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Abstract
Objective
This study aimed to identify the risk factors associated with overall adverse events (AEs) and infections in patients
with rheumatoid arthritis (RA) and comorbid interstitial lung disease (ILD), receiving biologic or targeted synthetic dis-
ease-modifying anti-rheumatic drugs (b/tsDMARDs), using data from the Korean College of Rheumatology
Biologics registry.

Methods
We analysed data from a cohort of 2,266 adult patients with RA who received b/tsDMARD:s, including 169 patients
with comorbid ILD. We identified the risk factors for overall AEs and infections in both the all RA group and the
subgroup of patients with RA-ILD and investigated the impact of infections on mortality in patients with RA-ILD.

Results
Among all patients with RA, 45.7% withdrew b/tsDMARDs, whereas among those with RA-ILD, a higher proportion of
57 4% withdrew their treatment regimen. The main reason for withdrawing b/tsDMARD:s in the RA-ILD group was AEs,
with infections accounting for the largest proportion of reported AEs. In multivariable analysis of the risk factors for
overall AEs and infections in the RA-ILD group, older age was identified as a risk factor for overall AEs (odds ratio [OR],
3.01; p=0.014), and only a current smoking status was identified as a risk factor for infections (OR, 2.11; p=0.035).

Conclusion
Patients with RA-ILD exhibited a higher rate of b/tsDMARDs withdrawal due to overall AEs and infections than those
with RA without ILD. In the RA-ILD group, older age was identified as a risk factor for overall AEs, whereas a current
smoking status was identified as a risk factor for infections.
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Introduction

The coexistence of interstitial lung
disease (ILD) and rheumatoid arthritis
(RA), referred to as RA-ILD, presents
challenges in treatment and manage-
ment, adding complexity to patient care
(1). Despite the availability of effective
treatments for RA, such as conven-
tional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs), biolog-
ic DMARDs (bDMARDs), and target-
synthetic DMARDs (tsDMARDs), the
optimal treatment approach for RA-
ILD remains uncertain (2). Each patient
with RA-ILD presents with a unique
disease phenotype, and their response
to treatment varies, highlighting the
need for personalised care (3-4).
Systemic inflammation and disease
activity are believed to have a greater
impact on the development and pro-
gression of ILD in patients with RA
compared to factors such as sex, smok-
ing, and RA serological status. Various
research findings support this state-
ment, leading rheumatologists to strive
to achieve and maintain remission or
low disease activity in patients with
RA-ILD (5). A common treatment ap-
proach involves initiating therapy with
non-pulmonary toxic csDMARDs and
short-term or low-dose glucocorticoids
before transitioning to bDMARDs or
tsDMARD:s (6, 7). However, using bD-
MARDs or tsDMARDs in RA-ILD is
challenging because of the increased
risk of respiratory complications. Due
to known potential adverse effects such
as mortality and ILD progression as-
sociated with specific b/tsDMARDs,
rituximab or abatacept is favored in
RA-ILD patients, with tocilizumab or
Janus kinase (JAK) inhibitors serving
as alternatives (8, 9).

The retention rates of b/tsDMARDs
remain lower in patients with RA-ILD
compared to the overall RA population
(10). Based on our previous research,
we have concluded that the primary
reason for the low retention rates of b/
tsDMARDs in patients with RA-ILD is
adverse events (AEs) (10). Addition-
ally, discontinuation of therapy due to
ILD progression associated with b/ts-
DMARDs has been reported in other
studies focusing on RA-ILD (11). Nin-
tedanib has shown efficacy in progres-

sive RA-ILD, with other antifibrotic
therapies like pirfenidone also being
explored. While these treatments hold
promise, they cannot replace DMARDs
(12). In light of these findings, select-
ing suitable b/tsDMARDs is paramount
for managing disease progression in
RA-ILD.

Therefore, this study aimed to identify
the types of AEs associated with the
use of bDMARDs or tsDMARDs in
patients with RA-ILD and determine
the associated risk factors, using data
from the Korean College of Rheuma-
tology Biologics (KOBIO) registry.
Additionally, we conducted an analysis
focusing on infections that could have
a significant impact on the prognosis of
patients with RA-ILD. We compared
the frequency of infections occurring
during the use of b/tsDMARDs with the
factors affecting these infections in the
overall RA population.

Materials and methods

Study population

The KOBIO registry is a nationwide,
multicenter, web-based, observational
cohort study launched in 2012 (10).
This study is an extension of our previ-
ous research on patients with RA-ILD
using data from the KOBIO registry (8).
Patients, aged >18 years, with RA who
met either the 1987 American College
of Rheumatology (ACR) or 2010 ACR/
European League Against Rheumatism
classification criteria and initiated or
switched to bDMARDSs or tsDMARDs
were enrolled (14, 15). The patients un-
derwent annual follow-up assessments
by individual investigator.

Ethics approval for the KOBIO regis-
try was obtained from the institutional
review boards (IRB) of all 58 partici-
pating institutions. Ethics approval for
this study and the use of the KOBIO
registry data was granted by the IRB
of the researchers’ affiliated hospitals
(AJIRB-MED-21-450). The study was
conducted in accordance with the prin-
ciples of the Declaration of Helsinki. All
the patients provided written informed
consent to participate in the study.

Data collection

The clinical information of the enrolled
patients was collected from data up-
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loaded to the KOBIO web server (http://
www.rheum.or.kr/kobio/) between De-
cember 2012 and December 2021 (13).
Clinical data on demographics, previ-
ous or current medications, comorbidi-
ties, and extra-articular manifestations,
were extracted from this data source.
Laboratory results, including rheuma-
toid factor (RF) and anti-cyclic citrul-
linated peptide antibody positivity,
erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), hemoglobin,
and hematocrit, were also collected.
The number of tender and swollen
joints, pain visual analogue scale (VAS)
score, and patient and physician global
assessment (GA) scores were evaluated
when bDMARDs or tsDMARD treat-
ment was initiated or switched, as well
as at each 1-year follow-up visit. Quan-
titative measurements of RA disease
activity, such as disease activity scores
of 28 joints based on ESR and CRP and
the clinical disease activity index, were
calculated using the obtained data. ILD
was defined as a progressive fibrotic
disease of the lung parenchyma and
was confirmed by chest radiography
or chest computed tomography (CT)
by each physician. Information on co-
morbidities or extra-articular manifes-
tations was obtained from the KOBIO
data. In this study, the RA-ILD group
was defined as patients with ILD at the
initial assessment or during follow-up.
AEs during treatment with bDMARDs
or tsDMARDs, defined using the Medi-
cal Dictionary for Regulatory Activi-
ties (v. 20.0), were evaluated. AEs were
also assessed after switching from bD-
MARDSs or tsDMARDs, as well as after
their discontinuation.

