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heumatoid arthritis (RA) is a complex condition that is
well characterised by chronic inflammation in the
synovial membrane of affected joints, often with systemic
manifestations. Yet the aetiology and precise pathogenesis of
RA remain unclear. It has been postulated that there are multiple exogenous and/or endogenous antigenic triggers, which
act on a predisposed genetic background to initiate a self perpetuating series of autoimmune responses in the synovial
compartment, which are expressed as the signs and symptoms
of RA.
The traditional principles of the treatment of RA are
empirical. The use of analgesics and non-steroidal antiinflammatory drugs (NSAIDs) for the control of pain and
inflammation is combined with disease modifying antirheumatic drug (DMARD) treatment to slow the processes that
result in joint destruction in RA, shown by radiological
changes, anatomical deformities, and joint dysfunction. The
conventional mainstays of DMARD treatment include antimalarial drugs, sulfasalazine, and methotrexate.
To elucidate the aetiology and pathogenesis of RA much
attention has been focused on the putative effects on the continuing inflammatory process of different synovial cell
populations, including macrophages, fibroblasts, endothelial
cells, T cells, and B cells,1 and on the influence of numerous
cytokines. Studies have led to the development and introduction into clinical practice of treatments directed towards limiting these inflammatory driving effects. Such treatments
include anti-tumour necrosis factor α (anti-TNFα) drugs
(etanercept, infliximab, and adalimumab) and interleukin
based treatments (anakinra). Although these treatments have
been shown to be very effective, they do not work in all
patients. In recent years there has been growing interest in,
and enhanced understanding of, the contribution of B cells to
the immunopathogenesis of RA. This article will briefly review
the potential role of B cells in RA and the current evidence that
B cell therapy is a promising approach in its treatment.

RATIONALE FOR TARGETED B CELL THERAPIES IN
RA
The precise contribution of B cells to the immunopathogenesis
of RA is not well characterised, although a number of
researchers and commentators have suggested several mechanisms in which B cell involvement is implicated.2–8 Figure 1
and the points listed below summarise the possible mechanisms by which B cells may play a part in the disease process.
• B cells may function as antigen presenting cells and provide
important costimulatory signals required for CD4+ T cell
clonal expansion and effector functions.

Figure 1

Potential roles of B cells in RA.

mortality.10 RF may also be a self perpetuating stimulus for
B cells, potentially leading to activation and antigen
presentation to Th cells, which may be mechanistically
responsible for further RF production. Thus, RF immune
complex mediated complement activation, in conjunction
with binding of the Fcγ receptor, collectively contribute to
the propagation of the inflammatory cascade.2
• T cell activation is considered to be a key component of the
pathogenesis of RA. Recent evidence indicates that this
activation is critically dependent on the presence of B
cells.5
Although the relative importance of each of these is
unknown, it is becoming increasingly clear that through multiple mechanisms B cells potentially have a central role in this

• B cells in RA synovial membrane may also secrete
proinflammatory cytokines such as TNFα and chemokines.
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• Rheumatoid synovial membrane contains an abundance of
B cells that produce the rheumatoid factor (RF) antibody.9
RF positive (seropositive) RA is associated with more
aggressive articular disease, a higher prevalence of extraarticular manifestations, and increased morbidity and

