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Improved Health-Related Quality of Life for Patients
with Active Rheumatoid Arthritis Receiving
Rituximab — Results of the Dose-Ranging Assessment:
International Clinical Evaluation of Rituximab in
Rheumatoid Arthritis (DANCER) Trial
PHILIP J. MEASE, DENNIS A. REVICKI, JACEK SZECHINSKI, MARIA GREENWALD, ALAN KIVITZ,
LEONOR BARILE-FABRIS, JATINDERPAL KALSI, JENNIFER EAMES, and MARJATTA LEIRISALO-REPO

ABSTRACT. Objective. To evaluate the effect of rituximab treatment on health-related quality of life (HRQOL) in
patients with active rheumatoid arthritis (RA), who have had an inadequate response to disease-modi-
fying antirheumatic drugs, including biologic agents.
Methods. A randomized, multicenter, double-blind, placebo-controlled clinical trial involving 367
rheumatoid factor-positive patients was conducted. Patients received 2 infusions 2 weeks apart of place-
bo (n = 122), rituximab 500 mg (n = 123), or rituximab 1000 mg (n = 122), with or without glucocor-
ticoids. All patients received stable doses of methotrexate (10–25 mg/wk). Measures included SF-36,
assessed at baseline and at 24 weeks, as well as the HAQ and FACIT-Fatigue scale assessed at baseline
and monthly for 24 weeks. Patients exceeding prespecified minimal clinically important differences
(MCID) were examined. Clinical efficacy measurements (ACR20/50/70 and EULAR responses) were
compared with HRQOL outcomes.
Results. At 24 weeks, the rituximab 500 mg and 1000 mg groups both reported statistically significantly
greater improvements on the SF-36 physical component summary (4.37 and 4.89 points higher, respec-
tively, vs placebo; p < 0.001). SF-36 physical function, bodily pain, vitality, social function, and role-
physical subscale scores also statistically significantly improved vs placebo. At 24 weeks, 62.6% and
67.2% of the rituximab 500 mg and 1000 mg groups, respectively, exceeded the MCID of 0.22 in HAQ
(p < 0.001). For FACIT-Fatigue, 55.3% and 65.6% of patients exceeded the MCID of 3.5 points com-
pared with 35.2% of placebo over 24 weeks (p < 0.001). ACR20/50/70 and EULAR responders demon-
strated greater improvements in mean baseline to 24 week changes in SF-36 and FACIT-Fatigue scores
compared with nonresponders (p < 0.05).
Conclusion. Both rituximab doses in combination with methotrexate were effective in improving all
HRQOL outcomes in patients with active RA consistent with clinical efficacy. (First Release Nov 15
2007; J Rheumatol 2008;35:20–30)
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Rheumatoid arthritis (RA) is a chronic, inflammatory disease
that may gradually impair the physical function of patients,
restrict the mobility and activities of daily living, and increase
joint pain. Over time, the symptoms of RA affect patients’
health-related quality of life (HRQOL), leading to reduction
in physical function and mental health compared with the gen-
eral population1. RA is progressive and causes significant
functional disability by the first decade of onset in about 50%
of patients, with an approximate life expectancy reduction of
up to 18 years in 80% of the patients after the second decade
of progression2-5. Although the etiology of RA is unknown
and no cure exists, treatments have been developed to target
pain reduction, improvement in physical function, and reduc-
tion in disease progression2,6,7. Disease modifying anti-
rheumatic drugs (DMARD) and anti-tumor necrosis factor
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(TNF) biologic therapies have generally been prescribed to
slow disease progression, reduce joint and bone damage, and
maintain joint function8,9. Randomized clinical trials have
demonstrated that effective treatments for RA are associated
with improvements in physical function and HRQOL2,10-15.
However, up to 40% of patients fail to benefit from such treat-
ment options16.

B cells have recently been implicated in the immunopatho-
genesis of RA and have thus become an important new thera-
peutic target for RA. B cells may function as antigen-present-
ing cells and in the activation of T cells. Additionally, B cells
secrete proinflammatory cytokines and produce rheumatoid
factor (RF) autoantibodies7.

Rituximab (Rituxan®) is the first genetically engineered
chimeric anti-CD20 monoclonal antibody; this agent leads to
selective CD20+ B cell depletion without targeting stem cells
or existing plasma cells. Depletion of B cells by rituximab
occurs via 3 putative mechanisms: antibody-dependent cell-
mediated cytotoxicity, complement-dependent cytotoxicity,
and promotion of CD20+ B cell apoptosis17-23.

Randomized clinical trials of rituximab treatment using a
single course of 2 intravenous infusions 2 weeks apart have
supported an important role for B cells in the treatment of
patients with RA24-26. In the phase IIb Dose-Ranging
Assessment: International Clinical Evaluation of Rituximab in
Rheumatoid Arthritis (DANCER) trial, both rituximab 500 mg
and 1000 mg doses in combination with methotrexate (MTX)
were clinically effective, well tolerated25, and demonstrated a
safety profile consistent with rituximab in earlier trials18,25.

Increasingly, patient-reported outcomes (PRO), including
the Health Assessment Questionnaire (HAQ), the Medical
Outcome Study Short-Form Health Survey (SF-36), and the
Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-Fatigue) scale, are used to comprehensively evaluate
the effectiveness of new treatments for RA. Previous studies
have demonstrated that clinical efficacy endpoints are signifi-
cantly associated with HRQOL, fatigue, and functional out-
comes3,27,28. The American College of Rheumatology (ACR)
criteria29 combine both clinical and PRO measures. HAQ,
pain, and disease severity are assessed by patients as part of
the ACR criteria, combined with clinician ratings of tender
and swollen joints, and global disease status, and acute-phase
reactants.

It is important for RA therapies with novel mechanisms of
action to determine the effect on these clinically important out-
comes. Consequently, PRO were assessed during the phase IIb
DANCER trial25, which evaluated the effects of the 2 doses of
rituximab (500 mg and 1000 mg). We compared the effective-
ness of rituximab treatment versus placebo on HRQOL out-
comes, examined whether these changes exceeded prespeci-
fied minimal clinically important differences (MCID) over the
24 weeks of the study, and considered the importance of these
changes in relationship to clinical efficacy. These HRQOL out-
come data are presented in our present report.

