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background

 

An open-label study indicated that selective depletion of B cells with the use of rituxi-
mab led to sustained clinical improvements for patients with rheumatoid arthritis. To
confirm these observations, we conducted a randomized, double-blind, controlled study.

 

methods

 

We randomly assigned 161 patients who had active rheumatoid arthritis despite treat-
ment with methotrexate to receive one of four treatments: oral methotrexate (≥10 mg per
week) (control); rituximab (1000 mg on days 1 and 15); rituximab plus cyclophospha-
mide (750 mg on days 3 and 17); or rituximab plus methotrexate. Responses defined
according to the criteria of the American College of Rheumatology (ACR) and the Euro-
pean League against Rheumatism (EULAR) were assessed at week 24 (primary analyses)
and week 48 (exploratory analyses).

 

results

 

At week 24, the proportion of patients with 50 percent improvement in disease symp-
toms according to the ACR criteria, the primary end point, was significantly greater with
the rituximab–methotrexate combination (43 percent, P=0.005) and the rituximab–
cyclophosphamide combination (41 percent, P=0.005) than with methotrexate alone
(13 percent). In all groups treated with rituximab, a significantly higher proportion
of patients had a 20 percent improvement in disease symptoms according to the ACR
criteria (65 to 76 percent vs. 38 percent, P≤0.025) or had EULAR responses (83 to 85
percent vs. 50 percent, P≤0.004). All ACR responses were maintained at week 48 in the
rituximab–methotrexate group. The majority of adverse events occurred with the first
rituximab infusion: at 24 weeks, serious infections occurred in one patient (2.5 percent)
in the control group and in four patients (3.3 percent) in the rituximab groups. Periph-
eral-blood immunoglobulin concentrations remained within normal ranges.

 

conclusions

 

In patients with active rheumatoid arthritis despite methotrexate treatment, a single
course of two infusions of rituximab, alone or in combination with either cyclophos-
phamide or continued methotrexate, provided significant improvement in disease
symptoms at both weeks 24 and 48.

abstract
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heumatoid arthritis is a systemic

 

autoimmune disease that affects approx-
imately 1 percent of the adult population.

 

1

 

It is characterized by chronic inflammation in the
synovial membrane of affected joints that ultimate-
ly leads to loss of daily function due to chronic pain
and fatigue. The majority of patients also have dete-
rioration of cartilage and bone in the affected joints,
which may eventually lead to permanent disability.
Rheumatoid arthritis is associated with increased
morbidity and mortality.

 

2

 

Although the precise pathogenesis of rheuma-
toid arthritis remains unclear, it has been postulated
that multiple exogenous or endogenous antigenic
triggers, or both, act in the presence of a back-
ground genetic predisposition to initiate a self-
perpetuating series of autoimmune responses in the
synovial compartment.

 

3,4

 

 Many cell populations, in-
cluding monocytes, macrophages, B cells, T cells,
endothelial cells, and fibroblasts, participate in the
ongoing inflammatory process.

 

3

 

 The precise con-
tribution of B cells to the immunopathogenesis of
rheumatoid arthritis is not fully understood, al-
though a number of mechanisms have been pro-
posed.

 

4-6

 

 However, strong evidence for a critical role
of B cells in rheumatoid arthritis came from a small
open-label study of rituximab in combination with
cyclophosphamide and corticosteroids.

 

7

 

Rituximab is a genetically engineered chimeric
anti-CD20 monoclonal antibody that is approved
for the treatment of relapsed or refractory, low-
grade or follicular, CD20+ B-cell non-Hodgkin’s
lymphoma. CD20 is a B-cell surface antigen that is
expressed only on pre-B and mature B cells. It is not
present on stem cells and is lost before differentia-
tion of B cells into plasma cells. Therefore, rituxi-
mab causes a selective transient depletion of the
CD20+ B-cell subpopulation.

 

7

 

 To confirm the role
of B cells in rheumatoid arthritis, we evaluated the
effect of rituximab in patients with active rheuma-
toid arthritis in a multicenter, randomized, double-
blind, controlled study.

