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Objective. To compare the approved treatment of rheumatoid arthritis using rituximab � methotrexate (RTX � MTX)
versus the off-label treatment variants of RTX in monotherapy or RTX in combination with leflunomide (RTX � LEF).
Methods. We included RTX-naive patients enrolled in the German biologics register RABBIT (Rheumatoid Arthritis:
Observation of Biologic Therapy) between 2007 and 2012 (n � 907) who started treatment with RTX. Three treatment
regimens (RTX � MTX, RTX � LEF, and RTX monotherapy) were analyzed regarding therapy discontinuation, dropout,
RTX retreatment, and concomitant glucocorticoid therapy. Effectiveness was evaluated with linear mixed models.
Results. Baseline patient characteristics were similar across treatment regimens, except for poorer functional status and
more comorbidities in RTX monotherapy. Average doses of glucocorticoids were lower in RTX � LEF compared to the
2 other groups. The frequency and timing of RTX retreatment (P > 0.62) as well as improvement in the Disease Activity
Score in 28 joints (DAS28) over time (P > 0.15) were similar in all treatment regimens. Within the first 12 months of
treatment, the DAS28 decreased by 1.5 units, and between months 12 and 36, by a further 0.4 unit equally in all groups.
Nevertheless, therapy discontinuation and dropout were significantly increased on RTX monotherapy (hazard ratio [HR]
1.7 [95% confidence interval (95% CI) 1.2–2.3]), and additionally when patients were rheumatoid factor negative (HR 1.5
[95% CI 1.0–2.1]).
Conclusion. In patients who continue therapy, RTX � LEF, RTX monotherapy, and RTX � MTX seem to be equally
effective. However, given the lower adherence rates on monotherapy, this treatment option is not sufficient for all
patients. Since many patients are intolerant to MTX, more licensed RTX treatment options are needed.

INTRODUCTION

Rituximab (RTX) is a genetically engineered monoclonal
antibody targeting B cells carrying the CD20 receptor.
Binding to this receptor leads to depletion of the CD20�
cell population. Several randomized clinical trials have
demonstrated high efficacy of RTX in patients with rheu-
matoid arthritis (RA) (1–3). Since 2006, RTX is approved
in combination with methotrexate (MTX) for the treat-
ment of severe, active RA in adult patients with an inad-

equate response to disease-modifying antirheumatic drugs
(DMARDs), including �1 tumor necrosis factor (TNF) in-
hibitors. Administration of RTX is recommended as 2 sep-
arate infusions of 1,000 mg each at the start of treatment
and after 2 weeks. Concerning retreatment with RTX, there
is no published guideline; usually retreatment is consid-
ered after 6 months at the earliest (4).

Although the use of RTX in RA patients is only ap-
proved in combination with MTX therapy, a few publica-
tions report comparable efficacy and safety of unlicensed
use, such as RTX administered with concomitant lefluno-

Supported by a joint, unconditional grant from AbbVie,
Bristol-Myers Squibb, Merck Sharp & Dohme, Pfizer, Roche,
and UCB.

1Adrian Richter, MSc, Anja Strangfeld, MD, Joachim
Listing, PhD: German Rheumatism Research Center, Berlin,
Germany; 2Peter Herzer, PhD: Scientific Advisory Board,
Munich, Germany; 3Elke Wilden, MD: Cologne, Germany;
4Arnold Bussmann, MD: Geilenkirchen, Germany; 5Angela
Zink, PhD: German Rheumatism Research Center and
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mide (LEF) or RTX in monotherapy (5–7). In fact, off-label
use of RTX is concurrent in daily practice, since it is a
plausible therapeutic option for certain patients, e.g., pa-
tients intolerant to MTX.

