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Introduction
The last few years have witnessed an explosive growth of interest in the use of B cell targeted
therapies for the treatment of a wide assortment of autoimmune diseases. As recently reviewed
elsewhere, the use of this approach –initially pioneered for the therapy of non-Hodgkin's B cell
lymphomas and later for Rheumatoid Arthritis (RA) and Systemic Lupus SLE (SLE)- has
spread both in clinical studies and clinical practice to multiple rheumatic diseases such as
Sjogren's syndrome, vasculitis and dermatomyositis; neurological diseases (multiple sclerosis,
neuromyelitis optica, antibody-mediated paraneoplastic syndromes and IgM-mediated
polyneuropathy); endocrinopathies (including Type 1 Diabetes and Graves disease),
dermatological conditions (autoimmune blistering diseases); and hematological syndromes
(ITP, autoimmune hemolytic anemia and TTP) among many other clinical entities 1, 2. As it
might be expected due to regulatory, ethical and financial considerations, and as formal,
randomized, controlled prospective studies are completed, the main use of this therapeutic
modality has centered on patients refractory to conventional therapy as dictated by current
clinical practice for the disease in question. In this review, I shall summarize the status of
knowledge regarding the rationale and evidence for the use of B cell depletion therapy (BCDT)
in different autoimmune diseases. Diseases in which the use of BCDT has been most thoroughly
tested or may otherwise provide useful information to guide current clinical utilization and/or
future studies will represent the focus if this review.

This review will also focus on the use of B cell depletion induced by Rituximab as this drug
is now commonly used in clinical practice and provides the vast majority of the information
available. Rituximab is a chimeric mouse anti-human CD20 monoclonal antibody initially
developed and FDA–approved for the treatment of follicular lymphoma. Due to the pattern of
expression of CD20 Rituximab targets a wide swath of the B cell compartment spanning from
pre-B cell to activated memory cells and a fraction of pre-plasma cells while largely sparing
pro-B cells as well as fully differentiated plasma cells. Its pharmacokinetics and the multiple
ways in which Rituximab mediates B cell depletion (including direct B cell apoptosis,
complement-mediated cytotoxicity, antibody-dependent cell-mediated killing and immune
complex decoy actions) have been extensively reviewed in multiple forums and will not be
further discussed here 3. Similarly, other agents that directly or indirectly target different B
cell subsets will not be reviewed here.
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Rationale and working models to understand B cell depletion in autoimmune
diseases

Autoantibodies are considered critical contributors to the pathogenesis of most if not all
autoimmune diseases whether through the generation of pro-inflammatory circulating immune
complexes (conventional Type3 hypersensitivity reaction), antibody-mediated cytotoxicity
(type

2 hypersensitivity) or as inducers of type IFN production 4, 5. Of note however, the actual
contribution of autoantibodies to disease is far from clear in many conditions, may differ
between diseases, within disease subsets and even for different types of autoantibodies within
a single disease. It is also critical to consider that, as further discussed below in different
sections, B cell depletion may also interrupt multiple and powerful antibody-independent
pathogenic B cell functions which have been by now abundantly documented in animal models
and to a lesser extent in humans and include autoantigen-presentation and activation of effector
T cells, production of pro-inflammatory cytokines, inhibition of regulatory T cells and
formation of ectopic lymphoid tissue within target organs 6, 7. AT the same time, antibody-
independent B cell functions (REF), may also play protective roles in the regulation of
autoimmunity and is therefore likely that the final outcome of BCDT therapy will rest upon
the balance between the relative depletion and reconstitution of different B cell subsets
mediating either protective or pathogenic functions 6. These considerations are essential to
frame any discussion of the indications, outcome measurements and interpretation of results,
whether positive or not, of BCDT. Moreover, the lessons learned from such considerations
should help inform the design of more effective strategies (whether they are different,
synergistic or complementary) (Figure 1).