Statistical analysis

Data were presented as mean + stand-
ard deviation or frequency (percent-
age). Baseline demographic and clini-
cal characteristics were compared
between groups (RA-ILD vs. RA-non-
ILD) using the chi-square test for cat-
egorical variables and an independent
t-test for continuous variables. Logistic
regression analysis was used to evalu-
ate risk factors for AEs and infections.
Multivariable models were fitted by in-
cluding variables with p<0.2 from the
univariable models. Furthermore, the
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Table I. Baseline characteristics of patients with RA with ILD (RA-ILD) and without ILD
(RA-non-ILD) in KOBIO registry.

Variable Total RA-ILD RA-non-ILD p-value
(n=2,266) (n=169) (n=2,097)
Demographics
Age 545+13.0 64.0+9.5 53.7+13.0 <0.001
Sex <0.001
Female 1,875 (82.7) 108 (63.9) 1,767 (84.3)
Male 391 (17.3) 61 (36.1) 330 (15.7)
BMI, 22.7+35 229+33 22.7+35 0.097
Smoking <0.001
Ex-smoker 211 (9.3) 38 (22.5) 173 (8.3)
Current smoker 172 (7.6) 19 (11.2) 153 (7.3)
Never 1,883 (83.1) 112 (66.3) 1,771 (84.5)
Comorbidities
Diabetes mellitus 282 (12.4) 43 (254) 239 (11.4) <0.001
Hypertension 679 (30.0) 68 (40.2) 611 (29.1) 0.002
Hyperlipidaemia 465 (20.5) 55 (32.5) 410 (19.6) <0.001
Cardiovascular disease 115 (5.1) 20 (11.8) 95 (4.5) <0.001
Cancer 13 (0.6) 1 (0.6) 12 (0.6) 1.000
COPD 32 (14) 9 (5.3) 23 (1.1) <0.001
Asthma 30 (1.3) 6 (3.6) 24 (1.1) 0.021
Disease status
Disease duration (years) T6+74 77+78 76+73 0.953
RF positivity, n=2,181 1,815 (83.2) 147 (91.3) 1,668 (82.6) 0.004
Anti-CCP Ab positivity, n=1,899 1,632 (85.9) 133 (91.1) 1,499 (85.5) 0.062
Tender joint count 89 70 91x74 89+69 0.805
Swollen joint count 6.8+55 73+£62 68+55 0.330
Patient global assessment, n=2,265 69+20 6820 69+20 0.832
Physician global assessment 65+18 66x1.7 65+1.8 0.426
ESR, mm/hr 49.2 £28.1 57.5+29.7 48.6 £27.8 <0.001
CRP, mg/dL, n=2,261 23+34 26+3.7 23+34 0.104
DAS28-ESR, n=2,265 56=+1.1 57=x1.1 56+1.1 0.111
DAS28-CRP, n=2,260 49+1.1 49+1.1 49+1.1 0.507
SDAI, n=2,260 293 +12.0 299+ 11.6 29.3+12.0 0.395
CDAI, n=2,265 270+11.2 273+109 27112 0.686
Radiographic erosions, n=1,582 876 (55.4) 53 (48.2) 823 (55.9) 0.116
Function
RAPID3, n=2,261 154+56 16+55 153+56 0.185
Medication
Previous treatments
Prior use of methotrexate 2143 (94.6) 138 (81.7) 2005 (95.6) <0.001
Prior use of sulfasalazine 924 (40.8) 69 (40.8) 855 (40.8) 0.989
Prior use of leflunomide 1205 (53.2) 77 (45.6) 1128 (53.8) 0.039
Concomitant treatments
Methotrexate 1452 (64.1) 79 (46.8) 1373 (65.5) <0.001
Sulfasalazine 30 (1.3) 8 (4.7) 22 (1.1) <0.001
Leflunomide 82 (3.6) 9 (5.3) 73 (3.5) 0.217
Corticosteroid, dosage, mean, 5 (2.5-7.5) 5 (3.9-7.5) 5 (2.5-7.5) 0.511

mg/day (prednisone-equivalent),
median (IQR), n=1,941

Prior use of biologic agents 555 (24.5) 41 (24.3) 514 (24.5) 0.942
Number of prior biologic agents, n=2,263 0.865
0 1708 (75.5) 128 (75.7) 1580 (75.5)

1 386 (17.1) 27 (16.0) 359 (17.1)

=2 169 (7.5) 14 (8.3) 155 (7.4)

Current bDMARD:s or tsDMARD:s type <0.001
TNF inhibitors

Etanercept 333 (14.7) 25 (14.8) 308 (14.7) 0.973
Infliximab 226 (10) 3 (1.8) 223 (10.7) <0.001
Adalimumab 396 (17.5) 14 (8.3) 382 (18.2) 0.001
Golimumab 175 (7.7) 9 (5.3) 166 (7.9) 0.225
Rituximab 19 (0.8) 0 (0.0) 19 (0.9) 0.391
Abatacept 311 (13.7) 55 (32.5) 256 (12.2) <0.001
Tocilizumab 565 (25.0) 47 (27.8) 518 (24.7) 0.369
JAK inhibitors

Tofacitinib 163 (7.2) 10 (5.9) 153 (7.3) 0.505
Baricitinib 74 (3.3) 6 (3.6) 68 (3.3) 0.829
Upadacitinib 1 (0.0) 0 (0.0) 1 (0.1) 1.000
Death 47 (2.1) 16 (9.5) 31 (1.5) <0.001

Data presented as mean + standard deviation or n (%).

ILD:interstitial lung disease: KOBIO: Korean College of Rheumatology Biologics & Targeted therapy; BMI: Body Mass
Index; COPD: chronic obstructive pulmonary disease; RF: rheumatoid factor; Anti-CCP Ab: anti-citrullinated protein
antibody; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS: Disease Activity Score; VAS: visual ana-
logue scale; SDAI: Simplified Disease Activity Index; CDALI: Clinical Disease Activity Index; RAPID3: routine assess-
ment of patient index data 3; IQR: inter-quartile range; bBDMARDsS: biologic disease-modifying anti-rheumatic drugs;
tsDMARD:s: target synthetic disease-modifying anti-rheumatic drugs; TNF: tumour necrosis factor; JAK: janus kinase.
Biosimilars were included in each originators.

p-values are calculated using chi square test or Fisher’s exact test for categorical variables and Student’s t-test or
Mann-Whitney U-test for continuous variables. Bold values indicate significant p-values.

