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1. Introduction 

Systemic Lupus Erythematosus (SLE) is an autoimmune inflammatory condition with a wide 
spectrum of disease manifestations and severities, resulting in significant morbidity and mortality (1). 
The etiopathogenesis of SLE is complex. Young women and certain ethnicities are commonly 
affected, suggesting a significant hormonal and genetic influence. Diverse immunological 
abnormalities have been described. A characteristic abnormality is the presence of autoantibodies, 
implicating a central role for B cells in disease pathogenesis and/or perpetuation. Whilst conventional 
therapies have improved outcomes, a great unmet need remains. Recently, biological therapies are 
being explored. B-cell depletion therapy with rituximab has been in use off-label for nearly two 
decades. Inconsistent results between uncontrolled and controlled studies have raised doubts about 
its efficacy. In this review, we will focus on B cell abnormalities and the rationale behind B-cell 
depletion therapy with anti-CD20 monoclonal antibody (mAb), rituximab, will be explored including an 
evaluation of clinical and trial experience. Finally, we will discuss the mechanistic basis for 
considering alternative anti-CD20 mAbs. 

2. Treatment of SLE 

2.1 Conventional therapies and Refractory Disease 

Management of SLE largely depends on the organ involvement and the disease severity. 
Conventional therapy used routinely in the clinic to treat patients with SLE comprises of the 
immunomodulatory agent, hydroxychloroquine (HCQ) often in combination with steroids and an 
immunosuppressant such as mycophenolate mofetil (MMF), azathioprine (AZA), methotrexate (MTX) 
or cyclophosphamide (CYC), which are all steroid sparing and reduce disease flares (2). 
Corticosteroids are frequently required to rapidly control a new flare of lupus, and at initial 
presentation, however the general consensus is to use the lowest dose possible for the shortest 
duration required in order to limit their adverse effects. Hydroxychloroquine is an anti-malarial drug 
with immunomodulatory properties, and has been proven to reduce mortality in lupus (3) and protect 
against renal damage in lupus nephritis (4). It is licensed in lupus and carries the benefit of not 
requiring blood monitoring, but requires ophthalmological screening for retinal toxicity.  

 The ALMS (Aspreva Lupus Management Study) demonstrated that oral MMF, a prodrug of 
mycophenolic acid, which reversibly inhibits inosine monophosphate dehydrogenase (5), was 
equivalent to intravenous CYC in treating both renal and non-renal manifestations of lupus nephritis 
(6) and superior to AZA (a prodrug to its active metabolic 6-mercaptopurine) for maintenance of 
remission in lupus nephritis (7). CYC, also used off license for SLE, is a precursor of an alkylating 
nitrogen mustard agent and inhibits nucleic acid synthesis to deplete lymphocytes and to a certain 
degree also macrophages (8). It is used for severe and organ/life-threatening lupus and almost 
always in the intravenous formulation, which carries less risk of bladder cancer than the oral 
preparation.  

 
Calcineurin inhibitors (CNi) such as tacrolimus and ciclosporin have been used in lupus nephritis 

for many years as effective drugs to reduce proteinuria. A meta-analysis has demonstrated that 
tacrolimus (even more so when combined with MMF), was more effective than intravenous 
cyclophosphamide at achieving complete renal remission in lupus nephritis (9). More recently, 
voclosporin, a higher potency CNi without the need to measure drug levels, has filed for FDA approval 
for the indication of lupus nephritis following the successful AURORA study (10). 

However, a significant proportion of patients does not respond to the conventional 
immunosuppressants discussed above and continue to accrue damage from active lupus (11) 
contributing to poor outcomes on quality of life, morbidity and survival. Here, we refer to active lupus 



not responding to conventional immunosuppressants as refractory disease. B-cell targeted therapies 
including Rituximab (unlicensed) were pioneered to treat patients with refractory SLE. 

 

2.2 B cell abnormalities in SLE 

Several B cell abnormalities have been described in SLE with a predominant role in contributing to 
the production of autoantibodies (12).  

2.2.1 Autoantibodies 

The pathogenesis of SLE is not fully understood. Immune dysregulation resulting in the 
development of autoantibodies is a hallmark of the condition, with over 95% of patients having 
autoantibodies against nuclear antigens (ANA)(13). The heterogeneity of the condition is associated 
with the range of extractable nuclear antigens (ENA) including Ro, La, RNP and Sm, as well as 
associated antiphospholipid antibodies, which are associated with thrombosis and pregnancy related 
complications. Anti-double stranded DNA (dsDNA) antibodies, were identified in 1967 from renal 
biopsies of patients with lupus nephritis (14), found to be highly specific for SLE, present in 70% of 
patients (and only <0.5% of those without SLE)(15) and are therefore implicated in the pathogenesis 
of SLE (16). Rising anti-dsDNA antibodies and reciprocal changes in serum complement C3 and C4 
levels, can indicate a lupus flare and levels correlate with treatment response and are therefore 
considered relevant outcome measurements in routine clinical practice (17) and clinical trials.  
Collectively, these findings implicate an important role for B cells in the pathogenesis of SLE. 

 

2.2.2 Autoreactive B cells  

Autoreactive B cells are defined as B cells reactive against self-antigens. In health, the 
development of autoreactive B cells is effectively censored. However, when certain checkpoints fail, 
an increased number of autoreactive B cells survive and contribute to autoimmunity, (18), illustrated in 
Figure 1. In SLE, nearly double the amount of autoreactive mature naïve B cells were identified by 
Yurasov et al when compared to healthy individuals as well as an increased number of polyreactive 
antibodies (19). Various mechanisms of evading checkpoints through defective B-cell tolerance have 
been identified in patients with SLE, including the expression of the 9G4 idiotype on autoreactive B 
cells (20), (21) and by the FasL pathway through CD95 expression (22). Defective clearance of 
apoptotic debris and the abundance of self-antigens provide the source of autoantigens to sustain 
autoreactivity (23). Further, higher levels of BAFF (B lymphocyte Activating Factor of the tumour 
necrosis factor Family) and type I IFN may promote the survival of autoreactive B cells (24). Thus, 
autoreactive B cells are a key feature of SLE.  

 
In accord with the presence and alterations in autoantibodies with disease activity, patients with 

SLE have a greater frequency of activated memory B cells in peripheral circulation, as defined by the 
relative expression of the cell surface markers IgD-CD27-CD95+ and CD27 (high) plasma cells when 
compared with healthy individuals (25). The frequency of CD27(high) plasma cells has also been 
found to correlate with disease activity and response to treatment. Therefore, B-cell depletion therapy 
was pioneered for refractory SLE (26). 