Currently, the relative contributions of the above mechanisms to different autoimmune
manifestations and consequently, the actual mechanisms whereby B cell depletion may
improve disease remain to be formally elucidated. B cell depletion was initially conceived for
autoimmune diseases as an attempt to eliminate autoantibodies, an outcome which could be
augmented by the concurrent use of other drugs (such as high-dose corticosteroids or
cyclophosphamide 8). Indeed, B cells represent the cellular source of antibody-producing
plasma cells (PC) and therefore, complete and sustained elimination of B cells would ideally
result in interruption of the PC supply chain and the eventual elimination of autoantibody-
producing PC. An obvious implication of the antibody-based model is that effective therapy
could also induce elimination of the PC responsible for the maintenance of protective
serological memory through the production of anti-microbial antibodies. This untoward effect
however has not been generally observed with the possible exception of patients of pediatric
age which may be more prone to developing hypogammaglobulinemia. The relative lack of
impact of B cell depletion in global antibody and protective antibody levels can be explained
if these antibodies derive from long-lived PC that are insensitive to Rituximab due to lack of
expression of CD20 and which are relatively independent of precursor B cell for their
replenishment or survival 9, 10. This model however, begs the question of whether PC of
similar properties are also responsible for the generation of pathogenic autoantibodies and if
so, whether the persistence of such PC could explain lack of response to Rituximab despite
effective B cell depletion 10. By and large, these critical questions remain to be formally
answered. However, it is well established that some autoantibodies such as Rheumatoid Factor
(RF), anti-ds DNA, anti-C1q and anti-neutrophil-cytoplasm antibodies (ANCA) and possibly
anti-phospholipid antibodies appear to decline weeks or months after Rituximab therapy
probably reflecting their provenance from short-lived plasma cells that require B cell
replenishment. In contrast, other autoantibodies such anti-cyclic citrullinated peptide
antibodies decrease to a much lesser extent and yet others like anti-Smith/RNP and anti-Ro
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and La RNA-binding protein autoantibodies are impervious to BCDT most likely reflecting
their production by long-lived plasma cells 11.

As recently reviewed elsewhere 12, the relative role of autoantibody decline in the clinical
benefit of BCDT remains unclear with arguments for and against this conclusion. While it is
likely that decreases in at least some autoantibodies may play an important role in the clinical
benefit of Rituximab, it is important to point out that such correlation is limited as indicated
by the significant clinical benefit often observed before significant changes in autoantibody
levels and the frequent lack of correlation between autoantibody titers and disease response or
relapse 11, 13, 14. Hence, careful studies of other parameters of B cell function will be critical
to fully understand, monitor and augment the clinical benefits of Rituximab.

Rituximab in Rheumatoid Arthritis
RA remains the only non-malignant conditions for which Rituximab has received FDA
approval. Based on strong clinical benefit in controlled studies, current practice centers on the
use of Rituximab together with methotrexate for the treatment of cases refractory to anti-TNF
agents 15. Such approach has also been shown to have a beneficial impact on radiological
progression 16. While the duration of clinical benefit may vary and includes long-standing
responses in a small fraction of patients, most patients who respond favorably to the initial
treatment will experience relapses 6-12 after treatment with clinical reactivation roughly
correlating with B cell repopulation. This observation has prompted the consensus
recommendation of retreatment with repeated courses of Rituximab every 6-9 months for
patients with disease reactivation 15. While more studies will be required to identify accurate
biomarkers of response and retreatment, strong studies have already shown that the degree of
B cell depletion initially obtained (even after the initial infusion in the first treatment cycle)
appears to correlate with clinical benefit 17. Interesting studies, albeit limited in size, also
suggest that lack of initial response may predict lack of response to subsequent cycles of
Rituximab 18. Similarly, good responders to the initial treatment appear to respond equally
well to repeated courses. Of significant importance, serious infusion reactions or other severe
adverse effects including serious infections do not appear to increase in RA patients after
several cycles of Rituximab treatment 19. Whether this safety profile can and will be
maintained with indefinite treatment cycles and in essence chronic B cell depletion remains to
be elucidated. Also of note, recent studies support the efficacy and safety of Rituximab
treatment in RA patients who have failed other biological agents including abatacept 16, 17,
20-23

