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Purpose: To assess the efficacy of one course of rituximab (two 1-g doses) compared to an 

alternative tumor necrosis factor-α (TNFα) blocker in rheumatoid arthritis patients who had 

experienced one previous TNFα blocker failure (eg, etanercept, adalimumab, or infliximab).

Patients and methods: The efficacy of both treatments was studied in this retrospective, 

multicenter, noninterventional cohort study with 196 patients. All patients had active rheumatoid 

arthritis defined by a Disease Activity Score-28 of $3.2 despite having TNFα blocker therapy, 

and were followed over 6.6 months on average after switching to rituximab versus a second 

TNFα blocker (ie, switching to etanercept, adalimumab, or infliximab) at baseline.

Results: At baseline, both cohorts showed similar demographic and disease-related characteristics 

(including Disease Activity Score-28). At the end of observation, mean Disease Activity Score-28 

was significantly lower after treatment with rituximab than with a second TNFα blocker (−1.64 

[95% confidence interval: −1.92; −1.36] versus −1.19 [95% confidence interval: −1.42; −0.96], 

P = 0.013). This difference between the two groups was even more pronounced when patients 

were seropositive for rheumatoid factor (−1.66 versus −1.17, P = 0.018) and anti-cyclic citrul-

linated peptide antibodies (−1.75 versus −1.06, P = 0.002). More rituximab-treated patients 

achieved good European League Against Rheumatism response than TNFα blocker-treated 

patients (30% versus 15%), and less patients were nonresponders (22% versus 35%) according 

to European League Against Rheumatism criteria (P = 0.022, chi-squared test).

Conclusion: Treatment with rituximab was more effective than a second TNFα blocker therapy 

in rheumatoid arthritis patients after failure of the first TNFα blocker. It was found that anti-cyclic 

citrullinated peptide antibodies may be a useful predictive biomarker for response to rituximab 

in patients with TNFα blocker treatment failure.

Keywords: rheumatoid arthritis, rituximab, anti-cyclic citrullinated peptide antibodies, 

rheumatoid factor

Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory systemic disease, preferably 

affecting the joints, and seriously impairing quality of life of RA patients.1 The ultimate 

therapeutic goal in treatment of RA is remission, or at least low disease activity, which 

frequently requires combination therapies of different drugs or sequential adjustment 

of the treatment strategy. Several treatment options are available, ranging from 

symptom relief through nonsteroidal anti-inflammatory drugs to disease-modifying 

antirheumatic drugs (DMARDs) and biologics (antitumor necrosis factor-α [anti-

TNFα] blockers, interleukin-1 or −6 inhibitors, B-cell depleting antibodies, selective 

costimulation inhibitors, and others).2 In case of DMARD failure or loss of efficacy, 
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biological agents offer an option to slow or stop disease activ-

ity.3 However, the frequency of patients who do not tolerate 

or do not respond sufficiently to TNFα blockers within the 

first year is remarkable: the rate of patients experiencing 

inadequate treatment response in large randomized clinical 

trials varies between 21%–58%.4–11

Therapy with rituximab (MabThera®), a chimeric mono-

clonal antibody specific for the unique cell surface marker 

CD20 – which is found on B-cells – is one of the treatment 

options for optimizing RA therapy.5,6,12–14

Since the approval of rituximab, the rheumatologist in 

daily routine has the option to switch to B-cell-targeted ther-

apy instead of using a second TNFα blocker after treatment 

failure of the first TNFα-inhibitor. A Swiss cohort study was 

the first to directly compare rituximab with TNFα blockers 

in clinical routine.15,16 Its results suggest that in patients with 

persistent active disease despite anti-TNF therapy, switch-

ing to rituximab may be more effective than cycling to an 

alternative anti-TNF agent.

The present German noninterventional cohort study was 

designed similarly to the Swiss study.16 However, patients 

with at least one TNFα blocker failure were included in the 

Swiss cohort study, while the present study investigated the 

potential superiority of rituximab after failure of only one 

TNFα blocker.

Material and methods
This noninterventional study was a multicenter, open-label, 

retrospective, comparative, postmarketing, observational 

study in Germany.

