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Abstract

Catastrophic antiphospholipid syndrome (CAPS) is a potentially lethal dis-
ease that presents with rapidly progressive multiple organ thromboses.
Anticoagulation, corticosteroids, intravenous immunoglobulin, and plasma
exchange are the most commonly used treatments for CAPS patients. How-
ever, the high mortality despite these medications necessitates new treatment
strategies. Following a brief review of current diagnostic and management
strategies, we discuss the candidate therapies, i.e., hydroxychloroquine, rit-
uximab, eculizumab, sirolimus, and defibrotide, that can be considered in
CAPS patients refractory to traditional treatment.
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INTRODUCTION

Antiphospholipid syndrome (APS) is characterized by thromboses and/or pregnancy morbid-
ity associated with persistently positive antiphospholipid antibodies (aPL) [lupus anticoagulant
(LA) test, anticardiolipin antibodies (aCL), and/or antiβ2-glycoprotein-I antibodies (aβ2GPI)] (1)
(Table 1). APS classification is based on at least one of the clinical criteria and one of the lab-
oratory criteria listed in Table 1. Thrombocytopenia, hemolytic anemia, nephropathy, cardiac
valve disease, cognitive dysfunction, and skin ulcers, collectively known as “noncriteria” manifes-
tations, can also occur in aPL-positive patients (2). A small percentage of APS patients develop
life-threatening multiple organ thromboses, known as catastrophic APS (CAPS) (3, 4).

CAPS patients usually present with rapidly progressive thromboses resulting in multiple organ
dysfunction syndrome, systemic inflammatory response syndrome, and thrombotic microangiopa-
thy. “Definite” and “probable” CAPS are defined on the basis of the preliminary classification cri-
teria listed in Table 2 (5); however, some aPL-positive patients with multiple organ thromboses
and/or thrombotic microangiopathies do not fulfill these criteria.

The purpose of this article is to review candidate therapies that can be considered in refractory
CAPS patients. We offer only a brief overview of diagnostic challenges and current management
strategies for CAPS patients because detailed information on these topics can be found elsewhere
(6–9).

DIAGNOSTIC CHALLENGES

When a patient with multiple thromboses tests aPL positive for the first time, especially if non-aPL
thrombosis risk factors exist, such as malignancy, surgery, or sepsis, the diagnosis of CAPS can be
challenging. Thrombosis is usually multifactorial, and not every “positive” aPL test is clinically
significant, e.g., single low-titer aCL and/or aβ2GPI. In addition, CAPS is one of the conditions
listed under “thrombotic storm” (10) (see sidebar Thrombotic Storm), which is a clinical umbrella
term for extreme hypercoagulable conditions. Thus, the diagnosis of CAPS requires continuous

Table 1 Revised Sapporo classification criteria for antiphospholipid syndrome (1)

Clinical criteria Laboratory criteria

1. Vascular thrombosis

One or more clinical episodes of arterial, venous, or small-vessel
thrombosis in any tissue or organ

1. Lupus anticoagulant present in plasma on two or more
occasions at least 12 weeks apart, detected according to the
guidelines of the International Society on Thrombosis and
Hemostasis

2. Pregnancy morbidity

(a) One or more unexplained deaths of a morphologically
normal fetus at or beyond the 10th week of gestation, or

(b) One or more premature births of a morphologically normal
neonate before the 34th week of gestation because of eclampsia,
severe preeclampsia, or recognized features of placental
insufficiency, or

(c) Three or more unexplained consecutive spontaneous
abortions before the 10th week of gestation, with maternal
anatomic or hormonal abnormalities and paternal and maternal
chromosomal causes excluded

2. Anticardiolipin antibody of immunoglobulin (Ig)G or IgM
isotype in serum or plasma, present in medium or high titer
(>40 GPL or MPL, or >99th percentile), on two or more
occasions at least 12 weeks apart, measured by a standardized
ELISA

3. Anti–β2-glycoprotein I antibody of IgG or IgM isotype in
serum or plasma (in titer >99th percentile) present on two or
more occasions at least 12 weeks apart, measured by a
standardized ELISA

288 Unlu · Erkan



ME68CH21-Unlu ARI 4 December 2016 13:24

Table 2 Preliminary classification criteria for catastrophic antiphospholipid syndrome (5)