Rituximab in Multiple Sclerosis
Rituximab-induced BCDT has shown highly promising results in the relapsing remitting form
of multiple sclerosis (RRMS) in a phase II double-blind study in which a very significant
decrease in total and new gadolinium enhancing lesions was observed was observed as early
as week 12 after treatment 14. This benefit was sustained over the 48 weeks of follow up after
a single cycle of Rituximab was administered. In this study, the rapid clinical benefit observed
in the absence of significant decreases in antibody levels suggested that at least in part the
benefit of Rituximab could be mediated by the interruption of other pathogenic B cell functions
such as antigen presentation and production of pro-inflammatory cytokines rather than mere
autoantibody decrease 24. Similar improvements, starting as early as 4 weeks and lasting for
at least 72 weeks after treatment have been observed in an open label, phase I trial using two
courses of Rituximab 6 months apart 25. However, more definitive studies will be needed to
fully establish the benefit of BCDT in RRMS and in particular its impact on cumulative
disability and secondary progression, a degenerative phase of the disease that could be curtailed
at least in part by early treatment of the initial inflammatory component 26. Disappointing
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results however have been recently published from a randomized double-blind placebo-
controlled multicenter trial of rituximab in primary progressive MS 27. Of note, this study
nonetheless identified significant improvement in younger patients when predetermined subset
analyses were performed.

Rituximab in ANCA-mediated vasculitis
Early open label studies of Rituximab suggested a striking benefit of this intervention in
refractory ANCA-mediated vasculitis (AMV). One striking feature of at least some of the initial
studies was a steep decline in ANCA titers 28, 29. The interpretation of these changes is
complicated by the concomitant use of high dose corticosteroids in one study 28 and the
observation in another study that clinical response often preceded significant decline in
autoantibody titers 30. Nevertheless, these studies dovetailed nicely with strong experimental
evidence indicating a pathogenic role of ANCA autoantibodies and opened the door to large,
randomized controlled studies currently underway (RITUXVAS and RAVE). Meanwhile,
several subsequent reports appear to substantiate the potential benefit of rituximab at least for
the systemic, inflammatory component of the disease process 31. This potential has been
perhaps best summarized by a recent retrospective analysis of a multicenter cohort of 65
patients treated with Rituximab for refractory AMV. Only 2% experienced no favorable
response while 75% of patients achieved complete remission. Interestingly, close to 60% of
patients experienced a relapse and in approximately 50% of them B cell reaccumulation
preceded relapse. While ANCA levels fell significantly in most patients, no correlation was
observed between ANCA positivity or titer elevation and relapse 32.

The response to BCDT of the more chronic, granulomatous manifestations of the disease
including head and neck manifestations remains controversial with initial reports pointing to
lack of response and more recent studies suggesting that Rituximab may also provide
substantial benefit for granulomatous complications of ANCA-mediated vasculitis 33-36.

Rituximab in Type 1 Diabetes
While most immunological and therapeutic studies of type 1 diabetes (T1D), have concentrated
on T cells, autoantibodies are almost universal markers of this disease and when appropriately
used represent a major risk factor for disease development. This fact, together with numerous
animal studies indicating a major role for B cells in the pathogenesis of T1D led to the design
and implementation of a clinical trial of Rituximab in patients with new onset T1D whose
initial results were recently presented at the annual meeting of the American Diabetes
Association held in New Orleans in June 2009 37. The very limited results available in the
public domain indicate a protective effect of Rituximab in disease progression in newly
diagnosed patients as indicated by statistically significant differences in meal stimulation test-
induced C-peptide values between patients treated with rituximab versus placebo treated
patients after 1 year of follow-up. These promising results are in keeping with several papers
published over the last couple of years indicating significant benefit for other B cell targeting
therapies (anti-CD20, anti-CD22, anti-BLyS), in animal models of autoimmune diabetes 37,
38-42. Of great interest, these studies uncovered different mechanisms of action of BCDT
including elimination of pathogenic B cells, induction of T regulatory cells and expansion of
B cell regulatory cells with protective functions that include the production of IL-10.
Combined, these observations generate great hope and provide a major impetus to pursue future
studies of B cell therapies to ameliorate established disease, prevent or delay full development
in early cases and even prevent disease onset by early treatment of high risk patients.
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Rituximab in SLE
The actual benefit of Rituximab in SLE continues to baffle physicians and scientists alike.
From a pathophysiological standpoint, this disease characterized by high levels of multiple
autoantibodies and florid abnormalities of B cell homeostasis and activation would appear to
be an ideal target for BCDT. Indeed, and in keeping with this notion, early open label studies
indicted substantial benefit in SLE including induction of long-term remissions with a single
course of Rituximab in the absence of concomitant therapy. Yet, two relatively large, well
controlled, randomized studies of non-nephritis SLE and of lupus nephritis (Explorer and
Lunar) failed to meet their corresponding primary and secondary endpoints leading to the
general conclusion that Rituximab is not superior to conventional therapy in SLE 43. These
negative results stand in stark contrast to the accumulating experience of expert clinicians
which continues to indicate substantial clinical efficacy of Rituximab in refractory SLE mostly
when administered in combination with cyclophosphamide 44, 45.