Patients
Patients were included after written informed consent was 

obtained according to the study protocol, which was approved 

by the Ethics Committee of the Otto-von-Guericke University 

of Magdeburg (Magdeburg, Germany). Eligible patients had 

to have an oral dose of corticosteroids up to a methylpred-

nisolone equivalent ,20  mg per day. Only patients who 

received rituximab (two 1-g doses) were included in cohort 

one (rituximab cohort), and only patients who received a sec-

ond TNFα blocker (etanercept, adalimumab, or infliximab) 

were included in cohort two (TNFα blocker cohort). Data of 

patients who had participated in interventional studies dur-

ing the recorded period or had received biologic therapies 

other than TNFα blocker treatment were not included in the 

documentation within this noninterventional study.

Data from 247 patients in 45 study centers throughout 

Germany (two to 20 patients per center, median of four 

patients) were documented for this noninterventional study. 

Safety data were available for all 247 patients, as all of them 

received at least one dose of rituximab or TNFα blocker 

within the documentation period. Evaluable efficacy data 

were available for 196 patients. In this analysis set, only 

patients with a baseline Disease Activity Score-28 (DAS28) 

value of $3.2 points, (ie, patients with active RA) were 

included; they were treated and observed for about 6 months, 

and had valid DAS28 values at baseline and at the end 

of observation. Subgroup analyses were performed with 

patients who were seropositive for rheumatoid factor (RF) 

or anti-cyclic citrullinated peptide (anti-CCP) antibodies or 

both biomarkers. Biomarkers were determined using com-

mercially available kits.

Evaluation of clinical outcome
All efficacy, safety, and further variables (eg, demography) 

were analyzed and interpreted in an exploratory manner. 

DAS28 was calculated as described by Prevoo et  al.17 

European League Against Rheumatism (EULAR) response 

rates were calculated as the proportion of patients who 

achieved no response (∆DAS28 #0.6 or ∆DAS28 .0.6–1.2 

and DAS28 .5.1 at endpoint), moderate response 

(∆DAS28 .0.6–1.2 and DAS28 #5.1 at endpoint or 

∆DAS28 .1.2 and DAS28 .3.2 at endpoint), or good 

response (∆DAS28 .1.2 and DAS28 #3.2 at endpoint), 

and compared between cohort one and cohort two.18 Pain 

was assessed using a visual analog scale ranging from zero 

to ten. The Health Assessment Questionnaire was used to 

assess the patients’ physical ability according to eight areas 

of daily activities.19

Statistical analysis
Patient outcomes (baseline, 3 months, and end of observation) 

were summarized for continuous variables stating the mean, 

standard deviation, median, and range, and for categorical 

variables reporting the total and relative frequency. Pre-post 

comparisons were calculated for changes from baseline to 

end of observation as applicable, using 95% confidence 

intervals. Cohort comparisons were calculated using t-tests 

for continuous variables and chi-squared tests for categorical 

variables. DAS28 at 6 months was defined as the primary 

efficacy endpoint; all other comparisons were interpreted in 

an exploratory manner.

Results
More female (77.6%) than male (22.4%) patients with a 

mean age of about 57 years gave their consent to provide 
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their clinical data for this noninterventional study. Ninety 

patients had been treated with rituximab and 106 with a 

second TNFα blocker. Comorbidity was present in 76.5% 

of the total population, most frequently musculoskeletal and 

cardiovascular disorders. However, the comorbidities, like 

other patient characteristics, were fairly equally distributed 

between both cohorts. An overview of the main demographic, 

clinical, and baseline characteristics is given in Table 1.

The median observation plus treatment period was 

197 days in the rituximab cohort and 189 days in the TNFα 

cohort. The most frequent reason for change of the first TNFα 

therapy was inadequate response in 79.1% of all patients and 

intolerable side effects in 11.2%.

Almost half of the patients (45.6%) were treated with 

two rituximab infusions at baseline without a second course 

during the observation period; 16 patients (17.8%) needed 

one or two further infusions after 3 months, and 42 patients 

(46.7%) needed one or two further infusions at 6 months. The 

majority of patients in the rituximab cohort (83.3%) were 

treated with rituximab together with methylprednisolone 

(median of 5 mg in the rituximab cohort and 7.5 mg in the 

TNFα cohort) plus analgesics plus antihistamines as indi-

cated by the manufacturer. In the TNFα cohort, 47 (44.3%) 

patients received etanercept (50 mg subcutaneously weekly), 

43 (40.6%) patients received adalimumab (40 mg subcutane-

ously every 2 weeks) and 16 (15.1%) patients were treated 

with infliximab (intravenous dose of 3 mg/kg at 0 weeks, 

2 weeks, and 6 weeks, and thereafter every 8 weeks) as the 

second TNFα blocker.

