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Unlike other biologic agents for rheumatoid arthritis (RA) that are administered at regular
intervals even without flare, rituximab can be administered according to the timing of
retreatment determined by the physician. Recently, there has been a tendency to prefer
on-demand administration for disease flares rather than regular retreatment. We aimed
to investigate the retreatment patterns of rituximab in patients with RA and to identify
factors associated with extension of the time interval between retreatment courses. This
study included RA patients on rituximab treatment who were enrolled in the Korean
Rheumatology Biologics registry (KOBIO) or treated at Ajou University Hospital. Previous
or current concomitant conventional synthetic disease-modifying anti-rheumatic drugs
(csDMARDs), corticosteroids, number of previous biologic agents, withdrawal, and time
intervals of rituximab retreatment were collected. In case of treatment failure, the reasons
such as lack of efficacy, adverse events, and others, were also identified. A total of
82 patients were enrolled. The mean follow-up period from the first cycle of rituximab
was 46.1 months, and the mean interval between the retreatment courses was 16.3
months. The persistent rates of rituximab after 5 years was 72.4%. Concomitant use of
at least two csDMARDs (B = 4.672; 95% Cl: 0.089-9.255, p = 0.046) and concomitant
use of corticosteroids (B = 7.602; 95% ClI: 0.924-14.28, p = 0.026) were independent
factors for extending the time interval between the retreatment courses. In conclusion,
RA patients treated with rituximab in Korea show high persistence rates. Concomitant
use of two or more csDMARDs and concomitant use of corticosteroids with rituximab
are associating factors of extending the retreatment time interval. These findings should
be considered when selecting rituximab as a treatment for patients with RA.

Keywords: rituximab, rheumatoid arthritis, treatment response, adverse event, safety

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder that primarily affects the
synovial joints. It is characterised by joint pain and functional disability that lead to reduced quality
of life and a high socioeconomic burden (1). As an autoimmune disease, complex interactions
among B cells, T cells, macrophages, neutrophils, dendritic cells, fibroblasts, and osteoclasts
play crucial roles in initiating and maintaining inflammation of the joints (2). Among these,
B cells appear to contribute significantly to the development of RA by producing pathogenic
autoantibodies, presenting self-antigens to T cells, and secreting inflammatory cytokines (3).
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Therefore, B cells have emerged as therapeutic targets in
treatment approaches involving direct depletion through
monoclonal antibodies (mAb), inhibition of pro-inflammatory
soluble factors or co-stimulatory molecules, and interruption
of B cell activation or engagement of inhibitory checkpoint
receptors (4). Despite the development of B cell-targeted
treatment, the first therapeutic anti-CD20 mAb remains a crucial
modality, with a long history of successful clinical use. In RA,
the only biological agent approved for specific B cell-targeted
therapy is rituximab, a chimeric monoclonal antibody against
the CD20 antigen of B cells (5).

Rituximab was first used as a treatment for RA in 2006
and was approved for use with methotrexate (MTX) in patients
with inappropriate responses to more than one anti-tumour
necrosis factor agent (6). Clinical studies of rituximab have
established its efficacy and safety as a protocol administered
every 6 months after baseline. As such, the authorised dose
regimen is intravenous infusion of 1,000 mg on days 1 and 15
every 24 weeks (7). However, although administration at intervals
of 6 months may be the most appropriate, clinical responses
may vary depending on seropositivity, biomarkers, and genetic
markers given that reconstitution of the peripheral B cells usually
occurs 6-9 months after rituximab administration (8, 9). Thus,
determining the optimal timing for retreatment is challenging
with respect to the duration of the effect. Further, safety is
also of primary concern as repeated administration of rituximab
may cause immunoglobulin reduction and increase the risk of
infection. A comparison of the clinical effects of administration
at reduced doses showed similar clinical effects at a reduced dose
(one infusion of 1,000 mg or two doses of 500 mg) after a first
course of rituximab at standard doses (10, 11). In addition, a
recent real-world study on the use of rituximab showed that on-
demand administration maintains good clinical responses (12).

Retreatment options for rituximab include regular
retreatment at fixed intervals (e.g., every 6 months), treatment
of flare, or treatment with any deterioration or treatment-
to-target (13). This study aimed to investigate the patterns
of use of rituximab in patients with RA in the real world,
using the KOrean Rheumatology BIOlogics registry (KOBIO).
Furthermore, we analysed the persistence rates of rituximab
treatment and identified the factors associated with extending
the administration intervals and with treatment failure.

