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Abstract
Objective 

The clinical manifestations of the antiphospholipid syndrome (APS) are heterogeneous and related to anti-phospholipid 
antibodies (aPL). There is some evidence that B cells are involved in the pathogenesis of this condition. Thus the ability 
of rituximab (RTX) to deplete B cells makes it an appealing potential therapy for refractory antiphospholipid syndrome 
(APS). Real world data on RTX treatment of APS are still lacking. This study was conducted to report outcomes of RTX 

administration in the treatment of different aspects of APS. 

Methods
This is a retrospective case series study on APS patients from 3 medical centres in Israel who were treated with RTX 

during 2010–2019 for refractory manifestations of APS including diffuse alveolar haemorrhage, recurrent thrombosis, 
cytopenia, neurological and skin manifestations. Medical records were reviewed regarding the clinical indication for 

RTX treatment, concomitant medications, RTX protocol, aPL status and response to treatment. Outcomes were defined 
as complete response if full resolution of the “indicated manifestation” was achieved and maintained for at least 12 

months, partial response or no response. 

Results
We identified 40 APS patients who were treated with RTX for refractory manifestations of this condition, of whom, 

24 patients (60%) were female with a mean age of 40 years, and 31 patients (78%) were diagnosed with primary APS.  
A favourable response to RTX was documented in 32 patients (80%) including a complete response in 22 patients (55%). 

Response to RTX treatment was associated with a rituximab protocol of 375mg/m2 x 4 compared to a fixed dose of 
1000 mg x2 (100% vs. 65%; p=0.01). Complete response was associated with a decrease in aPL titres within 4–6 months 

post treatment, whereas no significant change in aPL titres was observed in patients with partial or no response. 

Conclusion
Consistent with previous small case series, we report a good therapeutic response to RTX in patients with difficult to 

treat manifestations of APS. In this cohort, treatment protocols were associated with outcomes. Although further studies 
are required to verify our observations, our data support a plausible role for B cell depletion in refractory APS. 
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Introduction 
Antiphospholipid syndrome (APS) is 
a systemic autoimmune disorder clini-
cally characterised by thrombosis and/
or obstetric morbidity, in the presence 
of serum antiphospholipid antibod-
ies (aPL), obtained on two occasions, 
at least 3 months apart. Additionally, a 
myriad of non-criteria manifestations 
are common in APS (1). Both criteria 
and non-criteria manifestations, are 
mediated via a number of complex 
pathogenic mechanisms, most of which 
are driven by aPL. These autoantibod-
ies, although necessary, are not suffi-
cient for thrombosis, and a prerequisite 
second-hit has been proposed. Namely, 
an additional trigger such as infection, 
endothelial injury, inflammation, medi-
cations (i.e. oestrogen-containing pills), 
surgery or immobility, is required to 
promote clot formation (2, 3). On the 
other hand, various APS manifestations 
are linked with aPL induced inflamma-
tory non-thrombotic effects (4). The 
most studied mechanism of aPL patho-
genicity is the one associated with the 
β2-glycoprotein-I (β2GPI). This circu-
lating apolipoprotein normally binds to 
phospholipids on endothelial cells (EC) 
and has a protective function against 
oxidative stress-induced cell injury. 
Anti- β2GPI antibodies fix β2GPI in 
an open conformation and form the 
anti β2GPI-β2GPI complex. The lat-
ter is able to induce inflammation and/
or clotting via binding to a variety of 
receptors (e.g. Toll-like receptors 2 
and 4, annexin A2 and GP1ba) on dif-
ferent cell types (i.e. ECs, monocytes, 
trophoblasts and platelets) that trigger 
intracellular signalling and inflamma-
tory responses (5). Traditionally, treat-
ment of APS focuses on antithrombotic 
strategies, which are less effective for 
the microvascular and non-thrombotic 
manifestations of the disease (6). 
B cells play important roles in the 
pathophysiology of autoimmunity and 
particularly the APS. These roles in-
clude the production of autoantibodies 
and cytokines, antigen presentation and 
co-stimulation of T cells. Rituximab 
is an anti-CD20 monoclonal antibody, 
used for B cell depletion in a range of 
haematologic, rheumatologic and im-
mune-mediated conditions. The ability 