 

2.3 B-cell and other targeted Therapies  

There is ongoing research in the field of SLE treatments with biologic therapies to target various 
pathways in the SLE immunopathogenesis. A large focus of this has been on B cells as they are so 
crucially implicated in lupus, and we discuss the various B cell targeted therapies below. 

 



2.3.1 Anti-BAFF, Belimumab 

Belimumab is a recombinant fully human IgG1 monoclonal antibody against the soluble cytokine 
BAFF, also termed BLyS (B lymphocyte stimulator). It is the only licensed biologic agent for treatment 
of active (non-renal, non-central nervous system, CNS) lupus, refractory to conventional therapy (27), 
following two successful randomised controlled clinical trials: BLISS-52, n=867, (28) and BLISS-76, 
n=819 (29), which both achieved their primary efficacy endpoints, respectively 14% and 10% higher 
SLE-responder index (SRI) rates with Belimumab 10mg/kg compared to placebo at week 52. The 
most marked improvement was found in mucocutaneous, musculoskeletal and immunological 
(reduction in anti-dsDNA antibodies, improved C3 and C4 levels) domains. Belimumab reduces 
BAFF-dependent survival of autoimmune B cells including plasma cells and limits B cell-driven 
autoimmunity, with a reduction in anti-dsDNA antibodies. The positive outcomes of these trials further 
implicate B cells in the development and disease progression of lupus. However, patients with active 
renal or CNS manifestations were excluded from entering the trials and, possibly reflecting this, only a 
small proportion of patients (<10%) had prior MMF treatment in the phase III studies.  

 

2.3.2 Anti-BAFF/APRIL 

 Atacicept and telitacicept inhibit both BAFF and APRIL (A PRoliferation-Inducing Ligand), 

another cytokine which has been identified as an important B-cell regulator. High levels of these 

cytokines have been found to correlate with disease activity and antibody production in lupus (30). 

Patients with active SLE who received telitacicept as part of a phase 2b trial achieved 40% higher 

SRI4 (SLE Responder Index4) response rates compared to placebo and it was also reported to be 

well tolerated (31).  

2.3.3 Anti-interferon therapies 

Previous studies have shown that elevated interferon-alpha correlates with SLE disease activity 
(32). Both sifalimumab (anti interferon-alpha mAb) and anifrolumab (mAb that binds to a type I 
interferon receptor) have shown beneficial results in phase II randomised control trials versus 
standard of care plus placebo in patients with moderate-severe, non-renal, non-CNS SLE (33), (34). 
TULIP-2, a phase III trial of anifrolumab demonstrated superiority compared to placebo in patients 
with active SLE with regards to improved BICLA (British Isles Lupus Assessment Group (BILAG)–
based Composite Lupus Assessment) response, as well as reduction in corticosteroid dose and 
improvement in skin disease (35). Patients with active severe lupus nephritis or neuropsychiatric 
lupus were excluded.  Therefore, as yet there is little evidence of the use of anti-interferon therapies in 
severe refractory disease affecting vital organs, where B-cell depletion therapy using the anti-CD20 
monoclonal antibody, rituximab, was pioneered before the availability of Belimumab and anti-
interferon therapies.  
 
Aside from CD20, other B cell targeting mAbs, which have been considered in SLE treatment include 
CD22, CD19, CD32b and they each have varying effects on B cells. Further discussion about these 
options is beyond the scope of this review; hence we will limit the discussion to B-cell depletion 
therapy with anti-CD20 mAbs.   

 
 

2.4 Anti-CD20 monoclonal antibody-induced B-cell depletion therapy 

2.4.1 Clinical experience in SLE 

Following the license of rituximab, a chimeric anti-CD20 monoclonal antibody, with human IgG1 
and kappa constant regions and of mouse variable regions, for follicular lymphoma in 1997/8, 
Professor Edward’s group at UCL reported its efficacy and safety in rheumatoid arthritis (RA) (36) 



which formed the basis of randomised controlled trials (37) leading to its current licence for RA. The 
first published open label study of B cell depletion therapy using Rituximab, in 6 female patients with 
active SLE reported its evidence for safety and efficacy (38). Patients received two 500mg rituximab 
infusions and two 750mg intravenous cyclophosphamide doses, together with prednisolone 30 mg or 
60 mg for 5 days. The treatment protocol was based on the group’s experience in RA. Disease 
activity according to BILAG scores (39) and laboratory markers including haemoglobin, erythrocyte 
sedimentation rate, urine protein:creatinine and C3 levels had markedly improved at 6 months follow 
up. Repeated treatment as per clinical need with rituximab was found to be safe and resulted in a 
more sustained response, with greater remission rates following cycle 2 which was maintained at 12 
months: 65% after cycle 2 versus 39% after the first cycle (40). Other groups also reported positive 
results as described below (41)(42)(43).  

 
A systematic review of the off-label use of rituximab in 188 cases of refractory SLE from case 

reports and open studies was published, with 91% demonstrating a significant improvement in one or 
more SLE manifestations, and 23% of patients reporting adverse effects, of which the majority were 
infections (44). Registry data reported a 67% partial or complete response to rituximab in 164 patients 
with refractory or relapsing biopsy proven lupus nephritis (45). Based on this consistent clinical 
experience the safety and efficacy of rituximab in renal and non-renal refractory lupus was tested in 
clinical trials. 

 

2.4.2 Trial experience  

Two phase III randomised placebo controlled trials (RCT) investigating the safety and efficacy of 
rituximab in moderately active non-renal SLE (EXPLORER) and in lupus nephritis (LUNAR) have 
been published. 

 
In the EXPLORER trial (46), 257 patients with ≥1 BILAG A score or ≥2 BILAG B scores (largely 

musculoskeletal and mucocutaneous manifestations) despite immunosuppression with azathioprine, 
mycophenolate or methotrexate (continued throughout the study) were randomised 2:1 to receive 
rituximab (2x1000mg infusions given 14 days apart) or placebo on days 1, 15, 168 and 182. After 
screening, patients commenced additional oral corticosteroids (prednisolone 0.5 mg/kg, 0.75mg/kg or 
1.0mg/kg according to disease activity reflected in their BILAG score), which were tapered from day 
16. More than half (57%) of the study population was categorised as being steroid dependent and ≥ 
60% received an average 45.9±16.4mg prednisolone and then attempted to reduce to a target dose 
of < 10mg/day over the 10 week taper period and ≤ 5mg/day at week 52. The primary end point was 
assessed at 52 weeks using the BILAG index to achieving and maintaining either a major or partial 
response based on the loss of BILAG A and B scores.  