Frequency and dosage of DMARD intake fluctuated 

slightly during the observational period. At baseline, 83.3% 

of patients treated with rituximab and 82.1% of patients 

treated with TNFα blockers received DMARDs concomi-

tantly. These numbers decreased to 68.9% and 62.3% after 

3  months and increased again to 81.1% and 77.4% after 

6  months. Methotrexate was taken by 38%–48% of the 

patients in both cohorts throughout the observational period. 

Here, the frequency of patients with concomitant methotrex-

ate therapy also decreased slightly at 3 months and increased 

again at the end of observation.

Efficacy results
Although improvement was more pronounced under 

rituximab therapy compared to TNFα treatment in all vari-

ables, a statistically significant difference in the total popula-

tion was only observed in the DAS28 total score (Figure 1). 

Interestingly, the higher improvements in the rituximab 

cohort were only seen in patients seropositive for RF and/or 

anti-CCP, but not in seronegative patients.

An additional analysis investigated the influence of 

the inadequate first TNFα blocker on the outcome of the 

switch to rituximab or a second TNFα blocker (Table 2). 

If patients were pretreated with etanercept, marked cohort 

differences were seen in the total cohort as well as in all 

subgroups according to seropositivity, although the DAS28 

changes were at a somewhat lower level compared to the 

total population (Table  2), especially in the TNFα sub-

group. Significant cohort differences were already found at 

3 months. In contrast, pretreatment with adalimumab was 

Table 1 Demographic and disease-related characteristics at start 
of documentation (baseline)

Characteristics Rituximab 
n = 90

TNFα blocker 
n = 106

Gender, male (n [%]) 24 (26.7) 20 (18.9)
Age, years (median [range]) 57 (27–79) 58 (21–83)
Duration of disease at inclusion,  
years (median [range])

7.3 (0.9–30.6) 8.4 (0.2–38.3)

Seropositivity (n [%])
  RF 67 (74.4) 89 (84.0)
  Anti-CCP 68 (75.6) 64 (60.4)
  RF or anti-CCP 79 (87.8) 91 (85.8)
  RF and anti-CCP 56 (62.2) 62 (58.5)
  Neither RF nor anti-CCP 10 (11.1) 13 (12.3)
  Missing 1 (1.1) 2 (1.8)
DMARDs† (n [%])
  Methotrexate 42 (46.7) 56 (52.8)
  Leflunomide 26 (28.9) 28 (26.4)
  Sulfasalazine 4 (4.4) 3 (2.8)
  Antimalarials 1 (1.1) 3 (2.8)
  Other DMARD 4 (4.4) 2 (1.9)
  No DMARD 5 (5.6) 5 (4.7)
  Missing 15 (16.7) 19 (17.9)
Oral glucocorticoids‡ (n [%]) 79 (87.8) 88 (83.0)
Prior TNFα (n [%])
  Etanercept 39 (43.3) 45 (42.5)
  Adalimumab 43 (47.8) 42 (39.6)
  Infliximab 5 (5.6) 18 (17.0)
  Missing 3 (3.3) 1 (0.9)
C-reactive protein, mg/dL  
(mean ± SEM)

5.7 ± 0.9 4.8 ± 0.7

Erythrocyte sedimentation rate,  
mm/hour (m ± SEM)

36.4 ± 2.2 34.8 ± 2.2

DAS28 (m ± SEM) 5.6 ± 0.1 5.4 ± 0.1
Tender joint count (m ± SEM) 10.3 ± 0.7 8.9 ± 0.5
Swollen joint count (m ± SEM) 7.8 ± 0.6 7.2 ± 0.5
Health assessment questionnaire,  
total score (m ± SEM)