MATERIALS AND METHODS
Patients. The patient eligibility criteria and study design have been described
in detail25. Briefly, eligible patients were age 18 to 80 years and had present-
ed at least 6 months prior to randomization with a diagnosis of RA according
to the revised ACR 1987 criteria30. At study entry, patients had active disease
defined as swollen joint count (SJC) ≥ 8 (of 66 assessed), tender joint count
(TJC) ≥ 8 (of 68 assessed), and either C-reactive protein (CRP) serum levels
≥ 1.5 mg/dl or erythrocyte sedimentation rate (ESR) ≥ 28 mm/h, despite
ongoing treatment with MTX (10–25 mg/wk) for at least 12 weeks before ran-
domization; patients had to have failed to respond to treatment with at least
one but not more than 5 DMARD (other than MTX) or biologic agents.
Study design. The study design was a multifactorial, randomized, multicenter,
double-blind, placebo-controlled clinical trial conducted in 95 centers.
Eligible patients were randomized to receive placebo, 2 × 500 mg rituximab,
or 2 × 1000 mg rituximab as intravenous infusions administered on days 1 and
15. Additionally, patients were concurrently randomized to receive one of 3
doses of glucocorticoids. As study results previously showed that glucocorti-
coids had no significant effect on the overall treatment efficacy results25, for
this analysis the 9 treatment arms were combined into 3 groups based on rit-
uximab dose. As reported, the 3 combined treatment arms comprised the 367
prespecified RF-positive patients of the intent-to-treat (ITT) population and
reflected the population on which the HRQOL analyses were completed25.
Concomitant MTX therapy of 10 to 25 mg/week (oral or parenteral) was
required in all treatment groups.

Patients were followed for 24 weeks, and from Week 16 to Week 24,
patients who demonstrated < 20% improvement from screening in SJC and
TJC were eligible to enter a rescue arm to receive open-label, active treat-
ment. Outcome measures included ACR response criteria, Disease Activity
Score in 28 joints (DAS28), SF-36, FACIT-Fatigue, and HAQ. The study pro-
tocol was approved by relevant institutional review boards, and all patients
provided voluntary written informed consent before participating in the clin-
ical trial.
Patient-reported outcomes. PRO were measured by the SF-36 Health
Survey31, HAQ32, and FACIT-Fatigue28. HRQOL is a multidimensional com-
ponent of PRO that includes assessment of physical, psychological, and social
functioning and well-being, and often includes assessment of effects of rele-
vant symptoms by the patient.

The SF-36 has been validated and extensively used in previous clinical
trials to measure HRQOL13,15,31. The SF-36 is a 36-item instrument with 8
subscales: physical function, role limitations-physical, vitality, general health
perceptions, bodily pain, social function, role limitations-emotional, and men-
tal health. Aggregates of the subscale scores produce the physical component
summary (PCS) and mental component summary (MCS) scores33,34. The sub-
scale and aggregate scores were transformed using norm-based methods that
standardize the scores to a mean of 50 and standard deviation (SD) of 10 in
the general US population3. Higher subscale and summary scores indicate
better HRQOL. The SF-36 has evidence of reliability, validity, and respon-
siveness in the general population and in patients with RA34,35.

The HAQ has been widely used to assess functional outcomes32 and is
closely correlated with longterm outcomes in RA, including disability and
mortality1,3. Composites of responses to the 24-item questionnaire are evalu-
ated according to difficulties with performing activities of daily living on a
0–3 scale relating to 8 subscales (dressing and grooming, arising, eating,
walking, hygiene, reaching, gripping, and other activities). Scores over the 8
subscales are combined to produce an overall disability index. Higher scores
represent more disability. The HAQ has been incorporated into the clinical
development programs for RA treatments3,11,36-38 and represents an important
component to determining the ACR response criteria.

The FACIT-Fatigue is a measure of fatigue in chronic illness28,39. It was
developed as a fatigue-specific measure consisting of 13 items. The FACIT-
Fatigue has evidence supporting reliability, validity, and responsiveness to
change in patients with RA28. Scores range from 0 to 52, with higher scores
representing less fatigue.
PRO data collection procedures. PRO data were collected throughout the 24-
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week clinical trial. The SF-36 scores were collected at baseline and at 24
weeks. The HAQ scores were collected at baseline and at 4, 8, 12, 16, 20, and
24 weeks, while the FACIT-Fatigue scores were collected at baseline and at
12, 16, 20, and 24 weeks. All 3 PRO were collected with a withdrawal assess-
ment in the case of early study discontinuation. Patients who experienced <
20% ACR response in the number of tender and swollen joints after 16 weeks
were eligible to be switched to rescue therapy. For these patients, the PRO
endpoints were examined only during the double-blind therapy.
Clinical efficacy. The primary endpoint was the ACR20 response, with
ACR50 and ACR70 responses as secondary clinical endpoints40. Responses
were categorized using the ACR criteria based on improvement from baseline
(i.e., ≥ 20% to < 50%; ≥ 50% to < 70%; and ≥ 70%). Patients with < 20%
improvement were categorized as nonresponders. DAS28 and European
League Against Rheumatism (EULAR) responses (i.e., good, moderate, or no
response) were also measured based on a combination of significant change
from baseline and current level of disease activity41,42. A good response is a
DAS28 score ≤ 3.2 with an improvement of > 1.2, a moderate response is a
DAS28 score of 3.2 to 5.1 with an improvement of 0.6 to 1.2, and no response
is an improvement of ≤ 0.6.
Statistical analyses. Analyses were performed on the primary efficacy ITT
population that comprised 367 RF–positive patients. As reported earlier in the
DANCER trial25, although a small number of patients were RF-negative,
there were only 85 patients in this population [placebo (n = 21) and rituximab
1000 mg (n = 64)25]; consequently, there was no representation for the ritux-
imab 500 mg group, and the placebo group consisting of 21 patients was sig-
nificantly underpowered for meaningful comparisons. Baseline descriptive
statistics by treatment group were summarized for demographic and clinical
characteristics, and for the SF-36, HAQ, FACIT-Fatigue, Pain visual analog
scale, patient-rated global disease activity, and physician-rated global disease
activity.