The trial did not identify any differences between the addition of placebo or rituximab to standard of 
care in both primary and secondary efficacy end points, including the BILAG-defined response. There 
was an observed beneficial effect of rituximab on the primary end point in the African American and 
Hispanic subgroups, with a major clinical response in 13.8% and a partial response in 20% 
(compared to 9.4% and 6% respectively). This subgroup had more active and refractory disease, as 
previously described (47). The study did however confirm good safety and tolerability of rituximab as 
compared to placebo and serological markers did improve following treatment with rituximab, 
including greater fall in anti-dsDNA levels and rise in complement levels compared with placebo.  

 
The LUNAR study (48) enrolled 144 patients with class III and IV proliferative lupus nephritis in 

addition to high dose corticosteroid therapy and MMF 3 g/day, randomised 1:1 to receive rituximab or 
placebo with the same regimen as the EXPLORER study. The primary efficacy end point was the 
proportion of patients with complete or partial renal response at week 52. If neither complete or partial 
response criteria were met, early termination from the study or inability to assess the end point due to 
missing data, then patients were categorised as non-responders. The secondary endpoints included 
complete renal response sustained from week 24 to week 52; time to first complete renal response; 
and, improvement of urine protein-to-creatinine ratio from > 3 to < 1 at week 52, the time-adjusted 
area under the curve minus the BILAG global score, and a change in the physical function of SF-36 
health survey. Serological markers were also monitored as in the EXPLORER study.  

In the rituximab treated group, 26% achieved complete and 30% achieved partial renal remission, 
compared to the placebo-control group who achieved 30% and 15% respectively. The absolute 



difference between the rituximab and placebo treated groups was 11%, and this value was less than 
the planned 23% difference, therefore making this a negative study.  It is important to note that the 
true time taken to remission of proteinuria is usually up to two years, and therefore when assessed in 
the trial, this outcome measure was prematurely recorded as a non-response. A two year follow up 
period and more realistic efficacy difference would have seen a different outcome and end-points 
would have been achieved even with this conservative sample size.  

 
LUNAR was powered to detect a difference in complete response rates, and underpowered to 

detect a difference in partial response rates which were higher in the rituximab treated group. It is 
important to note that 8 versus 0 patients in the placebo group required rescue cyclophosphamide 
therapy and average corticosteroid requirement was lower in the rituximab arm. Proteinuria improved 
by 32% in the rituximab group versus 9% in the placebo group.  As noted in the EXPLORER study, 
there was a trend for a greater number of black patients responded favourably to rituximab (although 
not statistically significant), and rituximab treated patients exhibited greater improvement in 
serological markers of activity (C3 and anti-dsDNA). Safety data was comparable between placebo 
and rituximab groups, but interestingly serious adverse events were more common in the placebo 
arm. Therefore, it is important to understand why the two major trials of rituximab in lupus were 
unsuccessful toward improving clinical response and outcomes. 
 

2.5 Understanding the variability in clinical and biological response  

The various confounding factors, which may have contributed to the apparent inefficacy of 
rituximab in clinical trials, as outlined Table 3. Broadly, two sets of factors: clinical trial design or 
biological mechanisms of resistance to rituximab. 
 

2.5.1 Impact of Clinical Trial Design  

Several factors in clinical trial design may have contributed to the unexpected outcomes, which 
have been reviewed previously (49). Firstly, the background immunosuppression, particularly high 
dose corticosteroids and MMF are effective in a significant proportion of patients, and therefore 
superiority of rituximab was likely to be difficult to demonstrate. Whereas in ANCA-associated 
vasculitis, the design was a non-inferiority trial and it was a positive trial (50). Secondly, the response 
criteria were stringent and response even in vital organ manifestations with a flare in a non-vital organ 
system constituted as failure. Thirdly, the relatively short duration of the trials may not have allowed 
for improvements to capture, such as reduction in proteinuria, which may take longer time period to 
detect. Finally, in contrast to uncontrolled studies RCTs may have excluded patients with major organ 
involvement such as the brain and previous use of cyclosporine and/or cyclophosphamide, where 
rituximab was reported to be effective. There are many lessons to be learnt for future clinical trial 
design especially in such a diverse condition such as SLE. Regardless, biological reasons for failure 
may also have contributed to the apparent inefficacy. 

Amongst several biological reasons for the negative results, a critical logical factor is the failure to 
induce complete B-cell depletion, which can be associated with poor or no clinical response (51).   
 

2.6 Resistance driven-development of anti-CD20mAbs (bench-bed-bench) 

The response to rituximab in SLE is not uniform, and considerable variability exists with regards to 
extent of B-cell depletion, duration of B-cell depletion and time to subsequent clinical flare following 
initial response and these differences have driven research into optimising anti-CD20 therapies.  

2.6.1 Incomplete B-cell depletion: a key resistance mechanism 



There is conflicting data with regards to the degree of depletion correlating with clinical response 
or not. For example, an open label study demonstrated correlation (43), while the randomised clinical 
trial in non-renal lupus, EXPLORER, failed to confirm this relationship (46). A large retrospective 
review of 115 patients treated with rituximab in a single centre, demonstrated that longer periods (>12 
months) of B cell depletion were associated with improved clinical response (52). The two RCTs 
(EXPLORER and LUNAR) found no impact of B-cell depletion, defined as a threshold of < 10 cells/µl, 
and clinical response to rituximab (46) whereas Vital et al. using highly sensitive flow cytometry with 
stringent detection of B cells with a threshold < 5 cells/µl, found that none of the patients that did not 
respond had depleted completely (51). To note, repopulation of plasmablasts and to an extent 
memory B cells at 26 weeks post rituximab treatment was faster in patients with earlier relapse of 
disease, which is clinically important as a potential biomarker of relapse (51). Therefore, arbitrary 
thresholds for the definition of B-cell depletion, differences between cohorts and clinical 
manifestations and severity and background therapies may all contribute to the apparent discrepancy 
in reported clinical response between uncontrolled and controlled studies (49). Incomplete B-cell 
depletion may be related to lower serum rituximab levels, the development of human anti-chimeric 
antibodies (HACAs) and internalisation of rituximab among other factors. 

2.6.2 Human anti-chimeric antibodies (HACAs) 

In a phase I/II dose escalation trial of rituximab in SLE, HACAs were demonstrated in 6 of 17 
patients particularly in those with African descent, higher pre-treatment disease activity and lower 
rituximab doses and serum HACA titres were associated with incomplete B-cell depletion (42). 
However, another study did not show a strong overall correlation between HACAs and the extent of 
B-cell depletion, as some patients had low level HACA but achieved complete B-cell depletion (43). In 
the phase III EXPLORER trial, a quarter of patients developed HACAs, but an impact on clinical 
outcomes was not identified (46). Hence, B-cell depletion with humanised anti-CD20 mAbs including 
Ocrelizumab and Ofatumumab has been explored as alternative B-cell depleting agents. 

