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Objective. B cells are likely to contribute to the
pathogenesis of systemic lupus erythematosus (SLE),
and rituximab induces depletion of B cells. The Ex-
ploratory Phase II/III SLE Evaluation of Rituximab

(EXPLORER) trial tested the efficacy and safety of
rituximab versus placebo in patients with moderately-
to-severely active extrarenal SLE.

Methods. Patients entered with >1 British Isles
Lupus Assessment Group (BILAG) A score or >2
BILAG B scores despite background immunosuppres-
sant therapy, which was continued during the trial. Pred-
nisone was added and subsequently tapered. Patients were
randomized at a ratio of 2:1 to receive rituximab (1,000
mg) or placebo on days 1, 15, 168, and 182.

Results. In the intent-to-treat analysis of 257
patients, background treatment was evenly distributed
among azathioprine, mycophenolate mofetil, and meth-
otrexate. Fifty-three percent of the patients had >1
BILAG A score at entry, and 57% of the patients were
categorized as being steroid dependent. No differences
were observed between placebo and rituximab in the
primary and secondary efficacy end points, including
the BILAG-defined response, in terms of both area
under the curve and landmark analyses. A beneficial
effect of rituximab on the primary end point was
observed in the African American and Hispanic sub-
groups. Safety and tolerability were similar in patients
receiving placebo and those receiving rituximab.

Conclusion. The EXPLORER trial enrolled pa-
tients with moderately-to-severely active SLE and used
aggressive background treatment and sensitive cutoffs
for nonresponse. No differences were noted between
placebo and rituximab in the primary and secondary
end points. Further evaluation of patient subsets, bio-
markers, and exploratory outcome models may improve
the design of future SLE clinical trials.
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Systemic lupus erythematosus (SLE) is a hetero-
geneous autoimmune disease that can cause severe
organ damage (1,2). SLE predominantly affects women,
and the prevalence is highest among African Americans,
African Caribbeans, Hispanics, and Asians (3,4). Com-
prehensive care is required to prevent serious sequelae
(1,5,6); however, no new medication for SLE has been
approved by the US Food and Drug Administration
(FDA) for the past 50 years. Current therapies, includ-
ing use of corticosteroids, antimalarial agents, and im-
munosuppressive drugs, are largely empiric. These inter-
ventions are not always effective and may contribute to
organ damage (7,8).

B cells have critical roles in the pathogenesis of
SLE, including cytokine production, presentation of self
antigen, T cell activation, and autoantibody production
(9–12). Loss of B cell tolerance may be a pivotal event in
the pathogenesis of SLE (9–11,13), providing a strong
rationale for the study of targeted treatments that
modify the effects of B cells on immunity.

Rituximab, a chimeric monoclonal antibody that
selectively targets CD20-positive B cells while sparing
stem cells and plasma cells (14–16), is approved for the
treatment of non-Hodgkin’s lymphoma and rheumatoid
arthritis (RA) (17–19). The results of several small
uncontrolled trials have suggested that rituximab might
have potential efficacy and be steroid-sparing in SLE
(20–32).

The Exploratory Phase II/III SLE Evaluation of
Rituximab (EXPLORER) trial, a placebo-controlled,
double-blind, multicenter study of rituximab in patients
with moderately-to-severely active extrarenal SLE, was
undertaken to assess the efficacy and safety of rituximab
over 52 weeks. (See Appendix A for the principal
EXPLORER study centers and investigators.)

PATIENTS AND METHODS

Institutional review board approval was obtained at
each trial site. The study was conducted in accordance with
FDA Good Clinical Practice guidelines and the Health Insur-
ance Portability and Accountability Act of 1996. Patients
provided written informed consent prior to participation.

Patients. Inclusion criteria included age 16–75 years; a
history of meeting 4 American College of Rheumatology
(ACR) criteria for SLE (33), including a positive test for
antinuclear antibodies; active disease at screening, defined as
�1 organ system with a British Isles Lupus Assessment (BI-
LAG) A score (severe disease activity) or �2 organ systems
with a BILAG B score (moderate disease activity) (34,35); and
stable use of 1 immunosuppressive drug at entry, which was
able to be continued during the trial.