 

patients

 

Patients were recruited from 26 rheumatology cen-
ters in 11 countries (Australia, Canada, Israel, and
8 European countries). Eligible patients were at least
21 years of age, fulfilled the revised 1987 American
Rheumatism Association criteria,

 

1

 

 and had active
disease despite treatment with at least 10 mg of

methotrexate per week. Active disease was defined
by the presence of at least eight swollen and eight
tender joints and at least two of the following: a
serum C-reactive protein level of at least 15 mg per
liter, an erythrocyte sedimentation rate of at least
28 mm per hour, or morning stiffness lasting longer
than 45 minutes. In addition, eligible patients were
seropositive for rheumatoid factor, as defined by a
plasma rheumatoid factor level of at least 20 IU per
milliliter.

Patients were excluded if they had an auto-
immune disease other than rheumatoid arthritis
(except concurrent Sjögren’s syndrome), American
Rheumatism Association functional class IV dis-
ease, active rheumatoid vasculitis, a history of sys-
temic diseases associated with arthritis, chronic
fatigue syndrome, serious and uncontrolled coexist-
ing diseases, active infection, a history of recurrent
clinically significant infection or of recurrent bac-
terial infections with encapsulated organisms, pri-
mary or secondary immunodeficiency, or a history
of cancer (except basal-cell carcinoma of the skin
that had been excised).

Patients were allowed to receive nonsteroidal
antiinflammatory drugs at stable doses or cortico-
steroids at doses that did not exceed 12.5 mg per
day of prednisolone (or the equivalent). Concurrent
treatment with any disease-modifying antirheumat-
ic drug or any anti–tumor necrosis factor 

 

a 

 

therapy
during the trial was prohibited.

The study was approved by the institutional re-
view board or the ethics committee at each study
site. All patients gave written informed consent.

 

study protocol

 

At study entry, all patients had received methotrex-
ate (as a single disease-modifying antirheumatic
drug) for at least 16 weeks. Therapy with methotrex-
ate during the last four weeks before baseline was at
a stable dose. Patients were randomly assigned to
receive one of four treatments: oral methotrexate at
a dose of 10 mg or more per week plus placebos for
rituximab and cyclophosphamide (control group),
rituximab plus placebos for methotrexate and cyclo-
phosphamide, rituximab plus cyclophosphamide in
an intravenous infusion of 750 mg on days 3 and 17
plus placebo for methotrexate, and rituximab plus
methotrexate at a dose of 10 mg or more a week
plus placebo for cyclophosphamide. In all three
groups that received rituximab (MabThera, Roche;
Rituxan, Genentech and IDEC Pharmaceuticals),
rituximab was administered as a 1000-mg intrave-

r
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nous infusion on days 1 and 15. Investigators and
patients remained blinded to the assigned study
medications.

All groups, including the control group, also re-
ceived a 17-day course of treatment with cortico-
steroids. This consisted of intravenous infusions of
100 mg of methylprednisolone before infusions
of either rituximab (or the placebo for rituximab)
or cyclophosphamide (or the placebo for cyclophos-
phamide), together with 60 mg per day of oral pred-
nisone on day 2 and days 4 to 7 and 30 mg per day on
days 8 to 14. All patients also received leucovorin
calcium (folinic acid) orally as a single 10-mg dose
on day 1, to counter any undesired effects of metho-
trexate. During the course of the study, all treat-
ments for rheumatoid arthritis remained stable.

To prevent potential unblinding due to nausea
and vomiting associated with the use of cyclophos-
phamide, it was recommended that all patients be
administered an antiemetic agent (granisetron, 2 mg
orally) one hour before the infusions of cyclophos-
phamide or the placebo for cyclophosphamide.

Clinical assessments were performed at baseline
(day 1) and at weeks 12, 16, 20, and 24 according to
the American College of Rheumatology (ACR) core
set of disease-activity measures. These consisted
of a count of swollen joints (66 joints evaluated), a
count of tender joints (68 joints evaluated), patient’s
assessment of pain on a scale from 0 (no pain) to
100 (unbearable pain), patient’s global assessment
of disease activity on a scale from 0 (disease inac-
tive) to 100 (maximal disease activity), physician’s
assessment of disease activity, patient’s assessment
of physical function (by means of a health-assess-
ment questionnaire

 

8

 

), and laboratory evaluation of
acute-phase reactants (serum C-reactive protein lev-
el and erythrocyte sedimentation rate).