of rituximab to deplete B cells and at-
tenuate B cell effects makes it an ap-
pealing potential therapy for the APS. 
However, the available data on the dose 
and treatment regimen of rituximab, 
and its effects on APS manifestations 
is currently inconclusive. A number of 
small observational studies, case series 
and one non-randomised pilot study 
provided some evidence of beneficial 
effects of rituximab for APS and par-
ticularly for the catastrophic variant of 
disease (cAPS), whereas other reports 
did not confirm these results (6-11). 
Notably, in the open-label phase II, 
non-randomised pilot study, rituximab 
was administered to 19 APS patients 
with non-criteria manifestations. In 
this study, the largest so far, variable 
responses to treatment were reported 
with approximately half of the patients 
experiencing a partial or complete re-
sponse (12). 
Although the plausible beneficial effect 
of B cell depletion in APS is intriguing, 
the data on rituximab for APS criteria 
and non-criteria manifestations is still 
lacking. In the current study we de-
scribe a relatively large, real-life series 
of APS patients treated with rituximab 
in three medical centers in Israel. We 
also analysed the effect of this interven-
tion on a range of APS manifestations, 
utilising different treatment regimens. 

Patients and methods
Study population 
In this retrospective study we identified 
40 APS patients, diagnosed according 
to the revised Sapporo criteria (13), 
who were treated with rituximab. Pa-
tients were followed in three large med-
ical centres in Israel during 2011–2019. 
This study received approval by the 
institutional ethics committee and ful-
filled the ethical guidelines of the dec-
laration of Helsinki (Edinburgh 2000).

Data collection 
For each participant in the study, demo-
graphic information (e.g. age and gen-
der), clinical data (e.g. clinical manifes-
tations of APS, duration of disease, in-
dications for Rituximab treatment, dose 
and regimen of rituximab, concomitant 
medications) and laboratory data (e.g. 
aPL antibodies, platelet counts, CRP) 
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were retrieved from the medical re-
cords. The clinical manifestations for 
which rituximab therapy was adminis-
tered included: diffuse alveolar haemor-
rhage (DAH) defined by lung infiltrates, 
decrease in haemoglobin, haemoptysis 
and/or broncho-alveolar lavage compat-
ible with DAH; recurrent thrombosis 
and/or ischaemic events while treated 
with anti-coagulation ± anti-aggregants; 
cytopenia mainly thrombocytopenia but 
also autoimmune haemolytic anaemia; 
neurological manifestations including 
chorea, intractable epilepsy, cognitive 
deterioration; renal impairments com-
patible with APS nephropathy (protein-
uria and/or elevated creatinine with no 
evidence for lupus nephritis (renal biop-
sy was not performed d/t severe throm-
bocytopenia and or inability to withhold 
anti-coagulation therapy); cutaneous 
manifestations including chronic ulcers 
due to small vessel micro-thrombi and/
or severe vasculopathy; catastrophic 
APS (cAPS) diagnosed according to the 
published criteria (14). 
In this study, response to therapy was 
defined as: complete response (CR), if 
full resolution of the “indicated mani-
festation” was achieved and maintained 
for at least 12 months. No response 
(NR) to therapy was defined once symp-
toms control was not achieved despite 
administration of all available thera-
pies for the specific indication and no 
improvement occurred after 4 months 
of rituximab administration. Partial 
response (PR) was reported once a fa-
vourable response occurred but did not 
meet the criteria for complete response 
(e.g. significant increase in platelet 
numbers although not to normal levels 
or partial resolution of an ischaemic 
events). Rituximab was administrated 
according to the treating physician’s 
judgment using one of 2 regimens: (1) 2 
doses of 1000 mg given twice (2 weeks 
apart); (2) 375mg/m2 body surface area 
given once weekly for 4 doses. 

Statistical analysis
Statistical analysis was performed us-
ing SPSS 24.0. For all tests p<0.05 
was considered statistically significant. 
Continuous variables were described 
as mean ± standard deviation and cat-
egorical variables as percentages. Com-

parisons between groups were analysed 
by chi-square test or Fisher’s exact test 
as appropriate for categorical variables, 
and by Student’s t-test or Mann-Whit-
ney for continuous variables. 