Patients were excluded for severe central nervous

system or organ-threatening lupus or any other active condi-
tions requiring significant use of steroids or recent treatment
with a cyclophosphamide or a calcineurin inhibitor (within 12
weeks of screening); a history of cancer or serious recurrent or
chronic infection; uncontrolled medical disease; pregnancy or
planning pregnancy; previous treatment with B cell–targeted
therapy; aspartate aminotransferase or alanine aminotransfer-
ase level �2.5-fold the upper limit of normal (ULN); amylase
or lipase level �2-fold the ULN; neutrophil count �1.0 �
103/�l; positive results of hepatitis B or hepatitis C serology;
hemoglobin concentration �7 gm/dl (unless caused by hemo-
lytic anemia due to SLE); platelet count �10,000/�l; and
serum creatinine level �2.5 mg/dl.

Study design. The EXPLORER trial was a random-
ized, double-blind, placebo-controlled, multicenter (55 cen-
ters) North American study evaluating the efficacy and safety
of rituximab compared with placebo in patients with SLE who
were receiving background immunosuppressants and pred-
nisone (Figure 1A).

Patients were randomized at a 2:1 ratio to receive
intravenous rituximab (2 1,000-mg doses given 14 days apart)
or placebo on days 1, 15, 168, and 182, which was added to
prednisone (given according to the protocol) and to the
baseline immunosuppressive regimen. Each infusion was
accompanied by intravenous administration of acetamino-
phen, diphenhydramine, and methylprednisolone (100 mg).
The BILAG index was used to assess SLE activity. To ensure
inclusion of only patients with significantly active disease,
minimum disease severity at entry was stringently defined as
�1 domain with a BILAG A score or �2 domains with a
BILAG B score, despite background treatment with either
azathioprine (AZA; 100–250 mg/day), mycophenolate mofetil
(MMF; 1–4 gm/day), or methotrexate (MTX; 7.5–27.5 mg/
week). After screening, eligible patients continued their immu-
nosuppressant therapy and received additional daily oral pred-
nisone (0.5 mg/kg, 0.75 mg/kg, or 1.0 mg/kg), based on the
BILAG score at entry and the amount of steroids already
being taken at the time of entry. Steroids were tapered
beginning on day 16, with the goal of reaching a dosage of �10
mg/day over 10 weeks and �5 mg/day by week 52.

Clinical assessments. Patients were evaluated monthly
with the BILAG index and the Lupus Quality of Life
(LupusQol) index (based on the Short Form 36 [SF-36] with
additional components including pain and fatigue) (36,37).
The BILAG index was used to assess response, and scores
were converted to numeric values (A � 9, B � 3, C � 1, D �
0, E � 0) (38) to enable evaluation of fluctuating global
summary scores.

Primary end points. The effect of placebo versus
rituximab in achieving and maintaining a major clinical re-
sponse, a partial clinical response, or no clinical response at
week 52 was assessed using each of the 8 BILAG index organ
system scores.

A major clinical response was defined as achieving
BILAG C scores or better in all organs at week 24 without
experiencing a severe flare (1 new domain with a BILAG A
score or 2 new domains with a BILAG B score) from day 1 to
week 24, and maintaining this response without a moderate or
severe flare (�1 new domains with a BILAG A or B score) to
week 52. A partial clinical response was defined as 1) achieving
BILAG C scores or better at week 24 and maintaining this
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response without a new BILAG A or B score for 16 consecu-
tive weeks, 2) achieving no more than 1 organ with a BILAG
B score at week 24 without achieving �1 new BILAG A or B
score to week 52, or 3) achieving a maximum of 2 BILAG B
scores at week 24 without developing BILAG A or B scores in
new domains until week 52 if the baseline BILAG score for the
patient was 1 A score plus �2 B scores, �2 A scores, or �4 B
scores. No clinical response was defined as failure to meet the
definition of a major clinical response or a partial clinical
response. Patients who terminated the study early were scored
as having no clinical response.