Laboratory assessments (including complete
blood counts and serum biochemical analyses) were
performed at screening (three weeks before base-
line), on days 1, 3, 15, and 17, and at weeks 4, 8, 12,
16, 20, and 24. At selected visits, levels of CD19+
B cells and CD3+, CD4+, and CD8+ T cells were
measured by fluorescence-activated cell sorting, and
immunoglobulin (IgG, IgA, and IgM) concentra-
tions and rheumatoid factor levels were measured by
nephelometry. Once rituximab is present in the plas-
ma, it interferes with the flow cytometry in the as-
sessment of CD20. Consequently, in order for the
levels of B cells to be assessed, a separate marker is
required. CD19 is a surface antigen and is present
on B cells and was the marker used for B cells after

the exposure of plasma to rituximab. To investigate
the effect of selective B-cell depletion on acquired
immunity, antitetanus antibody titers were assessed
at baseline and at week 24. Samples were taken at
baseline (before the dose of study medication, on
day 1) and at week 24 for analysis of human anti-
chimeric antibodies against rituximab with the use
of an enzyme-linked immunosorbent bridging as-
say (Genentech).

Adverse events were recorded at each visit. A se-
rious adverse event was defined as an event that was
fatal, was life-threatening, required hospitalization
or prolongation of existing hospitalization (with the
exception of hospitalization for exacerbations of ar-
ticular or periarticular manifestations of rheuma-
toid arthritis), resulted in persistent or substantial
disability or incapacity or in a congenital anomaly or
birth defect, or was medically significant or required
intervention to prevent any of the outcomes men-
tioned.

Additional follow-up of patients, including as-
sessments of efficacy, laboratory values, and safety,
was conducted at regular intervals up to 48 weeks.
Personnel at all sites remained blinded to treatment
during this follow-up.

 

clinical outcome measures

 

The primary end point of the study was the propor-
tion of patients with an ACR 50 response at week
24. An ACR 50 response was defined as an improve-
ment of at least 50 percent from baseline in counts
of both tender and swollen joints, as well as in three
of the five remaining disease-activity measures of
the ACR core set: physician’s assessment of disease
activity, patient’s assessment of disease activity, pa-
tient’s assessment of pain, patient’s assessment of
physical function (by means of the health-assess-
ment questionnaire), and the value for one acute-
phase reactant (either serum C-reactive protein level
or erythrocyte sedimentation rate).

 

9

 

Secondary outcomes included ACR 20 and ACR
70 responses (20 percent and 70 percent improve-
ment, respectively, according to the ACR criteria), a
change in the disease-activity score (which includes
the physician’s assessment of 28 joints and the pa-
tient’s self-assessment of disease activity),

 

10

 

 and the
response according to the criteria of the European
League against Rheumatism (EULAR response).

 

11

 

statistical analysis

 

Sample-size calculations were based on the assump-
tion that the proportion of patients continuing to
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receive only methotrexate and achieving an ACR 50
response at week 24 would be 5 percent and that
the proportion of patients in any of the rituximab
treatment groups would be 30 percent. On the basis
of these assumptions and with the use of Fisher’s
exact test with a two-sided significance level of 0.05,
we calculated that a sample of 40 patients per treat-
ment group would provide the study with 82 percent
power to detect a difference between the two pro-
portions.

The primary analyses were based on the inten-
tion-to-treat principle. For patients who withdrew
before week 24, a last-observation-carried-forward
method of imputation was applied. Statistical analy-
ses (with the two-sided Fisher’s exact test) were
performed only for comparisons of each rituximab
group with the control group. Exploratory second-
ary analyses were performed for ACR response rates
at week 48 with use of a nonresponder imputed
rule for all patients who withdrew before that time. 