METHODS
Study Design and Population

The KOBIO registry is a nationwide, multi-centre, prospective,
observational cohort formed by the Korean College of
Rheumatology Biologics Registry and launched in 2012
(14). The KOBIO RA registry consisted of the biologic group and
the control group [(patients treated with conventional synthetic
disease-modifying anti-rheumatic drugs (csDMARDs)]. The
biologic group involved patients aged over 18 years who have
been diagnosed with RA and are initiating, restarting, or
changing to a new biologic agent. The purpose of the registry
was to evaluate the clinical outcomes and adverse events of
patients. All treatments, including the selection of biological

agents, dose, and duration of treatment, were determined by the
treating rheumatologists. Evaluations were performed every visit
after obtaining consent from each participant. In this study, we
used only the biologic RA group (patients treated with biologic
DMARD:s or targeted synthetic DMARD:s).

The present study included patients with RA who were
registered in the KOBIO registry or those who had been treated
with rituximab at Ajou University Hospital, but not registered
with KOBIO. There was no difference of the data collection and
baseline characteristics of patients between KOBIO registry and
Ajou University Hospital (Supplementary Table 1). All patients
fulfilled the 1987 American College of Rheumatology (ACR) or
2010 ACR/European League Against Rheumatism classification
criteria for RA diagnosis (15, 16). Patients with a low-dose
rituximab regimen for retreatment were excluded, considering
that other regimens may result in biassed outcomes. A total of
82 patients registered in the KOBIO from its launch to 2020 (n
= 55) and patients treated at Ajou University Hospital between
1999 and 2020 (n = 27) were included.

The data collection form and study protocol for current
study was approved by the institutional review board of Ajou
University Hospital (AJIRB-MED-MDB-21-055) or local ethics
committees at each participating centre, and was conducted in
compliance with the principles of the Declaration of Helsinki. All
patients provided written consent to participate in the registry.

Data Collection and Assessment of

Disease Activity

Medical information was collected through data uploaded to
the KOBIO web server (http://www.rheum.or.kr/kobio/). At
the time of registration, individual investigators at each centre
obtained information through structured interviews or using
medical chart records including clinical information, laboratory
tests, and radiologic imaging. Data for each patient were
updated annually using a standardised case report form, and
all data are transferred to the web server. Clinical information,
such as age, sex, body mass index, alcohol consumption,
smoking habits, extra-articular manifestations, previous or
current medications, and concomitant diseases, was collected
primarily from health questionnaires and interviews. Laboratory
tests included rheumatoid factor (RF), anti-citrullinated protein
antibody (anti-CCP Ab), erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP). All radiographs were evaluated
by radiologists, and bone erosion was defined as the presence
of erosion of at least one proximal interphalangeal joint,
metacarpophalangeal joint, wrist, and metatarsophalangeal joint
on plain radiographs of the hand and foot. Disease activity was
evaluated according to the number of tender and swollen joints,
visual analogue scales for pain, patients and physician’s global
assessment, and Disease Activity Score in 28 joints (DAS28)-ESR
and DAS28-CRP.

Rituximab Protocol

All patients received 1,000 mg of rituximab intravenously on
days 1 and 15 according to the standard regimen for RA as the
first cycle of treatment with rituximab (17). All patients were
evaluated for disease activity and adverse events 4 months after
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the date of starting rituximab according to Korean National
Health Insurance reimbursement criteria. And it was evaluated
to be effective in 4-month evaluation, and if the disease worsened
again, it could be re-administered after 6 months. Further cycles
were repeated with the same regimen in patients with physician-
confirmed aggravation of disease activity. Previous or current
concomitant csDMARDs, corticosteroids, number of previous
biologic agents, dates of onset and withdrawal, and treatment
intervals were also collected. In case of treatment failure, the
reasons such as lack of efficacy, adverse events, and others,
were also identified. As for rituximab’s efficacy, all patients are
evaluated for disease activity and adverse events 4 months after
the date of starting rituximab according to Korean National
Health Insurance reimbursement criteria. And it is evaluated to
be effective in 4-month evaluation, and if the disease worsens
again, it could be re-administered after 6 months.