Definite catastrophic antiphospholipid syndrome:
all four criteria present

Probable catastrophic antiphospholipid
syndrome

1. Evidence of involvement of three or more organs,
systems, and/or tissues

1. Only two organs, systems, and/or tissues
involved; criteria 2, 3, and 4 present

2. Development of manifestations simultaneously or
in less than a week

2. Manifestation of a third event develops more
than one week (but within one month) after
presentation, despite anticoagulation; criteria 1,
3, and 4 present

3. Confirmation by histopathology of small-vessel
occlusiona

3. No histopathological confirmation of
small-vessel occlusion; criteria 1, 2, and 4 present

4. Laboratory confirmation of aPLb 4. No laboratory confirmation of aPL; criteria 1,
2, and 3 present

Abbreviation: aPL, antiphospholipid antibodies.
aVasculitis may coexist, but significant thrombosis must be present as well.
bFinding of “positive aPL” twice 12 weeks apart. Note: The original Sapporo APS classification criteria required two
positive aPL tests 6 weeks apart (62). The updated Sapporo APS classification criteria (1) changed this interval to 12 weeks.

assessment in patients with multiple organ thrombosis, as the disease can overlap with other
conditions.

Diagnostic algorithms for CAPS provide a step-by-step approach in the assessment of patients
with multiple organ thromboses (8):

1. Previous APS diagnosis and/or persistent, clinically significant aPL positivity is helpful for
the CAPS diagnosis. However, half of CAPS patients do not have a history of APS or aPL
positivity.

2. Three or more organ thromboses developing in less than a week is one of the requirements
for definite CAPS classification. However, new thrombosis in only two organs (or even one

THROMBOTIC STORM

“Thrombotic storm” (10) is a clinical umbrella term for extreme hypercoagulable conditions such as atypical
thrombotic thrombocytopenic purpura, cancer-associated thrombosis, heparin-induced thrombocytopenia, and
catastrophic antiphospholipid syndrome. Clinical characteristics of a thrombotic storm include the following:

� Patient’s age is typically <55 years
� Acute, ≥2 arterial and/or venous thromboemboli are present, with or without thrombotic microangiopathy

(defined as microvascular thrombosis identified on tissue pathology)
� Individual thrombotic events occur typically in a compressed period of time (days to weeks) and may recur

from time to time over years
� Thrombotic events frequently involve unusual sites, e.g., intra-abdominal and cerebral venous sinuses
� Progressive/early unexplained recurrence
� Refractory to acute therapy or atypical response to therapy
� Exacerbation of thromboembolic complications associated with subtherapeutic anticoagulation
� Frequently preceded by an initiating event or “trigger,” e.g., pregnancy, surgery, trauma, infection and/or

inflammatory state
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organ with hematologic and/or microthrombotic manifestations) should also alert physicians
to developing CAPS.

3. Microthrombosis is another requirement for definite CAPS classification. However, when
a biopsy cannot be obtained for medical reasons, reassessment of the diagnosis should be
considered when biopsy or new information becomes available.

CURRENT MANAGEMENT STRATEGIES

CAPS is a rare but challenging systemic disease. In addition to multiple organ thromboses, noncri-
teria manifestations of aPL can commonly occur. Bleeding and infections frequently complicate
the disease course, requiring multiple deviations in the treatment plan and difficult decisions at
times, e.g., continuation of anticoagulation despite bleeding. Thus, both diagnosis and manage-
ment require a multidisciplinary team, including but not limited to specialists in rheumatology,
hematology, intensive care, infectious disease, nephrology (and plasma exchange), and obstetrics
when relevant. The team should meet at least once a day as the clinical course can change quickly
in these patients.

Early treatment is vital for survival, in addition to elimination of precipitating factors, antibiotics
for infections, and debridement of necrotic tissues. Anticoagulation, corticosteroids, intravenous
immunoglobulin (IVIG), and plasma exchange are the most commonly used strategies for CAPS
patients (11). In addition to the anticoagulation effect, heparin inhibits complement activation
in mouse models (12); corticosteroids inhibit nuclear factor-κB, which is an important mediator
in both systemic inflammatory response syndrome and aPL-mediated thrombosis; IVIG blocks
pathological autoantibodies, increases clearance of pathological IgG, modulates complement, and
suppresses pathogenic cytokines; and plasma exchange removes aPL (most likely transiently),
as well as cytokines, tumor necrosis factor-α, and complement products (13). In patients with
accompanying lupus or other vasculitis flare, cyclophosphamide can be added to the regimen
(14, 15). In patients with low risk of bleeding, some physicians also add aspirin. The long-term
management of CAPS patients who survive an acute event relies on warfarin; the role of direct
oral anticoagulants is currently being investigated (16).