Roche was the study sponsor and was responsi-
ble for data collection. Statistical analyses were con-
ducted by suitably qualified statisticians who were
employees of the sponsor. The trial protocol was
designed jointly by the lead clinical investigator
(Dr. Edwards) and the sponsor. All the authors had
access to and involvement in the interpretation of
the data, as well as input into and control over the
content of this manuscript (supervised by Dr. Ed-
wards).

 

characteristics of the patients

 

A total of 161 patients were recruited into the study.
The baseline characteristics and measures of dis-
ease activity were similar in the four treatment
groups (Table 1). The patients had long-standing
and highly active disease, as shown by a high mean
number of swollen and tender joints, elevated val-
ues for acute-phase reactants, and a high mean dis-
ease-activity score. The median dose of methotrex-
ate at study entry was 12.5 to 15 mg per week.

All patients who underwent randomization re-
ceived at least one dose of their assigned medica-
tion and had at least one follow-up assessment after
baseline. Therefore, the intention-to-treat and safety
populations were identical and consisted of all 161
patients who entered the study. Ten patients with-
drew from the study before week 24 (Fig. 1). Nine
of these 10 patients did not have ACR responses;
1 patient in the rituximab–cyclophosphamide group
had an ACR 20 response before an adverse event
led to early withdrawal.

 

clinical efficacy

 

On the basis of the primary end point of an ACR 50
response at week 24, the regimens of rituximab in
combination with either methotrexate or cyclophos-
phamide resulted in levels of response that were
significantly higher (P=0.005) than the levels in

results

 

* Plus–minus values are means ±SD. The disease-activity score was defined according to the European League against 

 

Rheumatism criteria.

 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Methotrexate Group

(N=40)
Rituximab Group

(N=40)

Rituximab–
Cyclophosphamide

Group
(N=41)

Rituximab–
Methotrexate

Group
(N=40)

 

Age (yr) 54±11 54±10 53±10 54±12

Female sex (%) 80 73 83 75

Duration of disease (yr) 11±7 9±6 10±6 12±7

Previous disease-modifying anti-
rheumatic drugs (no.)

2.6±1.3 2.5±1.6 2.6±1.4 2.5±1.4

Swollen joints (no.) 19±10 21±11 19±10 23±13

Tender joints (no.) 32±13 34±15 33±14 32±16

Serum C-reactive protein (mg/liter) 32±43 26±22 40±40 29±32

Erythrocyte sedimentation rate
(mm/hr)

52±32 47±23 55±29 53±23

Disease-activity score 6.9±0.75 6.8±0.97 6.9±0.84 6.8±0.92
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the control group (Fig. 2). The ACR 50 response in
the rituximab-monotherapy group was numerical-
ly higher than the response in the control group
(which received only methotrexate) but the differ-
ence did not reach statistical significance (P=0.059).
The proportions of patients with ACR 20 and ACR
70 responses at week 24 were higher in the rituxi-
mab groups than in the control group, with statis-
tically significant increases in the frequency of ACR
20 responses in all rituximab groups (P≤0.025) and
ACR 70 responses in the rituximab–methotrexate
group (P=0.048).

The mean change from baseline in the disease-
activity score at week 24 showed significant im-
provement over methotrexate alone in all rituximab
groups (P≤0.002) (Table 2). Furthermore, a signif-
icantly higher proportion of patients in the rituxi-
mab groups than in the control group responded to
treatment, as defined by EULAR criteria (P≤0.004).
In addition, 20 to 24 percent of patients receiving
rituximab had a good EULAR response at week 24,
as compared with 5 percent of patients receiving
methotrexate alone.

Exploratory analyses of ACR responses at week
48 (Fig. 2) showed ACR 70, ACR 50, and ACR 20 re-
sponses in 0 percent, 5 percent, and 20 percent of
patients in the methotrexate control group, respec-

tively, as compared with 15 percent, 35 percent, and
65 percent of patients in the rituximab–methotrex-
ate group (P=0.03, P=0.002, and P<0.001, respec-
tively). In the rituximab–cyclophosphamide group,
27 percent and 49 percent of patients had ACR 50
and ACR 20 responses, respectively (P=0.01 for
both comparisons). All other comparisons of ACR
responses at week 48 favored rituximab therapy but
did not reach statistical significance.