Statistical Analysis

The baseline characteristics were analysed using descriptive
statistics, and data were presented as the mean =+ standard
deviation. Categorical variables were compared using the chi-
square test or Fisher’s exact test, while continuous variables
were compared using the independent ¢-test. Survival curves of
persistence on rituximab were generated using the Kaplan-Meier
method. Univariate and multivariate linear regression analyses
were used to determine the variables associated with extending
the time interval between retreatment courses. Binary logistic
regression analysis was performed to identify the risk factors
of treatment failure. The results of linear regression analyses
were expressed as  coefficients, while those of logistic regression
analyses were expressed as odds ratios (OR) with 95% confidence
intervals (CI). All statistical analyses were conducted using SPSS
version 25.0 (IBM Corporation, Armonk, NY, USA). P-values <
0.05 were considered statistically significant.

RESULTS

Clinicodemographic Patient

Characteristics

The mean age at the first rituximab cycle was 55.2 + 13.4
years, and almost all patients were female (81.7%). The
clinicodemographic patient characteristics are shown in Table 1.
The most common comorbidity was hypertension (31.7%). The
mean disease duration was 7.9 = 6.0 years. There were 74 (90.2%)
patients who were RF positive and 55 (67.1%) patients who were
anti-CCP AD positive. The mean DAS28-ESR and DAS28-CRP
were 5.87 £ 1.02 and 4.83 + 1.12, respectively. Majority of the
patients had received csDMARDs before receiving rituximab,
with 56 (68.3%) patients having at least two csDMARDs. The
most commonly used csDMARDs were MTX (91.5%), followed
by leflunomide (32.9%) and sulfasalazine (25.6%), respectively.
All patients, except 3 patients, were taking corticosteroids, and
the mean corticosteroid dose was 5.61 £ 3.57 mg prednisone-
equivalent. There was little change in the number of patients
using csDMARDs during concomitant treatment at the time
of the first rituximab cycle, but there was a difference in the
number of medications. Most of the patients were taking one

TABLE 1 | Baseline characteristics of patients with RA at time of first cycle of

rituximab.

Variable RA patients (n = 82)
Demographics

Age, mean (years) 552+ 134
Sex

Female, N. (%) 67 (81.7)
Male, N. (%) 15(18.3)
BMI, mean 22.9 4+ 3.96
Smoking, N. (%) 16 (19.5)
Alcohol, N. (%) 7(8.5)
Comorbidities, N. (%)

Diabetes mellitus 7 (8.5)
Hypertension 26 (31.7)
Cardiovascular disease 1(1.2
Cancer 6 (7.3)
Disease status

Disease duration (years) 7.88 + 5.97
RF positivity, N. (%) 74 (90.2)
Anti-CCP Ab positivity, N. (%) 55 (67.1)
Tender joint count 10.3 £ 7.46
Swollen joint count 7.6 +£5.53
ESR, mm/hr 58.9 +30.4
CRP, mg/dL 3.65+7.76
DAS28-ESR 5.87 £1.02
DAS28-CRP 483 +1.12
Patient pain intensity, VAS (mm) 57.8+21.0
Radiographic erosions, N. (%) 44 (53.7)
RA associated ILD, N. (%) 7 (8.5)
Medication

Previous treatments

Prior use of methotrexate, N. (%) 5(91.5)
Prior use of sulfasalazine, N. (%) 1(25.6)
Prior use of leflunomide, N. (%) 27 (32.9)
Prior use of csDMARDs, N. (%) 79 (96.3)
One csDMARD received, N. (%) 3(28.0)
Two or more csDMARDs received, N. (%) 56 (68.3)
Corticosteroid use before rituximab treatment, N. (%) 79 (96.3)
Dosage, mean, mg/day (prednisone-equivalent) 5.61 + 3.57
Concomitant treatments

Methotrexate, N. (%) 66 (80.5)
Sulfasalazine, N. (%) 3(3.7)
Leflunomide, N. (%) 14 (17.1)
Number of csDMARDs used, N. (%) 77 (93.9)
One csDMARD received, N. (%) (53 7)
Two or more csDMARDs received, N. (%) 3 (40.2)
Corticosteroid use after rituximab treatment, N. (%) 76 (92.7)
Dosage, mean, mg/day (prednisone-equivalent) 4.63 +2.85
Prior use of biologic agents, N. (%) 80 (97.6)
Number of prior biologic agents, median (IQR) 22,3
Prior use of > 2 anti-TNF agents, N. (%) 55 (67.1)
Originator, N. (%) (vs. biosimilar) 77 (93.9)