1.8 ± 0.1 1.6 ± 0.2

Notes: †7.6% of patients (rituximab: 5.5%, second tumor necrosis factor-α: 9.4%) 
were treated with combinations of disease-modifying antirheumatic drugs at baseline; 
‡median daily dose in methylprednisolone equivalent – rituximab group: 5 mg, tumor 
necrosis factor-α group: 7.5 mg.
Abbreviations: CCP, cyclic citrullinated peptide; DAS28, Disease Activity 
Score-28; DMARD, disease-modifying antirheumatic drug; RF, rheumatoid factor; 
SEM, standard error of mean; TNFα, tumor necrosis factor-α.
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associated with an increased efficacy of rituximab, especially 

in anti-CCP-positive patients, but had no influence on the 

efficacy of the second TNFα blocker. The number of patients 

in the subgroup treated with infliximab was quite small 

and imbalanced between the two cohorts, and insufficient 

for subgroup analyses. The available data for all patients 

show no relevant differences between the two cohorts after 

pretreatment with infliximab.

Comparisons of both cohorts regarding changes 

in tender joint counts (Figure  2 and Table  3) between 
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Figure 1 Change in mean disease activity score-28 values between endpoint and baseline in all patients and subgroups.
Abbreviations: CCP+, seropositive for cyclic citrullinated peptide; RF+, seropositive for rheumatoid factor; TNFα, tumor necrosis factor-α.

Table 2 Efficacy results depending on the first tumor necrosis factor-α inhibitor and seropositivity for rheumatoid factor and anti-
cyclic citrullinated peptide: Disease Activity Score-28 change between baseline, 3 months, and 6 months

Previous TNFα Subgroup Month Rituximab TNFα P value*

n Mean (95% CI) n Mean (95% CI)

Etanercept All patients 3 28 -1.29 (-1.62; -0.96) 30 -0.76 (-1.06; -0.47) 0.017
6 39 -1.53 (-1.98; -1.08) 45 -0.96 (-1.30; -0.62) 0.042

RF+ 3 22 -1.31 (-1.65; -0.96) 25 -0.72 (-1.06; -0.38) 0.016
6 32 -1.54 (-2.04; -1.03) 37 -0.88 (-1.27; -0.50) 0.037

Anti-CCP+ 3 21 -1.23 (-1.59; -0.87) 19 -0.51 (-0.88; -0.13) 0.006
6 31 -1.58 (-2.11; -1.05) 26 -0.81 (-1.29; -0.32) 0.035

RF+ and anti-CCP+ 3 18 -1.27 (-1.68; -0.87) 19 -0.51 (-0.88; -0.13) 0.006
6 27 -1.56 (-2.12; -1.00) 26 -0.81 (-1.29; -0.32) 0.042

Adalimumab All patients 3 35 -1.34 (-1.79; -0.90) 35 -1.21 (-1.66; -0.76) 0.673
6 43 -1.70 (-2.10; -1.30) 42 -1.33 (-1.72; -0.93) 0.189

RF+ 3 24 -1.52 (-2.01; -1.04) 30 -1.12 (-1.63; -0.61) 0.252
6 29 -1.78 (-2.27; -1.29) 37 -1.26 (-1.69; -0.82) 0.109

Anti-CCP+ 3 26 -1.64 (-2.18; -1.11) 21 -0.88 (-1.57; -0.19) 0.073
6 33 -1.95 (-2.41; -1.50) 26 -1.08 (-1.49; -0.68) 0.006

RF+ and anti-CCP+ 3 21 -1.60 (-2.14; -1.05) 20 -0.77 (-1.45; -0.08) 0.053
6 25 -1.86 (-2.42; -1.29) 25 -1.00 (-1.38; -0.62) 0.013

Infliximab All patients 3 5 -1.17 (-2.30; -0.04) 13 -1.73 (-2.34; -1.13) 0.292
6 5 -1.36 (-2.12; -0.60) 18 -1.53 (-2.11; -0.96) 0.756

RF+ 3 5 -1.17 (-2.30; -0.04) 10 -2.09 (-2.47; -1.72) 0.026
6 4 -1.45 (-2.51; -0.39) 14 -1.82 (-2.32; -1.32) 0.440

Anti-CCP+ 3 4 -0.94 (-2.34; +0.45) 7 -1.99 (-2.42; -1.57) 0.026
6 4 -1.45 (-2.51; -0.39) 11 -1.75 (-2.33; -1.17) 0.542

