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New and effective therapies are still required in rheumatoid arthritis as some patients have 
disease that is refractory to both conventional therapy and biological agents, such as 
tumor necrosis factor-α inhibitors. Such patients may respond insufficiently, lose their 
response or develop toxicity to these newer agents. Rituximab, a chimeric monoclonal 
antibody against CD20 that effectively depleted B cells in peripheral blood, has been 
licensed for the treatment of certain hematological malignancies for nearly 10 years. Data 
are now available that indicate its efficacy and safety in the treatment of rheumatoid 
arthritis in a variety of patient groups. The clinical outcomes from these studies, together 
with its safety profile, have led to the recent licensing of rituximab by the US FDA as therapy 
for rheumatoid arthritis for those patients who have failed to obtain benefit from antitumor 
necrosis factor-α agents.

Unmet needs in rheumatoid arthritis
Rheumatoid arthritis (RA) affects almost 1% of
the population worldwide [1]. Patients with RA
show increased morbidity and mortality, with
significant detriment to quality of life. The eco-
nomic burden of RA is considerable, with the
direct costs of medical care, surgery and hospital-
ization, as well as indirect costs of disability and
productivity losses [2]. A Spanish study found
that cost was related to disease severity, with an
increase of US$11,184/year per unit increase in
the health assessment questionnaire (HAQ) [3]. 

Important advances have been made in recent
years in the treatment of RA. Earlier and more
intensive use of disease-modifying antirheumatic
drugs (DMARDs), especially methotrexate, both
as monotherapy and in combination with other
DMARDs, has been shown to be of benefit [4].
Further understanding of the roles of key cytokines
in RA, in particular tumor necrosis factor
(TNF)-α [5], has led to the development of biolog-
ical response modifiers. Biological therapies have
been shown to have significant effects on disease
outcomes, both in clinical and radiological terms.
Three anti-TNF-α agents are licensed in RA – inf-
liximab [6], etanercept [7] and adalimumab [8] – as
well as anakinra [9], an interleukin-1 antagonist.

However, it is clear that not all patients derive
optimum benefit from these agents [10]. Some
patients appear to have disease that is unrespon-
sive to currently available biologicals; others may
have an initial response that is then lost; while
still others either develop toxicity or are unsuit-
able for such therapy due to comorbidity. These
issues have spurred the development of newer
biological agents.

Both the innate and adaptive immune systems
are of importance in the pathogenesis of RA [11].
The effector cells of the latter – B cells, T cells and
antigen-presenting cells (APCs; such as dendritic
cells, macrophages and B cells) – play a major role.
Initial T-cell-directed therapy was not entirely suc-
cessful, with concerns regarding the safety of anti-
CD4 therapy [12]. However, recently, a new class of
drugs known as co-stimulation blockers has
attracted more attention. The first of these to be
licensed, abatacept (CTLA4-Ig), is a cytotoxic
T-lymphocyte-associated antigen 4 immunoglob-
ulin (Ig)G1 fusion protein. Abatacept selectively
modulates the co-stimulatory signal required for
full T-cell activation. By binding to CD80 and
CD86 on APCs, it blocks the engagement of
CD28 on T cells and thus prevents T-cell acti-
vation. Clinical trials have shown evidence of
benefit [13,14]. 

B-cell directed therapy: a novel 
approach in RA
Although the role of T cells in RA has been stud-
ied extensively, the role of B cells is not yet com-
pletely elucidated. However, it is apparent that
they have the ability to play a number of poten-
tially pathologically significant roles (Figure 1) [15].
B-cell development initiates in the bone marrow,
with the progressive differentiation of stem cells
into immature B cells. These cells express IgM in
the bone marrow, before they migrate as mature
B cells to peripheral lymphoid tissue. Within
lymphoid follicles, mature B cells can be induced
by antigens to proliferate and express IgA, IgG
and IgM. Follicular B cells can differentiate into
plasmablasts that become short-lived plasma
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cells. These cells produce much more Ig than
plasmablasts. Short-lived plasma cells last for
2–3 days and provide an immediate response to
a pathogen. Within the follicle, activated B cells
can congregate tightly to form a germinal center.
These cells can differentiate into either plasma
cells or memory B cells. Once plasma cells
derived in this way lodge in the bone marrow,
they are typically long lived, with lifespans esti-
mated at 6–12 months. The presence of struc-
tures with features of germinal centers has been
found in a proportion of synovial biopsies from
RA patients. In RA, large numbers of B cells
have been found in the synovial membranes of
some affected joints [16]. 