Biologics registers have been initiated since 2001 and
focus on analyzing safety and effectiveness of biologic
agents in RA patients in daily rheumatologic care. They
analyze the safety of treatment strategies that have not
been evaluated in randomized controlled trials. However,
observational studies have to face the difficulty of con-
founding by indication, i.e., clinically relevant patient
characteristics such as age or disease activity may system-
atically differ between treatment regimens. Furthermore,
dropout and therapy discontinuation are inevitable in ob-
servational studies and impede comparative studies. In
addition, strategies may vary concerning the frequency
and timing of RTX retreatment as well as concerning the
administration of concomitant glucocorticoids (GCs). All
of these aspects influence effectiveness (2,6,8) and should
be incorporated into the comparison of treatment variants.

Our analyses aimed to evaluate the effectiveness of 3
RTX treatment variants (RTX � MTX, RTX � LEF, and
RTX monotherapy) over 3 years. To obtain valid compar-
isons between the treatment groups, we took differences at
treatment onset, timing of retreatment with RTX, and con-
founding by treatment discontinuation or selective drop-
out into account.

SUBJECTS AND METHODS

Study design. The German biologics register RABBIT
(Rheumatoid Arthritis: Observation of Biologic Therapy) is

an ongoing prospective cohort study initiated in 2001.
Patients with RA meeting the American College of Rheu-
matology 1987 criteria (9) are eligible for enrollment at the
start of treatment with a biologic agent or nonbiologic
DMARD after failure of �1 nonbiologic DMARD. The reg-
istration of RA patients receiving RTX started in 2007.
Substantial features of clinical status such as the Disease
Activity Score in 28 joints (DAS28) (10), erythrocyte sedi-
mentation rate, or presence of rheumatoid factor (RF) and
of anti–cyclic citrullinated peptide (anti-CCP) antibodies;
therapy details; the occurrence of nonserious and serious
adverse events; and patient-reported outcomes (e.g., pain,
function, and global health assessment) are recorded at
baseline, months 3 and 6 after enrollment, and every 6
months thereafter. Functional status is captured by the
Funktionsfragebogen Hannover (FFbH), a German instru-
ment for the measurement of functional disability that is
highly correlated with the Health Assessment Question-
naire (11). Further details of the study protocol are in-
cluded in the studies by Strangfeld et al (2009 and 2011)
(12,13). The ethics committee of the Charité-Universitäts-
medizin Berlin approved the study protocol.

This investigation utilized data of 1,206 patients who
started RTX at enrollment to RABBIT. Followup was cen-
sored on October 30, 2012, dropout, or death, whichever
came first. We excluded 199 patients with prior exposure
to RTX from these analyses as well as patients exposed to
sulfasalazine, hydroxychloroquine, or gold as concomitant
nonbiologic DMARDs (n � 44). A combined treatment of
MTX and LEF in addition to RTX was reported in 15
patients, who were also excluded. Due to exposure to 2
biologic agents at baseline, 1 patient was excluded. In 40
patients, followup data were inaccessible and the respec-
tive patients were excluded from the subsequent analysis.

Regarding dropouts, we applied a rigorous approach and
considered a patient with missing followup data �60 days
after a missed but scheduled visit as a potential dropout.
This approach overestimates the actual dropout rate. In a
sensitivity analysis, we therefore calculated different in-
tervals for the definition of a dropout: 30, 90, and 120 days
after the missed visit. The results obtained with these
intervals were similar to those using 60 days.

Statistical analysis. Patient baseline characteristics were
compared using analysis of variance (ANOVA) or chi-
square test. In case of ANOVA and the occurrence of a
statistically significant difference in means (P value less
than 0.05), we applied pairwise comparisons using the
t-test.

Therapy discontinuation was analyzed with Kaplan-
Meier survival curves and group differences were ana-
lyzed with a log rank test. We defined the switch from
RTX to another biologic agent, the switch between non-
biologic DMARDs, or the start of a concomitant nonbio-
logic DMARD in patients receiving RTX monotherapy as
changes in therapy, i.e., the switch from baseline (intent-
to-treat [ITT]) therapy.