Secondary end points. Secondary end points included:
1) the time-adjusted area under the curve minus baseline
(AUCMB) of the BILAG score over 52 weeks, 2) the propor-
tion of patients who achieved a major clinical response (ex-
cluding a partial clinical response) and the proportion of
patients with a partial clinical response (including a major
clinical response) at week 52, 3) the proportion of patients with
a BILAG C score or better in all organs at week 24, 4) the time

to the first moderate or severe disease flare, 5) improvement in
quality of life as measured by the LupusQoL, and 6) the propor-
tion of patients who achieved a major clinical response with a
prednisone dosage of �10 mg/day from week 24 to week 52.

Subgroup analyses of the primary and secondary end
points were preplanned for the following factors: race (African
American/Hispanic versus others), age (�40 years or �40
years), sex, assigned prednisone dose, background immuno-
suppressant, duration of lupus, long-term prednisone therapy,
baseline BILAG A score, baseline BILAG-defined mucocuta-
neous or musculoskeletal system involvement, and baseline
biomarkers.

Safety assessments. The incidence and severity of
adverse events (AEs) were classified using the National Cancer
Institute Common Toxicity Criteria for Adverse Events (ver-
sion 3.0). Serious adverse events (SAEs), infusion-related AEs
(an AE occurring during or within 24 hours following comple-
tion of the infusion of a study drug), and infection-related AEs
were summarized independently. Serum chemistries, hemato-

Figure 1. A, Study design. B, Disposition of patients. AE � adverse event.
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logic parameters, urinalysis results, quantitative IgG levels, T cell
and B cell counts, human antichimeric antibody (HACA) levels,
complement levels, and autoantibody levels were monitored.

Statistical analysis. The proportion of patients achiev-
ing a major clinical response, a partial clinical response, or no
clinical response was compared between the placebo and
rituximab groups using the stratified Wilcoxon’s rank sum test,
with the initial prednisone dose and race/ethnicity as stratifi-
cation factors. Results were expressed as the proportion of
patients in each of 6 cells (2 treatment groups � 3 response
categories), and the P value was computed to compare the
graded response across treatment arms. Two-sided P values
less than 0.05 were considered significant. The analyses were
performed using SAS software, version 9.1 (SAS Institute,
Cary, NC).

RESULTS

Study population. Of the 257 patients, 88 were
randomized to receive placebo, and 169 were assigned to
the rituximab group. The demographic and disease
characteristics of the patients are presented in Table 1.
The mean age of the patients was 40.4 years, and the
female:male ratio was 9:1. An African American, His-
panic, or Asian background was present in 42.1% of
placebo-treated patients and in 41.5% of rituximab-
treated patients.

After screening, 61.4% of placebo-treated pa-
tients and 62.7% of rituximab-treated patients received
the lowest dosage of prednisone allowed (0.5 mg/kg/
day). The mean � SD prednisone dose at baseline was
45.9 � 16.4 mg, and the median dose was 40.0 mg.
Background immunosuppressive treatment included
AZA, MMF, and MTX, and these treatments were
distributed roughly evenly in the placebo group (36.4%,
36.4%, and 27.3%, respectively) and the rituximab group
(32.0%, 39.6%, and 27.8%, respectively).

At baseline, most patients had disease activity in
the mucocutaneous and musculoskeletal systems. In the
placebo group, 58.0% and 13.6% of patients had BILAG
B and BILAG A scores, respectively, for the mucocuta-
neous domain; in the rituximab group, these proportions
were 56.2% and 16.0%, respectively. For the musculo-
skeletal domain, 54.5% and 30.7% of patients in the
placebo group had BILAG B and BILAG A scores,
respectively; in the rituximab group, these proportions
were 55.0% and 25.4%, respectively. The most common
concurrently active domains in the intent-to-treat popu-
lation at entry were musculoskeletal and mucocutaneous
(54.0%), musculoskeletal and general (constitutional
features; 36.0%), and mucocutaneous and general
(29.0%).

Seventy-three percent of patients in the placebo
group and 71.0% in the rituximab group completed 52

weeks of treatment. Most withdrawals were due to
adverse events or the patient’s decision (Figure 1B).