B cells are thought to have a number of patho-
genic roles. They can act as highly effective APCs
by processing and presenting antigenic peptides
to T cells [17]. In fact, T-cell activation may be
dependent on B cells [18]. B cells can also produce
cytokines and chemokines indirectly, which can
induce leukocyte infiltration [19]. The secretion

of autoantibodies by B cells is also important in
RA. In particular, rheumatoid factor (RF), an
antibody reactive against antigenic determinants
on the Fc fragment of IgG, correlates with RA
disease severity. It has been suggested that there
is a ‘vicious cycle’ of antibody production in RA,
which leads to the development of self-perpetu-
ating B-cell clones [20]. IgG RF has the capacity
for self-association in immune complexes that
directly activate macrophages by interacting
with FcγRIIIa receptors on the macrophage sur-
face, in the process producing TNF-α and
enhancing chronic autoinflammatory pathways
in synovitis. The variety of putative roles played
by B cells may explain why B-cell depletion ther-
apy could be of benefit to patients, regardless of
autoantibody status. 

Targeting CD20
A broader understanding of the pathological
roles of B cells in RA has led to an interest in
applying methods of B-cell depletion and,

Figure 1.  Pathogenic roles of B cells in rheumatoid arthritis.

 

IL: Interleukin; TNF: Tumor necrosis factor.
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specifically, the use of monoclonal antibody
technology. CD20 (a 33–37-kDa membrane-
associated phosphoprotein) is a surface antigen
that is expressed solely on pre- and mature
B cells [21,22]. It is not expressed on stem cells or
pro-B cells, nor is it found on plasma cells [23].
Thus, it is highly specific and, as such, is a suita-
ble therapeutic target for B-cell depletion. Upon
antibody binding, CD20 does not modulate its
expression, is not shed from the cell surface and
is not internalized. There are no known mem-
brane or secreted molecules that interfere with
the function of CD20 and it is not found as a
free antigen in the circulation [24]. 

Monoclonal antibodies against CD20 are
effective at depleting B cells [24,25]. Rituximab is
a chimeric (part human, part mouse) mono-
clonal antibody specific to CD20. It is geneti-
cally engineered by the fusion of the variable
regions of a murine antihuman CD20 B-cell
hybridoma to a human IgG1K constant region.
Following binding to CD20, B-cell lysis
occurs [26]. The mechanism of this is not wholly
understood, but is believed to be mediated by
complement-dependent cytotoxicity, antibody-
dependent cell-mediated cytotoxicity or apopto-
sis [27]. The mechanism responsible for B-cell
depletion may differ based on the underlying
disease and/or the immune set point of the
individual being treated.

Rituximab is approved for the treatment of
refractory CD20+ B-cell non-Hodgkin lym-
phoma (NHL) and has been used in the treat-
ment of more than 500,000 patients, since 1997
in the USA and 1998 in the EU [28]. The treat-
ment regimen in NHL consists of an intravenous
infusion of 375 mg/m2 of rituximab once weekly
for 4–8 weeks. More recently, it has been
approved by the US FDA for use in certain
patients with RA (see Regulatory affairs). 