We compared the 3 treatment regimens regarding the
rates of dropouts in a Cox proportional hazards model (14).
We hypothesized that the individual course of disease

Significance & Innovations
● The treatment of rheumatoid arthritis with ritux-

imab (RTX) is approved with concomitant metho-
trexate (MTX) only. Intolerance to MTX either
precludes RTX as a treatment option or leads to
off-label use with leflunomide (LEF) or in mono-
therapy.

● To our knowledge, there are no published results
from randomized controlled trials on long-term
effectiveness of RTX in off-label therapy. So far,
data on these clinically important treatment op-
tions were published by observational studies
only, which have to deal with the problem of con-
founding by indication.

● This study takes into account the limitations of
an observational design and incorporates therapy
discontinuation, dropout processes, and concomi-
tant glucocorticoid therapy as possible confound-
ers of treatment effectiveness into the comparison
of treatment regimens.

● We report on 907 RTX-naive patients who started
RTX treatment and were observed for a mean ob-
servation time of 3 years under RTX � MTX ther-
apy, RTX � LEF therapy, or RTX in monotherapy.
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activity is associated with the risk of dropout rather than a
single time-varying score value of the DAS28. Therefore,
we utilized an average value of the DAS28 for each patient.
These values varied over time and were calculated indi-
vidually for each patient by averaging the previous scores
of the DAS28 until the respective followup. Frequencies
and initiation of RTX retreatment were examined using
accelerated failure time models. This class of models per-
mits the estimation of covariate effects on time to retreat-
ment (15). Administration of concomitant GCs was ana-
lyzed in linear mixed models (16).

The overall effectiveness of each of the treatment vari-
ants over 36 months, i.e., the course of disease activity
(DAS28), was analyzed in linear mixed models. We calcu-
lated 2 different models for the analysis of effectiveness.
Model 1, a “completer analysis,” considers only patients
who did not change the initial therapy during 36 months
of followup. In model 2, an ITT approach was applied. The
clinical status after switching of therapies or after dropout
from the observation was considered by multiple imputa-
tions, taking confounding by selective discontinuation or
dropout into account. The imputation model included age,
sex, number of previous nonbiologic DMARDs, and the
previous courses of disease activity, as well as functional
capacity. Multiple imputations were generated by the
application of sequential regression models (17). Within
the mixed model, the following co-variables assessed at
baseline were included for adjustment: DAS28, functional
status (FFbH), treatment, RF serologic status, number of

comorbidities, and the number of previous anti-TNF� fail-
ures. Random effects were defined as the random intercept
and slope for each patient. This assumption reflects the
individual level and course of disease activity for each
patient. The issue of collinearity concerning the DAS28
and the FFbH was considered to be marginal due to a
Pearson’s correlation coefficient of � � �0.39. Alterations
in doses of concomitant nonbiologic DMARDs were not
considered.

In general, to prevent model overfitting and to select
appropriate covariance structures in random-effects mod-
els, we performed model selection by utilizing the Bayes-
ian information criterion (BIC) (18). Covariate effects in
the linear mixed-effects model were evaluated according
to the change in BIC in each of the multiple imputed data
sets. We used statistical software from SAS Institute,
version 9.3, and R, version 2.15 (19).

RESULTS

Patient characteristics. The data of 907 patients with
�1 followup were included in the analyses. The recom-
mended dose of 1,000 mg RTX infusion, to be adminis-
tered at the start and after 2 weeks, was administered in
at least 94.2% of the patients in all treatment variants.
The mean observation time in all therapies was �3 years
(Table 1). Concerning the number of previous nonbiologic
DMARDs or biologic agents or the proportion of RF-

Table 1. Baseline characteristics of patients receiving RTX*

Parameter
RTX � MTX

(n � 496)
RTX � LEF
(n � 117)

RTX monotherapy
(n � 294)