RA, rheumatoid arthritis; BMI, body mass index; RF, rheumatoid factor; Anti-CCP Ab,
anti-citrullinated protein antibody; ESR, erythrocyte sedimentation rate; CRR, C-reactive
protein; DAS, disease activity score; VAS, visual analogue scale; ILD, interstitial lung
disease; csDMARDs, conventional synthetic disease modifying anti-rheumatic drugs; IQR,
inter-quartile range; TNF, tumour necrosis factor.
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TABLE 2 | Treatment outcome of rituximab in patients with RA.

Variable RA patients (n = 82)
Total follow-up period from the first 46.1 £ 37.5
cycle, mean (months)

Achieving biologic-free remission 10 (12.2)
after first cycle, N. (%)

Patients still receiving rituximab at 57 (69.5)
end of follow-up, N. (%)

Number of retreatment courses, 2.56 + 2.31
mean

Time interval between two 16.3 + 8.56
courses, mean (months)

Treatment persistence every year

after first cycle, N. (%)

1(n=79) 77 (97.5)
2 (n = 55) 49 (89.1)
3 (n = 46) 39 (84.8)
4 (n = 36) 28 (77.8)
5(n =29 21 (72.4)
Treatment failure, N. (%) 15 (18.3)
Lack of efficacy, N. (%) 7 (46.7)
Adverse effect, N. (%) 2(138.3)
Physician/patient decision, N. (%) 16.7)
Death, N. (%) 5(33.3)

RA, rheumatoid arthritis.

c¢sDMARD, with 44 patients (53.7%) and 33 patients (40.2%)
taking at least two csDMARDs. The proportion of patients taking
corticosteroids was approximately the same, and the mean dose
was 4.63 £+ 2.85mg prednisone-equivalent, which was lower
than the dose before receiving rituximab. In total, 80 of the 82
patients had previously experienced other biologic agents and the
median number of prior biologic agents was two. Among them,
55 patients (68.8%) received two or more anti-tumour necrosis
factor (anti-TNF) agents.

Treatment Outcomes

The treatment outcomes after the mean follow-up of 46.1
months are shown in Table 2. Sixty-seven patients sustained
treatment without failure, and 10 of them achieved biologic-
free remission after the first cycle. Biologic-free remission was
defined as a state in which low disease activity was maintained
only with csDMARDs without the use of biologic agents after
the first cycle of rituximab. In the remaining 57 patients, the
retreatment schedule was adjusted according to the judgement
of the physician based on disease activity. The median number
of rituximab cycles was 2, and the mean time interval of the
retreatment courses was 16.3 £ 8.7 months. The probability of
persistence for rituximab according to Kaplan-Meier analysis is
presented in Figure 1. In total, 97.5, 89.1, 84.8, 77.8, and 72.4%
of the patients continued rituximab each year until 5e years after
the first cycle of rituximab. Each persistence rate was calculated
as the percentage of patients who were maintained in the
population, excluding those with follow-up loss or a short follow-
up period. Treatment failure occurred in 15 patients (18.3%). The

most common reason for rituximab discontinuation was lack of
efficacy [7 (46.7%) patients], followed by death after rituximab
administration [5 patients (33.3%)]. The causes of death were
infection and malignancy. The other reasons for discontinuation
were adverse effects (13.3%) and the patient’s decision (6.7%).

Predictive Factors of Good Response to

Rituximab

We analysed the clinical factors associated with achieving
biologic-free remission after the first cycle of rituximab (Table 3)
and found that only the previous use of two or more anti-
TNF agents was significant. Disease activities, comorbidities, type
or number of concomitant csDMARDs, and the corticosteroid
dose did not significantly affect the achievement of biologic-free
remission. Multivariable linear regression analysis of the factors
that extend the time interval between the retreatment courses
showed that prior (8 = 5.386; 95% CI: 0.86-9.911, p = 0.021) or
concomitant use of two or more csDMARDs (f = 4.672; 95% CIL:
0.089-9.255, p = 0.046) and concomitant use of corticosteroids (B
=7.602; 95% CI: 0.924-14.28, p = 0.026) were significant factors
(Table 4).