2.6.3 Ocrelizumab  

Ocrelizumab, a humanised anti-CD20 mAb was investigated in a placebo-controlled trial in lupus 
nephritis (53)]. Ocreclizumab doses were, 400mg or 1000mg given at day 1 and day 15, followed by a 
single infusion every four months, with continued conventional therapy of corticosteroids and MMF or 
CYC (following the EUROLUPUS dosing regimen). The trial was stopped prematurely due to an 
increased incidence of serious infections in the ocrelizumab arm, more in the MMF combination and 
with higher doses of ocrelizumab, compared to placebo. Combining the ocrelizumab groups versus 
placebo, demonstrated a 12% difference in renal response rates with 63% and 51% respectively. This 
difference was identified in patients receiving cyclophosphamide co-therapy, but not MMF. However, 
as in the LUNAR study with rituximab this may be explained by an augmented response rate with 
MMF treatment regardless of combination with B cell depleting agents. Ocrelizumab has been 
approved for use in multiple sclerosis – in both relapsing and primary progressive forms of disease 
and has shown to have higher efficacy than interferon β-1a (54). 

2.6.4 Ofatumumab 

Ofatumumab, a human anti-CD20 IgG1 mAb has been shown to be effective in a patient with 
suspected serum sickness and anaphylaxis triggered by rituximab (55).  Recently, Yusof et al. 
reported a small number of patients with SLE (n=5) who had incomplete B-cell depletion with 
rituximab and had developed HACAs, who achieved B-cell depletion and response following 
treatment with humanised antibodies Ocrelizumab or Ofatumumab (56). Thus, humanised mAbs offer 
an alternative to some patients with SLE with rituximab-induced HACAs. However, alternative 
resistance mechanisms explored previously may provide insights into how B-cell depletion therapy 
may be further improved in SLE. Ofatumumab has been approved for use in chronic lymphocytic 
leukaemia (57) as well as recent approval for patients with multiple sclerosis (58). 

 



2.6.5 Serum rituximab levels  

It is not possible to directly extrapolate the experience of serum rituximab levels from malignancy 
to autoimmune disease owing to differences in target cell number, tumour size and dosing regimens. 
Further, lupus nephritis with proteinuria may potentially reduce serum rituximab levels. Studies in 
Non-Hodgkin’s Lymphoma noted a median serum rituximab concentration of 25.4µg/mL in good 
responders, compared to 5.9 µg/mL in non-responders (59). In chronic lymphocytic leukaemia (CLL), 
very low concentrations (<1 µg/mL) were observed 1 week after treatment with rituximab 375mg/m2 
(60) whereas after subsequent infusions, the half-life of rituximab was estimated at 18 ± 15 (mean ± 
SD) days (61). In CLL, a higher dosing regimen (62), a higher serum rituximab levels before the third 
infusion, and in combination with chemotherapy was associated with better response (63). However, 
in RA, variability in B-cell depletion occurred regardless of the dose used (64) and incomplete 
depletion and associated poor response was improved by an extra dose of rituximab (65). 

Anolik and colleagues in the phase I/II trial studied rituximab levels in lupus patients treated with 
low, medium and high doses which translated to 100mg/m2 single infusion, 375mg/m2 single infusion 
and four doses of 375mg/m2 given a week apart, with 2 month serum levels of rituximab: < 0.02 – 4.8 
µg/mL; < 0.02 – 7.8 µg/mL; and 0.36 – 22.5 µg/mL respectively. B-cell depletion was defined as 
CD19+ cell <5cells/µL and patients who achieved this had greater mean serum rituximab levels 2 
months post initial treatment with median serum rituximab levels of 1µg/mL independent of the 

FcRIIIa type (41). The UCL group has also clearly demonstrated that even in a small number of 
patients serum rituximab levels were significantly lower in patients with SLE when compared with RA 
(66). Thus, serum rituximab levels seem to vary in different histological malignancies and autoimmune 
diseases and dosing regimens used. Therefore, disease-associated altered metabolism of IgG may 
also significantly reduce the half-life of rituximab in SLE (67). Collectively, these studies suggest the 
host immune system significantly impacts on the efficiency of rituximab. 

 

2.6.6 Local efficiency of depletion 

The phase I trial of chimeric anti-CD20 mAb in 15 patients with recurrent B cell lymphoma two 
weeks after treatment, histological examination of the tumour demonstrated rituximab bound to 
tumour cells, which indicates that despite binding to B cells, rituximab did not remove these malignant 
cells (68). Lymph node B cells, not necessarily tumour cells, can be coated with anti-CD20mAbs but 
are not always depleted. This introduces the two important concepts of access to the drug, but also 
local efficiency of depletion mechanisms and cellular resistance to rituximab, which needs further 
investigation.  

B-cells in lymphoid tissues were less efficiently depleted in individuals who received a single 
500mg dose of rituximab prior to organ transplantation (69) (70). Thus, the location of B cells also 
impacts on B-cell depletion.  
 

2.6.7 CD20 expression  

The intensity of CD20 expression on malignant B cells from different histological types is 
significantly variable. For example, in CLL, CD20 expression is low (71) and corresponding outcomes 
following rituximab are inferior compared to follicular lymphoma (FL), where CD20 expression is 
higher. However, despite greater CD20 expression than in CLL, clinical response to rituximab in 
mantle cell lymphoma is surprisingly poor (72). Therefore, CD20 expression alone does not fully 
explain the differing extents of B-cell depletion, as some B cells are not depleted despite being bound 
by rituximab (73). An intriguing proposed mechanism of resistance to rituximab is internalisation of 
CD20:rituximab complexes (74).  

2.6.8 Internalisation of CD20 

Professor Cragg and Glennie’s team demonstrated that malignant B cells internalised CD20:anti-
CD20 mAbs complexes, thereby, reducing the efficiency of depletion predominantly by limiting 



engagement of immune effector cells and increasing mAb consumption (74). This process seems to 

be controlled by the inhibitory FcRIIb which is differentially expressed on B cells according to 
histological type of malignancy, with lower expression in FL, correlating with better B-cell depletion 

with rituximab, compared to CLL which had poorer outcomes following rituximab (75). Despite FcRIIb 
232 isoleucine/threonine polymorphisms not predicting response to clinical response rituximab in FL, 

(76), expression of the inhibitory FcRIIb on FL, was able to predict response to rituximab, with 

enhanced responses in those expressing less FcRIIb as in the previous study (77). Therefore, 
internalisation of CD20 seems to be an important resistance mechanism to rituximab in B cell 
malignancies. To understand why internalisation is a feature of some, but not all, anti-CD20 mAbs, we 
will now discuss the biology of CD20 and its interaction with anti-CD20 mAbs. 