Pharmacodynamics
Data are available from the initial Phase IIa
study of rituximab in RA [29]. Depletion of
peripheral blood B cells was measured by levels
of CD19, a B-cell-specific marker not targeted
by rituximab. This indicated that treatment with
rituximab (2 × 1 g on days 1 and 15) depleted
B cells to levels below 16 cells/μl (regarded as
< 20% of the lower limit of normal). Depletion
appeared to be achieved in most patients after
the first infusion. Median peripheral B-cell
counts began to recover from 24 weeks after
therapy onwards, but had not reached pretreat-
ment levels in most patients by 48 weeks after

therapy. Treatment with rituximab was associated
with a rapid and significant fall in RF; levels of
Igs remained within normal limits, although
mean IgM levels declined.

Pharmacokinetics
Data from the above study show that the mean
terminal half-life of rituximab following the sec-
ond infusion was approximately 20 days, with
low systemic serum clearance; rituximab concen-
trations were still detectable in many patients
24 weeks after rituximab treatment. Data from
NHL patients suggests that there is an initial
rapid distribution phase followed by a slower
elimination phase.

Clinical efficacy
Initial clinical experience
A small, open-label study provided the first indi-
cation of the potential efficacy of rituximab in
RA [30]. Five patients with poorly controlled RA
despite prior sequential treatment with at least
five DMARDs were treated with a combination
of rituximab (300 mg on day 2 and 600 mg on
days 8, 15 and 22), cyclophosphamide (750 mg
on days 4 and 17) and oral prednisolone
(30–60 mg/day for 22 days). This regimen was
based on the rituximab–cyclophosphamide,
hydroxydoxorubicin, vincristine and pred-
nisolone (CHOP) that has been successful in the
treatment of NHL. However, the use of
hydroxydoxorubicin and vincristine was
considered inappropriate for RA patients.

All five patients had improvements of at least
50% in the American College of Rheumatology
(ACR) disease response criteria (known as
ACR50 response) [31]. Three patients achieved
an ACR70 response. These improvements were
maintained beyond 6 months after therapy and
no major treatment-related adverse effects
occurred. B cells were depleted to almost
undetectable levels but Ig levels remained stable. 

This open-label study provided clinical evidence
of the potential role of B cells in RA and of the
therapeutic potential of B-cell depletion therapy. 

Phase IIa study: the first randomized, 
controlled trial 
Following publication of the open-label study
described previously and the follow-up
results [32], a multicenter, 24-week, randomized,
controlled, double-blind study was carried out to
explore the safety and efficacy of treatment with
rituximab in RA [29]. The 48-week follow-up data
are now available. A total of 161 patients were
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enrolled; all had active disease despite treatment
with methotrexate and, furthermore, had failed
between one and five DMARDs other than
methotrexate. All were seropositive for RF. The
primary end point was the proportion of patients
with an ACR50 response at 6 months.

Patients were randomly assigned to one of
four arms; oral methotrexate monotherapy
(10–25 mg/week, the control arm); rituximab
monotherapy (1 g on days 1 and 15); rituximab
with cyclophosphamide (750 mg on days 3
and 17) and rituximab with methotrexate. All
groups, including the control group, received a
17-day course of concomitant corticosteroids.
This consisted of infusions of 100 mg methyl-
prednisolone before infusions of rituixmab or
cyclophosphamide (or placebos for those agents)
and oral prednisolone, 60 mg/day on day 2 and
days 4–7, and 30 mg daily on days 8–14. 

The proportion of patients achieving the pri-
mary end point was significantly higher for the
rituximab–methotrexate (43%; p = 0.005) and
rituximab–cyclophosphamide combinations
(41%; p = 0.005) than for methotrexate alone
(13%). In terms of ACR20 response, all groups
treated with rituximab had a significantly
higher proportion of responders (65–76 vs
38%, p ≥ 0.025) (Figure 2). Some responses were
maintained at week 48 (Figure 3). With regard to
response criteria established by the European
League against Rheumatism (EULAR) [33],

patients receiving rituximab had a significantly
higher proportion of responders (moderate
and/or good) compared with those receiving
methotrexate alone (83–85 vs 50%; p ≤ 0.004). 