The CAPS Registry (https://ontocrf.grupocostaisa.com/es/web/caps/home) is a web-based
data collection system created by the European Forum on Antiphospholipid Antibodies on the
basis of the published CAPS cases and/or physician reports to the coordinating center (Hospital
Clinic, Barcelona, Catalonia, Spain). Based on a descriptive analysis of the registry, the highest re-
covery rate is achieved by anticoagulation plus corticosteroids plus plasma exchange and/or IVIG
(11). Even with this approach, the mortality rate remains high (30–50%) (17). Furthermore, antico-
agulation, which is currently the mainstay of CAPS treatment, is commonly interrupted because of
concomitant bleeding. Thus, additional new therapies are desperately needed for CAPS patients.

CANDIDATE THERAPIES FOR REFRACTORY PATIENTS

Definition of Refractory CAPS

CAPS is usually accompanied by comorbidities, which either trigger a CAPS event or develop
during it, and which increase the risk of thrombosis and affect the prognosis. Thus, risk strat-
ification and the optimal management of comorbidities such as septic shock are critical before
considering candidate therapies for CAPS patients. In addition, a major bleeding event requiring
the cessation of anticoagulation can have a major impact on prognosis; physicians should have a
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lower threshold to use additional medications, including candidate therapies, for patients who are
not anticoagulated.

Is There a Role for Immunosuppression in CAPS?

Antiphospholipid antibodies induce thrombosis through multiple immune mechanisms, so im-
munosuppression has been increasingly investigated in APS. β2-glycoprotein-I (β2GPI), which is
the major target antigen in APS, exists in a circular form, then binds to phosphatidylserine (a neg-
atively charged phospholipid) via β2GPI surface receptors. After this binding, the circular β2GPI
opens up to expose Domain I, and aPL bind to β2GPI, directly stimulating cells through surface
receptors. The aPL can also stimulate cells indirectly by activating the classic complement path-
way; the generation of C5a induces expression of adhesion molecules and tissue factor, activation
of monocytes, polymorphonuclear cells, and platelets, and triggers the release of proinflammatory
mediators as well as initiation of the proadhesive and prothrombotic state (18). Potential CAPS
treatments based on these newly understood mechanisms are discussed below.

Hydroxychloroquine

Hydroxychloroquine (HCQ) is an antimalarial agent with anti-inflammatory properties, which is
approved by the US Food and Drug Administration (FDA) for lupus but not for APS.

In aPL-injected mice (19), HCQ reduces the extent and the time of thrombus formation as
well as the platelet activation. HCQ also reduces the attachment of aPL–β2GPI complexes to
phospholipid bilayers (20), reverses the binding of aPL to human placental syncytiotrophoblasts,
restores annexin A5 expression (21, 22), and inhibits Toll-like receptors (23).

Historically, HCQ 600–1,200 mg daily prevented thrombosis after hip replacement (24). In
lupus patients, HCQ protects against thrombosis via its effect on lupus activity and/or traditional
cardiovascular disease risk factors (25). Although a limited number of small studies suggest that
HCQ can be protective against thrombosis in aPL-positive patients without lupus, there are no
randomized controlled trial results to support this finding (26, 27), and there are no data in CAPS
patients.

In summary, despite the lack of strong clinical data in aPL-positive patients without lupus,
HCQ is safe and reduces the risk of thrombosis in experimental models and lupus patients. Thus,
although the short-term effects of HCQ during a CAPS event are unknown, it should be considered
as an adjunctive treatment in refractory CAPS cases.

Rituximab

Rituximab is an anti-CD20 chimeric monoclonal antibody, which is currently FDA approved for
rheumatoid arthritis, granulomatosis with polyangiitis (Wegener’s granulomatosis), and micro-
scopic polyangiitis (28).