Results
Herein we retrospectively collected 
and analysed data on 40 patients with 
APS who were treated with rituximab 
during 2011-2019. This group of APS 
patients represents about 5.6% of the 
entire cohort of patients with APS fol-
lowed in our centres. This cohort en-
compasses mostly patients with pri-
mary APS with long standing disease 
and 9 patients with APS secondary to 
SLE, all of which exhibited high titres 
of antiphospholipid antibodies and 
the majority [30 patients (75%)] were 
‘triple positive’ (i.e. seropositive for 
all three criteria aPL: anti-cardiolipin, 
anti-B2GPI and lupus anticoagulant) as 
outlined in Table I. 

Response to rituximab therapy 
The response to rituximab therapy was 
favourable in 32 patients (80%) and in 
22 patients (55%) this response was 

defined as complete, while 5 patients 
(12.5%) did not respond to this inter-
vention and 3 patients (7.5%) died. 
The main indications for rituximab 
treatment in this cohort were recurrent 
thrombosis, low blood cell counts in 10 
patients, 9 of whom had thrombocy-
topenia and one patient had refractory 
autoimmune haemolytic anaemia, dif-
fuse alveolar haemorrhage, neurologi-
cal manifestations in 6 patients with 
primary APS (e.g. chorea, intractable 
epilepsy, recurrent amaurosis fugax, 
and leg ulcers (Table I, Fig 1). Two 
treatment regimens of Rituximab were 
utilised in our cohort: either 2 doses of 
1000mg (2 weeks apart) or a more tai-
lored protocol of 375mg/m2 given once 
weekly for 4 doses. The former regi-
men was given to 23 patients (58%) 
and the latter to 17 patients (42%). No-
tably, 9 patients received more than one 
course of therapy. Response to Rituxi-
mab differed according to the protocol. 
Significantly more patients achieved a 
complete or partial response following 
the tailored protocol (375mg/m2 x4) 
compared to the fixed protocol (1000 
mg x2) (p=0.01; Table II). 

Table I. Demographics and clinical manifestations of patients with APS treated with     
rituximab.

Parameter  Patients with APS 
 (n=40)

Age (in years)  40±14
Gender (Male)   16 (40%)
Duration of APS (in years)  12.6±10
Primary APS  31 (78%)
APS secondary to SLE   9 (22%)
*Triple positive aPLs  30 (75%)
*Double positive aPLs  10 (25%)

Indications for rituximab therapy 
Diffuse alveolar haemorrhage (DAH ) 7 (18%)
                         #Primary APS/Secondary APS 4/3
Recurrent thrombosis despite adequate anticoagulation** 10 (25%)
                         #Primary APS/Secondary APS 10/0
Cytopenia (i.e. thrombocytopenia, AIHA) 10 (25%)
                         #Primary APS/Secondary APS 7/3
Neurological manifestations 6 (15%)
                                          #Primary APS/Secondary APS 6/0
Renal involvement  2 (5%)
                                          #Primary APS/Secondary APS  2/0
Skin manifestations (e.g. ulcers , vasculopathy) 5 (12.5%)
                          #Primary APS/Secondary APS 2/3
Catastrophic APS  2 (5%)
                          #Primary APS/Secondary APS 2/0