Women, no. (%) 385 (77.6) 89 (76.1) 233 (79.3)
Age, mean � SD years 56.4 � 11.7 57.2 � 11.5 58.8 � 12.2†
Disease duration, mean � SD years 13.7 � 9.9 13.8 � 11.0 14.7 � 10.2
No. of previous biologic agents, mean � SD 1.5 � 1.0 1.6 � 0.8 1.5 � 1.0
No. of previous DMARDs, mean � SD 3.0 � 1.3 3.0 � 1.1 3.0 � 1.2
Time to previous biologic DMARD, median (IQR) months 2.0 (1–4) 1.0 (0–3)† 2.0 (1–4)
Concomitant GCs (range 7.5–14 mg/day), no. (%) 118 (28.0) 19 (20.9) 72 (28.7)
Concomitant GCs (�15 mg/day), no. (%) 54 (12.8) 12 (13.2) 55 (21.9)†
Anti-CCP positive, no. (%)‡ 202 (70.1) 55 (83.3) 130 (75.6)
RF positive, no. (%) 409 (82.5) 97 (82.9) 252 (86.0)
DAS28, mean � SD 5.5 � 1.2 5.3 � 1.3 5.7 � 1.2
FFbH, mean � SD 55.3 � 22.6 58.4 � 22.3 51.4 � 24.1†
Followup, mean � SD years 3.2 � 1.5 3.2 � 1.4 3.0 � 1.5
No. of comorbidities, no. (%)

0 116 (23.4) 21 (17.9) 45 (15.3)
1 141 (28.5) 26 (22.2) 48 (16.3)
2 94 (19.0) 29 (24.8) 67 (22.8)
�3 144 (29.1) 41 (35.0) 134 (45.6)†

Among comorbidities, no. (%)
Previous malignancies 42 (8.5) 4 (3.4) 28 (9.5)
Musculoskeletal diseases 134 (27.0) 31 (26.5) 125 (42.5)†
Cardiovascular diseases 191 (38.5) 62 (53.0)† 153 (52.0)†

Smoking (ever) 257 (55.6) 62 (56.4) 156 (56.1)

* RTX � rituximab; MTX � methotrexate; LEF � leflunomide; DMARDs � disease-modifying antirheumatic drugs; IQR � interquartile range; GCs �
glucocorticoids; anti-CCP � anti–cyclic citrullinated peptide antibodies; RF � rheumatoid factor; DAS28 � Disease Activity Score in 28 joints; FFbH �
Funktionsfragebogen Hannover.
† Significant differences (P � 0.05) compared to patients treated with RTX � MTX.
‡ The biomarker anti-CCP is not reported by all rheumatologists and data are missing for 421 patients.

Effectiveness of Approved vs. Off-Label RTX Treatment for RA 1629



positive patients, no statistically significant differences
between the treatment groups were found. Patients receiv-
ing RTX monotherapy had significantly more comorbidi-
ties compared to patients receiving RTX � MTX therapy
(P � 0.01), and lower scores for functional status (P � 0.03)
and higher DAS28 (P � 0.02) compared to those receiving
RTX � LEF therapy.

Application of GCs. At baseline, patients who started
RTX monotherapy received significantly higher doses of
concomitant GCs (P � 0.01) (Table 1). In all treatment
groups, the mean dose of GCs decreased significantly
within the first 3 months of treatment (P � 0.01) (Figure 1).
Between months 6 and 36, there were no differences in the
mean doses of GCs between RTX monotherapy and RTX �
MTX. However, patients receiving RTX � LEF therapy
received on average 1.6 mg/day fewer GCs (P � 0.01).

In addition, the shorter the time span was between dis-
continuation of the last therapy with a biologic agent and
the start of RTX, the lower the doses of GCs were at
baseline. This applied to all treatment regimens. In the
RTX � LEF group, the proportion of patients who had

switched from anti-TNF� therapy to RTX within the last
30 days was significantly larger than in the other groups
(31.6% versus 19.0% in RTX � MTX and 21.1% in RTX
monotherapy), which explained, at least in part, the lower
doses of GCs at enrollment.