These data were modified by our previous data (8).
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plausibility of the interaction and the
presence of multicollinearity were also
evaluated. All statistical analyses were
performed using the SAS statistical
software (v. 9.4, SAS Institute). Statis-
tical significance was set at p<0.05.

Results

Patient characteristics

Table I shows the baseline charac-
teristics of the patients with RA-ILD
(n=169) and without ILD (n=2,097). Pa-
tients with ILD were significantly older
(mean age, 64.0+£9.5 years) than those
without ILD (mean age, 53.7+13.0
years; p<0.001). A higher proportion of
males was observed in the ILD group
(36.1%) compared to that of the non-
ILD group (15.7%; p<0.001). Patients
with ILD exhibited a higher preva-
lence of comorbidities, such as diabe-
tes (254% vs. 11.4%), hypertension
402% vs. 29.1%), hyperlipidaemia
(32.5% vs. 19.6%), cardiovascular dis-
ease (11.8% vs. 4.5%), chronic obstruc-
tive pulmonary disease (COPD) (5.3%
vs. 1.1%), and asthma (3.6% vs. 1.1%)
compared to those without ILD (all
p<0.05). Disease status was comparable
between the two groups, with no signifi-
cant differences in disease duration, ten-
der joint count, or swollen joint count.
However, patients with ILD exhibited
higher portions of RF positivity (91.3%
vs. 82.6%, p=0.004) and ESR compared
to those without ILD (57.5+29.7 mm/hr
vs. 48.6x£27.8 mm/hr, p<0.001). Patients
with ILD were less likely to receive
methotrexate and leflunomide. The two
groups had similar functional scores, as
measured by the Routine Assessment of
Patient Index Data 3. During the study,
47 (2.1%) deaths occurred among the
patients with RA, while 16 (9.5%) of
those with RA-ILD.

During follow-up, infections were
identified in the RA-ILD group. Table
IT shows the baseline characteristics
of patients with RA-ILD who devel-
oped infections during treatment and
those who did not. Out of 169 patients,
63 (37.3%) developed infections and
106 (62.7%) did not. The groups were
comparable in terms of age, sex, body
mass index, comorbidities, disease sta-
tus, and previous treatments. However,
the infection group included a higher
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Table II. Baseline characteristics of patients with rheumatoid arthritis associated interstitial
lung disease (RA-ILD) with and without infection during treatment.

RA-ILD RA-ILD with RA-ILD without p-value
(n=169) Infection Infection
(n=63) (n=106)
Demographics
Age, mean (years) 640£95 63.6+89 642+99 0417
Sex 0.676
Female 108 (63.9) 39 (61.9) 69 (65.1)
Male 61 (36.1) 24 (38.1) 37 (34.9)
BMI, mean 229+33 227+35 230+3.2 0.548
Smoking 0.034
Ex-smoker 38 (22.5) 21 (33.3) 17 (16.0)
Current smoker 19 (11.2) 6 (9.5) 13 (12.3)
Never 112 (66.3) 36 (57.1) 76 (71.7)
Comorbidities
Diabetes mellitus 43 (254) 19 (30.2) 24 (22.6) 0.278
Hypertension 68 (40.2) 26 (41.3) 42 (39.6) 0.833
Hyperlipidaemia 55 (32.5) 19 (30.2) 36 (34.0) 0.610
Cardiovascular disease 20 (11.8) 7 (11.1) 13 (12.3) 0.823
Cancer 1 (0.6) 0 (0.0) 1 (0.9) 1.000
COPD 9 (53) 6 (9.5) 3 (2.8) 0.080
Asthma 6 (3.6) 2 (32 4 (3.8) 1.000
Disease status
Disease duration (years) 7778 78+82 7775 0.955
RF positivity, n=161 147 (91.3) 51 (87.9) 96 (93.2) 0.254
Anti-CCP Ab positivity, n=146 133 (91.1) 51 (91.1) 82 (91.1) 1.000
Tender joint count 9.1+£74 100+84 8.6+6.7 0.426
Swollen joint count 73+62 79+72 70+55 0.610
Patient global assessment 6.8+2.0 70+19 6.7+2.1 0.642
Physician global assessment 6.6+1.7 66+1.6 6.7+1.7 0.616
ESR, mm/hr 57.5+29.7 60.7 +30.7 55.6+29.0 0.403
CRP, mg/dL 26+37 28+32 26+40 0.828
DAS28-ESR 57+1.1 58+1.1 56+1.1 0.221
DAS28-CRP 49+1.1 50+1.2 49+1.1 0314
SDAI 299 +11.6 312120 291113 0.390
CDAI 273 +109 284+11.0 26.5+10.8 0.384
Radiographic erosions, n=110 53 (48.2) 21 (51.2) 32 (46.4) 0.623
Function
RAPID3 160+55 168+54 15655 0.162
Medication
Previous treatments
Prior use of methotrexate 138 (81.7) 50 (79.4) 88 (83.0) 0.553
Prior use of sulfasalazine 69 (40.8) 28 (44.4) 41 (38.7) 0461
Prior use of leflunomide 77 (45.6) 29 (46.0) 48 (45.3) 0.925
Concomitant treatments
Methotrexate 79 (46.8) 32 (50.8) 47 (443) 0416
Sulfasalazine 8 4.7 3 (4.8) 547 1.000
Leflunomide 9 (53) 2(32) 7 (6.6) 0.487
Corticosteroid, dosage, mean, mg/day 5.0 (39-7.5) 5.0 (2.5-7.5) 5.0 (4.0-7.5) 0.531
(prednisone-equivalent), median
(IQR), n=148
Prior use of biologic agents 41 (24.3) 18 (28.6) 23 (21.7) 0314
Number of prior biologic agents 0.207
0 128 (75.7) 45 (71.4) 83 (78.3)
1 27 (16.0) 14 (22.2) 13 (12.3)
32 14 (8.3) 4 (64) 10 (94)
Current bDMARDs or tsDMARDs type
TNF inhibitors
Etanercept 25 (14.8) 12 (19.1) 13 (12.3) 0.494
Infliximab 3(1.8) 3 (4.8) 0 (0.0) 0.558
Adalimumab 14 (8.3) 5(7.9) 9 (8.5) 0.862
Golimumab 9 (5.3) 3 (4.8) 6 (5.7) 0.731
Rituximab 0 (0.0) 0 (0.0) 0 (0.0) -
Abatacept 55 (32.5) 18 (28.9) 37 (34.9) 0.779
Tocilizumab 47 (27.8) 16 (254) 31 (29.3) 0.524
JAK inhibitors
Tofacitinib 10 (5.9) 3 (4.8) 7 (6.6) 0.744
Baricitinib 6 (3.6) 3 (4.8) 3(2.8) 0.674
Upadacitinib 0 (0.0) 0 (0.0) 0 (0.0) -
Death 16 (9.5) 10 (15.9) 6 (5.7) 0.028

Data presented as mean + standard deviation or n (%).