Abbreviations: ACR, American College of Rheumatology; AEs, adverse
effects; DMARDs, disease modifying antirheumatic drugs; NCI-CTC,
National Cancer Institute Common Toxicity Criteria; NHL, non-Hodgkin’s
lymphoma; NSAIDs, non-steroidal anti-inflammatory drugs; RA,
rheumatoid arthritis; RF, rheumatoid factor; TNFα, tumour necrosis factor
α; IV, intravenous
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Rituximab as a targeted B cell therapy
Rituximab (Rituxan, MabThera) is a genetically engineered
chimeric anti-CD20 monoclonal antibody. It comprises human
IgG1Fcκ constant regions and small variable light and heavy
chain regions from the anti-CD20 murine antibody fragment,
IDEC-2B8, which is reactive to human CD20. CD20 is a pan-B
cell surface antigenic phosphoprotein that is restricted in its
expression to pre-B and mature B cells. CD20 is not present on
stem cells and is lost before differentiation into plasma cells. It
does not rapidly modulate upon binding anti-CD20 antibodies. From studies conducted in patients with non-Hodgkin’s
lymphoma (NHL), it has been shown that treatment with
rituximab results in a transient depletion of selective (CD20+)
B cells that lasts for up to six months. Thereafter, B cell levels
return to normal within 9–12 months.11
Rituximab has three putative components to its mechanism
of action that contribute to its B cell depletion properties.
• Antibody dependent cell mediated cytotoxicity, in which
natural killer cells, macrophages, and monocytes are
recruited through their Fcγ receptors bound to surface
CD20. This induces CD20+ B cell lysis.12 13
• Complement dependent cytotoxicity induced by complexed
rituximab bound to surface CD20 and binding C1q. This
results in activation of the complement cascade and
generation of the membrane attack complex, causing
CD20+ B cell lysis.14
• Promotion of CD20+ B cell apoptosis.

EXPERIENCE WITH RITUXIMAB IN NON-HODGKIN’S
LYMPHOMA
Rituximab is the first monoclonal antibody to be widely
approved and marketed for the treatment of cancer. It is
approved in more than 75 countries for the treatment of
CD20+ B cell NHL at a standard dose regimen of 375 mg/m2
given as intravenous (IV) infusions every four or eight weeks.
Since its market authorisation in 1997, it is estimated that over
300 000 patient exposures have occurred and consequently
the safety profile of rituximab within patients with NHL is
well characterised.
The vast majority of adverse events (AEs) reported with
rituximab are associated with infusions. They occur more
commonly during the first infusion and decline with
subsequent infusions.15 These generally occur within 30–120
minutes and are characterised by fever, chills or rigors, nausea,
headache, and transient hypotension. Seventy to 80% of
patients with NHL experience an infusion reaction during
their first infusion, and this declines to about 30% with subsequent infusions. Such events are predominantly mild to moderate in severity (grade 1 or 2 according to the National Cancer Institute Common Toxicity Criteria) (NCI-CTC) and brief.
Events gradually resolve when the infusion is either slowed or
briefly interrupted. Emerging evidence indicates that the
overall incidence of AEs related to infusion may be lower in
patients with autoimmune disease, and this will be discussed
later in this article.
The large patient exposure has also permitted the identification of a number of rare events and risk factors, some of
which are specific to patients with lymphoma, such as tumour
lysis syndrome. Other rare events include fatal infusion reactions and severe mucocutaneous reactions (including paraneoplastic pemphigus—a rare disorder found primarily in
haematological malignancies, Stevens-Johnson syndrome,
and/or toxic epidermal necrolysis). Identified risk factors for
tumour lysis syndrome include high numbers of circulating
malignant cells (>25 000/mm3) or high tumour burden, and
for fatal infusion reactions include concomitant cardiopulmonary disease and the use of higher doses in chronic
lymphocytic leukaemia or mantle cell lymphoma.
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Through education and appropriate patient selection based
on these risk factors, the incidence of these events is extremely
low (<1:10 000). Such risk factors (for example, bulky
disease) are also mainly associated with patients with NHL
and so are less relevant in patients with RA and other diseases.
Long term follow up with multiple courses of treatment
with rituximab in NHL is currently being investigated in a
number of large, multicentre, controlled studies. These should
provide further information on the effect of sustained B cell
depletion. In a report of a group of 36 patients with NHL who
had received four courses of treatment at six month intervals,
no cumulative or additional safety concerns were identified
during the maintenance treatment period.16 It is important to
note that there were no opportunistic infections or evidence
that the overall infection rate was increased in these patients,
even though they might have been B cell depleted throughout
the two year study period.