Factors Associated With Treatment Failure
The results of the logistic regression analysis for the risk
factors of rituximab failure are described in Table 5. Univariate
logistic regression analysis indicated that anti-CCP Ab positivity
was significantly associated with treatment failure, with
an OR of 0.157 (95% CIL: 0.028-0.875, p = 0.035). This
means that the probability of failing rituximab treatment
is 0.15 times or 85% lower in patients with anti-CCP Ab
than in patients without anti-CCP Ab. After multivariate
analysis, anti-CCP Ab positivity remained as an independent
factor associated with treatment failure of rituximab (OR,
0.184; 95% CI: 0.031-0.709, p = 0.016). Bone erosions,
the presence of interstitial lung disease, concomitant
medications, and the use of biosimilars did not influence
treatment failure.

DISCUSSION

On-demand rituximab administration has been reported to
achieve outcomes similar to fixed-interval administration. In
this study, 57 patients among the 82 patients were treated
with on-demand rituximab administration without failure, and
10 of them achieved biologic-free remission after the first
cycle. The mean time interval of the retreatment courses
was 163 =+ 8.7 months. Rituximab has a longer-lasting
effect on the host immune system than other biologic agents
approved for the treatment of RA owing to its depletion
of peripheral B cells from about 90% to almost 100%
(18). However, although the long-lasting effect is highly
advantageous for patients who prefer a convenient lifestyle,
there are concerns that early use of new biologic agents may
pose additional safety risks even if the effect of rituximab
is insufficient.

Given that it is difficult to cope with insufficient efficacy,
it is necessary to select subjects who are predicted to be good
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FIGURE 1 | Kaplan-Meier survival curve of the persistence of rituximab in patients with RA. The cumulative persistence rates were 97.5, 89.1, 84.8, 77.8, and 72.4%
every year until 5 years after the first cycle of rituximab.

responders to rituximab. As such, the significance of this report is
emphasised as, to our best knowledge, it is the first to evaluate the
treatment response to rituximab using the nationwide registry
in Korea. In our study, 72.4% of patients with RA continued
rituximab after 5 years, indicating higher effectiveness and
tolerability than previously reported in other cohorts. The rate
of persistence in most previous reports ranged from 50-60% after
4 years of rituximab (19-21). The reason for this trend is unclear
because there are no differences in disease activity, seropositivity,
or number of prior biologic agents between our study and other
studies (19, 20).

In the present study, the time interval for patients maintaining
rituximab was significantly longer than the fixed retreatment
schedule of 6 months. Retreatment was performed on demand
rather than on a fixed schedule, as the retreatment schedule in
Korea depends highly on the Korean National Health Insurance
(KNHI) reimbursement criteria. Unlike other biologic agents
that are administered at regular intervals even without flare,
rituximab is reimbursed only at the time of flare at least 6
months after administration of the previous course under the
KNHI system. A total of 12% of patients in this study achieved
biologic-free remission after 1 cycle of rituximab. Given that
existing data are mainly on patients who achieved biologic-free
remission following treatment with anti-TNF agents, there is
limited evidence on whether biologic-free remission is sustained
after the discontinuation of rituximab (22).

In a previous study, the sustained rate of biologic-free
remission ranged from 14 to 60% within a short follow-up period
of 2 years, and thus further studies to select the most appropriate
treatment strategies are needed (23). Compared with previous
studies, our study is advantageous in that it includes a fairly
long follow-up period, and we found a novel result that the use
of two or more anti-TNF agents prior to rituximab is the only
significant factor influencing biologic-free remission. This is in
contrast to previous results that a higher number of biological

agents prior to rituximab experience leads to a shorter duration
of the clinical response (24, 25). A study by La et al. (26) verified
that prolonged exposure to anti-TNF agents could increase B-
cell survival factors to induce resistance to rituximab, and this is
related to the overall duration of previous anti-TNF agents, rather
than the number of anti-TNF failures. In summary, instead of
long-term maintenance, the anti-TNF agent should be switched
in patients who do not adequately respond to the treatment.

Further, other biologic agents with a different mechanism
of action, such as rituximab, should be selected if the patient
does not respond to treatment with two or more anti-TNF
agents. Furthermore, RF negativity, not smoking and minimal
radiographic damage which have been proven to be related to
biologic free remission in previous studies, have not shown
significant results in this study (27). The lack of significance
of baseline disease characteristics for predicting biologic-free
remission after treatment implies that other factors such as
genetic differences in drug metabolism may affect the response
to rituximab (28, 29).

