with APS, arterial thrombosis
has a higher recurrence rate compared
with venous thrombosis and a tenden-
cy to recur in the same vascular (arterial)
territory.

e "Risk stratification” for the assessment of
thrombotic risk is required when evalu-
ating patients with the persistent pres-
ence of aPLs.

e Secondary prevention of arterial throm-
bosis requires a more intensive treat-
ment compared with secondary preven-
tion of venous thrombosis.

Hypocomplementemia was observed in pa-
tients with APS reflecting complement ac-
tivation (14). Tissue injury mediated by aPLs
induced complement activation leading to
thrombosis or fetal loss (15). Animal models
of APS also provide a role for complement
(C3, C5, C6, or C5a receptors) in aPL-mediated
thrombosis (16, 17). Meroni et al. showed that
complement proteins colocalized with b2G-
Pl and immunoglobulin (Ig) G in the arterial
wall of a patient with APS, and complement
inhibition with anti-C5 monoclonal antibody
(eculizumab) successfully prevented recurrent
thrombosis (18). In addition, Chaturvedi et al.
(19) showed that a b2GPI activated comple-
ment and complement activation correlated
with thrombotic events in patients with APS.

There is an increasing evidence that a b2GPI
induces neutrophil extracellular traps (NETs)
and enhances thrombosis. NETs are used as a
defense mechanism by the host to trap and
kill invading microbes by releasing chroma-
tin fibers and antimicrobial intracytoplasmic
proteins (20). NETs in the bloodstream exert
strong effects on cardiovascular events by
forming a prothrombotic scaffolding surface
(21). NETs mediate pathology in both sys-
temic lupus erythematosus (SLE) and APS by
various mechanisms, such as exposure to au-
toantigens, priming of T cells, and activation
of autoreactive B cells. Neutrophils from pa-
tients with APS demonstrated an enhanced
propensity to spontaneously release NETs
that was dependent upon both TLR4 activa-
tion and formation of reactive oxygen species
(21). Furthermore, the prothrombotic poten-
tial of aPL-mediated NETs was demonstrated
in a thrombin generation assay and an in vivo
model (22).
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Atherosclerosis and T cell responses mediat-
ed by aPLs have been considered as causes
of arterial thrombosis. The primary trigger for
arterial thrombosis is the rupture of an athero-
sclerotic plaque, which develops in the arterial
wall through the accumulation of lipid depos-
its and lipid-laden macrophages (foam cells)
(23). Activated platelets release the contents
of granules that lead to platelet recruitment,
adhesion, aggregation, and activation. The link
between atherosclerosis and antigen-specific
immunoreaction in patients with APS was clar-
ified by focusing on the role of aPLs in plaque
formation and abnormal arterial wall thickness
(24). CD4* T cells derived from plaques recog-
nized b2GPI in atherothrombotic lesions. In
addition, b2GPlinduced T cell proliferation and
interferon (IFN)y expression in plaque-derived
T cell clones, suggesting that b2GPI-specific
T cells exist in plaques of patients with APS.
There are several findings regarding the func-
tion of b2GPl-specific T cells. b2GPIl-specific
T cells promote the production of monocyte
matrix metalloproteinase-9 and tissue factor
and perforin- or Fas/Fas ligand-mediated cy-
totoxicity, and could potentially assist autoan-
tigen-specific B cells that have taken up and
processed apoptotic cells (25). In a plaque, T
cell responses against b2GPI, especially do-
main |, are associated with plaque instability
that favors atherothrombosis. In addition, b2G-
Pl binds to oxidized low-density lipoproteins
(oxLDL) and likely promotes the proinflamma-
tory and proatherogenic effects of the oxLDL
molecule. The resulting oxLDL/B2GPI complex
becomes an immunogenic trigger for an auto-
immune response (26). Patients with APS have
increased serum levels of the oxLDL and 32G-
Pl complex (27) that lead to the activation of
monocytes and tissue factor expression (28).
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Figure 1. Pathogenic mechanisms of thrombosis in antiphospholipid syndrome. The antiphos-
pholipid antibodies (aPLs) are pathogenic antibodies that target activated or damaged endo-
thelial cells, monocytes, platelets, and neutrophils with coagulation activation and complement
activation. Atherosclerosis and T cell responses mediated by aPLs have been considered causes