Statistical analyses were performed to compare the mean change from
baseline to endpoint PRO scores by the treatment groups. The rituximab 500
mg and 1000 mg groups were compared with the placebo group. Between-
treatment-group differences for SF-36 summary and subscale scores were
evaluated using analysis of covariance (ANCOVA). The ANCOVA models
included terms for treatment group, corticosteroid group, geographic region
(US vs non-US), and relevant baseline SF-36 score. The statistical analyses
adjusted for geographic region to control for differences in ACR response,
translated PRO scores, and healthcare systems25. In the DANCER study,
there was no significant interaction between rituximab and region25. In the
case of SF-36 ANCOVA, last observation carried forward (LOCF) imputation
was not used, since only baseline and 24-week assessments were available.
Mixed-model analysis of variance models were used to compare mean HAQ
and FACIT-Fatigue scores between the rituximab and placebo-treated groups.
These mixed models included fixed effects for treatment, assessment visit,
treatment by assessment visit interactions, corticosteroid group, and geo-
graphic region. A random intercept was included to model between-patient
variation. An overall test of the treatment effect across all assessment visits
was performed. Tests of treatment differences in mean PRO scores with 95%
confidence intervals (CI) and nominal p values were generated. The estimat-
ed treatment effects were based on the fixed effects of part of the mixed model
ANCOVA at the mean value of the covariates.

For the PCS, MCS, HAQ, and FACIT-Fatigue, we also calculated the pro-
portion of patients of each treatment group who reached a prespecified
MCID. The MCID for the PCS and MCS have been defined as 3 to 5 points43,
0.22 points for the HAQ44, and 3.5 points for the FACIT-Fatigue41. The data
for the PCS were analyzed based on an MCID of 5 points. The 5-point MCID
is consistent with the one-half standard deviation rule and defines a clinical-
ly significant effect45. A logistic regression model was used to compare treat-
ment effects on the proportion of patients who exceeded the MCID for the
selected PRO. For the logistic regression models, the main effects were rit-
uximab treatment, corticosteroid group, and region, with the relevant baseline
PRO measure as a covariate. Missing endpoint scores were imputed using
LOCF for the HAQ and FACIT-Fatigue, but no imputation was done for the

PCS or MCS. Chi-square differences between the main-effect model and the
treatment-by-visit interaction model were performed with 2 degrees of free-
dom (df = 2) to evaluate categorical variables.

We also examined the relationship between clinical efficacy measures, the
ACR20/50/70 and DAS28 responses, and mean baseline to 24-week changes
in selected PRO endpoints. For these analyses, ANCOVA models were used
to estimate least-square mean change scores from baseline for the SF-36 sub-
scale and summary and FACIT-Fatigue scores. The ANCOVA model includ-
ed factors for ACR20/50/70 or DAS28 response groups (i.e., no response,
moderate response, good response), region, duration of RA, and the relevant
baseline PRO score. The Tukey-Kramer test46 was used to determine if there
were significant differences in least-square mean change scores among the
ACR or DAS28 responder groups. This procedure was designed for an analy-
sis involving all pairwise comparisons and preserved the experiment-wise
(type II) error rate47.

RESULTS
Patient characteristics.Data are presented on 367 RF-positive
patients who formed the primary efficacy ITT population
resulting in 122, 123, and 122 patients in the placebo, 500 mg,
and 1000 mg treatment groups, respectively. Baseline demo-
graphic and clinical characteristics were comparable across
the 3 treatment groups (Table 1). Of these patients, 80% were
women, 79% were white, and the mean age was 51 years.
Patients had RA duration of 11 years, and 32.4% (range 27.0%
to 39.0%) had previously been treated with anti-TNF biolog-
ics. Baseline disease activity was high (DAS28 6.67 to 6.85;
overall 6.79). No significant differences in baseline disease
characteristics or PRO were observed among the 3 treatment
groups.

For the SF-36 subscales, 74%, 91%, and 96% of patients in
the placebo, rituximab 500 mg, and rituximab 1000 mg groups
had both baseline and endpoint scores (p = 0.01). Baseline and
endpoint scores were recorded for 73% to 98% of patients
responding to the HAQ and 73% to 99% of patients respond-
ing to the FACIT-Fatigue.
Patient SF-36 health status outcome measures. Overall, the
changes in SF-36 summary and subscale scores differed sig-
nificantly between the rituximab-treated and placebo groups
(Table 2). The rituximab 500 mg and 1000 mg groups both
reported significantly greater improvements in PCS scores
compared with placebo (p < 0.001). Improvements in PCS
scores ranged from 4.37 (95% CI –6.97, –1.77) for the ritux-
imab 500 mg group to 4.89 points (95% CI –7.50, –2.29) for
the rituximab 1000 mg group compared with placebo.
However, no statistically significant differences were
observed between the rituximab-treated groups and the place-
bo group on changes from baseline in MCS scores (p > 0.05).

For the SF-36 subscale scores, significant differences were
demonstrated between both rituximab 500 mg and 1000 mg
groups and the placebo group on changes from baseline on the
physical function, bodily pain, vitality, social function, and
role-physical subscale scores. In all cases, greater improve-
ments were seen in the rituximab-treated groups compared
with placebo.

The proportion of patients achieving an MCID of 5 points
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on the PCS was significantly higher (p < 0.05) for both ritux-
imab-treated groups compared with placebo (Figure 1); how-
ever, MCS scores were not significantly different (data not
shown). Based on the logistic regression analysis, those
patients in the rituximab 500 mg group were more than 3
times as likely to achieve the MCID of 5 points on the PCS
(OR 3.21, p = 0.01), while those in the rituximab 1000 mg
group were nearly 3 times as likely to achieve the MCID of 5
points (OR 2.96, p = 0.01) compared with placebo.
Physical function. Over the 24 weeks of the study, results of
the mixed models indicated that only the rituximab 1000 mg
had significantly different mean HAQ scores compared with
placebo (p = 0.009). There were significant treatment-by-visit
interactions for both rituximab 500 mg (p < 0.001) and ritux-
imab 1000 mg groups (p < 0.001) compared with placebo. The
rituximab 500 mg and 1000 mg groups reported decreases
(improvements) in HAQ scores over 24 weeks, while the
placebo group showed initial improvements and then worsen-
ing over the course of the study (Figure 2). Significant differ-
ences between the rituximab 1000 mg and placebo group were
seen after 8 weeks (p < 0.05) and were maintained over 24
weeks. For the rituximab 500 mg versus placebo groups, sig-
nificant differences were seen by 12 weeks.