While it is worth noting that subset analysis of Explorer appears to indicate a significant benefit
of Rituximab on serological responses and also a clinical benefit in African-americans and
Hispanic patients, the results have been nonetheless disappointing and have prompted a
reexamination of study design, outcome measurements and length of follow-up, all areas of
significant concern for the studies in question 46. Moreover, these trials have brought to the
fore, once again, severe limitations in our knowledge and ability to define disease heterogeneity
thereby restricting the investigators ability to identify disease subsets that might be responsive
to BCDT. Finally, the negative results obtained with Rituximab also raise concerns regarding
the potential of this drug to eliminate not only pathogenic B cells but also regulatory B cells.
As illustrated in Figure 1, the latter activity might help reconcile diverging results in different
diseases or between disease subsets within a single autoimmune condition if in fact expansion
of regulatory B cells are be critical to disease recovery in some cases but not in others. Thus,
diseases in which B cell regulatory cells play no major role would benefit from sustained BCDT
resulting in elimination of autoantibodies and pathogenic B cells. These cases would be most
suitable for recurrent treatment cycles as it has become the practice in RA. In contrast, diseases
where post-depletion expansion of a B cell regulatory population may be critical would not
benefit from repeated cycles of Rituximab which might delay the emergence of the protective
cells. Of note, this caveat would apply to both SLE studies which included a second course of
treatment six months after the initial one irrespective of clinical response or type of B cell
repopulation. The possibility that indiscriminate B cell depletion (whether in scope or timing
of depletion) may not be the best avenue in all cases is indirectly supported by encouraging
results recently reported with drugs that have weaker and more selective effects on different
B cell subsets such as belimumab and epratuzumab. Undesirable consequences of the
elimination of B cells have been powerfully illustrated by a recent report of increased allograft
rejection in renal transplant patients treated with Rituximab 47. Clearly, understanding the
relative merits of depleting or facilitating the expansion of specific B cell subsets remains a
major challenge in the field whose resolution would undoubtedly lead to more intelligent design
of drugs and combination therapies aimed at achieving such goals.

Clinical use and monitorization
In most clinical situations Rituximab is now used as two 1 g IV infusions two weeks apart.
There is no evidence that the original “lymphoma” regimen of 4 infusions of 375 mg/m2
provides significant advantages and has the drawback of inconvenience to the patient. As
discussed in multiple reviews, concurrent medication with corticosteroids and antihistamines
is typically used to minimize infusion reactions which may be more frequent in SLE. When
measured by conventional flow cytometry and defined as a level below 5 CD19+ cells/μl of
blood, good B cell depletion is almost universally observed with the exception of approximately
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10% of SLE patients, a fraction that is further decreased by concomitant use of corticosteroids
or cyclophosphamide. While routine monitorization of B cell counts or quality of B cell
reconstitution does not currently guide clinical use of the drug, these parameters may be
informative and should be encouraged at least in research settings. As previously discussed, it
is now common practice to retreat patients with RA every 6-9 months and when repeated up
to 6-8 times this approach has not yet resulted in any significant increase in major adverse
effects although serum IgM levels appear to significantly decline with repeated infusions. For
any other diseases, as illustrated by SLE, Rituximab is used by and large as an off-label
indication for conditions refractory to conventional therapy.