RF+ and anti-CCP+ 3 4 -0.94 (-2.34; +0.45) 7 -1.99 (-2.42; -1.57) 0.026
6 4 -1.45 (-2.51; -0.39) 10 -1.74 (-2.39; -1.10) 0.570

Notes: *P values associated with t-test for comparison of the two cohorts. All P values are descriptive information.
Abbreviations: CCP+, seropositive for cyclic citrullinated peptide; CI, confidence interval; RF+, seropositive for rheumatoid factor; TNFα, tumor necrosis factor-α.
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Figure  2 The mean absolute values of erythrocyte sedimentation rate, tender joint counts, swollen joint counts, and pain visual analog scale at baseline, 3  months 
posttreatment, and 6 months posttreatment.
Note: The average percent improvement between baseline and 6 months posttreatment for rituximab cohort and tumor necrosis factor-α, respectively, are included in the 
legend section (change of group means).
Abbreviations: BL, baseline; ESR, erythrocyte sedimentation rate; M3, 3 months posttreatment; M6, 6 months posttreatment; SJC, swollen joint counts; TJC, tender joint 
counts; TNFα, tumor necrosis factor-α; VAS, visual analog scale.

Table 3 Efficacy results: change from baseline to end of observation (196 patients)

Efficacy variable Rituximab TNFα blocker P value*

n Mean (95% CI) n Mean (95% CI)

DAS28
  All patients 90 -1.64 (-1.92; -1.36) 106 -1.19 (-1.42; -0.96) 0.013
  Seropositive for RF 67 -1.66 (-1.98; -1.34) 89 -1.17 (-1.43; -0.91) 0.018
  Seropositive for CCP 68 -1.75 (-2.07; -1.43) 64 -1.06 (-1.34; -0.78) 0.002
  Seropositive for RF and CCP 56 -1.69 (-2.05; -1.32) 62 -1.01 (-1.29; -0.73) 0.004
  Not seropositive for RF or CCP 10 -1.07 (-2.08; -0.06) 13 -0.93 (-1.58; -0.28) 0.791
Tender joint count 89 -5.08 (-6.43; -3.73) 105 -3.66 (-4.60; -2.72) 0.088
Swollen joint count 89 -3.83 (-5.00; -2.67) 105 -3.19 (-4.13; -2.25) 0.390
Visual analog scale 86 -2.15 (-2.62; -1.67) 93 -1.99 (-2.49; -1.48) 0.646
Erythrocyte sedimentation rate, mm/hour 88 -10.51 (-14.85; -6.17) 103 -6.81 (-10.90; -2.72) 0.220
C-reactive protein, mg/dL 72 -2.37 (-3.98; -0.77) 83 -0.90 (-2.34; +0.55) 0.173
Health assessment questionnaire 26 -0.13 (-0.31; +0.05) 21 -0.29 (-0.52; -0.06) 0.257

Notes: *P values associated with t-test for comparison of the two cohorts. All P values except for DAS28 “all patients” are descriptive information.
Abbreviations: CCP, cyclic citrullinated peptide; CI, confidence interval; DAS28, Disease Activity Score-28; RF, rheumatoid factor; TNFα, tumor necrosis factor-α.

baseline and end of observation revealed differences only 

in the subgroups of anti-CCP-positive patients (−5.28 

[95% confidence interval: −6.78; −3.79] versus −3.06 

[95% confidence interval: −4.28; −1.85], P =  0.024) and 

patients seropositive for both anti-CCP and RF (−5.49 

[95% confidence interval: −7.21; −3.77] versus −2.85 [95% 

confidence interval: −4.05; −1.66], P = 0.013).

For erythrocyte sedimentation rate, cohorts did not 

differ at the end of observation (Figure  2); however, at 

3  months there was a larger decrease under rituximab 

compared to the TNFα cohort (−11.2 [95% confidence 

interval: −15.61; −6.79] versus −4.03 [95% confidence 

interval: −9.10; 1.05], P = 0.037). A similar difference between 

both cohorts was observed in the RF-positive subgroup 
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(−12.8 [95% confidence interval: −17.96; −7.64] versus 

−4.52 [95% confidence interval: −10.48; 1.45], P = 0.038), 

but not in the anti-CCP-positive subgroup (−9.69 

[95% confidence interval: −14.88; −4.49] versus −4.51 

[95% confidence interval: −11.71; 2.69], P = 0.239).