Retreatment with RTX. There were no significant dif-
ferences between treatment groups in time to first, second,
or third retreatment with RTX (P min � 0.62). The time
span between RTX start and the first retreatment with RTX
is shown in Figure 2. The second retreatment with RTX
was initiated in 55.6% of patients receiving RTX � MTX
therapy, 62.4% receiving RTX � LEF therapy, and 56.5%
receiving RTX monotherapy.

Dropout. Analysis of dropout was conducted to find
predictors of attrition and to examine whether selective
dropout was present in one of the treatment variants.
Over 3 years of observation, we classified 179 patients
(19.7%) as potential dropouts, including 83 (16.7%) re-
ceiving RTX � MTX, 20 (17.1%) receiving RTX � LEF,
and 76 (25.9%) receiving RTX monotherapy, which corre-
sponded to 6–7% dropout annually. Patients with an ele-
vated average DAS28, those treated with RTX mono-
therapy, and RF-negative patients had significantly higher
risks to drop out (Table 2).

Figure 1. Reported glucocorticoid (GC) doses over time. The as-
terisks (�) indicate statistically significant differences in GC doses.
Reference is rituximab plus methotrexate (RTX�MTX) therapy.
RTX�LEF � RTX plus leflunomide therapy; RTXMONO � RTX
monotherapy.

Figure 2. Survival plot of the time to first retreatment with ritux-
imab (RTX). The numbers of subjects at risk, at the top of the
x-axis, represent the number of patients who did not receive a
second course of RTX at the specific month of observation.
RTX�LEF � RTX plus leflunomide therapy; RTX�MTX � RTX
plus methotrexate therapy; RTXMONO � RTX monotherapy.

Figure 3. Survival estimates for continuation on therapy. At the
top of the x-axis, the respective number of patients under risk is
noted, i.e., the number of observed patients at the respective
month who did not change the treatment. Hall-Wellner bands
represent 95% confidence intervals. RTX�LEF � RTX plus le-
flunomide therapy; RTX�MTX � rituximab plus methotrexate
therapy; RTXMONO � RTX monotherapy.

Table 2. Cox proportional hazards of dropouts*

Parameter Hazard ratio 95% CI

DAS28 (average) 1.5 1.3–1.7
RTX � MTX Reference NA
RTX � LEF 1.1 0.7–1.7
RTX monotherapy 1.7 1.2–2.3
RF positive Reference NA
RF negative 1.5 1.0–2.1

* 95% CI � 95% confidence interval; DAS28 � Disease Activity
Score in 28 joints; RTX � rituximab; MTX � methotrexate; NA �
not applicable; LEF � leflunomide; RF � rheumatoid factor.
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Discontinuation of baseline (ITT) therapy. Within 3
years of observation, 161 patients switched to treatment
with another biologic agent; this applied significantly
more often (P � 0.03) to patients treated with RTX � MTX
(103 [20.8%]) than to those treated with RTX � LEF
(16 [13.7%]) or RTX monotherapy (42 [14.3%]). The non-
biologic DMARD was switched (or a new one was added
in RTX monotherapy) in 150 patients: 46 (9.3%) were
receiving RTX � MTX therapy, 18 (15.4%) were receiving
RTX � LEF therapy, and most frequently (P � 0.01), 86
patients (29.3%) were receiving RTX monotherapy. The
discontinuation of baseline (ITT) treatment by a switch of
the biologic agent, the nonbiologic DMARD treatment, or
both was significantly higher (P � 0.01) in patients treated
with RTX monotherapy (RTX � MTX: 124 [25.0%], RTX �
LEF: 31 [26.5%], and RTX monotherapy: 113 [38.4%]).
The Kaplan-Meier estimates for receiving ITT treatment
after 36 months of observation were 70.4% of patients
receiving RTX � MTX therapy, 70.0% receiving RTX �
LEF therapy, and 55.8% receiving RTX monotherapy
(Figure 3).