While serious infections do not appear to be substantially increased even with repeated
administration of Rituximab, the report of several cases of Progressive Multifocal
Leukoencephalopathy in non-HIV, autoimmune patients treated with Rituximab has created
significant concern 48-50. Thus far, only 5 cases of PML have been reported in Rituximab-
treated autoimmune diseases: 2 cases of SLE, one case of RA and also single cases of Wegener's
granulomatosis and other vasculitis. The interpretation of these reports is complicated by the
occurrence of PML in similar situations in the absence of Rituximab and therefore whether
this drug actually increases the risk of PML remains to be formally determined. However, given
the relatively small number of SLE patients treated with Rituximab, this possibility should be
entertained specially in patients previously treated with multiple other drugs (as it was the case
for both SLE patients and the RA case who also suffered from oropharyngeal cancer).
Accordingly, current recommendations include obtaining informed consent before starting
treatment and careful monitorization of symptoms of PML. Should the suspicion arise on the
basis of clinical surveillance, proper diagnosis should be pursued and Rituximab discontinued
if established. Whether routine surveillance of JC viral replication in asymptomatic patients
will prove of value to predict development of clinical infection remains to be determined
(51).

While the impact of Rituximab on pre-existing immunological memory remains to be
established (mostly in patients with chronic depletion), current guidelines for immunization
22, 10, include trying to administer the seasonal influenza vaccine and other clinically indicated
vaccines as required to boost pre-existing immunity (tetanus boost) before treatment (ideally,
a 4 week intervening period would maximize the memory B cell boost expected from the
vaccine albeit as little as 1-2 weeks is likely to substantially enhance the generation of at least
short-lived plasma cell responses). The necessary window of time required to optimize vaccine
responses to neoantigens (hepatitis vaccines when indicated for high risk patients and travel
related vaccines) before administration of Rituximab in unknown. However, it would make
sense to administer such vaccines as early as possible (several weeks to promote the generation
and expansion of memory) and to make every effort to do so before treatment. It remains to
be determined whether pre-existing serological and cellular memory will be eventually erased
in patients treated with chronic B cell depletion. Should that occur, these patients might need
to be vaccinated anew against the same agents as in early life.
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Figure 1. The different phases and mechanisms of action of B cell depletion therapy
As indicated by multiple studies in different autoimmune diseases, clinical benefit may be
evident shortly after the decline of peripheral B cells and before significant changes in
autoantibody levels. These observations suggest that the initial benefit of this therapy is
mediated at least in part by the elimination of antibody-independent pathogenic B cell
functions. Chronologically, at least in some diseases, significant decreases in autoantibodies
(such as dsDNA, ANCA and RF) may ensue after several weeks presumably reflecting the
depletion of short-lived plasma cells secondary to the elimination of their B cell precursors and
of a fraction of immature plasma cell expression some level of surface CD20. Whether chronic
depletion of B cells induced by repeated courses of Rituximab will eventually result in
significant declines of long-lived, CD20- plasma cells and of the autoantibodies they produce
remains to be established. If so, this change (which could also potentially be achieved in
combination with other agents that directly or indirectly impact plasma cell survival) could
have profound consequences for the long-term course of the disease. In any case, animal
experiments as well as observations in a subset of SLE patients with long-term remissions after
BCDT strongly suggest that in at least some diseases or disease subsets, the delayed but critical
benefit of rituximab might be the promotion of expansion of B cells with protective functions
that might include the induction of T cell anergy, promotion of Treg cells and the production
of regulatory cytokines. While for illustration purposes this figure assigns pathogenic and
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regulatory functions to memory and transitional/naïve cells respectively, the actual division of
labor between B cell subsets remains to be elucidated and is likely to be significantly more
complex than depicted here.
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