Rituximab treatment appeared to be associ-
ated with almost complete depletion of periph-
eral blood B cells, which lasted throughout the
24-week study period. Mean values for IgG, IgM
and IgA remained within normal levels,
although those of IgM did decline. There was no
effect on antitetanus antibody titers.

Phase IIb study: efficacy & safety 
The Dose-ranging Assessment: iNternational
Clinical Evaluation of Rituximab in RA
(DANCER) study was a multicenter, rand-
omized, controlled, double-blind study of a sim-
ilar patient group to that in the Phase IIa study
discussed previously [34]. A total of 465 patients
were treated, of whom 380 were RF positive and
85 were RF negative. All patients received back-
ground methotrexate (all had active disease
despite methotrexate therapy). They were rand-
omized to receive either placebo therapy or ritux-
imab (0.5 or 1 g on days 1 and 15) with or
without intravenous and/or oral corticosteroids.
Intravenous steroids were administered as
100 mg methylprednisolone before rituxi-
mab/placebo infusions on days 1 and 15; the oral
steroid regimen was 60 mg on days 2–7 and
30 mg on days 8–14. The primary efficacy end
point was the proportion of RF-positive patients
with an ACR20 response 24 weeks after
treatment (Figure 4).

The proportion of patients achieving the
primary end point was significantly higher in
patients receiving rituximab than placebo
(55.3% with lower dose rituximab and 54.1%
with higher dose rituximab vs 27.9%;
p < 0.001). The corticosteroid regimen had no
significant impact on ACR response at the pri-
mary end point. ACR50 and ACR70 responses
were consistent with those observed for
ACR20. ACR50 responses were similar for
both rituximab doses (33% with the lower dose
and 34% with the higher dose), but ACR70
responses were slightly higher in the higher
dose group (20 vs 13%, which was not signifi-
cant). With regard to EULAR responses, ritux-
imab treatment significantly improved
responses when compared with placebo
(p < 0.001). There was no statistically signifi-
cant difference between different doses of
rituximab with respect to EULAR response,
although a higher proportion of patients

Figure 2.  ACR clinical responses at week 24 in the first 
Phase IIa randomized trial.

 

Data taken from [29].
ACR: American College of Rheumatology; CyP: Cyclophosphamide; 
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treated with the higher dose of rituximab
achieved a ‘good’ response by EULAR criteria
(27.9, 13.8 and 4.1% for higher dose, lower
dose and placebo, respectively).

The DANCER study confirmed the efficacy
of rituximab in RA. There was no significant
difference between both doses of rituximab
(0.5 and 1 g on days 1 and 15) in terms of effi-
cacy, although there were trends in favor of the
higher dose for some efficacy outcome meas-
ures. The use of oral corticosteroids appeared
unnecessary in terms of improving outcomes,
but intravenous corticosteroids did reduce the
incidence of infusion reactions.

Phase III study: efficacy & safety of rituximab 
in patients with an inadequate response or 
lack of tolerance to prior anti-TNF therapy 
The Randomized Evaluation oF Long-term
Efficacy of rituXimab in RA (REFLEX) multi-
center, randomized, double-blind, placebo-con-
trolled study was designed to evaluate the
efficacy and safety of rituximab when used in
conjunction with methotrexate in RA patients
who had experienced an inadequate response to
one or more anti-TNF-α agents (due to either
inefficacy or toxicity) and had active disease,
despite treatment with methotrexate and a
TNF-α inhibitor [35]. Patients were randomized
to either two doses of rituximab 1 g (on days 1
and 15) or placebo. All patients received
100 mg methylprednisolone prior to each infu-
sion and oral prednisolone between each infu-
sion (60 mg/day on days 2–7 and 30 mg/day on
days 8–14). The primary end point was the
proportion of patients with ACR20 response at
week 24 (Figure 5). 