In vitro experience indicates that B cells are involved in aPL-related clinical events (29, 30).
Blocking B cell activating factor prevents disease onset and prolongs survival in APS murine
models (31), and cytotoxic T lymphocyte antigen 4 immunoglobulin prevents initiation but not
development of APS in the NZW × BXSB F1 APS mouse model (32). There are no mechanistic
studies in rituximab-treated CAPS patients.

Several case reports (33–38) described rituximab use in APS patients with severe thrombo-
cytopenia (39–42), hemolytic anemia (33), skin ulcers or necrosis (37, 43), aPL nephropathy
(44), and CAPS (45, 46), with variable responses. An uncontrolled pilot study of 19 patients (with
thrombocytopenia, aPL nephropathy, cardiac valve disease, skin ulcers, and cognitive dysfunction)
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suggested that despite causing no substantial change in aPL profiles, rituximab may be effective
in controlling some of the noncriteria manifestations of APS (47). There were no CAPS patients
included in this study.

Lately, based on the analysis of the CAPS Registry (46), rituximab-treated acute CAPS patients
(n = 20) had a 75% chance of recovery. Given the publication/selection bias associated with the
CAPS Registry, along with the fact that the majority of patients received some combination of
anticoagulants, corticosteroids, plasma exchange, and/or IVIG before or while receiving rituximab,
it is difficult to evaluate the isolated antithrombotic effect of rituximab in CAPS patients.

In summary, despite the limited basic science and clinical experience, B cell inhibition may have
a role in CAPS patients, especially in those with prominent hematologic and microthrombotic/
microangiopathic manifestations.

Eculizumab

Eculizumab, a humanized monoclonal antibody against complement protein C5, is currently FDA
approved for the treatment of paroxysmal nocturnal hemoglobinuria and atypical hemolytic uremic
syndrome (48). Eculizumab reduces intravascular hemolysis and blocks complement-mediated
pathogenesis, leading to a benefit in patients with microangiopathies.

Complement activation initiates and amplifies APS by endothelial cell activation, monocyte
tissue factor expression, and platelet aggregation. Generation of C5a contributes to vascular in-
flammation (49, 50); C5a interacts with its receptor to promote recruitment and activation of
neutrophils and monocytes, as well as activation of endothelial cells (51). Mice deficient in C3,
C5, C6, or C5a receptor are resistant to aPL-induced endothelial cell activation (52). In addition,
aPL-positive patients, with or without clinical manifestations of APS, show elevated circulating
levels of Bb and C3a fragments (53). APS patients have elevated C3a levels in plasma without any
correlation with thrombosis (54).

A recent review summarized six acute CAPS cases treated with eculizumab (four patients
survived; two died), concluding that complement inhibition may have a role as an adjuvant or main
therapy for APS patients refractory to anticoagulation. However, publication bias is a concern, as
well as the lack of systematic clinical studies (18). In addition, Zikos et al. (55) reported a CAPS
patient who showed progressive clinical and laboratory improvement upon initiation of eculizumab
following a limited response to plasmapheresis, IVIG, high-dose corticosteroids, anticoagulation
(argatroban and heparin followed by warfarin), and rituximab. The patient remained in remission
for 16 months while on eculizumab.

An open-label interventional phase II prevention trial (NCT01029587) is investigating whether
blocking the complement cascade with eculizumab in patients with a prior history of CAPS who are
undergoing kidney transplant will lead to increased transplant success. Another open-label multi-
center international phase IIa treatment trial (NCT02128269) is evaluating the safety and tolera-
bility of an intravenous C5a inhibitor in persistently aPL-positive patients with at least one of the
following noncriteria manifestations of APS: aPL nephropathy, skin ulcers, and thrombocytopenia.

In summary, eculizimab may have a role in refractory CAPS patients, especially in those
with prominent features of thrombotic microangiopathy; however, more clinical data are needed
before this medication can be recommended. The high cost of the medication limits its use.

Sirolimus

Sirolimus is FDA approved for the treatment of lymphangioleiomyomatosis and the prophylaxis
of organ rejection in renal transplantation patients aged 13 years and older.
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Sirolimus is the generic name for rapamycin, which is produced by fermentation of
Streptomyces hygroscopicus (56). It modulates the activity of the mammalian target of rapamycin
(mTOR) by binding FK binding protein, which results in inhibition of interleukin-2-mediated
signal transduction, causing a cell cycle arrest in the G1-S phase and blocking the response of T
and B cell activation by cytokines (56).