Effectiveness. In the completer analysis (approach 1),
we restricted the number of patients to those who were
still observed at month 36 on ITT therapy, which is equiv-
alent to the number of patients at risk after 36 months in
Figure 3. We found a significant benefit for patients treated
with RTX monotherapy (P � 0.04) compared to patients
treated with RTX and a concomitant nonbiologic DMARD.
This gain in effectiveness was constant over time (Table 3)
and varied between 0.3 and 0.6 unit of the DAS28. We
adjusted for patient characteristics assessed at baseline
(DAS28, FFbH, number of comorbidities, previous anti-
TNF failures, and RF). In approach 2, we additionally
adjusted for the effects of treatment changes and dropout
processes by multiple imputations. Consequently, no sig-
nificant differences between the 3 treatment regimens
were found concerning the outcome in DAS28 at months
12, 24, or 36 (Table 3).

In all treatment groups, the improvement in DAS28 was
lower for RF-negative patients (on average, 0.3 unit [95%
confidence interval 0.07–0.53] over time). Further signifi-
cant predictors of response were baseline DAS28, number

of comorbidities (�2 versus �2), or previous anti-TNF
failures (�1 versus �1), whereas there was no association
with age, sex, or weight. The mixed-model analysis
showed a significant decrease of the DAS28 over time (P �
0.01), but no significant interaction between time and
treatment group, which supported the assumption of equal
effectiveness of the 3 treatment regimens.

DISCUSSION

We compared 3 treatment regimens of RTX that are com-
mon in daily rheumatologic practice. Although RTX is
approved in combination with MTX only, a substantial
number of patients do not tolerate MTX in this combina-
tion. With lacking evidence from randomized trials, there
is a need for clinicians and payers to know whether RTX is
safe and efficient in monotherapy or in combination with
LEF, and whether there are clinical situations in which
certain treatment variants should be avoided.

We therefore analyzed 3-year followup data of 907 pa-
tients enrolled in the German biologics register RABBIT
with a start of 1 of 3 different RTX treatment variants. We
found similar effectiveness of RTX used in monotherapy
or with concomitant LEF compared to the licensed treat-
ment variant of RTX in combination with MTX. Taking
treatment discontinuation and dropout processes in an
ITT approach into account, a significant reduction in dis-
ease activity within the first 12 months of observation by
1.5 units of the DAS28 was found in all 3 treatment vari-
ants. Between month 12 and month 36, we found an ad-
ditional and significant improvement in DAS28 by on
average 0.4 unit for all treatment variants. We could pre-
clude the time to retreatment and GC doses as potential
confounders of the outcome.

By this approach, we confirmed the findings of others
(5–7) in a more robust manner and added information on
the longer-term effectiveness over a mean of 3 years. A
lower DAS28 at baseline, fewer comorbid conditions, and
fewer previous anti-TNF treatment failures were signifi-
cantly associated with lower disease activity at followup.
RF positivity remained as a highly predictive factor for the
success of treatment with RTX.

Table 3. Adjusted mean estimates of the DAS28 for treatment regimens*

N
DAS28

at baseline
DAS28 at month

12 (95% CI)
DAS28 at month

24 (95% CI)
DAS28 at month

36 (95% CI)

Completer analysis (approach 1)
RTX � MTX 216 5.6 3.9 (3.7–4.1) 3.8 (3.6–4.0) 3.6 (3.4–3.9)
RTX � LEF 53 5.6 4.2 (3.8–4.6) 4.1 (3.7–4.6) 3.7 (3.2–4.1)
RTX monotherapy 86 5.6 3.7 (3.5–4.0) 3.5 (3.2–3.7) 3.4 (3.1–3.7)