 

pharmacodynamic outcomes at week 24

 

Rituximab treatment was associated with nearly
complete depletion of peripheral-blood B cells,
which lasted throughout the 24-week study period
(Fig. 3A). Conversely, numbers of B cells (CD19+
cells) first declined and then remained stable in the
control group. An initial decline and subsequent re-
bound were also seen in T-cell populations (CD3+,
CD4+, and CD8+) in all treatment groups. Such ef-
fects are most likely associated with the use of corti-
costeroids during the initial phase of the study.

 

7

 

Despite depletion of B cells, levels of immunoglob-
ulins did not change substantially (mean values re-
mained within normal ranges for IgG, IgM, and IgA
isotypes), and there was no effect on antitetanus
antibody titers (Table 2).

Rituximab treatment was associated with a large

 

Figure 1. Disposition of All Randomized Patients at 24 and 48 Weeks. 

 

Patients who did not complete the study for unknown reasons or for reasons other than an adverse event, lack of response, or withdrawal 
of consent are classified as “other.”

161 Underwent randomization and received at least 1 dose of assigned treatment

40 Treated with methotrexate
alone

1 Had an adverse event
2 Had a lack of response

40 Treated with rituximab
alone

2 Had an adverse event

41 Treated with rituximab
and cyclophosphamide

2 Had an adverse event
2 Withdrew consent

40 Treated with rituximab
and methotrexate

1 Had an adverse event

37 Completed 24 wk 
1 Had an adverse event
5 Had a lack of response
1 Withdrew consent
4 Other

38 Completed 24 wk 
2 Had an adverse event
2 Had a lack of response
2 Other

37 Completed 24 wk 
2 Had a lack of response
1 Other

39 Completed 24 wk 
1 Had a lack of response

26 Completed 48 wk 32 Completed 48 wk 34 Completed 48 wk 38 Completed 48 wk
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and rapid decrease in rheumatoid factor levels (Fig.
3B). This reduction was pronounced and was main-
tained at week 24. Conversely, treatment with meth-
otrexate alone was initially associated with a mod-
est decrease in rheumatoid factor level. However,
this decrease was transient, and values returned to
baseline by week 24. The initial decrease may be re-
lated to the short course of corticosteroids given
during the initial phase of the study.

 

adverse events

 

During the primary 24-week trial period, six pa-
tients withdrew early owing to adverse events. Two
of these withdrawals were due to an exacerbation of
rheumatoid arthritis (one in the control group and
one in the rituximab–cyclophosphamide group).
The other four events were hypotension and
bronchopneumonia in the rituximab-monotherapy
group, staphylococcal septicemia in the rituximab–
cyclophosphamide group, and renal impairment
(a focal lesion on the left kidney of a patient with
preexisting nephrolithiasis) in the rituximab–meth-
otrexate group.

The treatment groups had a similar overall inci-
dence of adverse events, with 73 to 85 percent of pa-
tients reporting at least one event; 30 to 45 percent
of patients in each group had events associated with
the first infusion (Table 3). The majority (85 to 90
percent) of adverse events associated with rituximab
infusions were characterized as mild or moderate.
The following adverse events generally occurred
during or within 24 hours after the first infusion of
rituximab and tended to be less frequent with the
subsequent infusion: transient hypotension or hy-
pertension, cough, pruritus, and rash.

During the initial 24 weeks, a total of 16 serious
adverse events were reported in 14 patients, with the
highest incidence among patients receiving rituxi-
mab plus cyclophosphamide (Table 3). Serious in-
fections occurred in one patient (2.5 percent) in the
control group and in a total of four patients (3.3 per-
cent) in the rituximab groups (two patients in the
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Figure 2. American College of Rheumatology Clinical 
Responses at Weeks 24 and 48.