Table 1. Baseline demographic and disease characteristics of the
patients*

Characteristic
Placebo
(n � 88)

Rituximab
(n � 169)

Female sex 93.2 89.9
Age, mean � SD years 40.5 � 12.8 40.2 � 11.4
Race, %

White 55.7 56.2
African American 27.3 23.7
Hispanic 9.1 14.2
Asian/Pacific Islander 5.7 3.6
Other 2.2 1.1

Disease duration, mean � SD years 8.7 � 7.6 8.5 � 7.2
Long-term prednisone therapy† 53.4 58.6
Assigned prednisone dosage at

screening, mg/kg/day
0.5 61.4 62.7
0.75 29.5 32.0
1.0 9.1 5.3

Background immunosuppressive drug
Azathioprine 36.4 32.0
Methotrexate 27.3 27.8
Mycophenolate mofetil 36.4 39.6

Disease activity
BILAG index score at entry

�1 A score 56.0 51.0
No A score, �3 B scores 22.0 31.0
2 B scores only 22.0 18.0

BILAG index global score
Mean � SD 14.5 � 5.6 14.0 � 5.1
Median (range) 13 (7–33) 13 (6–30)

SLE domains at baseline, no. (%)
General

BILAG A score 11.0 (12.5) 14.0 (8.3)
BILAG B score 28.0 (31.8) 53.0 (31.4)

Mucocutaneous
BILAG A score 12.0 (13.6) 27.0 (16.0)
BILAG B score 51.0 (58.0) 95.0 (56.2)

Neurologic
BILAG A score 3.0 (3.4) 3.0 (1.8)
BILAG B score 6.0 (6.8) 20.0 (11.8)

Musculoskeletal
BILAG A score 27.0 (30.7) 43.0 (25.4)
BILAG B score 48.0 (54.5) 93.0 (55.0)

Cardiovascular and respiratory
BILAG A score 6.0 (6.8) 8.0 (4.7)
BILAG B score 13.0 (14.8) 32.0 (18.9)

Vasculitis
BILAG A score 3.0 (3.4) 5.0 (3.0)
BILAG B score 7.0 (8.0) 23.0 (13.6)

Renal
BILAG A score 0 (0) 0 (0)
BILAG B score 0 (0) 3 (1.8)

Hematology
BILAG A score 2.0 (2.3) 3.0 (1.8)
BILAG B score 17.0 (19.3) 39.0 (23.1)

* Except where specified otherwise, values are the percent of patients.
BILAG � British Isles Lupus Assessment Group; SLE � systemic
lupus erythematosus.
† Continuous use of corticosteroids for �6 months was required, as
well as the inability to taper to a dosage of �10 mg/day without the
recurrence of lupus activity.
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Efficacy. Primary end point. At week 52, no
difference was noted in major clinical responses or
partial clinical responses between the placebo group
(15.9% had a major clinical response, and 12.5% had a
partial clinical response) and the rituximab group

(12.4% had a major clinical response, and 17.2% had a
partial clinical response) (Figure 2A) relative to the
overall response rate (28.4% versus 29.6%).

Subgroup analysis. There were no differences in
the primary end point in prespecified subgroup analyses

Figure 2. A, Proportion of patients experiencing a major clinical response (MCR), a partial clinical
response (PCR), and no clinical response (NCR) at 52 weeks. B, Responders with African
American/Hispanic backgrounds. C, Responders, according to the background immunosuppressive
drug. BILAG � British Isles Lupus Assessment Group; AZA � azathioprine; MMF � mycophe-
nolate mofetil; MTX � methotrexate.
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except in the African American/Hispanic group, which
comprised approximately one-third of the patients in the
study. Among the patients in this subgroup who received
placebo, a major clinical response was observed in only
9.4%, and a partial clinical response was observed in
only 6.3%. In contrast, among patients in this subgroup
who received rituximab, a major clinical response was
observed in 13.8%, and a partial clinical response was
observed in 20.0% (P � 0.0408). This outcome was
associated with a higher proportion of nonresponders in
the placebo group compared with placebo-treated pa-
tients of other ethnic subgroups (Figure 2B). No differ-
ence in major secondary end points was observed in this
subgroup.