ITT analysis (approach 2)
RTX � MTX 496 5.5 4.1 (4.0–4.2) 3.8 (3.7–4.0) 3.7 (3.6–3.8)
RTX � LEF 117 5.5 4.1 (3.9–4.3) 3.9 (3.7–4.2) 3.6 (3.3–3.9)
RTX monotherapy 294 5.5 4.0 (3.8–4.1) 3.7 (3.5–3.8) 3.6 (3.4–3.8)

* Means of the Disease Activity Score in 28 joints (DAS28) by treatment group adjusted for an averaged, common baseline DAS28 and functional status
(Funktionsfragebogen Hannover), treatment, rheumatoid factor, time, number of comorbidities, and the number of previous anti–tumor necrosis factor
� failures are shown. The completer analysis considered patients who continued the initial treatment over 36 months. In the intent-to-treat (ITT)
analysis, additional adjustments for therapy discontinuation and dropout were made. 95% CI � 95% confidence interval; RTX � rituximab; MTX �
methotrexate; LEF � leflunomide.
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Regarding the effectiveness of the combination RTX �
LEF, our results are different from those of Chatzidionys-
iou et al (7), who found higher effectiveness compared
with RTX � MTX or RTX alone. The mean � SD doses of
nonbiologic DMARDs in their study were 14.4 � 5.4 mg a
week for MTX and 17.6 � 3.4 mg daily for LEF, thus being
similar to those of our cohort (14.2 � 5.0 for MTX and
17.4 � 4.7 for LEF). We attribute the difference of the
results to an overrepresentation of biologic agent–naive
patients in the study by Chatzidionysiou et al, who are
known to respond better to initial treatment with a bio-
logic agent in their RTX � LEF group (20,21).

Similarly, we could not confirm the results of Solau-
Gervais et al (6), who found no significant difference in
European League Against Rheumatism response between
patients naive to TNF inhibitors (78.6%) and those with
prior exposure (74.1%). In our study, a higher number of
previous anti-TNF failures was a significant predictor of a
poorer response. Of note, in their data, the interval of
retreatment that was given after relapse only differed sig-
nificantly between patients with and without previous
anti-TNF failures (35 and 60 weeks), which could be an
indicator for better effectiveness without previous TNF
failures.

In addition to the ITT approach, we performed a com-
pleter analysis. We found that patients who stayed on RTX
monotherapy had a significantly greater reduction of the
DAS28 compared to the other treatment variants. How-
ever, this result has to be interpreted against the back-
ground that treatment discontinuation and dropout were
significantly increased in patients receiving RTX mono-
therapy. Therefore, a considerably lower portion of RTX
monotherapy patients completed the 3-year period, i.e.,
those who responded well and tolerated this treatment.

This study has strengths and weaknesses. We have to
keep in mind that all analyses in this comparison utilized
data from an observational study, which implies the pos-
sibility of residual confounding. We could not analyze the
predictive value of anti-CCP antibodies, as recently dis-
cussed by Isaacs et al (22), since a considerable proportion
of rheumatologists did not measure this parameter in the
early enrollment period of patients treated with RTX.

Strengths of the study are that patients under all treat-
ment regimens were observed in the same manner and
intensity. Further, different from pooled analyses of data
from several countries, all patients stemmed from the
same population and were treated under the same health
care conditions. Information related to the investigated
off-label RTX treatment variants almost exclusively came
from real-life data, and no long-term data were available
from randomized controlled trials. Furthermore, the high
completeness of our data allowed us to look at the change
of patient case mix and clinical variables over time. To
our knowledge, this is the first study on the effectiveness
of RTX in which confounding by dropout, differences in
retreatment intervals, and the individual courses and
doses of concomitant GC treatment were considered in
the analysis. Our findings have implications for the use of
RTX in daily rheumatologic practice. However, RTX
monotherapy or RTX � LEF are still off-label treatment
variants. Evaluation of the results in the more rigorous

setting of a randomized clinical trial is therefore highly
needed.

We conclude that for patients intolerant to MTX, the
combination of RTX � LEF is an effective option even in
the long term, as well as using RTX in monotherapy, if the
patient is RF positive.
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