A total of 499 patients comprised the pri-
mary intent-to-treat efficacy population. This
included both RF-positive (81%) and -negative
patients. The mean baseline data indicated that
patients had severe, active disease – mean dis-
ease duration was 12 years; swollen joint count
was 23; disease activity score by 28 joint count
(DAS28) [33] was 6.9 (a value of 5.1 is regarded
as the minimum to warrant biological therapy
in some practices, 2.6 is regarded as indicating
disease remission).

Efficacy of rituximab on clinical outcomes 
At 24 weeks, there was a significant difference
between the two arms in the proportion of
patients reaching the primary end point of
ACR20 response: 51 versus 18% for the rituxi-
mab and placebo arms, respectively
(p < 0.0001). With regards to ACR50 and 70
responses, these were also significantly increased
in rituximab-treated patients (27 vs 5% and
12 vs 1% for ACR50 and 70, respectively;

Figure 3.  ACR clinical responses at week 48 in the first 
Phase IIa randomized study.

 

Data taken from [29].
ACR: American College of Rheumatology; CyP: Cyclophosphamide; 
MTX: Methotrexate.

Figure 4. ACR clinical responses at week 24 in DANCER.

 

Data taken from [34].
ACR: American College of Rheumatology; CyP: Cyclophosphamide; 
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p < 0.0001 compared with placebo). Similarly,
the proportion of patients with either moderate
or good EULAR response was significantly
higher in those who had received rituximab
(65 vs 22%; p < 0.0001). At week 24, 12% of
patients receiving rituximab had withdrawn due
to lack of efficacy in comparison with 40% of
those receiving placebo. 

Efficacy of rituximab on patient-reported outcomes

Patient-reported outcomes included: physical
function, measured by HAQ; fatigue, measured
by functional assessment of chronic illness ther-
apy – fatigue; and mental and physical health,
measured using short form (SF)36. A fall in
HAQ score of 0.25 or greater was defined as a
clinically relevant improvement. A total of
50.7% of rituximab-treated patients achieved
this compared with 19.9% of those receiving
placebo. Results in the physical health domains
of SF36 and fatigue were also significantly better
for rituximab when compared with placebo
(p < 0.0001).

Efficacy of rituximab on radiographic outcomes

At 24 weeks the following exploratory radio-
graphic outcomes were studied: mean changes
in Sharp–Genant total score, erosion score and
joint space narrowing score. There was a signif-
icant improvement in joint space narrowing in
the rituximab arm compared with placebo
(p = 0.0156). Other scores showed a trend to
improvement in the rituximab-treated group
over placebo. However, it should be noted that
most of the patients in both groups had no
change in their erosion score. This is perhaps

expected over a 6-month period in a group of
patients with long-standing disease. It is also
likely that the study was underpowered to show
an outcome over this short period. 

The results of the pivotal, Phase III, REFLEX
study demonstrated the efficacy of rituximab
therapy in patients with severe disease who had
failed to respond to, or were unsuitable for,
anti-TNF therapy.

Safety & tolerability 
The overall adverse event profile in the three
studies described above was consistent with that
seen in the NHL population treated with rituxi-
mab [36]. No new or unexpected findings were
seen in the RA population when compared with
the NHL population. 

In the Phase III study, the proportion of
patients reporting an adverse event was similar
for rituximab- and placebo-treated groups. Most
of these events were mild or moderate in severity.
The most common disorders in both groups
were nonserious infections (i.e., not warranting
hospital admission or intravenous antibiotics),
which were more frequent in rituximab-treated
patients (40 vs 34%).

 Most of the adverse reactions occurred during
or immediately after the first infusion of rituxi-
mab (15% of patients in REFLEX). Infusion-
related events included pruritus, urticaria,
pyrexia, throat irritation and hypertension.
However, in rituximab-treated patients, it has
been suggested that these reactions might be due
to cytokine release following B-cell lysis. The
incidence of adverse events following the second
infusion is much lower than after the first. This
may be because B-cell numbers are already sig-
nificantly reduced after the first infusion. The
lower rate of infusion reactions in RA patients
compared with NHL patients is also related to
this, as the latter group often have a heavier
B-cell load before therapy. A small number of
patients (<1%) experienced a serious infusion
reaction (e.g., anaphylaxis, bronchospasm).
Patients were less likely to experience an infusion
reaction if they received premedication with
intravenous corticosteroids and if they received
the lower dose of rituximab (0.5 g). Patients who
suffered an infusion reaction were treated by
slowing or stopping the infusion and, if needed,
antipyretics, antihistamines and corticosteroids
were administered. 