ILD:interstitial lung disease: KOBIO: Korean College of Rheumatology Biologics & Targeted therapy; BMI: Body Mass
Index; COPD: chronic obstructive pulmonary disease; RF: rheumatoid factor; Anti-CCP Ab: anti-citrullinated protein
antibody; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS: Disease Activity Score; VAS: visual ana-
logue scale; SDAI: Simplified Disease Activity Index; CDALI: Clinical Disease Activity Index; RAPID3: routine assess-
ment of patient index data 3; IQR: inter-quartile range; bDMARDs: biologic disease-modifying anti-rheumatic drugs;
tsDMARD:s: target synthetic disease-modifying anti-rheumatic drugs; TNF: tumour necrosis factor; JAK: janus kinase.
Biosimilars were included in each originators.

p-values are calculated using chi square test or Fisher’s exact test for categorical variables and Student’s t-test or
Mann-Whitney U-test for continuous variables. Bold values indicate significant p-values.
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Table ITI. Reasons for switching to another agent or discontinuation treatment and adverse

events related withdrawal.

Variable Total RA-ILD RA-non-ILD p-value
(n=2,266) (n=169) (n=2,097)

Withdrawal 1,036 (45.7) 97 (574) 939 (44.8) 0.002
Discontinuation 480 (21.2) 55 (32.5) 425 (20.3) <0.001
Switching 556 (24.5) 42 (24.9) 514 (24.5) 0.995
Withdrawal reason

Clinical remission 43 (4.2) 2 (2.1) 41 (44) 0.421
Inefficacy 458 (44.3) 34 (35.1) 424 (45.3) 0.072
Adverse events 304 (29.4) 44 (454) 260 (27.8) <0.001
Other reasons 229 (22.2) 17 (17.5) 212 (22.6) 0.311
Unknown 2 (0.1) 0 (0.0) 2 (0.1) 1.000
Adverse events related withdrawal

Mycobacteria tuberculosis infection 8 (0.8) 0 (0.0) 8 (0.8) 1.000
Atypical mycobacterial infection 7 (0.7) 2 (2.1) 5(0.5) 0.134
Pneumocystis jiroveci infection 1(0.1) 0 (0.0) 1(0.1) 1.000
Herpes zoster infection 5(0.5) 1 (1.0) 404 0.389
Other infection 51 (4.9) 20 (20.6) 31 (3.3) <0.001
Malignancy Solid 18 (1.7) 3 (3.1 15 (1.6) 0.234
Lymphoma 4 (04) 0 (0.0) 4(04) 1.000
Malignancy Other 4 (04) 2 (2.1 2(0.2) 0.046
Acute coronary syndrome 1(0.1) 0 (0.0) 1(0.1) 1.000
Congestive heart failure 1(0.1) 1 (1.0) 0 (0.0) 0.094
Interstitial lung disease progression 6 (0.6) 5 (3.2 1 (0.1) <0.001
Pulmonary embolism 1(0.1) 1 (1.0) 0 (0) 0.094
Hepatitis B reactivation 3(0.3) 0 (0.0) 3 (0.3) 1.000
Transaminitis only 5(0.5) 0 (0.0) 5(0.5) 1.000
Neutropenia 4 (04) 0 (0.0) 4(04) 1.000
Conception 6 (0.6) 0 (0.0) 6 (0.6) 1.000
Infusion/injection reaction 108 (10.4) 4 (4.1) 104 (11.1) 0.050
Psoriasis 2(0.2) 0 (0.0) 2(0.2) 1.000
Others 115 (11.1) 16 (16.5) 99 (10.6) 0.961

Data presented as n (%). Bold values indicate significant p-value <0.05.

proportion of ex-smokers (33.3%)
compared to that of the non-infection
group (16.0%, p=0.034). Among pa-
tients with RA-ILD, the mortality rate
was significantly higher in the infec-
tion group (n=10) than that in the non-
infection group (n=6, p=0.028).

Reasons for treatment withdrawal

and AE-related withdrawal

Table III presents the reasons for
switching to another agent or discontin-
uing treatment in patients with RA with
and without ILD. The rate of treatment
switching was comparable between the

ILD and non-ILD groups (24.9% vs.
24 5%). However, the rate of discon-
tinuation was significantly higher in
the ILD group (32.5%) than that in the
non-ILD group (20.3%, p<0.001). In
the ILD group, the most common rea-
son for treatment switching or discon-
tinuation was AEs (45.4%), followed
by lack of efficacy (35.1%). However,
in the non-ILD group, the most com-
mon reason for treatment switching or
discontinuation was lack of efficacy
(453%), followed by AEs (27.8%).
A small proportion of patients discon-
tinued therapy after achieving clinical
remission (ILD group, 2.1%; non-ILD
group, 4.4%). The overall AEs leading
to treatment discontinuation or switch-
ing are shown in Table III. Infections
and infusion-related reactions were the
most common AEs resulting in treat-
ment withdrawal in the RA-ILD and
non-ILD groups, respectively.

A total of 16 (9.5%) and 31 (1.5%)
deaths were reported in the RA-ILD
and non-ILD groups, respectively
(»<0.001). In the ILD group, the causes
of death included other infection (ex-
cluding atypical mycobacterial and
Pneumocystis jiroveci infection) (n=5),
atypical mycobacterial infection (n=2),
malignancy (n=1), congestive heart fail-
ure (n=1), ILD aggravation (n=2), and
others (n=5). In the non-ILD group, the
causes of death included infection (n=3),
atypical mycobacterial infection (n=2),
Pneumocystis jirovecii infection (n=1),
malignancy (n=1), lymphoma (n=1),
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Fig. 1. Kaplan-Meier curves for mortality according to the presence of ILD in the total population of patients with RA (n=2,266) (A) and infection in

patients with RA-ILD (n=169) (B).

ILD: interstitial lung disease; RA: rheumatoid arthritis.
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Table I'V. Risk factors of any adverse events in total RA and RA-ILD.