Increasing evidence shows that on-demand, rather than fixed
regular retreatment, is a reasonable schedule for long-term
maintenance treatment of rituximab in patients with RA (30).
The time interval for the average rituximab treatment course
in our patients was 16 months, which was longer than in
published literature (12, 20, 31). In several real-life observational
studies, the average response duration of rituximab ranged
from 7.8 months to 13 months. Observational studies also
demonstrated that fixed regular retreatment and on-demand
retreatment with rituximab showed comparable efficacy in
patients who had a good response after the first cycle of the
standard regimen (30). As such, on-demand retreatment is a
more favourable option with respect to safety and cost saving
than fixed regular retreatment. Several studies on low-dose
rituximab as retreatment to reduce side effects have proven
the non-inferiority of its efficacy; however, the on-demand
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TABLE 3 | Clinical characteristics of patients who achieved and did not achieved
biologic-free remission after first cycle.

Variable Achieved Not achieved P value
(n =10) (n=72)
Demographics
Age, mean (years) 51.1+18.0 55.783 £ 12.7 0.449
Sex, female, N. (%) 8(80.0) 59 (81.9) 0.882
BMI, mean 23.5+3.25 22.8 + 4.06 0.648
Smoking, N. (%) 4 (40.0) 12 (16.7) 0.083
Alcohol, N. (%) 2 (20.0) 5(6.9) 0.169
Comorbidities, N. (%)
Diabetes mellitus 1(10.0) 6 (8.3) 0.861
Hypertension 2 (20.0) 24 (33.3) 0.399
Cardiovascular disease 0(0) 1(1.4) 0.709
Cancer 2 (20.0) 4 (5.6) 0.102
Disease status
Disease duration (years) 9.583 +£5.19 7.65 £+ 6.06 0.352
RF positivity, N. (%) 8(80.0) 66 (91.7) 0.175
Anti-CCP Ab positivity, N. (%) 6 (60.0) 49 (68.1) 0.345
DAS28-ESR 5.81+1.0 5.87 +£1.03 0.858
DAS28-CRP 4.91 £ 0.81 482 +1.16 0.827
Radiographic erosions, N. (%) 5 (50.0) 39 (54.2) 0.806
RA associated ILD, N. (%) 1(10.0) 6(8.3) 0.861
Medication
Previous treatments
Prior use of methotrexate, N. (%) 10 (100) 65 (90.3) 0.306
Prior use of leflunomide, N. (%) 4 (40.0) 23(31.9) 0.614
Prior use of sulfasalazine, N. (%) 5 (60.0) 16 (22.2) 0.061
Two or more csDMARDSs received 8 (80.0) 48 (66.7) 0.399
CS dose before rituximab 4.89 +£3.75 570 £3.75 0.525
treatment, mean, mg/day
(prednisone-equivalent)
Concomitant treatments
Methotrexate, N. (%) 7 (70.0) 59 (81.9) 0.375
Leflunomide, N. (%) 1(10.0) 13 (18.1) 0.528
Sulfasalazine, N. (%) 1(10.0) 2(2.8) 0.275
Two or more csDMARDs received 5 (50.0) 28 (38.9) 0.505
CS dose after rituximab treatment, 3.25 4+ 2.06 4.83 +2.90 0.101
mean, mg/day
(prednisone-equivalent)
Number of prior biologic agents, 2(2,3) 2(2,3) 0.899
median (IQR)
Prior use of >2 anti-TNF agents, 10 (100) 45 (62.5) 0.019
N. (%)
Originator, N. (%) (vs. biosimilar) 1(10.0) 4 (5.6) 0.584

BMI, body mass index; RF, rheumatoid factor; Anti-CCP Ab, anti-citrullinated protein
antibody; DAS, disease activity score; ESR, erythrocyte sedimentation rate; CRF, C-
reactive protein; VAS, visual analogue scale; RA, rheumatoid arthritis; ILD, interstitial lung
disease; csDMARDs, Conventional synthetic disease modifying anti-rheumatic drugs; CS,
corticosteroid; IQR, inter-quartile range; TNF, tumour necrosis factor.

retreatment of low-dose rituximab has insufficient efficacy (32,
33).