 
The purpose of rituximab therapy is to mediate B cell deletion through the engagement of immune 

effector systems dependent upon the Fc portion of the mAb. However, trogocytosis of the target 
antigen via an immunologic synapse has been suggested to impair B-cell depletion by anti-CD20 
mAbs. In trogocytosis, the effector cell removes the RTX-CD20 immune complex, preventing Fc-
mediated effector functions. This has been described in B-cell malignancies (78), and in rheumatoid 
arthritis (79), but its importance has yet to be clearly validated (80).  

 

2.7 Type I and II anti-CD20 mAbs 

2.7.1 CD20 expression through B cell differentiation 

B cells are generated in the bone marrow from haematopoietic stem cells and undergo further 
maturation, activation and differentiation in secondary lymphoid tissues (81). Using flow cytometry it is 
possible to detect a range of B-cell subpopulations, distinguished by relative expression of key cell 
surface markers including surface immunoglobulin isotypes (BCR) as detailed in Table 1. The early 
phase of B cell maturation takes place in the bone marrow: pro-B cells, pre-B cells and immature B 
cells.  Transitional B cells migrate from the bone marrow into secondary lymphoid tissues, where the 
latter phase of development is dependent on encounter with specific antigens. In peripheral blood, 
naïve, mature and memory B cells together with smaller numbers of plasma blasts and particularly 
plasma cells, are observed, with the latter found predominantly in secondary lymphoid organs and 
bone marrow.  

As depicted in Figure 1 and Table 1, CD20 is expressed on most stages of B cell development, 
from pre-B to memory B-cells, but is lost upon differentiation into antibody secreting plasma cells. 
Therefore, plasma cells are not directly depleted by anti-CD20 therapy. 

2.7.2 Cells that express CD20 

Despite CD20 principally being a pan marker used to identify B lymphocytes, there is some 
evidence to suggest this is not exclusive as some T lymphocytes (82), and NK cells express low 
levels of CD20 (CD56+CD3-CD20low). Therefore, these cells were also not detectable at 1 month 
after treatment with Rituximab in patients with RA (83). Furthermore, the levels of CD20 expression 
on B cells varies according to the stage of differentiation. 

2.7.3 CD20 as a B-cell target antigen 

In 1980, Stashenko et al. first discovered CD20, originally described it as ‘B lymphocyte-specific 
antigen’, B1, They noted that removal of the B1 positive population in peripheral blood, depleted cells 
with the potential to differentiate into plasma cells (84).  CD20 is encoded by the MS4A1 gene, part of 
the membrane-spanning 4-A gene family (85), which encodes a 33-37 kilodalton, non-glycosylated 
phosphoprotein expressed during B cell differentiation from the pre-B cell until plasma cell stage when 
it is lost (for more detail see below), suggesting a potential role for CD20 in cell-cycle regulation (86). 
A young patient with CD20 deficiency due to a homozygous mutation in a splice junction of the 
MS4A1 gene was found to have reduced numbers of IgD-CD27+ memory B cells. This resulted in 



impaired T-cell independent antibody responses, supported by studies in CD20 deficient mice (87). 
Thus, CD20 seems to play an important role in influencing B cell function.  

 
As illustrated in Figure 2, CD20 crosses the cell membrane four times with a small and large 

extracellular loop with both amino and carboxy termini located intracellularly (85). CD20 exists 
predominantly as a tetramer on the cell surface (88) and when some anti-CD20 mAbs bind, they 
induce translocation of CD20 into lipid microdomains, also known as lipid rafts, located in the plasma 
membrane, associating with the B cell receptor (88) (89) and influence calcium influx and downstream 
signaling (90). CD20 is highly expressed by over 95% of normal and malignant B cells and therefore 
was targeted by mAbs to deplete B cells, particularly because it was initially believed not to be shed 
or internalised from the cell membrane (91). 

One of the first anti-CD20 mAbs to be produced was 2B8 or IDEC-2B8, a high affinity murine 
antibody, generated by immunising mice with lymphoma cells expressing CD20 (84). Following 
insertion of the 2B8 V regions into a cDNA vector containing human IgG1 heavy chain and human 
kappa-light chain constant regions, Chinese hamster ovary cells were transfected and selected to 
produce high levels of chimeric-2B8 antibody (68). This mAb was able to bind human CD20 and 
mediate C1q and Fc gamma receptor (Fc R) binding leading to the cytotoxicity and deletion of 
human B-lymphoid cells which informed the future clinical trials.  

As summarised in figure 3, anti-CD20 mAbs can deplete B cells by four distinct effector 
mechanisms (72) (92). These may be Fc R-mediated, which include antibody-dependent cellular 
cytotoxicity (ADCC) and antibody-dependent cell phagocytosis (ADCP), and Fc R-independent 
effector mechanisms, which include direct cell death (DCD) and complement-dependent cellular 
cytotoxicity (CDC). Although the relevance of each mechanism to efficient B-cell depletion in vivo and 
at different locations in different disease states is less clear there is now greater understanding of the 
characteristics of different mAbs and their effector mechanisms 

 
 

2.7.4 Anti-CD20 mAbs 

To overcome the resistance to rituximab, alternative anti-CD20 mAbs with unique characteristics 
have been developed. Mechanistically, anti-CD20 mAbs can be classified as type I or type II. For 
example, obinutuzumab, a type II anti-CD20 mAb, is licensed for rituximab-refractory B cell 
malignancies and is currently undergoing a phase II study in lupus nephritis and is the only type II 
mAb to be have entered clinical trials in SLE (93).  The differences between these two types of mAb 
are described below. 

 
The categorisation of anti-CD20 mAbs into type I and type II stems from their structure (Figure 2) 

and post-binding characteristics. Consequently, their effector mechanisms are altered as outlined in 
Tables 2 and Figure 3. Type I anti-CD20 mAbs have a greater ability to redistribute CD20 tetramers 
into lipid rafts compared to type II, and this enables them to efficiently recruit complement to induce 
CDC (94). However, the clustered CD20:type I-CD20-mAb complexes are more prone to 
internalisation by B cells, a process regulated by the inhibitory Fc RIIb [68], which likely reduces their 
overall efficacy (74) (95) (96). In contrast, type II mAb neither internalise rapidly, nor evoke efficient 
CDC. 