With regard to infections, most of those
reported were minor and were largely upper res-
piratory or urinary tract infections. The only

Figure 5.  ACR clinical response at week 24 in REFLEX.

 

ACR: American College of Rheumatology; MTX: Methotrexate; n: Number of 
patients; REFLEX: Randomized Evaluation oF Long-term Efficacy of rituXimab in 
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infections to show an absolute increase over pla-
cebo of at least 1% were upper respiratory tract
infections (7 vs 6%) and rhinitis (3 vs 2%). The
incidence of serious infections compared with
placebo was 2 versus 1%. Hepatitis virus reactiva-
tion has not been reported, unlike in other ritux-
imab-treated patient groups, although screening
for, and treatment of, hepatitis B and C prior to
therapy is recommended. A small number of
patients with either a history of tuberculosis or
who had a positive purified protein derivative test
have been treated with rituximab and there was
no evidence of reactivation of tuberculosis. 

The Phase IIa data indicate that approxi-
mately 5% of patients developed human anti-
chimeric antibodies (HACA) at various time
points after therapy. The presence of HACA did
not appear to have significant clinical conse-
quences, either in terms of response to or devel-
opment of infusion reactions following further
treatment with rituximab.

B-cell depletion, reconstitution 
& retreatment 
Initial conventional flow cytometry analysis sug-
gests that there is near complete depletion of
B cells from the peripheral blood following
rituximab therapy in almost all patients. This
being so, there appears to be no correlation
between B-cell depletion and clinical response.
In terms of B-cell reconstitution, data from the
initial Phase IIa study are most extensive, with
patients now being followed for up to 2 years.
The data suggest that B cells begin to rise
6–12 months after treatment in most patients.
Across the enitre patient population, there
appears to be no clear correlation between the
return of B cells and the reactivation of disease
(defined by factors such as worsening swollen
and tender joint counts) at specific time points.
However, in individual patients, the phenome-
non of B-cell counts rising with concurrent dis-
ease relapse is well observed. Patients who
experienced such relapses following the initial
response were identified on clinical grounds and
entered into retreatment protocols. Most
patients who received retreatment did so when
their B-cell levels were lower than before their
first exposure to rituximab. Retreatment has gen-
erally been well tolerated and effective [37]. A sig-
nificant number of patients from the initial
study (45% of those receiving one cycle of
rituximab with continuing methotrexate) did
not appear to have reactivation of disease, as
judged by a lack of requirement for additional

therapy and improvements in physical function
at 2 years after therapy [38,39]. However, it should
also be noted that the median time to retreat-
ment in the Phase IIa study was 12 months and
this may have been biased by a slower tendency
to retreat early in the study. In the small number
of patients who had prolonged B-cell depletion
for up to 2 years after therapy, there was no
increase in the rates of infection. The median
duration of B-cell depletion in patients who
experienced infections was similar to that in
patients who did not have infections. It is not yet
known for certain how and if B-cell depletion
should affect future treatment decisions in
patients who have not responded to rituximab. 

Regulatory affairs
Rituximab was licensed in the USA in March
2006 for use in patients with active RA refrac-
tory to treatment with anti-TNF-α agents.
Licence applications under similar terms are
currently being considered by the appropriate
regulatory authorities in the EU.