The placebo and rituximab-treated groups were compared
to see if those taking rituximab 500 mg and 1000 mg were
more likely to exceed the MCID of 0.22 points on the HAQ.
At Week 24, 62.6% and 67.2% in the rituximab 500 mg and
1000 mg groups, respectively, versus 34.4% in the placebo
group achieved the prespecified MCID for the HAQ (p < 0.05
for both groups vs placebo).
Fatigue outcomes. Both the rituximab 500 mg and 1000 mg
treatment groups had significantly different mean scores on
the FACIT-Fatigue compared with the placebo group (p =

0.009 and p < 0.001, respectively). In addition, there was a
significant treatment-by-visit interaction for both the ritux-
imab 500 mg and 1000 mg groups (both, p < 0.001) compared
with the placebo group. Both the rituximab 500 mg and 1000
mg groups reported improvements in FACIT-Fatigue scores
over 12 weeks followed by maintenance of these effects over
the remaining 12 weeks of the study (Figure 3). Significant
differences between the rituximab groups and placebo were
observed at 12 weeks, and the difference persisted over the
course of the clinical trial (all p < 0.05). The observed change
over 24 months was 7.63 points for the rituximab 500 mg
group and 8.20 points for the rituximab 1000 mg group, com-
pared with 3.91 points in the placebo group.

The placebo and rituximab-treated groups were compared
to see if those receiving rituximab treatment were more likely
to exceed the MCID of 3.5 points on the FACIT-Fatigue.
There were significant differences between placebo (35.2%)
and rituximab 500 mg (55.3%), and between placebo and rit-
uximab 1000 mg (65.6%) on the MCID of the FACIT-Fatigue
(p < 0.05).

Relationship between clinical outcomes and HRQOL
ACR response. Figure 4 presents results comparing ACR
responders with nonresponders on the SF-36 (PCS, MCS, and
subscales) and the FACIT-Fatigue. For all 3 response criteria
(ACR20/50/70), those who showed greater clinical responses
had significantly greater improvements in PCS, MCS, and
FACIT-Fatigue scores compared with those who did not
improve according to ACR response criteria.

Change in PCS scores from baseline to 24 weeks was 5.7
points higher for the ACR20 group, 7.8 points higher for the
ACR50 group, and 12.4 points higher for the ACR70 group
compared with the nonresponder group (all p < 0.05; Figure
4). The MCS scores for the change from baseline to Week 24

Table 1. Baseline demographic, clinical, and patient-reported outcome characteristics on 367 RF-positive
patients.

Characteristic Placebo, Rituximab, Rituximab,
n = 122 500 mg + MTX, 1000 mg + MTX,

n = 123 n = 122

Mean age, yrs (SD) 50.8 (11.7) 51.4 (12.3) 52.1 (10.9)
Female, no. (%) 97 (79.5) 103 (83.7) 93 (76.2)
White, no. (%) 95 (77.9) 94 (76.4) 101 (82.8)
Mean RA disease duration, yrs (SD) 9.6 (7.7) 11.2 (8.5) 11.3 (8.5)
Swollen joint count, mean no. 21 22 22
Tender joint count, mean no. 35 33 32
Previous anti-TNF treatment, no. (%) 33 (27.0) 48 (39.0) 38 (31.1)
DAS28, mean (SE) 6.85 (0.74) 6.84 (0.79) 6.67 (0.82)
PRO at baseline, mean (SE)

HAQ 1.71 (0.05) 1.80 (0.05) 1.69 (0.05)
FACIT-Fatigue 27.55 (0.97) 28.03 (0.96) 27.01 (0.94)
Patient rated pain, VAS 60.64 (1.65) 60.15 (2.06) 55.41 (1.88)
Patient rated global disease activity 66.70 (1.67) 66.37 (1.99) 63.84 (1.81)

PRO: patient-reported outcome; DAS28: 28-joint Disease Activity Score; HAQ: Health Assessment
Questionnaire; FACIT-Fatigue: Functional Assessment of Chronic Illness Therapy-fatigue; VAS: visual analog
scale.
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showed a similar pattern: 3.0 points higher for the ACR20
group, 7.2 points higher for the ACR50 group, and 12.2 points
higher for the ACR70 group compared with the nonresponder
group (all p < 0.05).

ACR responders also exhibited greater improvements on
the SF-36 subscales than did the nonresponders. Changes for
the ACR50 group from baseline to Week 24 were largest for
bodily pain, role-emotional, physical functioning, and role-
physical scores (p < 0.05). For those meeting ACR70 respons-
es, the greatest improvements were seen in subscales for bod-
ily pain, role-emotional, role-physical, and vitality. These
changes were significantly greater versus those of nonrespon-
ders or those meeting ACR20 or ACR50 responses (p < 0.05).

For the FACIT-Fatigue, we observed significant differ-
ences in mean baseline to 24-week changes between the non-
responders and ACR20, ACR50, and ACR70 responders (all
p < 0.05). The largest changes were seen for the ACR70
responders (–17.1 points) and these changes were significant-
ly different compared with ACR20 and ACR50 responders
(both p < 0.05).
EULAR response. Similar results were observed for the rela-
tionship between EULAR improvement criteria and HRQOL
outcomes (Figure 5). Those patients who showed a moderate
or good EULAR response had significantly improved scores
on the SF-36 PCS, MCS, and FACIT-Fatigue compared with
nonresponders or those with a moderate response (all p <

Table 2. Mean baseline to 24-week endpoint changes in SF-36 summary and subscale scores. Values are mean
(SE).