 

ACR 20 denotes at least a 20 percent improvement in 
disease symptoms according to the American College 
of Rheumatology (ACR) core set of outcome measures, 
ACR 50 a 50 percent improvement, and ACR 70 a 70 per-
cent improvement. P values are for comparisons with 
the methotrexate-monotherapy (control) group.
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rituximab-monotherapy group and two in the ritux-
imab–cyclophosphamide group). Of these four pa-
tients, two had septic arthritis, one of whom also
had septicemia owing to 

 

Staphylococcus aureus

 

 infec-
tion. The third patient, who had a history of pseu-
domonas infection and bronchiectasis, had two epi-
sodes of 

 

Pseudomonas aeruginosa

 

 pneumonia. Fatal
bronchopneumonia developed in the fourth pa-
tient, who received rituximab alone. No causative
organism was isolated in this patient, who had a
concomitant cardiac condition (ischemic or vascu-
lar heart disease) that may have contributed to the
patient’s death. The infection in the patient in the
control group was a corneal abscess.

During the extended observation to week 48, a
further three patients withdrew owing to adverse
events: one in the control group (the nature of the
adverse event was not recorded) and two in the ri-
tuximab monotherapy group (exacerbation of rheu-
matoid arthritis in one patient and rash in the other).
The profile of adverse events reported remained
consistent with those observed during the initial 24
weeks (Table 3). There were six additional serious
adverse events, including two serious infections
(gastroenteritis in a patient who had received ritux-
imab alone, and pyelonephritis in a patient receiv-
ing rituximab with methotrexate).

Human antichimeric antibodies developed in
only 5 of 117 patients (4.3 percent) in the rituximab

groups. No specific clinical manifestations were
observed in those patients.

In this multicenter, randomized, double-blind, con-
trolled study of a selective depletion of B cells in the
treatment of active rheumatoid arthritis, a single
short course of rituximab (two infusions, on days
1 and 15), either alone or in combination with cyclo-
phosphamide or continuing methotrexate, provided
patients with significant improvements in disease
symptoms. At 24 weeks, the proportion of patients
who had at least a 50 percent improvement in dis-
ease symptoms (ACR 50, the primary end point) was
substantially greater in all the rituximab regimens
than in the methotrexate (control) group. All the
rituximab groups also had a significantly higher
proportion of patients who had ACR 20 responses
than in the control group, and a significantly higher
percentage of patients treated with rituximab plus
methotrexate had an ACR 70 response. Further-
more, 83 to 85 percent of patients treated with ri-
tuximab had a moderate or good response accord-
ing to EULAR criteria, as compared with 50 percent
of patients in the control group (P≤0.004). The
mean decline from baseline in the disease-activi-
ty score and the rheumatoid factor level at week
24 was also significantly greater in the rituximab

discussion

 

* Plus–minus values are means ±SD, and values in parentheses are 95 percent confidence intervals for the difference in 
the mean change between the rituximab treatment groups and the control (methotrexate-monotherapy) group.

† P=0.002 for the comparison with the methotrexate group.
‡ P<0.001 for the comparison with the methotrexate group.
§ P=0.001 for the comparison with the methotrexate group.

 

¶P=0.004 for the comparison with the methotrexate group.

 

Table 2. Changes from Baseline in Disease-Activity Score, Rates of Response According to the European League against 
Rheumatism (EULAR) Criteria, and Pharmacodynamic Outcomes at Week 24.*

Variable
Methotrexate Group

(N=40)
Rituximab Group

(N=40)

Rituximab–
Cyclophosphamide

Group
(N=41)

Rituximab–
Methotrexate Group

(N=40)

 

Change in disease-activity 
score

¡1.3±1.2 ¡2.2±1.4
(¡1.49 to ¡0.31)†

¡2.6±1.5
(¡1.93 to ¡0.67)‡

¡2.6±1.3
(¡1.88 to ¡0.72)‡

Moderate or good EULAR 
response (%)

50 85† 85§ 83¶

Change in IgG (mg/ml) ¡0.7±3.1 ¡1.1±2.6 ¡1.9±2.2 ¡1.9±3.1

Change in IgA (mg/ml) ¡0.1±0.72 ¡0.2±0.74 ¡0.4±0.42 ¡0.6±0.7

Change in IgM (mg/ml) +0.0±0.37 ¡0.4±0.37 ¡0.5±0.3 ¡0.6±0.72

Change in antitetanus anti-
body titer

+0.0±0.6 ¡0.1±0.5 +0.0±0.4 ¡0.1±0.6
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groups. Subsequent exploratory analyses

 

12

 

 with
use of data from an extended observation period
showed that pronounced ACR responses re-
mained evident in the rituximab groups 48 weeks
after a single course of treatment.