 
As demonstrated in Figure 2, type I and type II mAbs bind CD20 at overlapping but subtly different 

sites. This molecular difference of rituximab binding to asparagine171, which is N-terminally located 
and central to the interaction interface, and obinutuzumab binding to asparagine176, which is 
carboxyterminally located (97), presumably accounts for their differing abilities to redistribute CD20 
into lipid rafts. The peripheral binding interface of obinutuzumab places a steric constraint on the 
conformation of the large extracellular loop of CD20, and this may elicit a preference for certain CD20 
orientations or subpopulations. As such, type II mAbs bind half the number of CD20 molecules 
compared to type I, which could reflect binding to different subpopulations of CD20 (98). In support of 
this suggestion, x-ray crystallography and tomography, indicated that obinutuzumab binds CD20 in a 
‘closed’ mode and rituximab in an ‘open’ mode which allows each mAb to associate with a different 
set of protein complexes (98) such as the BCR. Another explanation is that rituximab binds CD20 
mainly in cis (within the CD20 tetramer), whereas obinutuzumab binds in trans – between CD20 
tetramers (97). This permits rituximab to cross-link CD20 more effectively, forming CD20 clusters and 



aggregated Fc regions capable of associating with Fc RIIb thus promoting internalisation of the mAb-
CD20 antigen complex (74), irrespective of the Fc RIIb activation (99), a process not seen with type 
II mAbs. In addition to being a type II mAb, obinutuzumab is also glyco-engineered, with reduced 
fucosylation of its Fc portion – providing higher affinity binding to both low and high affinity variants of 
the Fc RIIIa (CD16a) (100) and Fc RIIIb (CD16b) (101) and therefore improve the effectiveness of 
NK-mediated ADCC (102). The distinctions between the type I and type II anti-CD20 mAbs at 
inducing effector mechanisms for B cell depletion are detailed graphically in Figure 3. 

It is important to consider whether the inherent immune dysregulation in SLE, impairs the anti 
CD20 effector mechanisms. With regards to complement, Kennedy and colleagues found that after 
rituximab infusion to patients with CLL, complement was rapidly consumed (103) whereas 
replacement of complement with fresh frozen plasma was shown to improve the efficiency of 
rituximab in in vitro assays on human CLL samples (104). However latter studies, in FL, concluded 
that the role of complement does not appear to be as crucial as previously suggested for B-cell 
depletion (105), and moreover the expression of CD20 has a greater influence on CDC (106). Thus, 
the role of CDC remains unclear in B cell malignancies. 

Complement defects and deficiencies can result in an SLE-like condition (107)(108), so it seems 
logical to explore whether this influences the efficiency of anti-CD20 therapy. However, patients with 
lupus who are hypocomplementaemic and have high anti-dsDNA levels respond well to rituximab 
treatment (49). Furthermore, obinutuzumab achieved superior B cell depletion compared to rituximab 
in in vitro whole blood assays in SLE patient samples despite less potent activation of CDC (109). 
Therefore, based upon the fact that FcγR-mediated effector mechanisms and/or DCD are 
obinutuzumab’s main mechanisms of action, complement may not be an important effector 
mechanism in SLE. 

 
Both ADCC and ADCP, which are mediated via Fc R, have a significant impact on B-cell 

depletion by anti-CD20 mAbs in malignant and autoimmune disease. In FL (110), ITP (111), RA (112) 
and SLE (41), the high affinity Fc RIIIa 158V polymorphism is predictive of a superior response to 
rituximab. This finding highlights the importance of anti-CD20mAb evoked ADCC and ADCP for B cell 
depletion. Healthy individuals who are homozygous for the lower affinity 158F Fc RIIIa polymorphism 
respond better to obinutuzumab than rituximab with regards to ADCC assays of their effector cells. 
Therefore, in patients with SLE who have this low affinity allele, obinutuzumab with its afucosylated Fc 
portion and lower tendency to internalise may enable more potent B-cell depletion. 

 
ADCP seems to be an important mechanism of B-cell depletion mediated by Kupffer cells, 

macrophages, monocytes and potentially neutrophils. Neutrophils are the predominant leukocyte in 
peripheral blood and they have been shown to phagocytose anti-CD20 opsonised B cells (113)(101). 
Activation of neutrophils can be demonstrated by up-regulation of the cell surface marker CD11b and 
down-regulation of the adhesion molecule CD62L. Obinutuzumab evokes increased activation of 
neutrophils compared to rituximab from whole blood samples of patients with SLE as assessed by an 
increase in the mean fluorescence intensity (MFI) of CD11b and decrease in the MFI of CD62L (109).  
Glycoengineered rituximab and obinutuzumab have demonstrated increased neutrophil-mediated 
phagocytosis of B cells coated with anti-CD20 mAb in whole blood assays, in comparison to standard 
non-glycoengineered rituximab (101). Macrophages are considered to be the crucial effector cells of 
B-cell depletion for malignant conditions (114). Due to lack of evidence, it is not known whether 
macrophage function as effector cells in patients with SLE treated with anti-CD20 mAbs. 

 
In vitro experimental evidence alongside findings from mouse models suggests that excess 

immunoglobulins may dampen the effect of rituximab to a greater degree than obinutuzumab, likely 

through inhibition of Fc:FcR dependent effector mechanisms (106). Patients with SLE often have 
hypergammaglobulinaemia, in this context, obinutuzumab bearing an afucosylated Fc would be 

expected to bind FcRIIIa on effector cells with greater affinity than fucosylated anti-CD20mAbs such 
as rituximab. 

 
With regards to DCD, data in autoimmune conditions in humans is limited, so our understanding is 

largely confined to studies in malignant cell lines. Rituximab mediates DCD via caspase-dependent 
apoptotic cell death (115), and obinutuzumab induces DCD through homotypic adhesion and non-
apoptotic lysosomal cell death, which does not require further crosslinking (95)(116). Therefore, in B-
cell subpopulations, which show differential expression of anti-apoptotic proteins, DCD induced by 
type II mAbs may not be affected (117). Elevated BAFF levels in SLE may result in poor response to 
rituximab through BAFF-mediated anti-apoptotic effects (118). The UCL group has demonstrated the 



greater potency of obinutuzumab compared to rituximab at depleting B cells in whole blood samples 
from patients with SLE. This was shown to be predominantly through FcγR-dependent and -
independent effector mechanisms despite inefficient CDC (109). Thus, obinutuzumab appears to 
induce superior B-cell depletion to rituximab in SLE patient samples. 
 