SF-36 Characteristic Placebo Rituximab, Rituximab,
500 mg + MTX 1000 mg + MTX

Physical component summary n = 121* n = 123 n = 115
Baseline score 30.36 (0.65) 29.52 (0.69) 30.55 (0.73)
Change from baseline 2.36 (0.78) 7.08 (0.77) 7.40 (0.78)
p vs placebo < 0.001 < 0.001

Mental component summary n = 121 n = 123 n = 115
Baseline score 41.11 (1.14) 40.71 (1.07) 42.51 (1.08)
Change from baseline 1.88 (1.00) 4.49 (1.22) 3.03 (1.11)
p vs placebo 0.087 0.167

Physical function n = 122 n = 123 n = 122
Baseline score 28.27 (0.76) 27.83 (0.80) 29.29 (0.87)
Change from baseline 2.18 (0.83) 6.44 (0.90) 5.79 (0.88)
p vs placebo 0.002 0.003

Role-physical n = 121 n = 123 n = 122
Baseline score 33.68 (0.85) 32.04 (0.70) 32.53 (0.82)
Change from baseline 0.64 (1.25) 7.19 (0.98) 5.51 (1.22)
p vs placebo 0.002 0.019

Bodily pain n = 122 n = 123 n = 122
Baseline score 32.08 (0.67) 31.90 (0.73) 32.24 (0.64)
Change from baseline 4.16 (0.89) 8.96 (0.97) 8.51 (0.85)
p vs placebo 0.001 0.001

General health n = 122 n = 123 n = 120
Baseline score 34.32 (0.75) 33.82 (0.78) 36.02 (0.92)
Change from baseline 2.15 (0.89) 3.94 (0.80) 4.52 (0.87)
p vs placebo 0.113 0.003

Vitality n = 122 n = 123 n = 122
Baseline score 39.91 (0.90) 39.03 (0.87) 40.28 (0.87)
Change from baseline 2.69 (0.95) 6.71 (0.96) 6.02 (0.98)
p vs placebo 0.003 0.007

Social function n = 122 n = 123 n = 122
Baseline score 34.27 (1.04) 33.57 (1.07) 35.87 (0.91)
Change from baseline 2.68 (1.11) 6.97 (1.22) 5.93 (0.98)
p vs placebo 0.007 0.004

Role-emotional n = 122 n = 123 n = 117
Baseline score 36.08 (1.21) 35.30 (1.28) 36.61 (1.32)
Change from baseline 0.95 (1.39) 5.54 (1.57) 3.27 (1.57)
p vs placebo 0.065 0.203

Mental health n = 122 n = 123 n = 122
Baseline score 39.47 (1.10) 39.21 (0.98) 40.87 (1.03)
Change from baseline 2.34 (1.03) 3.96 (1.04) 2.83 (1.01)
p vs placebo 0.205 0.313

* Baseline number (n) of patients for each subscale score.
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0.05). The mean change in PCS scores from baseline to Week
24 was 5.5 points higher for the moderate response group and
12.3 points higher for the good response group, compared
with the nonresponder group (p < 0.05). The mean change
score for the MCS showed a similar pattern.

Responders exhibited greater improvements on the SF-36
subscales than did the nonresponders. For example, changes
from baseline to Week 24 for those showing good response were
largest for bodily pain, role-physical, physical functioning, role-

emotional, and vitality subscale scores. In addition, these
changes were significantly greater than those of the nonrespon-
ders or those who showed a moderate response (all p < 0.05).

For the FACIT-Fatigue, moderate and good responders
reported greater improvements in fatigue scores compared
with nonresponders (both p < 0.05). Based on the EULAR
responses, there were differences between moderate and good
responders on FACIT-Fatigue score changes (p < 0.05).

DISCUSSION
The DANCER trial demonstrated that rituximab in combina-
tion with MTX is clinically effective and well tolerated25. In
our current analysis, we found that treatment with rituximab 2
× 500 mg and 2 × 1000 mg in combination with MTX was
associated with significant improvements in patient physical
functioning and well-being. At 24 weeks of followup, the rit-
uximab-treated groups reported improvements in the PCS, as
well as SF-36 physical function, bodily pain, vitality, social
function, and role-physical scores. The findings further
showed a significant differentiation in HAQ scores between
the rituximab 1000 mg group and placebo group by 8 weeks,
which was maintained over the course of the study. This study
found that clinical efficacy, as measured by ACR20/50/70 and
DAS28 EULAR responses, was associated with statistically
significant improvements in HRQOL and functional
outcomes.

The rituximab-treated groups reported greater improve-
ments over 24 weeks in a measure of physical functioning and
well-being (e.g., PCS scores) compared with the placebo-
treated group. Based on a predefined MCID of 5 points, 3
times as many RA patients treated with rituximab demonstrat-
ed clinically significant improvements as compared with the

Figure 1. Proportion of patients achieving a minimal clinically important dif-
ference (MCID) of 5 points by treatment groups for the physical component
summary. Both rituximab 500 mg and 1000 mg groups are significantly
greater than placebo (p < 0.05).

Figure 2. Mean HAQ scores (± 1 SE) by treatment group over the 24 weeks of the study. Data are presented on the pri-
mary efficacy ITT population of 367 RF-positive patients. The horizontal line is joined at the means, while the vertical
line is the mean ± 1 SE. Control variables included corticosteroid use and region. SC: screening; BA: baseline; W: week.
Statistically significant mean difference among the groups within visit (p < 0.05) occurs at Weeks 4, 8, 12, 16, and 20.
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placebo-treated group. Consistent with the observed changes
on PCS scores, the rituximab-treated patients reported signif-
icantly greater improvements compared with placebo-treated
patients.