Data is presented as mean± standard deviation or number of patients (percentage);
*number of criteria anti-phospholipid antibodies sero-positivity.
**Warfarin or LMWH.
#Number of primary APS patients presented with the specific indication.
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Concomitant therapies 
Concomitant therapies were prescribed 
to most patients in this cohort. High 
dose glucocorticoids (GCs) was admin-
istered in 28 patients (73%; 500–1000 
mg pulses of methylprednisolone/d 
x3–5 in 10 patients of which 7 had 
pAPS, oral GCs  at a dose up to 1mg/
kg/d in 18 patients), hydroxychloro-
quine in 24 patients (60%; 17 with 
pAPS), cyclophosphamide in 8 patients 
(20%; 3 with pAPS), high dose IV im-
munoglobulins in 6 patients (15%; 3 
with pAPS), azathioprine in 6 patients 
(15%; 2 with pAPS), and belimumab 
in 1 patient with sAPS. Additionally, 
19 patients (48%) underwent plasma 
apheresis (3-7 exchange cycles; 15 of 
whom had pAPS). In this cohort 38/40 
patients were treated with full dose an-
ticoagulation, with either warfarin (tar-
get INR 2.5–3) or LMWH 1mg/kg x2/
day. Two patients did not receive full 
dose anticoagulation due to significant 
thrombocytopenia, one of whom was 
treated with low dose LMWH (1mg/
kg x1/d) and one who did not receive 
anticoagulation. Additionally, during 
the study period 1 pAPS patient who 
was treated with ‘full dose’ anti co-
agulants suffered from recurrent brain 
ischaemic events with micro-bleeding 
and thus anticoagulation therapy was 

halted. All patients with current or 
prior arterial events and/or recurrent 
thrombosis received anti-aggregants 
(e.g. aspirin 100 mg/d). in addition to 
anti-coagulants. Patients with intracta-
ble epilepsy received several different 
courses/combinations of anti-epileptic 
drugs.
Complete and/or partial response did 
not correlate with any of the concomi-
tant therapies used, in comparison to 
patients who did not receive the par-
ticular concomitant treatment namely. 
For HCQ, 20/24 treated patients re-
sponded; p=0.7, for Glucocorticoids 
21/28 responded; p=0.4, for IVIG 4/6 
responded; p=0.5 and for Azathioprine 
4/6 patients responded; p=0.5. In con-
trast, response to RTX inversely cor-
related with plasma apheresis and with 
cyclophosphamide treatment to which 
only 12/19 and 3/8 treated patients 

responded respectively (p=0.003 for 
both). Death, documented in 3 patients 
in this cohort, correlated with the use of 
cyclophosphamide as well (p=0.005).

Antiphospholipid antibody 
titre levels 
Following rituximab treatment, aPL 
titre levels were assessed 4-6 months 
post therapy. In our study, aPL titres 
were measured prior to therapy in all 
patients. However, data on aPL ti-
tres prior to intervention (i.e. within 
3 months) and in the 4–6 months fol-
lowing rituximab administration, us-
ing the same laboratory system were 
available for only 23 patients, of whom 
13 experienced complete response and 
10 partial or no response. A significant 
decrease in aPL titres was documented 
only in the group of patients with com-
plete response (Table III). 

Fig. 1. Response to treatment with rituximab according to APS manifestations.
DAH: diffuse alveolar haemorrhage; cAPS: catastrophic APS.

Table II. APS response to rituximab according to treatment protocol.

Rituximab protocol: 1000mg x 2 375mg/m2 x 4 p-value
 (n=23) (n=17) 

All responders  15 (65%) 17 (100%) 0.01
Complete response  10 (43%) 12 (70%) 0.09
No response  5 (22%) 0 0.056
Additional courses 6 3 NA
Death 3 0 NA

NA: not assessed. 
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Adverse events 
In this cohort, serious adverse events 
were not reported following 54 courses 
of therapy. Mild hypersensitivity reac-
tions were documented in 2 patients who 
were treated with anti-histamines and 
glucocorticoids with no need to change 
the protocol. One patient presented with 
mild neutropenia post therapy that re-
solved spontaneously. None of the pa-
tients in this cohort developed persistent 
hypogammaglobulinaemia however 5 
patients remained with low immuno-
globulin levels during the year of follow 
up, but only one developed persistently 
lower than usual IgM levels for a pro-
longed period (more than a year).
Three patients died, one with primary 
APS died from infections, 2 months 
following treatment with multiple 
drugs for refractory diffuse alveolar 
haemorrhage. Two patients with sec-
ondary APS died several months fol-
lowing treatment with rituximab, one 
of whom was treated for DAH but died 
due to sepsis soon after a mitral valve 
operation and the other from lupus cer-
ebritis that was not compatible with 
PML or infection