In this study, all patients, including those in the
control group, received a short course of cortico-
steroids, which are known to have strong antiin-
flammatory effects in patients with rheumatoid ar-
thritis. In the original open-label study, in which
rituximab was given in combination with cyclo-
phosphamide and corticosteroids, it was found that
corticosteroids may contribute to B-cell death by en-
couraging apoptosis or direct cytolysis.

 

7

 

 As shown
in previous studies,

 

7,13

 

 the corticosteroids were un-
likely to have affected the disease outcomes at week
24 in our trial; however, determining the need for
concomitant corticosteroids requires further study.

These data clearly identify B cells as key contrib-
utors to the immunopathogenesis of rheumatoid
arthritis. Although their precise role is not clear,
there are several mechanisms that could profound-
ly influence the disease process.

 

4-6,14,15

 

 B cells may
function as antigen-presenting cells and provide
important costimulatory signals required for CD4+
T-cell clonal expansion and effector functions.

 

16,17

 

In addition, it is known that the synovial mem-
brane in patients with rheumatoid arthritis contains
an abundance of plasma cells (derived from B cells)
that produce rheumatoid factor and that positivity
for rheumatoid factor is associated with more ag-
gressive articular disease, a higher frequency of
extraarticular manifestations, and increased mortal-
ity.

 

18,19

 

 Immune complexes that contain rheuma-
toid factor bind to Fc receptors on macrophages in
the synovial membrane, inducing the release of
proinflammatory cytokines, such as tumor necro-
sis factor

 

 a

 

.

 

4,20

 

 Rheumatoid factor may also be a
self-perpetuating stimulus for B cells, potentially
leading to activation of and antigen presentation to
T helper cells, which could be mechanistically re-
sponsible for further production of rheumatoid fac-
tor.

 

4

 

 Finally, although T-cell activation is considered
to be a key component of the pathogenesis of rheu-
matoid arthritis, recent evidence indicates that such
activation depends on the presence of B cells.

 

16

 

The overall safety profile observed in this study
was consistent with that reported previously with
rituximab in patients with lymphoma.

 

21

 

 Adverse
events occurred most frequently with the first infu-
sion. Although the events that occurred during in-
fusions were similar to those that occur in non-

Hodgkin’s lymphoma, the incidence and severity of
these adverse events seem to be reduced in patients
with rheumatoid arthritis. From 70 to 80 percent of
patients with non-Hodgkin’s lymphoma report ad-
verse events during their first infusion,

 

21

 

 as com-
pared with just 36 percent of patients in this study.
The reasons for this difference are unknown but
could be due to either lower levels of CD20+ lym-
phocytes in patients with rheumatoid arthritis or
premedication with corticosteroids.

The groups receiving rituximab had profound
and prolonged depletion of peripheral-blood

 

Figure 3. Median Levels of Peripheral CD19+ B Cells and Median Changes
in Levels of Total Rheumatoid Factor during the 24-Week Study Period.

 

Panel A shows the levels of peripheral CD19+ B cells during the study period, 
and Panel B shows the median change in total rheumatoid factor.

M
ed

ia
n 

C
D

19
+

 B
 C

el
ls

 (¬
10

¡3
/µ

l)

500

450

400

300

250

150

100

50

350

200

0

M
ed

ia
n 

C
ha

ng
e 

in
 R

he
um

at
oi

d 
Fa

ct
or

 (I
U

/l
ite

r)

0

¡20

¡60

¡40

¡100

¡120

¡160

¡80

¡140

¡180

0 5 10 15 20 25

Weeks

0 5 10 15 20 25

Weeks

A

B

Rituximab and cyclophosphamide
(n=41)

Rituximab and methotrexate
(n=40)

Rituximab alone (n=40)

Methotrexate alone (n=40)

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITY COLLEGE LONDON on June 11, 2008 . 