CLINICAL EXPERIENCE WITH RITUXIMAB IN RA
Early case reports and open label study
Early case reports of the remission of coexisting RA in patients
with NHL treated with rituximab17 provided anecdotal hints
that rituximab may be a clinically relevant intervention in RA.
A subsequent small scale exploratory open label study18
provided the first objective indication of the therapeutic use of
rituximab in RA.
In this study,18 five patients who met the American College
of Rheumatology (ACR) criteria for classical RA and whose
disease was inadequately controlled despite at least five previous DMARDs given sequentially as single agents, were treated
with a regimen that included rituximab. After discontinuation
of all previous DMARDs, and provision of analgesic treatment
with diclofenac and/or co-proxamol as required, rituximab
treatment was given by IV infusion. Up to four infusions were
given over 22 days: 300 mg on day 2 and 600 mg on days 8, 15,
and 22. Cyclophosphamide 750 mg was also given by IV infusion on days 4 and 17, and patients received oral prednisolone
(30–60 mg/day) for up to 22 days. This regimen was derived
from three of the components of the R-CHOP regimen (rituximab, cyclophosphamide, hydroxydoxorubicin, vincristine, and
prednisolone), which has produced good results in NHL.19 The
use of hydroxydoxorubicin and vincristine, however, was
excluded on the grounds that it is difficult to justify the use of
these drugs in the treatment of RA. Patients were regularly
followed up for up to 76 weeks and efficacy and safety
outcomes were recorded.
All five patients showed a rapid improvement in synovitis
and a substantial improvement in their swollen joint count
(fig 2A) as well as other efficacy outcomes. When these
outcome measures were applied to the ACR criteria for
response, all patients achieved an ACR50 level of response by
six months and three of these reached an ACR70 level by this
time (fig 2A). Beyond six months, patients maintained their
improvement or improved further. Normalisation of RF at one
year occurred in two patients. Two patients who required
re-treatment (one at week 34 and one at week 49 from the first
infusion) ultimately also achieved ACR70 responses.
No major AEs attributable to treatment were seen and even
though the B cell levels fell to undetectable levels (an
expected effect of rituximab) in each of the five cases and
remained low for at least six months, immunoglobulin IgG,
IgA, and IgM levels showed a modest decline, but remained
within normal levels. In two patients, B cell repopulation
occurred without relapse and in another two patients the
return of B cells coincided with the need for re-treatment.
One patient was lost to follow up after six months but apparently remained well.
Although these are very positive results, the interpretation
of the role of rituximab in the treatment of RA from the results
of this study is confounded by the concomitant use of
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disease. Thus B cells are an appropriate target for therapeutic
intervention.
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Figure 2 Response to rituximab at six months in two independent
studies each involving five patients with RA refractory to DMARD
treatment treated (A) with or (B) without concomitant DMARD
treatment.18 21

cyclophosphamide and high dose prednisolone. A more robust
randomised controlled double blind trial was therefore
conducted to confirm the efficacy and tolerability of rituximab
in RA and to explore the role of concomitant cyclophosphamide.
Randomised, controlled, double blind evaluation of
rituximab in RA
In this randomised controlled trial a total of 161 patients with
RA were recruited. All had active disease, were RF positive and
were refractory to previous DMARD treatment despite the use
of concomitant methotrexate. Patients were randomly allocated to one of four treatment groups:
• Group A: Continuation of methotrexate alone
• Group B: Rituximab alone (given as two ×1 g IV infusions)
• Group C: Rituximab (two ×1 g IV infusions) plus
cyclophosphamide (two ×750 mg infusions)
• Group D: Rituximab (two ×1 g IV infusions) plus continuing methotrexate.
Blinding of the trial was maintained using the double
dummy technique in groups A and B, and all groups also
received a 17 day course of corticosteroids (total dose 910 mg)
from the start of randomised treatment. Data from an interim
cohort of the first 122 patients, followed up for 24 weeks, have
been reported.20 These interim cohort data (fig 3) confirm the