Discussion 
In this real-life observational study of 
40 patients with APS, Rituximab was 
beneficial for the indicated manifesta-
tion in 80% of the patients, and induced 
a complete response in 55% of them. 
No serious safety alerts were reported 
during treatment and follow up of 54 
courses of RTX as well as for the 9 
patients (23%) who received several 
treatment courses. This is, to the best 

of our knowledge, the largest reported 
series of B cell depletion for APS, and 
our results stand in agreement with 
former reports. In a case series of 24 
patients with APS(10) , 46% achieved 
a complete response and an addition-
al 29% achieved a partial response. 
Other promising reports on the use of 
rituximab for APS associated recurrent 
thrombosis (15), thrombocytopenia 
(8,16), diffuse alveolar haemorrhage 
(17, 18), case reports of various mani-
festations (19) as well as recently pub-
lished expert opinions (2, 7, 20) further 
support the notion of using the modal-
ity of B cell depletion for severe or re-
fractory APS manifestations. 
Herein, we noted a beneficial response 
to rituximab given in adjusted doses of 
375 mg/m2 x4 compared to a fixed dose 
regimen of 1000 mg x2. This compari-
son was rarely performed as different 
protocols have been used by differ-
ent researchers. Interestingly, immune 
thrombocytopenia and cryoglobulinae-
mia are commonly treated with the ad-
justed protocol (21-24) suggesting that 
the management of APS manifestations 
may require more profound B-cell de-
pletion, whereas rheumatoid arthritis 
is typically treated with the fixed dose 
regimen. Thus, although larger con-
trolled studies are required for assess-
ment of differences between regimens, 
one may suggest that such differences 
may be of importance in certain con-
ditions and in certain populations. Par-
ticularly, most patients in this cohort 
received a total RTX dose of more than 
2000 mg per course when using the tai-
lored regimen.

As expected, most patients with active, 
difficult and even catastrophic disease, 
as described herein, received multiple 
therapies concomitantly. Estimation of 
the added benefit of each intervention 
is difficult if not impossible and there-
fore cannot be excluded. Nonetheless, 
in this study, the remission rate did not 
correlate with any of the other treat-
ment modalities (e.g. glucocorticoids, 
immunosuppressive, etc.). In contrast, 
lack of response was linked with use 
of cyclophosphamide or plasma apher-
esis, while death was linked with the 
former. These associations may repre-
sent the severity of the underlining dis-
ease rather than adverse effects of the 
drug and require further study. 
B cells role in autoimmunity was pri-
marily based on their effector func-
tions, as they give rise to autoantibody 
producing plasma cells and promote 
CD4+ T cell responses by antigen pres-
entation. Depletion of B cells may 
affect autoimmunity in many ways: 
elimination of autoreactive B cells 
and reduction of pathogenic autoanti-
body production occur in some patients 
but not in all, as rituximab has no ef-
fect on memory B cells or long-lived 
plasma cells. Other mechanisms by 
which Rituximab may downregulate 
autoimmunity include decreased anti-
gen presentation to T-cells, formation 
of immune complexes (e.g. rituximab-
CD20) which may act as a decoy, at-
tracting monocytes and macrophages, 
leading to reduction of pathologic in-
flammation. Last but not least, rituxi-
mab may promote the appearance of 
regulatory B-cells once reconstitution 

Table III. Laboratory parameters following rituximab treatment.

Parameter (normal range) Complete Complete *p-value Partial/non-responders Partial/non-responders **p-value
 responders (n=13) responders (n=13)   (n=10) (n=10) 
 *Pre-treatment *Post-treatment  **Pretreatment **Post-treatment 

aCL IgM ( 0-15 U/ml) 55 ± 49 9 ± 17 0.016 21 ± 52 15 ± 40 0.8
aCL IgG ( 0-15 U/ml) 76 ± 55 45 ± 38 0.16 101 ± 70 92 ± 70 0.6
aβ2 IgM ( 0-15 U/ml) 61 ± 63 12 ± 23 0.05 23 ± 55 28 ± 70 0.9
aβ2 IgG ( 0-15 U/ml) 108 ± 88 26 ± 33 0.015 127 ± 77 109 ± 70 0.6
RVVTR (0.9-1.34) 2.66 ± 0.94 1.63 ± 0.49 0.022 2.26 ± 0.79 2.29 ± 1 0.95
PTTR  (1.04-1.66) 3.16 ± 1.69 1.57 ± 0.45 0.058 2.2 ± 0.8 1.92 ± 0.7 0.9
Platelets  110 ± 100 201 ± 117 0.07 108 ± 97 175 ± 132 0.24
CRP (<5) 79 ± 100 8 ± 13 0.053 24 ± 32 12 ± 17 0.4