Total RA (n=2,266)

RA-ILD (n=169)

Univariable model

Multivariable model

Univariable model

Multivariable model

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
ILD 1.68 (1.14,2.47) 0.009 1.54 (1.03,2.31) 0.035
Elderly (vs. <65years) 1.26 (1.00, 1.57) 0.047 1.05 (0.82,1.34) 0.693 1.92 (0.88,4.18) 0.102 3.01(1.25-7.24) 0014
Male (vs. female) 0.87 (0.69, 1.10) 0.238 0.89 (0.41,1.94) 0.771
BMI 1.02 (0.99, 1.04) 0.225 1.02 (091, 1.14) 0.802
Current smoking (vs. non-smoking) 0.89 (0.70, 1.13) 0.326 1.85(0.78,4.41) 0.164 2.54 (0.94-6.85) 0.065
Disease duration 1.02 (1.01, 1.03) 0.006 1.02 (1.00, 1.03) 0.029 1.00 (0.95, 1.05) 0.863
Biologics
Abatacept (vs. TNFi) 0.94 (0.71, 1.24) 0.662 0.81 (0.61,1.07) 0.138 0.99 (0.39,2.48) 0.975
Tocilizumab (vs. TNFi) 1.19 (0.94, 1.50) 0.143 1.10 (0.87,1.39) 0.430 1.34 (0.49,3.69) 0.570
JAK inhibitors (vs. TNFi) 0.56 (0.42,0.75) <0.001 0.52(0.39,0.70) <0.001 1.19 (0.29,4.94) 0.809
Rituximab (vs. TNFi) 1.48 (0.49, 4.50) 0.488 127 (041, 3.94) 0.678 -
Patient global assessment 0.99 (0.95,1.04) 0.676 0.97 (0.81,1.17) 0.761
Physician global assessment 0.95 (0.90, 1.00) 0.034 0.95(0.90, 1.01) 0.101 0.86 (0.68, 1.08) 0.199 0.86 (0.66-1.13) 0.289
DAS28-ESR 1.02 (0.94,1.11) 0.603 0.98 (0.70, 1.37) 0.906
DAS28-CRP 1.00 (0.92, 1.08) 0.958 1.01(0.72,1.42) 0.953
SDAI 1.00 (0.99, 1.00) 0.218 1.00 (0.97,1.03) 0.988
CDAI 1.00 (0.99, 1.00) 0.192 0.99 (0.98, 1.00) 0.178 0.99 (0.96, 1.03) 0.629
RAPID3 1.01 (1.00, 1.03) 0.136 1.02 (1.00, 1.03) 0.133 1.03 (097, 1.11) 0.338
Diabetes mellitus 1.19 (0.90, 1.59) 0.220 0.55(0.24,1.23) 0.144 048 (0.19-1.2) 0.116
Hypertension 142 (1.15,1.74) 0.001 1.26 (1.00, 1.57) 0.046 0.52(0.25,1.12) 0.094 047 (0.2-1.11) 0.084
Hyperlipidaemia 1.31 (1.04, 1.66) 0.023 1.13 (0.88, 1.44) 0.346 1.20 (0.53-2.72) 0.663
Cardiovascular diseases 1.50 (0.95,2.36) 0.081 1.21 (0.76, 1.95) 0.424 041 (0.15-1.13) 0.084 0.33 (0.1-1.05) 0.060
COPD 1.78 (0.73,4.34) 0.206 2.08 (0.25-17.21) 0.498
Asthma 3.72(1.12,12.29) 0.031 2.94 (0.88,9.84) 0.081 - -
RF positivity 1.12 (0.88, 1.43) 0.360 0.62 (0.13,2.93) 0.550
Anti-CCP Ab positivity 0.99 (0.74, 1.31) 0917 0.65 (0.14,3.11) 0.592
Prior use of methotrexate 1.01 (0.68,1.51) 0.945 0.37 (0.11, 1.30) 0.121 0.38 (0.1-1.41) 0.148
Prior use of sulfasalazine 0.92 (0.76, 1.10) 0.342 1.34 (0.61,2.93) 0.464
Prior use of leflunomide 1.11 (0.93,1.33) 0.251 1.08 (0.51,2.29) 0.850
Prior use of csDMARDs 0.98 (0.56, 1.70) 0.941 0.42(0.05,3.47) 0.424
Prior use of biologic agents 1.19 (0.96, 1.48) 0.109 1.14 (0.90, 1.43) 0.283 0.86 (0.37,2.04) 0.737
Concomitant methotrexate 0.76 (0.63,0.92) 0.005 0.82 (0.67, 1.00) 0.050 1.33(0.62,2.84) 0.467
Concomitant sulfasalazine 0.81(0.38, 1.75) 0.599 0.74 (0.14, 3.86) 0.725
Concomitant leflunomide 1.05(0.64,1.71) 0.849 048 (0.11,2.03) 0.319
Concomitant corticosteroid 1.12 (0.87,1.45) 0.371 1.28 (0.43,3.79) 0.653
Dose of corticosteroid 1.02 (0.99, 1.05) 0.227 1.02(0.92,1.14) 0.670

bDMARD:s: biologic disease-modifying anti-rheumatic drugs; tsDMARDs: target synthetic disease-modifying anti-rheumatic drugs; ILD: interstitial lung disease; OR: odds ratio;
CI: confidence interval; BMI: Body Mass Index; DAS: Disease Activity Score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; SDAI: Simplified Disease Activ-
ity Index; CDALI: Clinical Disease Activity Index; RAPID3: routine assessment of patient index data 3; RF: rheumatoid factor; Anti-CCP Ab: anti-citrullinated protein antibody;
c¢sDMARD:s: conventional-synthetic disease-modifying anti-rheumatic drugs.