These differences were significant and consistent for the
rituximab treatment groups, which have to date demonstrated
significant clinical efficacy48,49. Not unexpectedly, no differ-
ences were observed between the rituximab and placebo-treat-
ed patients on the MCS. Since both mental health and role-
emotional subscale roles are highly weighted in constructing
the summary scores, statistically significant differences
between placebo and rituximab-treated groups may not be
observed even though numerical improvements in subscales
were measured (Table 2). As observed in Table 2, the trend
towards significance was observed in the rituximab 500 mg
dose group versus placebo (p = 0.087). Moreover, the SF-36
summary scores are generated using an algorithm that, for
MCS scores, positively weights the mental health-related sub-
scales (i.e., mental health, role-emotional, social function) and
negatively weights the physical health related subscales (i.e.,
physical function, pain, role-physical), which may distort the
scores when there are differences in effects. The overall
absolute MCS scores between 45 and 46 are consistent with
reported values50-55. The effect of successful RA treatment
may first affect relief of pain, mobility, physical function, and
physical role activities and only later affect emotional well-
being. These results are comparable to those seen in clinical
trials for etanercept50,51, adalimumab13,52, and infliximab51,53.
However, recent studies with abatacept treatment have sug-

gested an improvement in MCS scores [in populations with
less overall disease duration (8.5 yrs) and a lower overall
DAS28 (6.4–6.5)]54,55. The findings with rituximab treatment
are significant, given that they were demonstrated in RA
patients who were previously treated with at least one and up
to 5 DMARD and/or TNF inhibitors before entry into this
clinical trial and with disease duration of RA of 11.2 years.

Both doses of rituximab treatment regimens were associat-
ed with improvements in HAQ scores over the 24 weeks of
the clinical trial. These findings indicate that rituximab posi-
tively affects the patients’ activities of daily living and physi-
cal functioning. The HAQ scores demonstrated statistically
and clinically meaningful improvements, compared with
placebo, as soon as 8 weeks after start of rituximab treatment.
The rituximab results based on the HAQ are similar to those
observed for adalimumab13 and other more recently approved
treatments2,8,53. These observed improvements in HAQ scores
are remarkable given the previous exposure to DMARD
and/or TNF inhibitors among patients enrolled in the
DANCER trial.

Fatigue is a symptom associated with RA28, and there is
increasing interest in understanding the effect of treatment on
alleviating fatigue outcomes. In our study, rituximab was
associated with significant improvements in fatigue measures,
based on the FACIT-Fatigue, compared with placebo. The
observed change over 24 weeks for the rituximab 500 mg and
rituximab 1000 mg groups was significantly greater than for
the placebo group. These mean differences exceeded the
established MCID for the FACIT-Fatigue (i.e., 3.5 points)28,

Figure 3. Mean FACIT-Fatigue scores (± 1 SE) by treatment group over the course of the study. Data are presented on the primary effi-
cacy ITT population of 367 RF-positive patients. The horizontal line is joined at the means, while the vertical line is the mean ± 1 SE.
Control variables included corticosteroid use and region. SC: screening; BA: baseline; W: week. Statistically significant mean differ-
ence among the groups within visit (p < 0.05) occurs at Weeks 12, 16, 20, and 24.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


27Mease, et al: Improved HRQOL with rituximab

indicating that these fatigue outcomes are clinically meaning-
ful. Few clinical trials have compared fatigue outcomes for
the new RA treatments51; therefore, these results are impor-
tant to understanding the broader influence of effective thera-
py on PRO.

Not surprisingly, PRO correlated well with clinical effica-

cy. ACR20 responders reported significantly greater improve-
ments than nonresponders on the HAQ, FACIT-Fatigue, and
the majority of the SF-36 subscale scores. Similarly, patients
with ACR50 or ACR70 responses and EULAR moderate and
good responses experienced even greater improvements in
HRQOL. As suggested by the DANCER trial25, trends in dif-

Figure 4. Mean changes in selected PRO from baseline to 24 weeks by ACR responder groups. Mean values are reported with stan-
dard errors (SE). Data on 367 RF-positive patients are presented. Responses were categorized using the ACR criteria based on improve-
ment from baseline (i.e., ≥ 20% to < 50%; ≥ 50% to < 70%; and ≥ 70%). Patients with < 20% improvement were categorized as non-
responders. Patients with missing ACR responses are treated as nonresponders. Significant at p < 0.05 adjusted for baseline scores,
treatment group, duration of RA, and CRP. a: nonresponder vs ACR20; b: nonresponder vs ACR50; c: nonresponder vs ACR70; d:
ACR20 vs ACR50; e: ACR20 vs ACR70; f: ACR50 vs ACR70. A negative FACIT-Fatigue score indicates an improvement.
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ficult-to-attain clinical efficacy responses (i.e., ACR70 and
EULAR good responses) indicated that the 1000 mg dose
resulted in improved HRQOL relative to the 500 mg dose.
These findings further confirm previous analyses of the rela-
tionship between HRQOL and ACR response and other clini-
cal endpoints in RA3,27,28.

Interpretation of HRQOL outcomes for this clinical trial
should acknowledge certain study limitations. First, because
PRO are based on self-reports of patients with RA, measures
may be biased by treatment expectations. Second, differential
study treatment continuation was observed between the ritux-
imab and placebo groups (91%–99% vs 73%–74%). Finally,
RA is a lifelong chronic disease and this study reports
HRQOL after only 24 weeks of followup. Although encour-
aging, additional clinical trials with longer followup are need-
ed to confirm these HRQOL results.

In summary, the DANCER trial demonstrated that a single

course of rituximab is associated with improvements in both
clinical efficacy endpoints and HRQOL in patients with RA
who had inadequate response to previous DMARD or biolog-
ic treatments. Trends in ACR70 and EULAR good responses
indicated that the 1000 mg dose resulted in improved HRQOL
relative to the 500 mg dose. For HAQ scores, these differ-
ences were apparent after 8 weeks and were maintained over
the course of the 24-week study. The rituximab-treated groups
had greater improvements in measures of fatigue and physical
functioning and well-being compared with the placebo group,
with the rituximab 1000 mg group demonstrating greater clin-
ical efficacy in ACR70 and EULAR good responses. These
HRQOL outcomes need to be confirmed in additional ran-
domized clinical trials and in studies with longer followup.
Based on our findings, rituximab treatment for RA has signif-
icant and clinically meaningful effects on patient functioning
and health status outcomes.

Figure 5. Mean changes in selected PRO from baseline to 24 weeks, by EULAR responder group. Mean values are reported with
standard errors. Data on 367 RF-positive patients are presented. Significant at p < 0.05 adjusted for baseline scores, treatment group,
duration of RA, and CRP. a: nonresponder versus moderate response; b: nonresponder versus good response; c: moderate response
versus no response. A negative FACIT-Fatigue score indicates an improvement.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


29Mease, et al: Improved HRQOL with rituximab

ACKNOWLEDGMENT
The authors thank the principal investigators involved in the DANCER trial
and participating patients, as well as Donald Stull and Jennifer Petrillo at
United BioSource Corporation, Elaine Yu and Sandhya Sapra at Genentech,
Inc., Fred Jost at F. Hoffman La Roche, and Keith Del Villar at Genentech,
Inc. for assistance in the preparation of the manuscript.