of arterial thrombosis.
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A new antigen presentation mechanism has
recently been proposed that asserts misfold-
ed proteins are transported to the cell surface
in a complex with major histocompatibility
complex (MHC) class Il molecules and become
“neo-self-antigens” (29). Specific human leuko-
cyte antigen (HLA) class Il alleles are associat-
ed with susceptibility to APS (30). Over 80% of
patients with APS have antibodies against the
complex of whole b2GPI and APS-associated
HLA class II. APS is a representative disease for
this concept, suggesting that the b2GPI/MHC
class Il complex is a major target antigen for au-
toantibodies in patients with APS (30, 31).

Antigen presentation links the innate and
adaptive immune responses. We revealed the
relationship between genetic background and
lymphocyte subsets in patients with APS (32).
An increase in plasmablasts and a decrease
in memory B cells were observed in patients
with APS compared with healthy subjects, and
these changes were associated with a TLR-7
single nucleotide polymorphism (SNP). The
SNP was associated with the upregulation of
type | IFN-regulated genes. Furthermore, we
demonstrated that CD20-negative B cells,
which are composed mostly of plasmablasts,
were a major source of aPLs.

Clinical features of arterial thrombosis

Arterial thrombosis in APS often involves coro-
nary or cerebral arteries leading to myocardial
infarction or stroke. The prevalence of arterial
and venous thrombotic events in patients with
APS varies in different ethnic populations (Ta-
ble 1). According to a large dataset of 1,000
patients with APS from 13 European coun-
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tries, the most common thrombotic manifes-
tation included DVT (38.9%); however, arterial
thrombosis was also common (stroke, 19.8%;
myocardial infarction, 5.5%) (33). The Piedmont
cohort from Italy reported characteristics of
patients with APS, which comprised 217 pa-
tients with venous (45.6%) and arterial (35%)
thrombosis (34). A single-center registration in
Japan consisted of 141 patients with APS who
presented the first thrombotic event in venous
(32.6%) or arterial (66%) vascular territories (7).
In the latter study, the most common throm-
bosis was cerebral infarction (61%) followed by
DVT (23.4%). Recently, two population-based
studies were reported from the United States
(Olmsted County study) (35) and South Korea
(HIRA study) (36). A total of 33 cases of APS in
the Olmsted County study and 3,088 cases in
the HIRA study were identified. In the Olmst-
ed County study, DVT was the most frequent
manifestation that occurred in 42% of the cas-
es, while stroke was the most common arteri-
al event (33%). Conversely, in the HIRA study,
stroke and transient ischemic attack were
identified as the most frequent manifestation
in 28% of patients and DVT was present in 20%
of patients. Given this information, it is likely
that the genetic and/or environmental back-
grounds affect the prevalence of thrombotic
events in patients with APS. Hypertension was
reported as a risk factor for arterial thrombosis
in patients with APS, despite the lack of correla-
tion with the aPL profile (7, 37). Blood pressure
values are known to be relatively higher in
the Japanese population compared with oth-
er populations (9), and that may explain why
Japanese patients with APS are at higher risk
for stroke than European patients with APS. A

Table 1. Comparison of clinical manifestations between APS cohorts that comprise different

ethnic groups.