No cohort differences were found in other efficacy 

measures (swollen joint count, pain visual analog scale, 

C-reactive protein, Health Assessment Questionnaire). Data 

for swollen joint count and pain visual analog scale are pre-

sented in Figure 2.

In the rituximab cohort, 30.0% (n = 27) of the patients 

showed good EULAR response, 47.8% (n  =  43) of the 

patients showed moderate response, and 22.2% (n = 20) of 

the patients showed no response. In the TNFα blocker cohort, 

the proportion of patients that showed good, moderate, or 

no response was 15.1% (n = 16), 50.0% (n = 53), and 34.9% 

(n = 37), respectively. The cohort difference (P = 0.022, chi-

squared test) was mainly due to a larger number of patients 

with good EULAR response (30.0% versus 15.1%) and a 

lower number of patients with no response in the rituximab 

cohort (22.2% versus 34.9%) (Figure 3). For the RF-positive 

patients, the frequency distribution of response status was 

different between both cohorts (P = 0.023, chi-squared test). 

Furthermore, EULAR response was more favorable for ritux-

imab than for the second TNFα blocker in the subgroup of 

anti-CCP-positive patients (P = 0.003, chi-squared test).

Safety results
Of the 247 patients available for safety analysis, seven (5.6% 

of 124) patients in the rituximab and five (4.1% of 123) 

patients in the TNFα blocker cohort suffered from at least 

one adverse drug reaction during the observation period. In 

total, 15 adverse drug reactions with a possible or definite 

relationship to the biologics occurred in the rituximab cohort, 

and six occurred in the TNFα cohort. With one exception 

(sinusitis), all adverse drug reactions were reported in female 

patients. Most frequently, patients developed skin disorders 

(in three patients of each cohort).

Infusion reactions occurred in three patients treated 

with rituximab; infusion was interrupted in one patient 

receiving rituximab (facial hypoesthesia of mild intensity). 

In another patient, the medication was stopped due to a 

moderate increase in liver function parameters. The third 

patient with infusion reactions suffered from infection, 

generalized pruritus, musculoskeletal pain, urticaria, eye 

swelling, and fatigue.
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The number of adverse drug reactions documented was 

similar in both cohorts. In general, all were single incidents 

with no accumulation in a certain class of side effects. Only 

one patient treated with rituximab experienced an adverse 

drug reaction of severe intensity (nail dystrophy, dehydration, 

and anemia). All other reactions were of mild to moderate 

intensity and no action was taken with respect to the medica-

tion. In two patients, the outcome of the adverse drug reaction 

was reported as “unchanged” (one in either cohort); in all 

other patients the outcome was reported as “recovered.” No 

deaths or serious adverse reactions were reported during this 

observational study.

Discussion
Altogether, the results of the efficacy analysis in RA patients 

with one TNFα treatment failure were in favor of treatment 

with rituximab (cohort one) rather than treatment with a 

second TNFα blocker (cohort two). Significant cohort differ-

ences were seen in the improvement of DAS28, the primary 

efficacy endpoint in this study. This difference between 

the two groups (rituximab versus TNFα) was even more 

pronounced when patients were seropositive for anti-CCP 

antibodies as well as both RF and anti-CCP antibodies. For 

anti-CCP positive patients, cohort differences could already 

be seen after 3 months, indicating a faster onset of action of 

rituximab in this subgroup. Differences in tender joint counts 

at the end of observation were noted only in the subgroups 

of anti-CCP-positive patients. According to EULAR criteria, 

more patients showed good response and less patients showed 

no response in the rituximab cohort as compared to the TNFα 

blocker cohort. Again, these cohort differences were more 

pronounced in the RF-positive patients and especially in the 

anti-CCP-positive patients.

The results from this noninterventional study investi-

gating RA treatment in routine practice confirm those of 

placebo-controlled clinical studies that have already proven 

that rituximab is effective in reducing RA disease activity in 

patients with prior TNFα blocker failure.5,20 The results from 

this retrospective investigation extend the experience of the 

small prospective Swiss cohort study, which showed superior 

treatment outcome when patients with inadequate response to 

at least one anti-TNF agent were switched to rituximab com-

pared to an alternative TNFα therapy.15 Changes in DAS28 

were of similar magnitude for rituximab in both cohort trials 

(-1.61 in the Swiss study versus −1.64 in the current study), 

but slightly better for the second TNFα treatment in the cur-

rent study (-1.19 versus −0.98 in the Swiss study). As most 

RA patients in the Swiss study were RF-positive and CCP 

antibody was not assessed at that time, conclusion on the role 

of these potential biomarkers could not be made. However, 

rituximab efficacy could be demonstrated both in patients 

receiving at least one TNFα-blocker.