early open label observations that a short induction treatment
with rituximab is associated with a significant clinical benefit.
Combination of rituximab with methotrexate or cyclophosphamide produced the highest levels of response with no
apparent difference between the groups. The data also indicate
that cyclophosphamide is not pivotal to the efficacy of rituximab, and that rituximab given as an adjunct to continuing
methotrexate is an effective option.
Safety evaluations from this interim cohort show that
rituximab was generally well tolerated in these patients with
RA. There were no serious AEs associated with infusions of
rituximab. Most reported AEs were associated with infusions
and were consistent with the presence of NHL (fever, chills,
rash, hypotension, predominantly of NCI-CTC grades 1 or 2).
However, the proportion of patients with RA experiencing
infusion related AEs was substantially lower (39%) than the
historical NHL comparisons (70–80%). Possible explanations
for this improved profile in patients with RA may be related to
the absence of a large burden of malignant CD20+ B cells and
resultant cell lysis in RA compared with NHL or to
pretreatment with corticosteroids.
Eleven serious events were reported from the cohort during
the 24 week study, which were generally evenly balanced
across the four treatment groups. Four serious infections
occurred, one of which was in the methotrexate alone group
(group A). Two cases of bronchopneumonia (one of which had
a fatal outcome) occurred in the rituximab groups (B and C),
although the fatality was considered unrelated to rituximab
by the investigator primarily because of the patient’s
underlying ischaemic heart disease and lack of a confirmed
diagnosis of pneumonia. Overall, the three rituximab regimens were well tolerated.
The interim cohort data from this phase II trial show that a
short induction regimen with rituximab alone, or in combination with either methotrexate or cyclophosphamide, produced
substantial clinical benefit in patients with refractory RA. The
full cohort data will be reported in due course.
Additional supportive data
The results from three subsequent independent open
studies21–23 concur with the original observations and the double blind randomised study findings.
In one of these,21 five patients with active RA who met the
ACR diagnostic criteria, and who were unresponsive to prior
treatment that included anti-TNFα therapy, were treated with
rituximab (375 mg/m2 by IV infusion) weekly for four weeks.
Unlike in the original open series,18 concomitant cyclophosphamide and high dose steroids were not given, although
patients were permitted to take low dose prednisolone (5–7
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Figure 3 ACR responses at six months in an interim cohort of
patients with RA refractory to DMARD treatment treated with
rituximab with and without concomitant cyclophosphamide or
methotrexate, compared with continuation of methotrexate alone.
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RITUXIMAB IN OTHER AUTOIMMUNE CONDITIONS
A number of reports have also cited the benefit of rituximab
treatment in other autoimmune conditions such as idiopathic
thrombocytopenic purpura,24 type II mixed cryoglobulinaemia25
and IgM antibody associated neuropathies.26 In particular,
the suggestion that enhanced B cell function is the defining
pathogenic event in systemic lupus erythematosus27 has been
mirrored by some encouraging preliminary results with
rituximab treatment in this condition.28 29 Further definition of
the potential therapeutic benefit of rituximab in these and
other autoimmune conditions is continuing.30

SUMMARY AND CONCLUSIONS
The clinical data to date strongly support the premise that B
cells play a major part in the pathogenesis of RA and that
selective targeting of these cells may provide treatments that
not only enhance our understanding of this disease but also
provide substantial and prolonged clinical benefit. Rituximab
(Rituxan, MabThera) is an anti-CD20 chimeric monoclonal
antibody that produces a high level of sustained efficacy in
RA that coincides with a profound and longlasting peripheral
depletion of CD20+ B cells after a single treatment course.
Market experience from over 300 000 exposures to rituximab
in patients with NHL demonstrates a well characterised
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safety profile. Early exposure data in RA suggest that the tolerability and safety profile of rituximab may be even better in
these patients. Preliminary reports have also suggested that B
cell targeting with rituximab is a promising approach for
some other autoimmune conditions, particularly systemic
lupus erythematosus. Further clinical trials with rituximab
are underway to increase knowledge about, and further
characterise the encouraging therapeutic profile of, this
monoclonal antibody in RA and other autoimmune conditions.
.....................
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