None of the primary or secondary end points
were met in the subgroup of patients on background
MTX who were receiving rituximab. However, an ad hoc
analysis showed that the rituximab-treated patients in
this subgroup had improved mean BILAG global scores
at week 52 compared with the placebo group (P � 0.007)
(Figure 2C).

Secondary end point. In the intent-to-treat popu-
lation, the mean � SD time-adjusted AUCMB of the
BILAG global score was �5.9 � 4.5 in the placebo
group compared with �5.8 � 4.0 in the rituximab group,
over 52 weeks (P � 0.8092). The proportion of patients
with a BILAG C score or better in all domains in the
first 24 weeks was the same in the placebo group (27.3%;
95% CI 18.0–36.6) and the rituximab group (24.9%;
95% CI 18.3–31.4 [P � 0.5602]). Patients with a major
clinical response in whom prednisone was tapered to a
dosage of �10 mg/day from week 24 to week 52 included
9 patients (10.2%) in the placebo group and 14 patients
(8.3%) in the rituximab group.

The mean � SD change in the SF-36 quality of
life physical component summary score from baseline to
week 52 was the same in the placebo group (4.1 � 17.0;
95% CI 0.3–7.9) and the rituximab group (8.2 � 22.8;
95% CI 4.7–11.7 [P � 0.1277]). The mean BILAG global
score over 52 weeks (Figure 3A) was also similar be-
tween these groups. The time to the first moderate or
severe flare was calculated using Kaplan-Meier esti-
mates of the flare-free time after the patient’s first
disease remission; the median was �4 months in both
groups (P � 0.8979) (Figure 3B).

Immunologic parameters. In the placebo group,
levels of CD19-positive peripheral B lymphocytes re-
mained stable for 52 weeks (�100 cells/�l). In contrast,
rituximab treatment was associated with a rapid deple-
tion of CD19-positive cells (�5 cells/�l) by 2 weeks after
the infusions (Figure 4A). Approximately 9.5% of the

treated patients did not achieve B cell depletion, having
at least 10 cells/�l after the second infusion on day 15,
with maintenance of this level until day 84. An ad hoc
analysis removing patients with incomplete B cell deple-
tion did not change the primary outcome.

At screening, no patients in the placebo group or
the rituximab group tested positive for HACAs to
rituximab. At week 52, 3.4% patients in the placebo
group had HACAs, and 26.0% of patients in the ritux-
imab group tested positive for HACAs at any time. The
results of HACA analysis did not affect the primary and
secondary efficacy outcomes.

The levels of autoantibodies, including anti–
double-stranded DNA (anti-dsDNA), anti-La, anti-Ro,
anti-Sm, and anti-RNP, were examined. Among patients
who began the study with detectable anti-dsDNA anti-
body levels, the decrease in rituximab-treated patients
(n � 101) was significantly greater (median 76%) than
that in the placebo group (n � 50; median 55% [P �
0.006]) (Figure 4B), despite the fact that both groups
were receiving steroids. Among patients who began the
trial with a low complement level, there was a greater
increase in those treated with rituximab than in those

Figure 3. A, Mean British Isles Lupus Assessment Group (BILAG)
index global scores over time. B, Kaplan-Meier curve showing the time
to moderate/severe flare over 52 weeks. Scr � screening; HR � hazard
ratio.
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treated with placebo for C3 (median 129% versus 114%;
P � 0.0029) (Figure 4C) and for C4 (173% versus 115%;
P � 0.0045) (Figure 4D). The percentage of patients
with a low complement level at entry in whom the level
had normalized at week 52 was also higher in the
rituximab group compared with the placebo group (for
C3, 40.6% versus 31.3% [P � 0.3711; for C4, 51.0%
versus 21.7% [P � 0.0188]).

Safety. AEs in the intent-to-treat population are
shown in Table 2. The proportion of patients with any
treatment-emergent SAEs was similar in the placebo
and rituximab groups (36.4% of placebo-treated subjects
and 37.9% rituximab-treated patients experienced seri-
ous study-drug related AEs).