A recent study investigating the effects of seropositivity 

to RF and anti-CCP found reduced response to TNFα block-

ers in seropositive patients as compared to seronegative for 

both RF and anti-CCP.21 This result could not be confirmed 

by the current data (Table 3), which show stronger improve-

ments in both cohorts in patients seropositive for RF and 

especially for anti-CCP compared to seronegative patients; 

however, the number of the latter subgroup was very small. 

In addition, the patients in the English study had a more 

advanced disease. Other studies focusing on the efficacy 

of rituximab showed that RF positivity, but not anti-CCP 

positivity, is predictive for rituximab efficacy.22,23 Enhanced 

efficacy of rituximab in RF-positive versus RF-negative 

patients could already be shown in the IMAGE (A Study to 

Evaluate Rituximab in Combination With Methotrexate in 

Methotrexate-Naïve Patients With Active RA) study.24 CCP 

antibodies were not addressed in this study. Likewise in the 

RABBIT (RA – Observation of Biologic Therapy) register, 

response rates were better in RF-positive patients than in 

RF-negative patients receiving rituximab; a similar but 

smaller effect was observed in the anti-CCP-positive versus 

anti-CCP-negative patients.25 Although RF positivity was 

predictive for efficacy of rituximab in this trial, the differ-

ences between both cohorts were largest in the subgroup of 

anti-CCP-positive patients. However, there was an overlap in 

RF and anti-CCP positivity: 62% of the patients in the ritux-

imab cohort were positive for both biomarkers. Combined 

with the results from the present cohort study, these findings 

provide clear evidence that treatment with rituximab may 

be more effective than a second-line biological therapy with 

the TNFα blockers etanercept, adalimumab, or infliximab. 

In particular, the results of the anti-CCP-positive subgroup 

analyses in this study may indicate how to better predict 

treatment response when selecting the appropriate treatment 

option in clinical routine, as there still seems to be the need 

for personalized medicine in RA.26 However, this does not 

mean that application of rituximab in RF-negative and anti-

CCP-negative patients should be avoided. The number of 

seronegative patients was too small in the current study to 

compare both cohorts.

Conclusion
The conclusions from this study are limited due to its design 

as a noninterventional trial. Observational data was collected 
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retrospectively from two cohorts that were treated either 

with rituximab or a second TNFα blocker. Treatments 

were not randomized and no information was available as 

to why patients were treated with either therapy. Therefore, 

confounding factors cannot be excluded which might have 

contributed to the differences in efficacy described above. 

However, there were no structural differences between the 

two cohorts in patient characteristics and baseline values of 

efficacy measures. In addition, no such differences could 

be detected between patients analyzed and those 21.6% of 

patients who were excluded from the statistical analysis. 

The consistency between the results of the current study 

and those of the Swiss cohort trial as well as of those from 

double-blind trials are considered in favor of valid results 

of this study.15,5,20

The results of this noninterventional, retrospective cohort 

study indicate that treatment with rituximab is superior to a 

second TNFα blocker therapy in RA patients who did not 

respond to a previous TNFα blocker in terms of clinically 

significant improvement of disease activity as measured 

by the DAS28 score. An even stronger difference between 

cohorts was found in the subgroup of patients seropositive for 

anti-CCP and for both RF and anti-CCP. Rituximab treatment 

was compared to the general strategy of cycling to a second 

TNFα blocker (eg, etanercept, adalimumab, or infliximab); 

however, rituximab was not compared to every single 

compound. Other TNFα inhibitors that were not included 

in this study may show a different outcome. In agreement 

with previous publications, the current study showed that 

anti-CCP positivity, in particular, could be a useful predic-

tive biomarker for rituximab in patients with prior TNFα 

blocker treatment failure. Further attention should be given 

to concomitant therapies such as other DMARDs potentially 

influencing the response to biologics in different ways.
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