Japanese Euro-phospholipid Piedmont OImsted county HIRA

Cohort (reference no.) cohort (7) project (33)  cohort (34)  cohort (35) study (36)
Country Japan Europe [taly USA Korea
Number of patients with APS 141 1,000 217 33 3,088
Female, N (%) 119(84.4) 820(82) 162 (74.7) 18(55) 1,873(60.7)
Primary APS, N (%) 70(49.6) 531(53.1)  115(52.9) - 1,766 (57)
Thrombosis

Stroke, N (%) 86(61.0) 131(13.1) 53(24.4) 11(33) 862 (27.9)

TIA, N (%) 6(4.3) 70(7.0) - 4(12)

MI, N (%) 6(4.3) 28(2.8) 10(4.6) 0(0) -

DVT, N (%) 33(23.4) 317 (31.7) 81(31.3) 14(42) 619(20.0)

PE, N (%) 14(9.9) 90(9.0) 26(12.0) 13(39)  540(17.5)

APS: antiphospholipid syndrome; N: number; TIA: transient ischemic attack; MI: myocardial infarction; DVT: deep vein thrombosis;

PE: pulmonary embolism.

single-center prospective study from Slove-
nia focused on patients with cerebrovascular
events, including stroke and transient isch-
emic attack, and revealed that aPLs represent
an independent risk factor for cerebrovascular
events as well as hyperlipidemia and arterial
hypertension (38). Among 89 patients with
cerebrovascular events, 22% were diagnosed
with APS. There was a significant association
between the persistently positive aPL and the
cerebrovascular events (odds ratio, 4.62). In
contrast, ischemic heart disease occurred less
often compared with cerebrovascular events
in patients with APS. Myocardial infarction, in
relation to APS, occurred in less than 5% of
patients (Table 1). However, a critical review
of the literature based on the analysis of 120
studies showed that aPLs were found in 11% of
patients from the general population who pre-
sented with myocardial infarction (39). Myo-
cardial infarction in patients with APS shows
specific clinical features: relatively young age
at presentation, no gender dominance, often
normal coronary arteries without signs of ath-
erosclerosis, and high risk of recurrence (40).

Risk assessment and stratification

An individual thrombotic risk assessment and
"risk stratification” are essential for good man-
agement of APS. Pengo et al. (41) identified
the high-risk patients with aPLs on the num-
ber of positive aPL tests, including LA, aCL, and
aP2GPI. They showed that triple positivity was
a strong independent risk factor for arterial or
venous thrombotic events with an odds ratio
of 33.3 (41). Two longitudinal follow-up stud-
ies confirmed the strong association between
triple aPL positivity and an increased risk of
thrombosis (42, 43).

The antiphospholipid score (aPL-S) was pro-
posed by our group as a quantitative marker
considering the heterogeneity of aPLs (44). This
score is calculated according to the relative risk
for vascular thrombosis that was approximat-
ed by odds ratio for each aPL, including LA,
aCL (IgG and IgM), aB2GPI (IgG and IgM), and
aPS/PT (IgG and IgM). The IgG isotype of aCL,
aPB2GPI, and aPS/PT are further divided into
high titers and medium to low titers. The di-
agnostic value of the aPL-S for APS was found
to be greater than that of the revised Sapporo
criteria. An aPL-S of >30 was revealed to be an
independent risk factor for future thrombot-
ic events. In addition, our group has focused
on thrombocytopenia, one of the non-crite-
ria manifestations of APS, to further stratify
patients with low to moderate risk profiles. A
total of 290 aPL-positive patients were divid-
ed into two groups, according to the aPL-S
(45). Among 242 patients with low to moder-
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ate aPL-S (0<aPL-5<30), those with a platelet
count of <150,000 per mm? developed arterial
or venous thrombosis more frequently than
those with a platelet count of >150,000 per
mm?. In contrast, 48 patients with a high aPL-S
(aPL-S>30) developed thromboses, regardless
of the platelet count. These findings indicated
that non-criteria manifestations of APS might
be useful for risk assessment in patients with a
low to moderate risk range (45).