Bold values indicate significant p-values.

acute coronary syndrome (n=1), others
(n=11), and unknown causes (n=10)
(Supplementary Table S1). Figure 1A
shows the Kaplan-Meier curve for mor-
tality according to the presence of ILD
in all patients with RA (n=2,266). The
curve for patients with RA-ILD was
consistently lower than that for those
without ILD, indicating a lower survival
probability in the group with ILD. This
suggested that the presence of ILD is as-
sociated with a higher risk of mortality
in patients with RA (p<0.001). Figure
1B shows the mortality curve of patients
with RA-ILD who developed infections
(n=63) during the follow-up period. The
difference in the survival curve between
the two groups was statistically signifi-
cant, suggesting that infections in the
RA-ILD group were associated with a
higher mortality risk (p=0.045).
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Risk factors for overall

AEs in patients with RA and

RA-ILD treated with bDMARDs

or tsDMARDs

To identify the risk factors associated
with overall AEs in patients with RA
and RA-ILD treated with biologics
or tsSDMARDs, univariable and mul-
tivariable analyses were conducted
separately for the entire RA and RA-
ILD patient populations (Table IV). In
the whole RA population, ILD (odds
ratio [OR] =1.68, p=0.009), older age
(OR=1.26, p=0.047), longer disease
duration (OR=1.02, p=0.006), JAK
inhibitors (OR=0.56, p<0.001), lower
physician global assessment (OR 0.95,
p=0.034), hypertension (OR=142,
p=0.001), hyperlipidaemia (OR=1.31,
p=0.023), asthma (OR=3.72, p=0.031),
and concomitant methotrexate

(OR=0.76, p=0.005) were associated
with overall AEs. In the multivariable
analysis, ILD (OR=1.54, p=0.035),
long disease duration (OR=1.02,
p=0.029), JAK inhibitors (OR=0.52,
p<0.001), hypertension (OR=1.26,
p=0.046), and concomitant methotrex-
ate (OR=0.82, p=0.050) were associ-
ated with overall AEs in the whole RA
patient population. In the RA-ILD pop-
ulation, older age (OR=1.92, p=0.102),
current smoking (OR=1.85, p=0.164),
lower physician global assessment
(OR=0.86, p=0.199), diabetes mel-
litus (OR=0.55, p=0.144), hyperten-
sion (OR=0.52, p=0.094), cardiovas-
cular disease (OR=0.41, p 0.084), and
prior use of methotrexate (OR=0.37,
p=0.121) were associated with over-
all AEs. Among these, only older age
(OR=3.01, p=0.014) was found to be
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Table V. Risk factors of infection in total RA and RA-ILD.

Total RA (n=2,266)

RA-ILD (n=169)

Univariable model

Multivariable model

Univariable model

Multivariable model

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
ILD 1.97(1.42,2.74) <0.001 1.87 (1.31-2.66) 0.001
Elderly (vs. <65years) 1.18 (0.94, 1.48) 0.153 0.95 (0.74-1.22) 0.687 1.20 (0.64,2.24) 0.566
Male (vs. female) 1.07 (0.84, 1.38) 0.580 1.15 (0.60, 2.19) 0.676
BMI 1.00 (0.97, 1.03) 0.898 0.97 (0.88,1.07) 0.562
Current smoking (vs. non-smoking) 1.28 (1.00, 1.64) 0.047 1.15 (0.89-1.48) 0.295 1.90 (0.99, 3.65) 0.054 2.11 (1.06-4.21) 0.035
Disease duration 1.00 (0.99, 1.02) 0.832 1.00 (0.96, 1.04) 0.937
Biologics
Abatacept (vs. TNFi) 0.71 (0.53,0.96) 0.026 0.58 (0.42-0.80) 0.001 0.59 (0.27, 1.30) 0.193 0.58 (0.25-1.33) 0.196
Tocilizumab (vs. TNFi) 0.79 (0.62, 1.00) 0.046 0.75 (0.59-0.95) 0.019 0.63 (0.28,1.42) 0.265
JAK inhibitors (vs. TNFi) 0.52(0.36,0.75) <0.001 0.50 (0.35-0.73) <0.001 0.73(0.23,2.31) 0.593
Rituximab (vs. TNFi) 0.49 (0.14, 1.71) 0.265 0.52 (0.15-1.80) 0.302
Patient global assessment 1.01 (0.96, 1.06) 0.726 1.07 (0.92,1.26) 0.362
Physician global assessment 1.02 (0.97,1.07) 0.523 0.99 (0.82,1.19) 0.905
DAS28-ESR 1.05 (0.96, 1.14) 0.286 1.20 (0.91, 1.60) 0.200
DAS28-CRP 1.04 (0.95,1.13) 0414 1.16 (0.87,1.54) 0.318
SDAI 1.00 (0.99, 1.01) 0.730 1.02 (0.99, 1.04) 0.255
CDAI 1.00 (0.99,1.01) 0.835 1.02 (0.99, 1.05) 0.274
RAPID3 1.01 (0.99, 1.02) 0.441 1.04 (0.98,1.11) 0.163 1.05(0.99-1.12) 0.106
Diabetes mellitus 1.31(0.99,1.72) 0.060 1.08 (0.80-1.45) 0.630 1.48 (0.73,2.99) 0.279
Hypertension 142 (1.16,1.74) 0.001 1.29 (1.03-1.62) 0.030 1.07 (0.57,2.02) 0.833
Hyperlipidaemia 1.39 (1.11-1.75) 0.005 1.26 (0.99-1.60) 0.064 0.84 (0.43-1.64) 0.610
Cardiovascular diseases 1.72 (1.16-2.56) 0.007 1.30 (0.86-1.98) 0.217 0.89 (0.34,2.38) 0.823
COPD 2.17 (1.07-4.42) 0.033 1.72 (0.81-3.62) 0.156 3.61 (0.87-14.99) 0.077 3.01(0.68-13.34)  0.147
Asthma 1.35(0.61-2.96) 0.459 0.84 (0.15,4.7) 0.839
RF positivity 0.98 (0.75, 1.27) 0.853 0.53 (0.18, 1.60) 0.260
Anti-CCP Ab positivity 1.16 (0.85,1.58) 0.356 1.00 (0.31,3.21) 0.994
Prior use of methotrexate 0.70 (047, 1.04) 0.077 0.82(0.52,1.29) 0.396 0.79 (0.36, 1.74) 0.553
Prior use of sulfasalazine 1.20 (0.99, 1.45) 0.071 1.11 (0.89,1.37) 0.355 1.27 (0.67,2.39) 0461
Prior use of leflunomide 1.10 (091, 1.34) 0.323 1.03 (0.55,1.93) 0.925
Prior use of csDMARDs 1.02 (0.57,1.84) 0.938 0.37 (0.10, 1.38) 0.139 0.36 (0.09-1.47) 0.153
Prior use of biologic agents 1.09 (0.87, 1.36) 0.456 1.44(0.71,2.95) 0315
Concomitant methotrexate 0.72 (0.59,0.88) 0.001 0.79 (0.63, 1.00) 0.045 1.30 (0.69,2.42) 0417
Concomitant sulfasalazine 0.95(041,2.23) 0910 1.01 (0.23,4.38) 0.989
Concomitant leflunomide 1.15 (0.70, 1.90) 0.576 0.46 (0.09,2.31) 0.348
Concomitant corticosteroid 1.04 (0.79, 1.36) 0.809 0.61 (0.25,1.54) 0.298
Dose of corticosteroid 1.03 (1.00, 1.06) 0.023 1.02 (1.00, 1.05) 0.106 0.99 (091, 1.07) 0.767

bDMARDs: biologic disease-modifying anti-rheumatic drugs; tsDMARDs: target synthetic disease-modifying anti-rheumatic drugs; ILD: interstitial lung disease; OR: odds ratio;
CI: confidence interval; BMI: Body Mass Index; DAS: Disease Activity Score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; SDAI: Simplified Disease Activ-
ity Index; CDALI: Clinical Disease Activity Index; RAPID3: routine assessment of patient index data 3; RF: rheumatoid factor; Anti-CCP Ab: anti-citrullinated protein antibody;
csDMARDs: conventional-synthetic disease-modifying anti-rheumatic drugs.