A recent study suggested that mTOR pathway blockade inhibits endothelial proliferation and
thereby prevents aPL-related vasculopathy, which is characterized by vascular cellular infiltrates
and fibrosis of the intima and media. In a small cohort of aPL-positive renal transplant recipients,
patients treated with sirolumus (given to prevent graft rejection) developed significantly less vas-
cular proliferation, as shown on posttransplant biopsies, and had no vascular lesions. Moreover,
the rate of functioning allograft was significantly higher in this group (51). Also, in a substudy,
the post mortem assessment of CAPS patients showed marked neointimal formation associated
with severe constriction of the vessel lumens in both the carotid and left anterior descending
arteries. Few of the neointimal cells that displayed the typical morphologic features of infiltrating
inflammatory cells were also positive for the markers of mTOR pathway activation.

In summary, mTOR pathway blockade can be a promising target in CAPS, as it is in APS.
However, further studies are needed to better clarify the potential beneficial effects of this im-
munosuppressive agent for the treatment of aPL nephropathy, arterial vasculopathy, and CAPS.

Defibrotide

Defibrotide was recently approved by the FDA for the treatment of adult and pediatric patients
with hepatic veno-occlusive disease, also known as sinusoidal obstruction syndrome, with renal or
pulmonary dysfunction following hematopoietic stem cell transplantation. Veno-occlusive disease
has a complex pathogenesis that has not been fully elucidated. However, the disease starts with
an injury to the hepatic venous endothelium (57), and defibrotide provides a beneficial effect by
modulating vascular endothelial cells.

Defibrotide is an adenosine receptor agonist, which inhibits thrombin-induced platelet
aggregation and thromboxane biosynthesis (58). It has antithrombotic, anti-ischemic, anti-
inflammatory, and thrombolytic properties; however, it lacks significant systemic anticoagulant
effects with no increased risk of bleeding (59). Defibrotide modulates tissue necrosis factor, en-
dothelin, thrombin, and interleukin-2, as well as tissue factor secretion from monocytes (60).

Only one case report exists describing a CAPS patient who achieved a complete remission
with defibrotide after a limited response to heparin, aspirin, and dipyridamole (61). Given that
CAPS is a thrombotic disease with concurrent impairment of vascular endothelial cell functions
(58), defibrotide can be a potential treatment for refractory CAPS patients by modulating these
functions as well as inhibiting platelet aggregation and thromboxane production. With its recent
FDA approval for veno-occlusive disease, further mechanistic and controlled studies are needed
to evaluate defibrotide in treating CAPS.

CONCLUSION

In CAPS, the most severe form of APS, multiple organ thromboses occur and are usually ac-
companied by microthrombosis and hematologic manifestations. The clinical manifestations of
CAPS may evolve gradually, commonly overlapping with other thrombotic microangiopathies, so
diagnosis requires a high index of clinical suspicion. It is critical to initiate treatment urgently if
the diagnosis of CAPS is clinically suspected, even without the confirmatory aPL tests. Anticoag-
ulation, corticosteroids, IVIG, and plasma exchange are the most commonly used treatments for
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CAPS patients. In parallel to our increased understanding of the aPL-mediated mechanisms, we
believe that an immunosuppressive approach comprising what are now candidate therapies will
eventually play a major role in the management of CAPS patients. Given that CAPS is relatively
rare, only an international multicenter collaboration will help us identify the role of these agents.

DISCLOSURE STATEMENT

D.E. has received a research grant from Alexion Pharmaceutical and served on its advisory board.

LITERATURE CITED

1. Miyakis S, Lockshin MD, Atsumi T, et al. 2006. International consensus statement on an update of the
classification criteria for definite antiphospholipid syndrome (APS). J. Thromb. Haemost. 4:295–306