Infusion-related AEs occurred in similar percent-
ages of each group during the first course of infusions
and decreased more in the placebo group than in the
rituximab group during the second course (8.0% versus
13.6% for the first infusion, and 4.5% versus 14.8% for
the second infusion). These were primarily mild and
transient responses, although one SAE of angioedema
was reported.

Four serum sickness adverse events (1 of which
was an SAE) occurred in the rituximab group (3 of the
4 patients were HACA-positive, including the patient
who experienced the SAE) in comparison with none in
the placebo group. Two nonserious events were infusion
related. Three of the 4 cases of serum sickness were
resolved within 1 week, while 1 case (nonserious) was
resolved within 3 weeks.

The most common AEs in the placebo group
were nervous system (13.6%), general (10.2%), and
gastrointestinal (10.2%) disorders, compared with ner-
vous system (14.2%), gastrointestinal (14.2%), skin and
subcutaneous tissue (11.8%), and general disorders
(10.7%) in the rituximab group.

There were more grade 3 and grade 4 neutrope-
nia events in the rituximab group (7.7%) compared with
the placebo group (3.4%), including more cases of grade
4 neutropenia (6 cases versus 0), but this did not
correlate with significant infectious events. Of the 6
patients in the rituximab group who had grade 4 neutro-
penia, 3 patients were receiving MMF as background
therapy, 2 were receiving AZA, and 1 was receiving
MTX. Most cases of neutropenia (5 of 6 patients with
grade 4 neutropenia) were resolved at the subsequent
monthly visit.

The proportion of patients experiencing infec-
tious AEs was equivalent between the 2 groups (for
rituximab, 82.2%; for placebo, 83.0%), with upper respi-
ratory tract infections being the most common (for

Figure 4. A, B cell depletion over time. Values are the means. B,
Changes in the level of anti–double-stranded DNA (anti-dsDNA) over
time. C and D, Changes in complement C3 and C4 levels over time in
patients with low baseline levels of C3 and C4.
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placebo, 46.6%; for rituximab, 49.1%). The proportion
of patients with herpesvirus infections was lower in the
placebo group (7 patients [8.0%]) than in the rituximab
group (26 patients [15.4%]), including rare oral and
genital outbreaks, as well as herpes zoster infection,
which occurred in 3 placebo-treated patients (3.4%) and
in 16 rituximab-treated patients (9.5%). In most patients
(22 of 33), herpesvirus infections resolved within 1
month. Sepsis occurred in 2.3% of placebo-treated pa-
tients and in �1% of rituximab-treated patients.

The proportion of patients in whom serious in-
fection developed (Table 2) was greater in the placebo
group (17.0%) than in the rituximab group (9.5%). One
patient in the placebo group died (cardiopulmonary
arrest), and this death occurred 1 month after the
patient had withdrawn from the study. Three patients in
the rituximab group died, including 1 patient with a
perforated bowel, 1 patient with multiple drug intoxica-
tion, and 1 patient in whom the cause of death was
unknown. In addition, 1 neonatal death of a premature
infant delivered at 33 weeks to a rituximab-treated
patient was reported.

DISCUSSION

B cells are believed to play a central role in the
pathogenesis of SLE. Preclinical studies (39) evaluating
anti-CD20 monoclonal antibody therapy and single-arm
open-label studies of patients with SLE refractory to
treatment (40) provided the rationale for a more rigor-
ous study of rituximab in SLE. We report that an
adequately powered, double-blind, placebo-controlled
trial of rituximab did not meet its prespecified primary
and secondary end points after 52 weeks of treatment.

Significant B cell depletion was obtained within 2
weeks of rituximab administration; however, a subgroup
of patients (9.5%) did not experience depletion. Incom-
plete B cell depletion has been observed in murine
models and humans and may involve cellular reconsti-
tution of naive B cells or incomplete depletion in other
tissues (39,41,42). The significance of this is unknown,
but removing this group of patients did not impact
efficacy as measured by the primary and secondary end
points.

The EXPLORER trial was designed to enroll a
heterogeneous population of patients with significant
SLE disease activity that was inadequately controlled by
background immunosuppressants. The purpose of the
design was to avoid the pitfalls observed in previous
lupus trials in which insufficient lupus disease activity at
entry might have impeded identification of differences
between a test treatment and background therapy.