The Global APS score (GAPSS) was developed,
and a total of >16 points was considered an
independent risk factor for future thrombotic
events (46). There are two major differences
between the aPL-S and the GAPSS. First, hy-
perlipidemia and arterial hypertension are in-
cluded as scoring components in the GAPSS
based on data for vascular thrombosis or
pregnancy morbidity in patients with SLE. Sec-
ond, scoring by aPL profiles was simplified in
the GAPSS without taking into account the Ig
isotypes (IgG and/or IgM) and the titers of the
aPLs. Adjusted GAPSS (aGAPSS) that excludes
aPS/PT was developed and further validated
by the AntiPhospholipid Syndrome Alliance
For Clinical Trials and InternatiOnal Networking
(APS ACTION) (47). The analysis consisted of
379 patients with APS who presented with ar-
terial and/or venous thrombosis. A significantly
higher aGAPSS was observed in patients with
recurrent thrombosis compared with those
without recurrence (7.8+3.3 versus 6.0+3.9,
p<0.05). Patients with recurrent arterial, but
not venous, thrombosis had a higher aGAPSS
(8.14£2.9 versus 6.0+3.9; p<0.05).

Management of arterial thrombosis

The pathophysiology of arterial thrombosis
differs from that of venous thrombosis, as re-
flected in the different treatment methods. In
general, arterial thrombosis is treated with an-
tiplatelet agents, and venous thrombosis with
anticoagulant agents. However, vitamin K an-
tagonists (VKAs) for prophylaxis of thrombotic
APS have been the gold standard regardless of
arterial or venous thrombosis.

The EULAR recommendations for the treat-
ment of APS in adult patients, published in
2019, mentioned the recommendations for
the prevention of primary and secondary
thromboses separately (6). The risk stratifica-
tion is a principal strategy for improving the
management of APS-mediated thrombosis.
In the EULAR recommendations, a high-risk
aPL profile was defined as the presence of
LA, double positivity (any combination of LA,
aCl, or a b2GPlI), triple positivity (all three sub-
types), or the presence of persistently high
aPL titers.

For the prevention of primary thrombosis in
both artery and vein, low-dose aspirin (LDA,
75-100 mg daily) is recommended for patients
with a high-risk aPL profile with or without
cardiovascular risk factors, such as smoking,
hypertension, dyslipidemia, and diabetes (6).
Meta-analyses regarding the use of LDA for pri-
mary prophylaxis showed a 50% reduction in
the risk for the first thrombosis in asymptomat-
ic, high-risk aPL carriers with low cardiovascular
risk factors (48). Given the likelihood of benefit
and low risk of adverse events, the use of LDA
is recommended for asymptomatic individuals
with high-risk aPL profiles. In addition, the use
of LDA is recommended for patients with SLE
with a high-risk aPL profile and for non-preg-
nant women with a history of obstetric APS ac-
cording to their thrombosis/bleeding risk (6).
SLE and pregnancy should be considered risk
factors for thrombosis. There are two cohort
studies that indicated an association between
the use of LDA and a lower risk of thrombosis in
this group (49, 50). A meta-analysis that includ-
ed five observational studies also supported
the evidence for the protective effect of LDA
for primary thrombosis in women with a histo-
ry of obstetric APS without SLE (48).

For secondary prevention of arterial throm-
bosis, more intensive treatment is required
compared with the treatment of venous
thrombosis. Arterial thrombosis has a high
risk of recurrence and a tendency to recur in
the same vascular (arterial) bed. In a Japanese
APS cohort, 77.4% of the thrombotic events re-
curred in the same vascular territory (ie., 86%
of arterial events recurred in the same arteri-
al area, and 55% of venous events occurred
in the same venous vessel) (7). According to
the EULAR recommendations, for secondary
prophylaxis of arterial thrombosis, the use of
VKAs is indicated, rather than LDA alone, with a
target prothrombin time-international normal-
ized ratio (PT-INR) of 2 to 3 (6). Evidence from
observational studies showed a lower likeli-
hood of recurrent thrombosis among patients
with APS and prior arterial thrombosis (mainly
stroke) treated with VKAs versus LDA alone (51,
52). Furthermore, it was recommended that
patients with recurrent arterial thrombosis
should be treated with either VKAs with a PT-
INR of 3 to 4 or VKAs with a PT-INR of 2 to 3 plus
LDA. The recommendations were based on
one retrospective study (53) and two prospec-
tive randomized trials (54, 55). A previous study
by Khamashta et al. (53) showed that high-in-
tensity anticoagulation therapy (PT-INR>3) was
necessary to prevent arterial thrombosis in pa-
tients with APS although standard anticoagula-
tion treatment (PT-INR of 2-3) was sufficient for
preventing venous thrombotic events. The two
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randomized trials mentioned above included
patients with APS with mainly venous throm-
botic events. One study consisted of treatment
with two intensities of VKAs (54), and the other
study included high-intensity VKA treatment
versus conventional antithrombotic therapy
(55). Therefore, the appropriate dose of VKA for
the prevention of arterial thrombosis could not
be established. Physicians should consider the
risk of recurrent thrombosis and major bleed-
ing for each patient, as well as the patient’s
preferences.