Considering the current tendency to pursue on-demand
retreatment globally and the convenience of extending the
retreatment time intervals, it is reasonable to find ways to

TABLE 4 | Factors related to extending the time intervals between rituximab
treatment.

Variable B coefficient 95% CI P value
Age —0.068 —0.26-0.124 0.481
BMI -0.274 —0.835-0.288 0.333
Smoking -1.914 —8.495-4.668 0.563
Alcohol -5.215 —17.5698-7.167 0.402
Disease duration 0.114 —0.272-0.5 0.558
RF positivity 2.998 —6.014-12.01 0.508
Anti-CCP Ab positivity —3.062 —12.537-6.414 0.519
DAS28-ESR 0.263 —1.859-2.386 0.804
DAS28-CRP —-0.273 —2.147-1.602 0.772
Patient pain intensity, VAS (mm) 0.058 —0.057-0.173 0.319
Radiographic erosions 4.309 —0.127-8.746 0.057
RA associated ILD -0.2 —8.306-7.906 0.961
Prior use of methotrexate 3.669 —3.737-11.075 0.325
Prior use of leflunomide 1.257 —3.744-6.258 0.616
Prior use of sulfasalazine —0.26 —6.07-5.55 0.929
Prior use of csDMARDs yes (vs. 2.057 —8.197-12.312 0.689
no)

Prior use of csDMARDs > 2 5.386 0.86-9.911 0.021
Prior use or corticosteroid 3.246 —9.185-15.678 0.603
Prior use of corticosteroid dose -0.172 —0.753-0.409 0.555
Concomitant use of methotrexate 5.194 —0.445-10.833 0.07
Concomitant use of leflunomide 2.841 —3.716-9.398 0.389
Concomitant use of sulfasalazine —-5.377 —22.783-12.029  0.538
Concomitant use of csDMARDs 1.648 —7.318-10.614 0.714
yes (vs. no)

Concomitant use of csDMARDs 4.672 0.089-9.255 0.046
>2

Concomitant use of corticosteroid 7.602 0.924-14.28 0.026
yes (vs. no)

Concomitant use of corticosteroid —-0.317 —1.133-0.499 0.44
dose

Prior use of biologic agent yes (vs. —0.744 —13.205-11.717  0.905
no)

Prior biologic agent number —-3.514 —9.246-2.219 0.225
Prior use of > 2 anti-TNF agents -0.897 —5.696-3.901 0.709
Originator (vs. biosimilar) —3.147 —19.5688-13.294  0.704

BMI, body mass index; RF, rheumatoid factor; Anti-CCP Ab, anti-citrullinated protein
antibody; DAS, disease activity score; ESR, erythrocyte sedimentation rate; CRF, C-
reactive protein; VAS, visual analogue scale; RA, rheumatoid arthritis; ILD, interstitial lung
disease; csDMARDs, Conventional synthetic disease modifying anti-rheumatic drugs;
TNF, tumour necrosis factor.

extend the time interval between retreatment courses rather
than attempting to reduce the dose. Our study identified that
prior or concomitant use of two or more csDMARDs and
concomitant use of corticosteroids are associated with the
extension of the time interval. Previous studies have reported
that concomitant treatment with csDMARDs improves the
clinical response of rituximab, and most of these studies are
on rituximab in combination with a single csDMARD (34-36).
To our best knowledge, we are the first to report that
the concomitant use of two or more csDMARDs and/or
corticosteroids with rituximab plays a critical role in maintaining
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TABLE 5 | Binary logistic regression analysis of risk factors associated with treatment failure in patients with RA after treatment with rituximab.

Variable Univariate Multivariate
Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age 1.021 (0.977-1.067) 0.365