The EXPLORER population was maintained on
the background treatment throughout the trial, and both
arms were given a steroid initiation and taper to control
immediate disease activity. Therefore, sicker patients
could be enrolled, treated with an appropriate standard
of care, and a novel definition of response could be
investigated. The stringency of the standards for re-
sponse in this study is illuminated by the fact that if any
patient had 1 new BILAG B score during the second half
of the study, that patient would be considered a treat-
ment failure. Seventeen patients in the rituximab group
and 4 patients in the placebo group were categorized as
having no clinical response solely on the basis of achiev-
ing 1 new BILAG B score after 6 months. A BILAG B
score signifies a range of moderate disease activity at any
time in a 4-week period, and the minimal cutoff points
can be reached through relatively mild and transient
disease flares. This was confirmed by a study in which
only 41% of patients with BILAG B disease flares were
treated (43). Thus, in all cases, 1 relatively minor disease
flare would count as a treatment failure. It was not
known prior to this study whether its design would work

Table 2. Adverse events in the safety population*

Adverse event
Placebo
(n � 88)

Rituximab
(n � 169)

Any treatment-emergent SAE 32 (36.4) 64 (37.9)
Any treatment-emergent SAE reported

in �5% of patients
Cardiac disorder 5 (5.7) 5 (3.0)
Infections and infestations 15 (17.0) 16 (9.5)
Gastrointestinal disorders 7 (8.0) 8 (4.7)
General disorder 5 (5.7) 7 (4.1)
Musculoskeletal and connective

tissue disorders
5 (5.7) 9 (5.3)

Neutropenia 0 (0) 6 (3.6)
Any study drug–related treatment-

emergent SAE
8 (9.1) 13 (7.7)

Any infusion-related AE 34 (38.6) 74 (43.8)
First infusion 26 (29.5) 46 (27.2)
Second infusion 14 (16.5) 29 (17.6)
Third infusion 7 (10.0) 23 (16.3)
Fourth infusion 4 (5.9) 25 (18.5)

Any infusion-related SAE 15 (17.0) 16 (9.5)
Any treatment-emergent infection-

related SAE
15 (17.0) 16 (9.5)

Any treatment-emergent infection-
related SAE reported in �2% of
patients

Lower respiratory tract and lungs 4 (4.5) 5 (3.0)
Bacterial 4 (4.5) 4 (2.4)
Abdominal and gastrointestinal 4 (4.5) 2 (1.2)

Sepsis, bacteremia, viremia, and
fungemia NEC

3 (3.4) 2 (1.2)

Death 1 (1.1) 4 (2.4)

* Values are the number (%). SAE � serious adverse event; NEC �
not elsewhere classified.
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for or against the differentiation of treatment effects in
SLE. Because negative results occurred, there are no
data to support or refute the robustness of this study
design, although some hypotheses can be considered
based on exploratory outcome data.

This study accomplished the important task of
enrolling demonstrably ill patients. Eighty-one percent
of patients entered with �1 BILAG A score or �3
BILAG B scores, and only 19.0% entered with the
minimum of 2 BILAG B scores. Despite treatment with
prednisone and immunosuppressants, most patients con-
tinued to experience some clinical activity: only 27.3% of
placebo-treated patients and 24.9% of rituximab-treated
patients achieved a BILAG C score or less activity in all
organs at week 24, and the majority of withdrawals due
to clinical disease activity occurred prior to this time
point. Furthermore, the primary end point definition of
response at week 52 was achieved in �30% of patients in
either group.

Despite some continued disease activity in both
groups, the results suggested that placebo-treated and
rituximab-treated patients improved during the first
month, when the largest steroid doses were given (Fig-
ures 2C and 3A). An ad hoc ACR committee has
previously defined a 7-point decrease in the BILAG
score as a clinically significant response (33). According
to this definition, both the placebo and rituximab groups
achieved a clinically significant response by day 28. The
mean score did not subsequently increase again during
the study in either group. This suggests that the benefit
of initial steroid therapy was maintained by continued
background immunosuppression in the placebo group,
preventing an increase in disease activity (back to base-
line levels) after tapering of steroids, and that rituximab
did not add any incremental efficacy benefit compared
with placebo.