2. Erkan D, Lockshin MD. 2010. Non-criteria manifestations of antiphospholipid syndrome. Lupus 19:424–
27

3. Asherson RA. 1992. The catastrophic antiphospholipid syndrome. J. Rheumatol. 19:508–12
4. Piette JC, Cervera R, Levy RA, et al. 2003. The catastrophic antiphospholipid syndrome—Asherson’s

syndrome. Ann. Med. Interne (Paris) 154:195–96
5. Asherson RA, Cervera R, de Groot PG, et al. 2003. Catastrophic antiphospholipid syndrome: international

consensus statement on classification criteria and treatment guidelines. Lupus 12:530–34
6. Aguiar CL, Erkan D. 2013. Catastrophic antiphospholipid syndrome: how to diagnose a rare but highly

fatal disease. Ther. Adv. Musculoskelet. Dis. 5:305–14
7. Cervera R, Rodriguez-Pinto I, Colafrancesco S, et al. 2014. 14th International Congress on Antiphospho-

lipid Antibodies: task force report on catastrophic antiphospholipid syndrome. Autoimmun. Rev. 13:699–
707

8. Erkan D, Espinosa G, Cervera R. 2010. Catastrophic antiphospholipid syndrome: updated diagnostic
algorithms. Autoimmun. Rev. 10:74–79

9. Ortel TL, Erkan D, Kitchens CS. 2015. How I treat catastrophic thrombotic syndromes. Blood 126:1285–
93

10. Ortel TL, Kitchens CS, Erkan D, et al. 2012. Clinical causes and treatment of the thrombotic storm.
Expert Rev. Hematol. 5:653–59

11. Cervera R. 2012. CAPS registry. Lupus 21:755–57
12. Girardi G, Redecha P, Salmon JE. 2004. Heparin prevents antiphospholipid antibody-induced fetal loss

by inhibiting complement activation. Nat. Med. 10:1222–26
13. Asherson RA, Cervera R, Merrill JT, Erkan D. 2008. Antiphospholipid antibodies and the antiphospho-

lipid syndrome: clinical significance and treatment. Semin. Thromb. Hemost. 34:256–66
14. Erkan D, Cervera R, Asherson RA. 2003. Catastrophic antiphospholipid syndrome: Where do we stand?

Arthritis Rheumatol. 48:3320–27
15. Bayraktar UD, Erkan D, Bucciarelli S, et al. 2007. The clinical spectrum of catastrophic antiphospholipid

syndrome in the absence and presence of lupus. J. Rheumatol. 34:346–52
16. Erkan D, Aguiar CL, Andrade D, et al. 2014. 14th International Congress on Antiphospholipid Antibodies:

task force report on antiphospholipid syndrome treatment trends. Autoimmun. Rev. 13:685–96
17. Cervera R, Asherson RA. 2004. Multiorgan failure due to rapid occlusive vascular disease in antiphospho-

lipid syndrome: the ‘catastrophic’ antiphospholipid syndrome. APLAR J. Rheumatol. 7:254–62
18. Erkan D, Salmon JE. 2016. The role of complement inhibition in thrombotic angiopathies and antiphos-

pholipid syndrome. Turk. J. Haematol. 33:1–7
19. Edwards MH, Pierangeli S, Liu X, et al. 1997. Hydroxychloroquine reverses thrombogenic properties of

antiphospholipid antibodies in mice. Circulation 96:4380–84
20. Rand JH, Wu XX, Quinn AS, et al. 2008. Hydroxychloroquine directly reduces the binding of antiphos-

pholipid antibody-beta2-glycoprotein I complexes to phospholipid bilayers. Blood 112:1687–95

294 Unlu · Erkan



ME68CH21-Unlu ARI 4 December 2016 13:24

21. Rand JH, Wu XX, Quinn AS, et al. 2010. Hydroxychloroquine protects the annexin A5 anticoagulant
shield from disruption by antiphospholipid antibodies: evidence for a novel effect for an old antimalarial
drug. Blood 115:2292–99

22. Wu XX, Guller S, Rand JH. 2011. Hydroxychloroquine reduces binding of antiphospholipid antibodies
to syncytiotrophoblasts and restores annexin A5 expression. Am. J. Obstet. Gynecol. 205:576.e7–14

23. Sacre K, Criswell LA, McCune JM. 2012. Hydroxychloroquine is associated with impaired interferon-
alpha and tumor necrosis factor-alpha production by plasmacytoid dendritic cells in systemic lupus ery-
thematosus. Arthritis Res. Ther. 14:R155

24. Johnson R, Charnley J. 1979. Hydroxychloroquine in prophylaxis of pulmonary embolism following hip
arthroplasty. Clin. Orthop. Relat. Res. 144:174–77