Bold values indicate significant p-values.

associated with overall AEs in the mul-
tivariable analysis.

Risk factors associated with

infections in patients with RA

and RA-ILD treated with

bDMARDs or tsDMARDs

Univariable and multivariable analyses
were performed separately for all pa-
tients with RA and those with RA-ILD
treated with biologics or tSDMARDs
(Table V). In the whole RA popula-
tion, ILD (OR=1.97, p<0.001), current
smoking status (OR=1.28, p=0.047),
abatacept (OR=0.71, p=0.026), toci-
lizumab (OR = 0.79, p=0.046), JAK
inhibitors (OR= 0.52, p<0.001), hy-
pertension (OR=1.42, p=0.001), hy-
perlipidaemia (OR=1.39, p=0.005),
cardiovascular diseases (OR=1.72,
p=0.007), COPD (OR=2.17, p=0.033),
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concomitant methotrexate (OR=0.72,
p=0.001), and dose of corticosteroid
(OR=1.03, p=0.023) were associated
with infections. In the multivariable
analysis, ILD (OR=1.87, p=0.001),
abatacept (OR=0.58, p=0.001), toci-
lizumab (OR=0.75, p=0.019), JAK
inhibitors (OR=0.50, p<0.001), hy-
pertension (OR=1.29, p=0.03), and
concomitant methotrexate (OR=0.79,
p=0.045) were associated with in-
fections in all patients with RA. In
the ILD group, current smoking sta-
tus (OR=1.90, p=0.054), abatacept
(OR=0.59, p=0.193), routine assess-
ment of patient index data 3 (OR=1.04,
p=0.163), COPD (OR=3.61, p=0.077),
and prior use of csDMARDs
(OR=0.37, p=0.139) were associated
with infections. Among these, only a
current smoking status was associated

with infections (OR=2.11, p=0.035) in
the multivariable analysis.

Discussion

The present follow-up observational
study, based on a national registry,
aimed to investigate the influence of co-
existing ILD on the maintenance of bD-
MARD:s or tsDMARD:s in patients with
RA. The specific focus of the study was
on AEs that lead to medication with-
drawal. The overall withdrawal rate of
bDMARDs or tsDMARDs owing to
AE:s in all RA populations included in
the KOBIO registry was 13.4%, which
is similar to that reported in previous
studies (16). Reported rates vary across
different factors, including the specific
medication used, patient characteristics,
and treatment duration, ranging from a
few percent to as high as 40% (17-20).
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Consistent with the anticipated findings
based on multiple pieces of evidence,
patients with RA-ILD experienced sig-
nificantly higher rates of overall AEs.
Nearly half of these patients had to
switch or discontinue bDMARDs or
tsDMARDs due to the occurrence of
such AEs (21).

Interestingly, in the analysis of the fac-
tors influencing the occurrence of AEs
in the overall RA patient population,
we observed that RA-related ILD was
the most influential factor in increas-
ing the incidence rate of overall AEs.
In contrast, the combination of metho-
trexate with bDMARDs or tsDMARDs
was observed to reduce the occurrence
of overall AEs in our study. This is
contrary to the general belief that this
combination therapy may increase the
risk of specific AEs, such as hepatotox-
icity or gastrointestinal symptoms (22).
The interpretation of our findings sug-
gested that methotrexate can contribute
to reducing immune-related AEs asso-
ciated with bDMARDs or tsDMARDs
by enhancing its immunosuppressive
effects (23, 24). In addition, when
combined with specific bDMARDs or
tsDMARDs, methotrexate may exhibit
a synergistic effect, enhancing its ef-
ficacy while maintaining a favourable
safety profile. These findings are sup-
ported by a limited number of studies
that align with our results (25).

We also observed that the frequency
of overall AEs, including infections,
was low in patients treated with abata-
cept, tocilizumab, and JAK inhibitors.
In contrast to our findings, a recent
large observational cohort study re-
vealed that JAK inhibitors are associ-
ated with a higher incidence of AEs,
leading to medication discontinuation
(26). However, given that the major-
ity of JAK inhibitor users in our study
were patients treated with tofacitinib,
and both our study and other studies
had relatively small sample sizes for
JAK inhibitors, further analysis of JAK
inhibitors should be conducted (26).
Despite the general understanding that
non-anti-TNF biological agents are su-
perior in terms of efficacy and safety
for patients with RA-ILD, it is intrigu-
ing that no significant differences were
observed in the occurrence of overall
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AEs among the agents administered in
patients with RA-ILD included in the
KOBIO registry (27-29). Based on the
consistent findings of previous studies
highlighting the superiority of non-
anti-TNF biologics in patients with
RA-ILD (27-29), it is highly probable
that our registry primarily consisted of
patients with RA-ILD who were pre-
dominantly treated with these agents,
resulting in a lack of differences among
the various agents in terms of their out-
comes. In patients with RA-ILD, old
age was identified as a factor influenc-
ing the occurrence of overall AEs as-
sociated with the use of bDMARDs or
tsDMARD:s.