All data are presented as mean ± standard deviations. aCL: anti cardiolipin; aβ2: anti β2GPI; RVVTR: lupus anti coagulants measure by the Russel venom 
reagent ratio; PTTR: lupus anti-coagulant measured by PTT ratio; CRP: C-reactive protein. 
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of the humoral arm of the immune sys-
tem occurs (25). In this regard, APS is 
a classical humoral derived disease de-
fined by the presence of autoantibodies 
directed at phospholipids and related 
proteins. Additionally, in murine mod-
els, B cell activation of CD4+ T-cells 
was shown to be a necessary step for 
the development of APS (26). How-
ever, current data regarding the mecha-
nisms by which rituximab may modu-
late APS manifestations is still lacking. 
In this study we observed a correlation 
between a decrease in aPL titres and the 
achievement of complete remission. 
This stands in agreement with several 
reports of APS patients with recur-
rent thrombosis who responded well to 
rituximab with a significant decrease 
in aPL titre s measured during the first 
6 months of follow up (15, 27). In an-
other study of 24 patients with APS who 
were treated with rituximab, aPL titre 
s decreased in 4 of 5 patients who had 
been assessed for aPL titre s and experi-
enced clinical improvement (10). Simi-
larly, in APS-related thrombocytopenia 
complete response was linked with a 
decrease in aPLs (16). In contrast, in the 
pilot study of Rituximab for non-criteria 
manifestations of APS, no substantial 
change in the aPL profile was observed 
during 12 months of follow-up (12). 
These differences may represent differ-
ent populations, different methods of 
aPL detection or even different timing 
of aPL sampling. Nonetheless, it seems 
that at least for some patients, a decrease 
in aPL titres, within a certain period of 
time following rituximab treatment, is 
associated with a favourable outcome 
and may possibly be used as a marker 
for response to therapy. Other immune 
modulating mechanisms, independent 
of autoantibody production may also 
be associated with a clinical response to 
rituximab treatment. 
Our study has several limitations de-
rived from its design as a retrospective, 
observational and real-life study of pa-
tients treated with multiple concomitant 
modalities as well as the lack of a uni-
fied serological method of assessment. 
Thus, the favourable outcome of treat-
ment with the high dose RTX protocol 
may be biased by other therapies and 
particularly by multiple concomitant 

interventions. Our preliminary obser-
vation of a possible therapeutic regime 
benefit should be studies in randomised 
controlled studies (which this study is 
not). Additionally, in patients with APS 
secondary to SLE, certain manifesta-
tions may be attributed to both condi-
tions and clear definition is difficult if 
not impossible. Still, considering the 
rarity of APS, the unmet need for ad-
ditional therapies (even off-label) for 
this debilitating disease, and the lack of 
data, we believe that the data derived 
from this relatively large series may be 
contributory. 
In conclusion, consistent with other 
studies and case series, we report a 
good safety profile and a therapeutic 
response to rituximab treatment for dif-
ferent criteria and non-criteria manifes-
tations of APS, most particularly for se-
vere refractory disease. In this cohort, a 
dose adjusted regimen resulted in a bet-
ter response to Rituximab, compared to 
a fixed dose regimen. These differences 
require validation in other cohorts and 
may result from differences in the treat-
ment regimens and/or due to a higher 
dose of the drug. Last but not least, the 
possible beneficial effects of rituximab 
may relate to different immune mecha-
nisms of which only a decrease in aPL 
titres was assessed in this study and 
was associated with response to B-cell 
depletion therapy. Further prospective 
studies, designed to evaluate the clini-
cal and immunological effects of B cell 
depletion in the management of APS 
manifestations, as well as the effects 
of combination modalities are needed 
to validate our results and aid in con-
structing evidence based guidelines for 
the management of this multisystem  
severe disease. 
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