REFERENCES
1. Doyle JJ. Economic and quality-of-life impact of rheumatoid

arthritis. Manag Care 2001;10 Suppl:15-8.
2. Baumgartner SW, Fleischmann RM, Moreland LW, Schiff MH,

Markenson J, Whitmore JB. Etanercept (Enbrel) in patients with
rheumatoid arthritis with recent onset versus established disease:
improvement in disability. J Rheumatol 2004;31:1532-7.

3. Kosinski M, Kujawski SC, Martin R, et al. Health-related quality of
life in early rheumatoid arthritis: impact of disease and treatment
response. Am J Manag Care 2002;8:231-40.

4. van Leeuwen MA, van Rijswijk MH, van der Heijde DM, et al. The
acute-phase response in relation to radiographic progression in
early rheumatoid arthritis: a prospective study during the first three
years of the disease. Br J Rheumatol 1993;32 Suppl 3:9-13.

5. Scott DL, Symmons DP, Coulton BL, Popert AJ. Long-term
outcome of treating rheumatoid arthritis: results after 20 years.
Lancet 1987;1:1108-11.

6. Cohen SB, Moreland LW, Cush JJ, et al. A multicentre, double
blind, randomised, placebo controlled trial of anakinra (Kineret), a
recombinant interleukin 1 receptor antagonist, in patients with
rheumatoid arthritis treated with background methotrexate. Ann
Rheum Dis 2004;63:1062-8.

7. Shaw T, Quan J, Totoritis MC. B cell therapy for rheumatoid
arthritis: the rituximab (anti-CD20) experience. Ann Rheum Dis
2003;62 Suppl 2:ii55-9.

8. Kremer JM, Weinblatt ME, Bankhurst AD, et al. Etanercept added
to background methotrexate therapy in patients with rheumatoid
arthritis: continued observations. Arthritis Rheum 2003;48:1493-9.

9. van de Putte LB, Atkins C, Malaise M, et al. Efficacy and safety of
adalimumab as monotherapy in patients with rheumatoid arthritis
for whom previous disease modifying antirheumatic drug treatment
has failed. Ann Rheum Dis 2004;63:508-16.

10. Kavanaugh A. Anakinra (interleukin-1 receptor antagonist) has
positive effects on function and quality of life in patients with
rheumatoid arthritis. Adv Ther 2006;23:208-17.

11. Kremer JM, Dougados M, Emery P, et al. Treatment of rheumatoid
arthritis with the selective costimulation modulator abatacept:
twelve-month results of a phase iib, double-blind, randomized,
placebo-controlled trial. Arthritis Rheum 2005;52:2263-71.

12. Genovese MC, Cohen S, Moreland L, et al. Combination therapy
with etanercept and anakinra in the treatment of patients with
rheumatoid arthritis who have been treated unsuccessfully with
methotrexate. Arthritis Rheum 2004;50:1412-9.

13. Keystone EC, Kavanaugh AF, Sharp JT, et al. Radiographic,
clinical, and functional outcomes of treatment with adalimumab (a
human anti-tumor necrosis factor monoclonal antibody) in patients
with active rheumatoid arthritis receiving concomitant methotrexate
therapy: a randomized, placebo-controlled, 52-week trial. Arthritis
Rheum 2004;50:1400-11.

14. Maini RN, Breedveld FC, Kalden JR, et al. Sustained improvement
over two years in physical function, structural damage, and signs
and symptoms among patients with rheumatoid arthritis treated
with infliximab and methotrexate. Arthritis Rheum
2004;50:1051-65.

15. Emery P, Kosinski M, Li T, et al. Treatment of rheumatoid arthritis
patients with abatacept and methotrexate significantly improved
health-related quality of life. J Rheumatol 2006;33:681-9.

16. Criscione LG, St. Clair EW. Tumor necrosis factor-alpha
antagonists for the treatment of rheumatic diseases. Curr Opin
Rheumatol 2002;14:204-11.

17. Keystone EC. B cells in rheumatoid arthritis: from hypothesis to the
clinic. Rheumatology Oxford 2005;44 Suppl 2:ii8-ii12.

18. Kimbey E. Tolerability and safety of rituximab (MabThera). Cancer
Treatment Rev 2005;31:465-473.

19. Anderson DR, Grillo-Lopez A, Varns C, Chambers KS, Hanna N.
Targeted anti-cancer therapy using rituximab, a chimaeric
anti-CD20 antibody (IDEC-C2B8) in the treatment of
non-Hodgkin’s B-cell lymphoma. Biochem Soc Trans
1997;25:705-8.

20. Clynes RA, Towers TL, Presta LG, Ravetch JV. Inhibitory Fc
receptors modulate in vivo cytoxicity against tumor targets. Nat
Med 2000;6:443-6.

21. Reff ME, Carner K, Chambers KS, et al. Depletion of B cells in
vivo by a chimeric mouse human monoclonal antibody to CD20.
Blood 1994;83:435-45.

22. Edwards JC, Cambridge G, Abrahams VM. Do self-perpetuating B
lymphocytes drive human autoimmune disease? Immunology
1999;97:188-96.

23. Dorner T, Burmester GR. The role of B cells in rheumatoid
arthritis: mechanisms and therapeutic targets. Curr Opin Rheumatol
2003;15:246-52.

24. Edwards JCW, Szczepanski L, Szechinski J, et al. Efficacy of
B-cell-targeted therapy with rituximab in patients with rheumatoid
arthritis. N Engl J Med 2004;350:2572-81.

25. Emery P, Fleischmann R, Filipowicz-Sosnowska A, et al. The
efficacy and safety of rituximab in patients with active rheumatoid
arthritis despite methotrexate treatment: results of a phase IIB
randomized, double-blind, placebo-controlled, dose-ranging trial.
Arthritis Rheum 2006;54:1390-400.