Conclusions
Data from the the pivotal Phase III study, sup-
ported by results from the Phase II studies, indi-
cate that B-cell depletion with rituximab may be
safe and effective for the treatment of RA in a
variety of patient groups. Most strikingly, rituxi-
mab appears to be of clinical benefit in patients
who have disease refractory to the most effective,
currently licensed therapies, including TNF
inhibitors. Two infusions of either 500 mg or 1 g
rituximab, with prior methylprednisolone,
appear to deplete B cells successfully. Clinical
responses, both objective and patient reported,
can be prolonged. Retreatment with rituximab
also appears to be safe and well tolerated.

The duration of response to rituximab, and
factors affecting this, are not yet fully elucidated.
Initial data regarding retreatment of patients who
fulfilled certain clinical criteria that indicated an
initial response with subsequent decline, suggest
a median time to retreatment of 12 months. The
effect of rituximab on the radiographic progres-
sion of the disease is not yet clear and the longer
term effects of either prolonged or repeated B-cell
depletion are not yet fully elucidated. No direct
comparison of rituximab with anti-TNF-α
agents has been undertaken. However, the effi-
cacy of rituximab, particularly in patients with
few therapeutic options, combined with its safety
profile, suggest that this agent is likely to provide
significant benefit for RA patients.
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Future perspective 
The development of anti-TNF-α therapy for RA
transformed the treatment of this severe, chronic
disease. At the same time, it became clear that
early diagnosis and treatment was of much greater
importance than previously thought. The devel-
opment of rituximab as a therapy for RA has led
to a shift in understanding, with increased knowl-
edge of the potential roles of B cells in RA. Cur-
rent data provide some support for the use of
rituximab in severe, refractory disease, where new
therapeutic options could provide for as yet
unmet needs. The data set from this patient
group is likely to expand in the near future. How-
ever, the novel focus on B cells in the pathogenesis
of RA has wider implications, in that B-cell deple-
tion or modulation may be most effective earlier
in the disease process.

Much has yet to be understood regarding
rituximab itself and its best use in RA. Data
regarding use of monoclonal antibodies in

hematological malignancies suggest that con-
ventional assessment of B-cell depletion may
not reveal the whole picture following treat-
ment [40]. More sensitive methods could allow
the identification of correlates of response and
predictors of relapse. Furthermore, the optimal
dosing regimen has yet to be confirmed, either
in terms of dose or duration of therapy, as well
as what factors should guide retreatment. The
mechanism of action of rituximab is not com-
pletely understood and further study in periph-
eral blood and other tissues may shed
important light on both the agent itself and
pathogenic processes in RA.

When the data presented previously are con-
sidered, it seems clear that rituximab is an agent
that may significantly affect the treatment of
patients with RA. The first such patients for
whom the agent is now licensed are those with
RA who have had an inadequate response
following anti-TNF therapy.

Executive summary

Mechanisms of action

• Rituximab is the first B-cell depleting agent to be used in rheumatoid arthritis (RA).
• B cells may play a variety of roles in the pathogenesis of RA: autoantibody production, antigen presentation, cytokine release and 

T-cell activation.

Dosage & administration

• Two intravenous infusions of rituximab are given on days 1 and 15 of treatment. Both 500 mg and 1 g rituximab at each infusion 
have been used in studies. Treatment with 100 mg methylprednisolone by intravenous infusion is recommended immediately 
prior to the infusion of rituximab.

• Rituximab is given as a slow infusion over 4–6 h. 

Clinical efficacy 

• The clinical efficacy of rituximab in RA has been demonstrated in randomized, placebo-controlled trials in patients who have 
active disease despite receiving conventional therapy and/or antitumor necrosis factor agents

• Rituximab appears to be most effective when combined with methotrexate.
• Rituximab has beneficial effects on objective and patient-reported clinical outcomes.
• Benefits can last for 12 months or longer.

Safety

• An increase in the incidence of infections of 1% above placebo is observed in B-cell depleted patients.
• Most of the adverse reactions are infusion reactions and of mild-to-moderate severity. Their incidence is reduced by the use of 

corticosteroids. Such reactions are much less common with the second infusion and repeated cycles.
• Retreatment with rituximab in patients who have responded to an initial course appears safe and effective, on the basis of data 

available so far.
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