25. Wallace DJ. 1987. Does hydroxychloroquine sulfate prevent clot formation in systemic lupus erythemato-
sus? Arthritis Rheumatol. 30:1435–36

26. Petri M, Law G, Fang H, Magder L. 2013. Hydroxychloroquine reduces thrombosis (both arterial and
venous) in systemic lupus erythematosus, but only in antiphospholipid positive patients. Proc. Int. Congr.
Antiphospholipid Antibodies, 14th, Rio de Janeiro, Brazil, pp. 18–21

27. Tektonidou MG, Laskari K, Panagiotakos DB, Moutsopoulos HM. 2009. Risk factors for thrombosis and
primary thrombosis prevention in patients with systemic lupus erythematosus with or without antiphos-
pholipid antibodies. Arthritis Rheumatol. 61:29–36

28. Buch MH, Smolen JS, Betteridge N, et al. 2011. Updated consensus statement on the use of rituximab in
patients with rheumatoid arthritis. Ann. Rheum. Dis. 70:909–20

29. Khattri S, Zandman-Goddard G, Peeva E. 2012. B-cell directed therapies in antiphospholipid antibody
syndrome—new directions based on murine and human data. Autoimmun. Rev. 11:717–22

30. Youinou P, Renaudineau Y. 2004. The antiphospholipid syndrome as a model for B cell-induced autoim-
mune diseases. Thromb. Res. 114:363–69

31. Kahn P, Ramanujam M, Bethunaickan R, et al. 2008. Prevention of murine antiphospholipid syndrome
by BAFF blockade. Arthritis Rheumatol. 58:2824–34

32. Akkerman A, Huang W, Wang X, et al. 2004. CTLA4Ig prevents initiation but not evolution of anti-
phospholipid syndrome in NZW/BXSB mice. Autoimmunity 37:445–51

33. Erdozain JG, Ruiz-Irastorza G, Egurbide MV, Aguirre C. 2004. Sustained response to rituximab of
autoimmune hemolytic anemia associated with antiphospholipid syndrome. Haematologica 89:Ecr34

34. Erre GL, Pardini S, Faedda R, Passiu G. 2008. Effect of rituximab on clinical and laboratory features of
antiphospholipid syndrome: a case report and a review of literature. Lupus 17:50–55

35. Kumar D, Roubey RA. 2010. Use of rituximab in the antiphospholipid syndrome. Curr. Rheumatol. Rep.
12:40–44

36. Rubenstein E, Arkfeld DG, Metyas S, et al. 2006. Rituximab treatment for resistant antiphospholipid
syndrome. J. Rheumatol. 33:355–57

37. Tenedios F, Erkan D, Lockshin M. 2005. Rituximab in the primary antiphospholipid syndrome (PAPS).
Arthritis Rheumatol. 52:4078

38. Aguiar CL, Erkan D. 2013. The effect of rituximab on the antiphospholipid antibody profile. Proc. APLA-
LACA (Abstr.), Int. Congr. Antiphospholipid Antibodies, 14th, and Latin Am. Congr. Autoimmun., 4th,
Sep. 18–21, Rio de Janeiro, Brazil

39. Ames PR, Tommasino C, Fossati G, et al. 2007. Limited effect of rituximab on thrombocytopaenia and
anticardiolipin antibodies in a patient with primary antiphospholipid syndrome. Ann. Hematol. 86:227–28

40. Tommasino C, Fossati G, Saulino A, et al. 2004. Short-term lack of efficacy of rituximab in a thrombo-
cytopaenic patient with primary antiphospholipid syndrome. Thromb. Res. 114:652 (Abstr.)

41. Sciascia S, Naretto C, Rossi D, et al. 2011. Treatment-induced downregulation of antiphospholipid
antibodies: effect of rituximab alone on clinical and laboratory features of antiphospholipid syndrome.
Lupus 20:1106–8

42. Trappe R, Loew A, Thuss-Patience P, et al. 2006. Successful treatment of thrombocytopenia in primary
antiphospholipid antibody syndrome with the anti-CD20 antibody rituximab—monitoring of antiphos-
pholipid and anti-GP antibodies: a case report. Ann. Hematol. 85:134–35