BMI 0.987 (0.854-1.140) 0.857

Female gender 0.873 (0.213-3.578) 0.850

Smoking 1.667 (0.453-6.138) 0.442

Alcohol 3.937 (0.78-19.881) 0.097

Disease duration 0.998 (0.908-1.098) 0.971

RF positivity 1.4 (0.156-12.578) 0.764

Anti-CCP Ab positivity 0.157 (0.028-0.875) 0.035 0.184 (0.031-0.709) 0.016

DAS28-ESR 1.042 (0.598-1.815) 0.884

DAS28-CRP 1.241 (0.739-2.082) 0.414

Patient pain intensity; VAS (mm) 1.01 (0.983-1.039) 0.47

Radiographic erosions 2.833 (0.819-9.796) 0.1

RA associated ILD 0.726 (0.081-6.523) 0.775

Prior use of csDMARD > 2 2.091 (0.536-8.163) 0.288

Prior use of corticosteroid dose 0.996 (0.848-1.170) 0.962

Concomitant use of csDMARD > 2 1.38 (0.447-4.259) 0.576

Concomitant use of corticosteroid dose 1.177 (0.979-1.416) 0.083

Prior biologic agent number 1.049 (0.751-1.467) 0.778

Prior use of > 2 anti-TNF agents 0.486 (0.155-1.523) 0.216

Originator (vs. biosimilar) 0.118 (0.117-10.852) 0.919

BMI, body mass index; RF, rheumatoid factor; Anti-CCP Ab, anti-citrullinated protein antibody; DAS, disease activity score; ESR, erythrocyte sedimentation rate; CRR, C-reactive
protein; VAS, visual analogue scale; RA, rheumatoid arthritis; ILD, interstitial lung disease; csDMARDs, Conventional synthetic disease modifying anti-rheumatic drugs; TNF, tumour

necrosis factor.

clinical good responses for long periods. It is quite noteworthy
in that it has an acceptable safety profile when compared to
concomitant use of csDMARD monotherapy (data not shown).
This finding indicates that maintaining low disease activity to
prevent disease flare following rituximab treatment is important
for extending the time interval between treatment courses. The
persistent rates of rituximab were high in our cohort owing to
the high proportion of patients taking concomitant csDMARDs
or corticosteroids.

The treatment failure rate in this study was 18.3%, which is
lower than that in other studies (19, 20). However, the most
common reasons for treatment failure (ie., lack of efficacy,
death, and adverse events) were similar to those in previous
studies (19). Binary logistic regression analysis showed that
only anti-CCP Ab positivity is a significant associated factor
of treatment failure. RA patients who are RF or anti-CCP Ab
positive are more likely to respond better to rituximab treatment
than autoantibody-negative patients. However, studies on each
antibody as independent factors have reported conflicting results
(24, 37-39). Some studies reported that anti-CCP Ab positivity
was associated with a good response and that higher anti-CCP
AD titres predict good responses (40, 41). Meanwhile, other
study reported that it is RF positivity, rather than anti-CCP Ab
positivity, that is related to the good response to rituximab (25).
Thus, the most reliable antibody to predict treatment response is
yet to be established.

In addition, other factors, such as the B cell phenotype,
have been recently reported to influence the treatment

response to rituximab (42, 43). Plasmablasts, for example,
was supplemented CD20 positive B cells despite being CD20
negative, becoming a potential biomarker for identifying
B cell depletion after treatment with rituximab (44).
However, except for anti-CCP Ab, no useful biomarkers
predictive of treatment failure have been identified.
Although factors other than autoantibody positivity may
affect treatment failure in rituximab, rituximab should
not be considered as the primary treatment option in
autoantibody-negative patients.

The strength of our study is that to our best knowledge, it
is the first to analyse the factors that extend the time interval
during on-demand retreatment with rituximab in RA patients
with a good clinical response. In addition, this is the first
study to investigate the treatment outcomes of rituximab in
RA patients, using data from a nationwide registry. However,
our study also has some limitations. First, the observational
study design can lead to an underestimation of events by
relying on passive reporting such as adverse events and deaths.
Further, the rate of loss to follow-up is also higher than in
clinical trials. Second is the possibility of selection bias from
the assignment of biological agents because the decision to use
rituximab was made by the treating rheumatologist. Finally,
the data from the KOBIO registry are not representative of
the entire population of RA patients treated with rituximab.
Given that data were mainly from outpatients, only a small
portion of the patients may have been included in the
registry because national guidelines require admission for the
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intravenous administration of biological agents. This limitation
may be overcome with recruitment of additional patients
from multicentre.

CONCLUSIONS

RA patients treated with rituximab in Korea show high
persistence rates. Further, the time interval between the
retreatment courses was longer than in other countries.
Concomitant use of two or more c¢sDMARDs and
concomitant use of corticosteroids with rituximab are
significant influencing factors of extending the retreatment
time interval. Importantly, an extended interval is safe
and cost-efficient. These findings should be considered
when selecting rituximab as a treatment for patients
with RA.
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