 
2.8 Clinical and practical considerations of anti-CD20mAbs 
 
2.81 Potential combinations of these agents with other immunosuppressants 
 

The treatment of SLE often involves combination therapy. Initially this would be the conventional 
synthetic immunomodulators and immunosuppressive drugs as outlined above (section 2.1), and 
when disease activity is not controlled, a biologic agent for example Rituximab or Belimumab would 
be employed, usually in addition. Our previous published research has found that there was an 
association with sequential therapy of rituximab and MMF and an increased risk of IgM 
hypogammaglobulinemia. This was predicted by lower baseline IgM levels, but reassuringly was not 
associated with increased rates of infection (119). The LUNAR trial elegantly demonstrated that the 
combination of rituximab with MMF and corticosteroids did not result in any new safety concerns. In 
contrast, ocrelizumab (section 2.6.3) was associated with more serious infections in the subgroup 
treated with MMF (53), in its phase III trial in lupus nephritis. 

In the EXPLORER trial, patients were receiving MMF, azathioprine or methotrexate and 
randomised to placebo or rituximab, and this combination of immunosuppression and B cell depletion 
therapy also confirmed similar safety and tolerability (46). Both LUNAR (48) and EXPLORER trials 
demonstrated higher rates of neutropenia in the rituximab treated groups, however this did not result 
in an increased rate of infection. Contrary to expectation, serious infections were more prevalent in 
the placebo treated group compared to rituximab treated in both trials.  

Both British (120), and French (121) registry data with at least 24 and 18 month follow up periods 
respectively, identified that the highest risk of serious infection was within the first 3 months of 
rituximab treatment, with a serious infection rate in 10% of patients. 

  
BEAT-Lupus is an ongoing clinical trial testing the combination of Rituximab and Belimumab in 

SLE, and we await the results of this to inform future treatment strategies in SLE (122). Initial results 
of the Phase 2 CALIBRATE study, testing the addition of Belimumab maintenance therapy following 
rituximab, cyclophosphamide and corticosteroid induction therapy, demonstrated no difference in the 
rate of renal response in patients with lupus nephritis at week 48, but reassuringly there was no 
associated hypogammaglobulinaemia or increased rate of serious infections (123). 

 
Patients with ANCA vasculitis experienced higher rates of post Rituximab infections after Rituximab 
compared to lupus. Long term outcome data published in ANCA-associated vasculitis of combined 
rituximab, cyclophosphamide and subsequent maintenance azathioprine or MMF demonstrated 30% 
of patients developing a grade III infection over a median 56 month follow up period, and 4 out of 66 
patients had persistent hypogammaglobulinaemia and two patients required replacement intravenous 
immunoglobulin (124). 
 
2.8.2 Immunological adverse effects or autoimmune phenomena related to anti-CD20 mAbs 
 

The incidence of reported psoriasis following rituximab therapy is limited to case reports (125).  
 
There are 9 reported cases of colitis developed following rituximab therapy for various indications, 

and this is postulated to be due to depletion of CD20+ B cells in the intestinal mucosa and high 
infiltration of T cells following administration of Rituximab (126). The RCT of using rituximab to treat 
moderately active ulcerative colitis resistant to steroids, however, showed that it was well tolerated, 
but had no significant effect on inducing remission (127). However, the long-term BSR registry has 
identified no increased risk of ulcerative colitis in patients with rheumatoid arthritis treated with 
Rituximab (128). 
 
2.8.3 Protocols for refractory lupus employing anti-CD20 therapies 
 

In England, Rituximab will only be funded for use in SLE where there is active disease (defined as 
at least one BILAG A score and/or 2B scores, or a SLEDAI-2K score >6) and failure to respond or 



intolerance to, two or more standard immunosuppressive therapies (one of which must be either MMF 
or cyclophosphamide), in combination with corticosteroids (129). 

NHS England Commissioning Policy and the British Society of Rheumatology Guidelines advise 
the use of Rituximab at 2 x 1000mg on day 0 and day 14 of an infusion cycle. This can be repeated at 
6 months if there is evidence of disease recurrence and B cell repopulation. This regimen is also 
recommended in the 2017 British Society of Rheumatology guidelines on the management of SLE (2). 
European and American rheumatology guidelines on the management of lupus nephritis recommend 
anti-CD20 therapy with Rituximab when MMF or cyclophosphamide has failed (130) (131). 
 
2.8.4 Organ involvement most positively affected by anti-CD20 mAbs 
 

Although the two main RCTs of Rituximab in SLE did not report the specific haematological 
outcomes, data from previous open label studies reports that Rituximab is effective for the treatment 
of severe haematological manifestations in SLE (132), in particular autoimmune thrombocytopenia 
and haemolytic anaemia.  

 
Active proliferative lupus nephritis (class III and IV) has been shown to respond to Rituximab, 

which enabled a reduction in maintenance steroid dose (133). A cohort study of patients with 
refractory neuropsychiatric lupus has shown rapid improvement in both clinical and laboratory 
features of disease (134).  

 
Patients with severe lupus often have renal, haematological and neurological involvement and 

most physicians would consider Rituximab in cases refractory to standard therapy, or if other 
treatments are contraindicated. 

French registry data identified an improvement in articular, cutaneous, renal, and haematologic 
domains in 72%, 70%, 74%, and 88% of patients, respectively, however subtypes of organ 
involvement were not reported (121).  

With regards to cutaneous involvement, the subtypes acute and subacute show superior response 
rates following rituximab treatment compared to chronic cutaneous lupus erythematosus (135). This 
report of 17 patients treated with rituximab for cutaneous manifestations demonstrated that B cell 
depletion was beneficial in particular in patients with acute, subacute or non-specific cutaneous lupus 
erythematosus, with over 66% in partial or complete remission, compared to only 37% in patients with 
chronic cutaneous disease, six months following treatment.  
 
2.8.5 Limitations for use of anti-CD20 mAbs 
 

Rituximab is contraindicated in those with previous hypersensitivity, active severe infection and 
severe heart failure (136).  

 
Renal failure does not pose a risk to the use of Rituximab as it is a monoclonal antibody and 

clearance is unaffected by glomerular filtration. Prior to commencing Rituximab, immunoglobulin 
levels should be routinely monitored (137), as guidelines suggest low immunoglobulin G (IgG) < 6g/L 
can increase the risk of infections (138).  

 
The EXPLORER trial reported higher rates of neutropenia (8% in the Rituximab treated group, 

compared to 3% in the placebo group) and herpes virus infections (15% in Rituximab treated group, 
versus 8% in the placebo treated group) (46). BILAG registry data suggests that infections are most 
prevalent three months post treatment with rituximab in patients with SLE, and this may in part be 
explained by the higher corticosteroid dose at this time period, as well as possible 
hypogammaglobulinaemia and the period of maximal B cell depletion (120). This risk of infection post 
Rituximab, explains why the influenza and pneumococcal vaccinations are advised to be given at 
least two weeks prior to commencing such therapy. There have been reports of progressive multifocal 
leukoencephalopathy (PML) after rituximab treatment in patients with SLE as well as RA (139), 
however these are vanishingly rare and to our knowledge, none in the United Kingdom (140). We do 
however counsel patients about the risk of this when explaining the risks of anti CD20 mAb therapy. 