One alternative interpretation of this observation
is that both the placebo and rituximab groups received
adequate treatment and achieved all that could be
expected using current measures. In this case, although
the efficacy of rituximab cannot be inferred, the possi-
bility remains that potential benefits could have become
apparent if patients in the placebo group had not
maintained their initial responses during the course of
the trial. This is supported by the suggested efficacy of
rituximab observed in the African American/Hispanic
subgroup, although this finding may be spurious in the
setting of a trial with negative results and multiple
analyses. The decision of how aggressive background
treatment should be in a population of sick patients is a
study design problem previously observed in trials of

SLE (44). Because African American and Hispanic
patients with SLE may have disease that is more refrac-
tory to treatment (45), another hypothesis is that a
unique biology underlies these different results. It is
possible that disease in these patients is more B cell
driven, or that B cell depletion is less likely to stimulate
other mechanisms that could confound the effects of
rituximab. In either case, biologic differences before and
after treatment could be tested in a future trial of B cell
depletion therapy. A shared biology might be identified
as more common in one ethnic group but is also likely to
cross over ethnic differences and could be used to more
rationally identify patients appropriate to treat.

At the end of the study, a difference in BILAG
scores was observed between the placebo-treated and
rituximab-treated patients whose background treatment
was MTX. Caution should be used in interpreting this
post hoc analysis, given that rituximab did not show
benefit in this subgroup at the predefined primary and
secondary analyses. In addition, the sample size was
small at the week 52 visit, when the withdrawal rate in
the 2 treatment groups was imbalanced (6 of 24 patients
in the placebo group [25.0%] and 19 of 46 patients in the
rituximab group [41.3%]). However, this does raise the
possibility that those who remained in the MTX-treated
placebo subgroup were beginning to experience a dis-
ease flare at the end of the study as compared with
patients in the placebo group who were receiving back-
ground AZA or MMF. A separate ad hoc analysis of the
population of MTX-treated patients also revealed a
separation favoring rituximab when evaluating the phy-
sician’s global score and the patient’s global score over
52 weeks (data not shown).

Decreases in the level of anti-dsDNA autoanti-
bodies and increases in complement C3 and C4 levels
were also greater in the rituximab group than in the
placebo group, confirming that rituximab had a biologic
effect that was previously observed in preliminary stud-
ies. No significant change in the levels of anti–
extractable nuclear antigen autoantibodies was ob-
served, in contrast to what was observed in some
previous studies (40,46).

The proportion of HACA-positive rituximab-
treated patients (26.0%) was fairly high for this popula-
tion of patients who were being treated with intravenous
and oral steroids while receiving a background immuno-
suppressive drug. The incidences of AEs and SAEs were
well-balanced between groups, although the frequency
of treatment-emergent infectious SAEs was higher in
the placebo group than in the group of patients receiving
rituximab. Immunosuppressive drugs and prednisone
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could contribute to the AEs, but the balance of these
background treatments between the groups would make
it difficult to evaluate such a contribution. The incidence
of infusion-related events, including hypotension and/or
fever, was similar during the first treatment course, and
the majority of events were mild-to-moderate in sever-
ity. During the second course of treatment, the number
of infusion reactions was higher in the rituximab group.
The incidence of neutropenia was also higher in the
rituximab group, and the occurrences were distributed
across all 3 background immunosuppressant therapies.
Outside of the oncology setting, neutropenia has not
been widely observed in patients receiving rituximab in
combination with chemotherapeutic agents (47); how-
ever, a case of neutropenia in a patient with severe RA
was recently reported (48). One case of neutropenia was
associated with an infectious SAE. No cases of serum
sickness were reported in the placebo group, although 1
SAE and 3 AEs of serum sickness were reported in the
rituximab group. Three of the 4 patients who had serum
sickness were HACA positive.

In summary, the EXPLORER trial demonstrated
no difference in primary or secondary end points be-
tween the placebo group and the rituximab group over
52 weeks of treatment, in patients with moderate-to-
severe SLE.
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