Numerous warnings have been issued
regarding the potential risks of using
bDMARDs or tsDMARDs in older
patients with RA-ILD for a long time
(30). Age-related physiological chang-
es and comorbidities in older patients
may contribute to the higher risk of AEs
(31). Additionally, impaired lung func-
tion can affect drug clearance, leading
to a prolonged presence of drugs in the
body and an increased likelihood of
AEs. This heightened vulnerability can
result in the exacerbation of respira-
tory symptoms, deterioration of lung
function, or development of new pul-
monary complications (32). These con-
cerns were substantiated in the present
study, which revealed that infection is
the primary cause of bDMARD:s or ts-
DMARD withdrawal owing to AEs in
patients with RA-ILD. Disease progres-
sion of ILD was identified as a subse-
quent cause. Infection-related with-
drawal of bDMARDs or tsDMARDs
was observed in less than 3% of the
overall RA patient population; howev-
er, it exceeded to 20% among patients
with RA-ILD, consistent with findings
from multiple studies (33, 34).
Undoubtedly, patients receiving treat-
ment with bDMARDs or tsDMARDs
are at an increased risk of infections
(35, 36). The findings of this study
highlighted the significant effect of
ILD on infection rates and underscore
its influence on infection susceptibility.
Efforts by rheumatologists and patients
are crucial to prevent infections in pa-
tients with RA-ILD, and a fundamental
step is to identify and minimise the risk

factors for infection. In our study, we
observed that among various factors, a
current smoking status emerged as the
most influential factor that increased
the risk of infection in patients with
RA-ILD. Smoking is widely acknowl-
edged as a prominent risk factor for
the development of RA, particularly
increasing the risk of ILD (37). In ad-
dition, it creates an environment prone
to infection by causing ciliary dysfunc-
tion, increased mucus production, and
structural lung damage, while impair-
ing immune cell function, leading to
compromised immune responses and
heightened susceptibility to infections
(38, 39). These detrimental changes are
more pronounced in individuals with
ILD than in those without ILD (40).
Recent reports have also highlighted
the potential of smoking to facilitate the
proliferation of harmful bacteria and
decrease the abundance of beneficial
bacteria, leading to an imbalance in the
respiratory microbiota and an elevated
risk of infections (41).

As bDMARDs and tsDMARDs in RA
represent a double-edged sword with
significant efficacy and potential AEs,
a considerable number of studies have
focused on the increased risk of infec-
tions associated with immunosuppres-
sive therapy. Consistent with the find-
ings of this study, many reports have
demonstrated an elevated risk of infec-
tions in patients with RA-ILD, particu-
larly among those who smoke (42, 43).
Other studies have also revealed asso-
ciations between increased infection
risk in patients with RA-ILD and fac-
tors, such as older age, disease duration,
disease activity, type of bDMARDs
or tsDMARDs, and a history of treat-
ment failure (43-47). However, our
study did not yield significant results
for these factors with several potential
explanations. First, considering that
most research findings indicate that a
prednisolone dose of =10 mg increases
the risk of infection, we aimed to mini-
mise glucocorticoid doses in patients
receiving bDMARDs or tsDMARDs
(48). Most patients in our study used
prednisone at a dose of approximately
5 mg, which was not associated with an
increased risk of infection. Second, our
study predominantly included biolog-
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ics-naive patients. While previous stud-
ies reported a potential increase in the
frequency of AEs among patients who
experienced two or more treatment fail-
ures with bDMARDs or tsDMARDs,
our study did not yield significant re-
sults in this regard (47). Further long-
term registry studies are warranted to
draw definitive conclusions regarding
the relationship between the number of
treatment failures and the occurrence of
AEs.

Unfortunately, infections in patients
with RA-ILD are significantly associ-
ated with increased mortality rates.
The similarity in respiratory symptoms
between infections and underlying pul-
monary diseases can lead to delayed
recognition and treatment of infections,
resulting in worse outcomes and higher
mortality rates. Our findings are consist-
ent with those of previous studies that
identified respiratory diseases (such as
pneumonia or ILD progression), malig-
nancies, and cardiovascular diseases as
the main causes of mortality in patients
with RA (49, 50). Despite numerous re-
ports on the impact of ILD patterns and
pulmonary function test results, such as
forced vital capacity or diffusing capac-
ity of the lung for carbon monoxide,
on mortality rates in studies including
patients with RA-ILD, our analysis did
not include an assessment of ILD sever-
ity (51). Although the presence of ILD
was confirmed in the KOBIO registry,
the lack of high-resolution computed
tomography features and pulmonary
function test data during data collec-
tion limited our ability to assess the
relationship between ILD severity/pat-
terns, ILD duration, and mortality rates
or AEs. Additionally, the antifibrotic
agents nintedanib and pirfenidone,
known for their effectiveness in ILD,
are still limitedly used in South Korea
due to stringent reimbursement crite-
ria for secondary ILD, resulting in no
patients receiving these medications
in our study. We were unable to ascer-
tain the use of prophylactic antibiotics,
which could influence the occurrence
of infections. The primary limitation of
our study is the significant lack of de-
tailed information related to ILD.

This study had several other limita-
tions. Specific bDMARDs were infre-
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quently used, and there was limited us-
age of JAK inhibitors, with the majority
of patients receiving tofacitinib. Due to
the data collection period ending in De-
cember 2021, there were few patients
treated with recently approved and uti-
lised baricitinib and upadacitinib. Fur-
thermore, none of the patients with RA-
ILD in our study received rituximab.
Rituximab is widely known to benefit
patients with RA-ILD by delaying ILD
progression and ensuring treatment ef-
ficacy and safety (52). However, this
is primarily due to the requirement for
hospitalisation during rituximab treat-
ment in South Korea, which limited the
number of patients receiving this medi-
cation in the KOBIO registry, primarily
consisting of an outpatient population.
Additionally, as our study had an ob-
servational design, inherent limitations
exist including a higher rate of loss to
follow-up compared with that of clini-
cal trials. Despite these limitations, our
study has notable strengths as a subse-
quent analysis using national registry
data, allowing for a comparison of the
effects of bDMARDs and tsDMARDs
on RA-ILD. This study provides a
comprehensive analysis of AEs and
infections, which are crucial factors in
treatment decisions and outcomes for
patients with RA, particularly those
with concurrent ILD. To the best of our
knowledge, this national registry analy-
sis focusing on AEs and infections in
patients with RA-ILD is the first of its
kind. The findings may contribute to
the effective management of RA and
ILD through close monitoring, cautious
medication selection, and personalised
treatment strategies.

Conclusions

The present study utilised the KOBIO
registry to identify significant risk fac-
tors associated with AEs and infections
in patients with RA and RA-ILD re-
ceiving bDMARDs or tsDMARDs. Pa-
tients with RA-ILD exhibited a higher
rate of withdrawal from b/tsDMARDs
because of AEs and infections than
those without ILD. Older age was iden-
tified as a risk factor for AEs in the RA-
ILD group, whereas a current smoking
status was identified as a risk factor for
infections. These findings highlighted

the need for careful monitoring and
personalised treatment strategies for
patients with RA-ILD to minimise the
occurrence of AEs and infections and
improve treatment outcomes.
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