Factor Xa inhibitors are effective and safe op-
tions to venous thromboembolism (VTE) in
patients with atrial fibrillation and venous
thromboembolism. In non-APS patients with
venous thromboembolism, factor Xa inhibi-
tors demonstrated an efficacy equivalent to
VKAs for inhibiting thrombin generation. To
clarify whether factor Xa inhibitors would be
an effective and safe alternative to VKAs in APS,
three randomized controlled trials (RCTs) have
been conducted. In the Rivaroxaban in APS
(RAPS) trial (56), the primary endpoint was the
change in thrombin generation between day 0
and day 42, and the secondary endpoints were
the occurrence of thromboembolism and/
or bleeding events up to day 210. Provided
that no thrombotic events were documented
during the study period, the authors conclud-
ed that there was no increase in thrombotic
risk for patients treated with rivaroxaban com-
pared with VKAs. However, the patients treated
with rivaroxaban had a significant increase in
thrombin generation, which was the throm-
botic surrogate marker using endogenous
thrombin potential (ETP). In contrast, the Trial
on Rivaroxaban in Antiphospholipid Syndrome
(TRAPS) showed that thrombotic or bleeding
events occurred more frequently in the ri-
varoxaban group than in the VKA group (57).
Thromboembolic events occurred in seven pa-
tients (12%) randomized to rivaroxaban, with
no events in the warfarin group; all thrombotic
events were arterial. The trial was terminated
prematurely due to an excess of events among
patients in the rivaroxaban group. Two issues
of the TRAPS were discussed: (i) no thrombo-
embolic events were observed in the warfarin
group and (ii) only high-risk APS patients with
triple positive aPLs were included. The fre-
quency of thromboembolic recurrence in the
warfarin group as a control was quite low and
the prevalence of the triple positive aPLs did
not cover all APS. In Spain, Ordi-Ros et al. (58)
conducted a 3-year RCT to determine whether
rivaroxaban was noninferior to VKA. The Span-
ish RCT covered the limitation of TRAPS. Of 190
thrombotic patients with APS, 60% had triple
positive aPLs, and non-criteria aPLs, such as
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aPS/PT, were tested. In addition, the frequen-
cy of thrombosis recurrence in the VKA group
(6.3%) was close to the real-world data. The RCT
concluded that rivaroxaban did not show non-
inferiority to VKA for thrombotic APS. Post hoc
analysis suggested that there was an increased
risk for recurrent thrombosis in patients with
previous arterial thrombosis, livedo racemosa,
or APS-related cardiac valvular disease after
treatment with rivaroxaban. We reconfirmed
the inferiority of factor Xa inhibitors compared
with warfarin in terms of efficacy and safety
for the secondary prevention of thrombosis
in Japanese patients with APS (59). Our study
provided additional information as follows: (i)
longitudinal efficacy and safety up to 5 years,
(i) data for heterogeneous APS patients, and
(ifii) the use of rivaroxaban and edoxaban. In a
multivariate analysis using the Cox proportion-
al hazard model, event-free survival for patients
with anti-Xa therapy was significantly shorter
compared with controls (hazard ratio: 11.9,
95% confidence interval: 2.93-56.0, p=0.0005).