43. Costa R, Fazal S, Kaplan RB, et al. 2013. Successful plasma exchange combined with rituximab therapy
in aggressive APS-related cutaneous necrosis. Clin. Rheumatol. 32(Suppl. 1):S79–S82

www.annualreviews.org • Catastrophic Antiphospholipid Syndrome 295



ME68CH21-Unlu ARI 4 December 2016 13:24

44. Tsagalis G, Psimenou E, Nakopoulou L, Laggouranis A. 2011. Combination treatment with plasma-
pheresis and rituximab for recurrent focal segmental glomerulosclerosis after renal transplantation. Artif.
Organs 35:420–25

45. Ehresmann SAD, Shinada S, et al. 2004. A novel therapeutic approach for catastrophic antiphospholipid
syndrome (CAPS) when conventional therapy with anticoagulants and steroids were unsuccessful. Ann.
Rheum. Dis. 64(Suppl.):FR10278 (Abstr.)

46. Berman H, Rodriguez-Pinto I, Cervera R, et al. 2013. Rituximab use in the catastrophic antiphospho-
lipid syndrome: descriptive analysis of the CAPS registry patients receiving rituximab. Autoimmun. Rev.
12:1085–90

47. Erkan D, Vega J, Ramon G, et al. 2013. A pilot open-label phase II trial of rituximab for non-criteria
manifestations of antiphospholipid syndrome. Arthritis Rheumatol. 65:464–71

48. Canaud G, Kamar N, Anglicheau D, et al. 2013. Eculizumab improves posttransplant thrombotic microan-
giopathy due to antiphospholipid syndrome recurrence but fails to prevent chronic vascular changes. Am.
J. Transplant. 13:2179–85

49. Giannakopoulos B, Passam F, Rahgozar S, Krilis SA. 2007. Current concepts on the pathogenesis of the
antiphospholipid syndrome. Blood 109:422–30

50. Peerschke EI, Yin W, Ghebrehiwet B. 2010. Complement activation on platelets: implications for vascular
inflammation and thrombosis. Mol. Immunol. 47:2170–75

51. Canaud G, Bienaime F, Tabarin F, et al. 2014. Inhibition of the mTORC pathway in the antiphospholipid
syndrome. N. Engl. J. Med. 371:303–12

52. Pierangeli SS, Girardi G, Vega-Ostertag M, et al. 2005. Requirement of activation of complement C3
and C5 for antiphospholipid antibody-mediated thrombophilia. Arthritis Rheumatol. 52:2120–24

53. Oku K, Amengual O, Atsumi T. 2012. Pathophysiology of thrombosis and pregnancy morbidity in the
antiphospholipid syndrome. Eur. J. Clin. Investig. 42:1126–35

54. Devreese KM, Hoylaerts MF. 2010. Is there an association between complement activation and antiphos-
pholipid antibody-related thrombosis? Thromb. Haemost. 104:1279–81

55. Zikos TA, Sokolove J, Ahuja N, Berube C. 2015. Eculizumab induces sustained remission in a patient
with refractory primary catastrophic antiphospholipid syndrome. J. Clin. Rheumatol. 21:311–13

56. Sehgal SN. 2003. Sirolimus: its discovery, biological properties, and mechanism of action. Transplant.
Proc. 35:7s–14s

57. Rubbia-Brandt L. 2010. Sinusoidal obstruction syndrome. Clin. Liver Dis. 14:651–68
58. Pescador R, Porta R, Ferro L. 1996. An integrated view of the activities of defibrotide. Semin. Thromb.

Hemost. 22(Suppl. 1):71–75
59. Richardson PG, Elias AD, Krishnan A, et al. 1998. Treatment of severe veno-occlusive disease with

defibrotide: compassionate use results in response without significant toxicity in a high-risk population.
Blood 92:737–44

60. Falanga A, Vignoli A, Marchetti M, Barbui T. 2003. Defibrotide reduces procoagulant activity and in-
creases fibrinolytic properties of endothelial cells. Leukemia 17:1636–42

61. Burcoglu-O’Ral A, Erkan D, Asherson R. 2002. Treatment of catastrophic antiphospholipid syndrome
with defibrotide, a proposed vascular endothelial cell modulator. J. Rheumatol. 29:2006–11

62. Wilson WA, Gharavi AE, Koike T, et al. 1999. International consensus statement on preliminary clas-
sification criteria for definite antiphospholipid syndrome: report of an international workshop. Arthritis
Rheumatol. 42:1309–11

296 Unlu · Erkan