26. Cohen S, Emery P, Greenwald M, et al. Rituximab for rheumatoid
arthritis refractory to anti-tumor necrosis factor therapy. Arthritis
Rheum 2006;54:2793-806.

27. Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE Jr.
Determining minimally important changes in generic and
disease-specific health-related quality of life questionnaires in
clinical trials of rheumatoid arthritis. Arthritis Rheum
2000;43:1478-87.

28. Cella D, Yount S, Sorensen M, Chartash E, Sengupta N, Grober J.
Validation of the Functional Assessment of Chronic Illness Therapy
Fatigue Scale relative to other instrumentation in patients with
rheumatoid arthritis. J Rheumatol 2005;32:811-9.

29. Felson DT, Anderson JJ, Boers M, et al. The American College of
Rheumatology preliminary core set of disease activity measures for
rheumatoid arthritis clinical trials. The Committee on Outcome
Measures in Rheumatoid Arthritis Clinical Trials. Arthritis Rheum
1993;366:729-40.

30. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1998;31:315-24.

31. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey. I. Conceptual framework and item selection. Med Care
1992;30:473-83.

32. Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient
outcome in arthritis. Arthritis Rheum 1980;23:137-45.

33. Ware JE, Kosinski M. Interpreting SF-36 summary health
measures: a response [discussion]. Qual Life Res
2001;10:405-13:415-20.

34. McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item
Short-Form Health Survey (SF-36): II. Psychometric and clinical
tests of validity in measuring physical and mental health constructs.
Med Care 1993;31:247-63.

35. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


30 The Journal of Rheumatology 2008; 35:1

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

36-item Short-Form Health Survey (SF-36): III. Tests of data
quality, scaling assumptions, and reliability across diverse patient
groups. Med Care 1994;32:40-66.

36. Weinblatt ME, Keystone EC, Furst DE, et al. Adalimumab, a fully
human anti-tumor necrosis factor alpha monoclonal antibody, for
the treatment of rheumatoid arthritis in patients taking concomitant
methotrexate: the ARMADA trial. Arthritis Rheum 2003;48:35-45.

37. Bathon JM, Martin RW, Fleischmann RM, et al. A comparison of
etanercept and methotrexate in patients with early rheumatoid
arthritis. N Engl J Med 2000;343:1586-93.

38. Lipsky PE, van der Heijde DM, St. Clair EW, et al. Infliximab and
methotrexate in the treatment of rheumatoid arthritis. Anti-Tumor
Necrosis Factor Trial in Rheumatoid Arthritis with Concomitant
Therapy Study Group. N Engl J Med 2000;343:1594-602.

39. Education CoORa. The Functional Assessment of Chronic Illness
Therapy-fatigue (FACIT-F) scale: summary of development and
validation. Evanston, IL: CORE; 2004.

40. Felson DT, Anderson JJ, Boers M, et al. American College of
Rheumatology. Preliminary definition of improvement in
rheumatoid arthritis. Arthritis Rheum 1995;38:727-35.

41. Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL. Modified disease activity scores that include
twenty-eight-joint counts. Development and validation in a
prospective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum 1995;38:44-8.

42. van Gestel AM, Prevoo ML, van ‘t Hof MA, van Rijswijk MH, van
de Putte LB, van Riel PL. Development and validation of the
European League Against Rheumatism response criteria for
rheumatoid arthritis. Comparison with the preliminary American
College of Rheumatology and the World Health
Organization/International League Against Rheumatism Criteria.
Arthritis Rheum 1996;39:34-40.

43. Lubeck D. Patient-reported outcomes and their role in the
assessment of rheumatoid arthritis. Pharmacoeconomics 2004;22
Suppl 1:17-38.

44. Wells GA, Tugwell P, Kraag GR, et al. Minimum important
difference between patients with rheumatoid arthritis: the patient’s
perspective. J Rheumatol 1993;20:557-60.

45. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in
health-related quality of life: The remarkable universality of half a
standard deviation. Med Care 2003;41:582-92.

46. Kramer C. Extension of multiple range test to group means with
unequal numbers of replications. Biometrics 1956;12:309-10.

47. Dunnett C. Pairwise multiple comparisons in the homogenous
variance for unequal sample size case. J Am Stat Assoc
1980;75:789-95.

48. Keystone E. B cell targeted therapies. Arthritis Res Ther 2005;7
Suppl 3:s13.

49. Cohen SB. Identifying those at risk of developing persistent pain
following a motor vehicle collision. J Rheumatol 2006;33 Suppl
77:12-7.

50. Mathias SD, Colwell HH, Miller DP, Moreland LW, Buatti M,
Wanke L. Health-related quality of life and functional status of
patients with rheumatoid arthritis randomly assigned to receive
etanercept or placebo. Clin Ther 2000;22:128-39.

51. Heiberg MS, Nordvag BY, Mikkelsen K, et al. The comparative
effectiveness of tumor necrosis factor-blocking agents in patients
with rheumatoid arthritis and patients with ankylosing spondylitis:
a six-month, longitudinal, observational, multicenter study. Arthritis
Rheum 2005;52:2506-12.

52. Kaplan RM, Groessl EJ, Sengupta N, Sieber WJ, Ganiats TG.
Comparison of measured utility scores and imputed scores from the
SF-36 in patients with rheumatoid arthritis. Med Care
2005;43:79-87.

53. Maini RN, Breedveld FC, Kalden JR, et al. Sustained improvement
over two years in physical function, structural damage, and signs
and symptoms among patients with rheumatoid arthritis treated
with infliximab and methotrexate. Arthritis Rheum
2004;50:1051-65.

54. Westhovens R, Cole JC, Li T, et al. Improved health-related quality
of life for rheumatoid arthritis patients treated with abatacept who
have inadequate response to anti-TNF therapy in a double-blind,
placebo-controlled, multicenter randomized clinical trial.
Rheumatology Oxford 2006;45:1238-46.

55. Russell AS, Wallenstein GV, Li T, et al. Abatacept improves both
the physical and mental health of patients with rheumatoid arthritis
who have inadequate response to methotrexate treatment. Ann
Rheum Dis 2007;66:189-94.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