 
Measuring circulating CD19+ B cells at baseline, can be helpful in predicting B-cell depletion time, 

which is faster with higher CD19+ B cell counts ((141). However, repeat rituximab treatment is given 
often to treat and prevent disease relapse regardless of the peripheral B cell count. A retrospective 
study showed that in autoimmune diseases as a whole, repeated rituximab infusions itself were not 



associated with an increased incidence of hypogammaglobulinaemia, whereas previous steroid and 
cyclophosphamide therapy were (140). Severe infections were not directly associated with 
immunoglobulin levels and only a small proportion of patients developed severe IgG 
hypogammaglobulinaemia requiring intravenous immunoglobulin treatment. Low IgM levels do not 
tend to play a part in increasing the risk of infection post rituximab. 

2.9 Future Perspectives  

Rituximab is the most widely used agent for B-cell depletion therapy in patients with SLE who have 
active disease that do not respond to conventional immunosuppression. Data from uncontrolled 
studies supports its continued use in this context. The use of Rituximab in mild to moderate disease 
is, however, not recommended. We now have the benefit of Belimumab, which is licensed for non-
renal, non-CNS lupus. Post marketing studies of Belimumab as well as registry data will provide 
further insights into real-life utility and its long-term safety profile. Abstract publication of BLISS-LN, a 
phase III trial of belimumab in patients with active LN demonstrated an 11% increased renal response 
rate when administering belimumab in addition to standard therapy compared to standard therapy 
alone (142). We await further studies of anti-BLyS treatment in African-American patients (143) and 
how other factors such as background therapy affect its outcomes.  

 
The phase II NOBILITY study of obinutuzumab in proliferative lupus nephritis demonstrated 

superiority with regards to increased complete and partial renal responses when compared to placebo 
(plus standard of care, MMF and glucocorticoids) (144). We anticipate the results of the phase III 
study, which is currently underway (145). Head-to-head clinical trials with rituximab will provide a 
greater understanding of the biological and clinical differences between the types of anti-CD20 mAbs, 
but are not yet in the pipeline.   

 
As well as the heterogeneity of clinical manifestations between individuals with lupus, there is a 

predictable underlying heterogeneity of B cell pathology, which is likely to determine response to 
different biologic therapies. Therefore, future treatment strategies towards ‘personalised medicine’ 
may be applied in this setting to allow targeting of specific pathways or B cell subsets according to the 
individual’s immune dysregulation.  

 
What are the prospects for using sequential biologics? There are current trends for combination or 

sequential therapy for example with the BEAT Lupus trial currently recruiting as a phase II 
randomised, double blind, placebo controlled trial to investigate the safety and efficacy of Belimumab 
following B-cell depletion therapy with Rituximab. This is following the identification of a rise in BAFF 
and anti-dsDNA antibodies in patients with a lupus flare following previous rituximab treatment, and it 
appears that BAFF perpetuates autoreactive B cells. The primary outcome measure is anti-dsDNA 
antibody levels at 52 weeks (122). Other pathways in the pathogenesis of lupus are also being 
targeted, particularly important for patients with elevated type I interferons, produced by dendritic cells 
which leads to tissue damage and disease exacerbation (146). Recognising this, sequential therapy 
with interferon antagonists such as anifrolumab may overcome resistance to rituximab.  

 
A subgroup of patients who do not respond to rituximab may have elevated anti-dsDNA antibodies 

probably secreted by long lived plasma cells. Therefore, treatments designed for plasma cell 
dyscrasias such as proteasome inhibitors for example Bortezomib may be beneficial in this group of 
SLE patients. A trial of 12 patients treated with iv bortezomib and dexamethasone for active SLE 
demonstrated reduction in disease activity and 60% improvement in anti-dsDNA antibody levels, 
however the unwanted side effect profile resulted in over half of patients discontinuing treatments 
(147).  

 
As with biologic therapy in rheumatoid arthritis progressing from intravenous anti-TNF infliximab, to 

then home treatment with subcutaneous etanercept or adalimumab, and now the use of oral 
treatment with JAK inhibitors, the mode of delivery of treatments in SLE is being increasingly 
considered. The young population of working age need convenient treatments, which are self-
deliverable and so more subcutaneous and oral options are being generated. As discussed earlier, 
multiple pro-inflammatory cytokines are responsible for the tissue damage in SLE, and therefore 
inhibitors of the JAK family of cytoplasmic protein tyrosine kinases have been studied in lupus in a 
recent phase II RCT (148). They demonstrated that the small molecule selective and reversible 



inhibitor of JAK1 and JAK2, Baricitinib, at the higher dose of 4mg significantly improved rash and 
arthritis at 24 week follow up, by 67% in 104 patients, compared to placebo. This provides rationale 
for a phase III clinical trial, which will need to be optimised through careful patient selection 
considering a positive gene signature or those with higher pre-treatment disease activity scores. 

  
Another treatment strategy, which could be adopted from rheumatoid arthritis is ‘treating to target’. 

If a robust biomarker of impending lupus flare was identified such as a certain B cell subpopulation via 
high sensitivity flow cytometry, this could be incorporated into a treat to target composite score to 
guide physicians in providing timely and effective treatment. 

Conclusions 

The treatment of lupus has been revolutionised by the use of anti-CD20 therapies in patients who are 
refractory to conventional therapy. Long term outcome data of Rituximab has been very encouraging 
in uncontrolled studies, yet not confirmed in controlled trials due to a number of reasons including trial 
design, patient cohorts, background treatment and the duration of follow up. The response to 
Rituximab is variable and reasons to explain this range from the ability of rituximab to recruit immune 
effector cells to deplete B cells, HACAs and internalisation of Rituximab impairing its efficiency to 
engage with the effector cells. In order to understand and optimise the efficiency of B cell depletion 
therapy in lupus, type II monoclonal antibody against CD20, Obinutuzumab, is undergoing 
randomised controlled trials. The mechanistic advantage of Obinutuzumab besides its 
glycoengineered Fc portion, which allows superior engagement with Fcgamma receptor bearing 
effector cells, it is less likely to be internalised compared to rituximab and is therefore predicted to 
induce more efficient B-cell depletion. Combination biologic therapy may be the future of refractory 
lupus treatment; we anticipate the outcomes from current clinical trials to inform us. 
 

Tables, Figures & Figure captions are on separate uploaded files 
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