 

n engl j med 

 

350;25

 

www.nejm.org june 

 

17

 

, 

 

2004

 

The

 

 new england journal 

 

of

 

 medicine

 

2580

 

B cells, which raises the question of whether these
patients may be more susceptible to infection. How-
ever, at weeks 24 and 48, the overall incidence of
infection was similar in the control group and the
rituximab groups, with no obvious pattern in types
of causative organism. Immunoglobulin levels
appeared to be only minimally affected, and anti-
tetanus antibody titers (as a measure of previously
acquired immunity) were unaffected. By week 24,
serious infections had occurred in one patient (2.5
percent) in the control group and in a total of four
patients (3.3 percent) in the rituximab groups. Two
additional serious infections were reported during
the extended observation period of 48 weeks. Fatal
bronchopneumonia developed in one patient in the
rituximab monotherapy group, who had a concom-
itant cardiac condition (no causative organism was
isolated). The incidence of infection will require

careful monitoring in future studies, as will long-
term effects on acquired immunity.

In conclusion, this study provides clear evidence
that a single short course of rituximab provides sig-
nificant, clinically meaningful benefits to patients
with active rheumatoid arthritis. Rates of ACR re-
sponses were maintained over a prolonged observa-
tion period. This finding provides valuable insight
into the role of B cells in this progressively disabling
disease.
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* Adverse events that occurred in at least 10 percent of patients in any treatment group up to and including week 24 are 
shown.

† A change of more than 30 mm Hg in systolic or diastolic blood pressure from the pressure at screening was classified as 

 

hypotension or hypertension.

 

Table 3. Summary of Adverse Events.

Adverse Event
Methotrexate Group

(N=40) 
Rituximab Group

(N=40)

Rituximab–
Cyclophosphamide

Group
(N=41)

Rituximab–
Methotrexate Group

(N=40) 

 

no. of patients (%)

 

Any event 
Up to week 24
Up to week 48

32 (80)
34 (85)

32 (80)
36 (90)

30 (73)
35 (85)

34 (85)
35 (88)

 Serious adverse event
Up to week 24
Up to week 48

3 (8)
4 (10)

2 (5)
4 (10)

6 (15)
7 (17)

3 (8)
4 (10)

Any event associated with
the first infusion 

12 (30) 18 (45) 13 (32) 13 (33)

Specific event*

Hypotension† 7 (18) 12 (30) 12 (29) 7 (18)

Exacerbation of rheu-
matoid arthritis

16 (40) 6 (15) 6 (15) 2 (5)

Hypertension† 6 (15) 6 (15) 3 (7) 10 (25)

Nasopharyngitis 6 (15) 4 (10) 2 (5) 4 (10)

Arthralgia 3 (8) 3 (8) 1 (2) 4 (10)

Rash 1 (3) 4 (10) 4 (10) 1 (3)

Back pain 2 (5) 4 (10) 3 (7) 0 

Cough 0 5 (13) 1 (2) 2 (5)

Pruritus 0 4 (10) 4 (10) 0 

Nausea 1 (3) 2 (5) 4 (10) 0 

Dyspnea 0 4 (10) 0 0 
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(Cannock Chase Hospital, Cannock, United Kingdom), I. Rosner (Bnei-Zion Medical Center, Haifa, Israel), R. Cattaneo (Spedali Civili and
University of Brescia, Brescia, Italy), J.L. Marenco (Valme University Hospital, Seville, Spain), I. Zimmermann-Górska (Medical University
of Poznań, Poznań, Poland), B. Seriolo (University Hospital of Genoa, Genoa, Italy), C. Mussini (Azienda Ospedaliera Policlinico di Mode-
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Madrid), S. Bustabad (University Hospital of the Canary Islands, Tenerife, Spain), P. Dawes (Haywood Hospital, Stoke-on-Trent, United
Kingdom), R. Day (Clinical Trials Centre, Darlinghurst, Australia), M. Malaise (University of Liège, Liège, Belgium), E.M. Veys (University
Hospital of Ghent, Ghent, Belgium), B. Haraoui (University of Montreal, Montreal), W. Bolten (Rheumatology Clinic, Wiesbaden, Germany),
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