Recurrent events in the factor Xa inhibitors
groups were mainly arterial, with a high rate
of stroke in our study (59), TRAPS (57), and
Spanish RCT (58). Factor Xa inhibitors that only
target factor Xa are different from VKAs, which
target factors Il, VII, IX, and X. Inhibition of only
one factor rather than several might explain
the difference in the recurrences. Another ex-
planation may be the requirement for higher
anti-Xa activity to prevent arterial events, as
described in experimental models (60). The ef-
ficacy of a combination of antiplatelet agents
and factor Xa inhibitors remains unknown for
arterial thrombosis in patients with APS.

Dual antiplatelet therapy (DAPT) is commonly
used in daily clinical practice for the secondary
prevention of arterial thrombotic events in pa-
tients at high risk for recurrence. Accordingly,
we hypothesized that DAPT might have some
benefit for preventing the recurrence of arterial
thrombosis in patients with APS. Using a longi-
tudinal follow-up cohort of patients with APS,
we explored the benefits of DAPT in patients
with APS with a history of arterial thrombosis
(61). This retrospective, longitudinal, and ob-
servational study involved 90 Japanese pa-
tients with APS who had a median follow-up
period of 8 years (range: 5-13 years). The sec-
ondary prophylactic effects of warfarin mono-
therapy (Wf), antiplatelet monotherapy (AP),
warfarin and antiplatelet combination therapy
(Wf+AP), and DAPT were assessed. Thrombot-
ic recurrence and serious adverse events were
found in 40 (44%) and 20 (22%) patients, re-
spectively. The incidence rates of recurrence
per 100 patient-years were as follows: Wf, 11.6;
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AP, 5.5, Wf+AP, 3.7, DAPT 1.8. These data indicat-
ed that DAPT was effective for the prevention
of thrombosis in patients with APS. Further-
more, we showed that DAPT did not increase
bleeding risk. Some important limitations were
indicated for the above study (62). First, the tar-
get INR of 1.5 to 2.5 was lower compared with
the INR that was more broadly recommended.
Second, the sample size was small. Third, the
results may have been influenced by a more
general benefit of DAPT in preventing cerebral
ischemic events in a high-risk population, rath-
er than being disease specific. However, our
results introduced a new potential therapeutic
approach that may have a positive impact on
everyday clinical practice.

The efficacy of hydroxychloroquine and statins
was not well described in the EULAR recom-
mendations. Hydroxychloroquine was classi-
cally used as an antithrombotic agent. It has
recently been suggested that hydroxychloro-
quine plays a role in preventing thrombotic re-
currences as well as in lowering the titer of aPLs
in patients with APS (63). Hydroxychroroquine
treatment reduces the type | IFN signature in
monocytes of patients with primary APS (64),
which indicates its immunomodulatory effect
on APS. Statins are lipid-lowering medications
with pleiotropic anti-inflammatory and anti-
thrombotic effects. Statins are considered as a
potential prophylactic therapy for thrombosis
in both the general population and APS. Our
recent single-center retrospective study found
a statistically significant protective effect of
statins against vascular thrombosis in aPL-pos-
itive patients but not in aPL-negative patients
(65). Furthermore, statin treatment has also
been shown to decrease type | IFN signature in
patients with primary APS (64).

Conclusion

There is no specific treatment for APS. Because
antithrombotic medications are still the only
established therapy, clinicians need to prevent
thrombosis according to the risk stratification.
In addition, the management of arterial throm-
bosis is still challenging in APS. Although factor
Xa inhibitors should not be recommended for
APS, DAPT may have some benefit for prevent-
ing the recurrence of arterial thrombosis in
patients with APS. Further studies, particularly
prospective RCTs, may validate effective and
tolerable treatment regimens for high-risk aPL
carriers. A better understanding of the patho-
physiological mechanisms of APS has signifi-
cantly expanded our knowledge of this disor-
der. Immunomodulatory treatment options
may be a future strategy as new therapeutic
targets. The best use of anticoagulation and
immunomodulatory drugs will be established

in accordance with pathological conditions in
the future.
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