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INTRODUCTION

Rheumatoid arthritis-associated interstitial lung disease (RA-
ILD) is a significant cause of mortality and morbidity in patients 
with RA [1]. ILD occurs in around 20–30% of patients with 
RA [2]. Older age, male sex, smoking, the presence of rheu-
matoid factor (RF) or anti-cyclic citrullinated peptide (anti-CCP) 
antibodies, and high disease activity are associated with RA-
ILD [3]. Management of RA-ILD is challenging because of the 
lack of an established therapy. Although conventional syn-
thetic disease-modifying anti-rheumatic drugs (csDMARDs) 
and biologic DMARDs are widely used for the management 
of joint inflammation, their potential therapeutic effects on 
RA-ILD are unknown. Indeed, several csDMARDs such as 
methotrexate (MTX), leflunomide, and tumor necrosis fac-
tor (TNF) inhibitors, have been reported to worsen RA-ILD or 
drug-induced pneumonitis. However, the causal relationship 
between the use of certain csDMARDs such as MTX and the 
development of RA-ILD has not been confirmed [4,5].

 Accumulating evidence shows that the majority of RA-ILD 
patients treated with non-TNF inhibitors (abatacept [ABA], 
rituximab, and tocilizumab) remain stable or improve [6]. 
In a Spanish retrospective cohort, two-thirds of patients re-
mained stable after a median 9-month treatment with ABA 

[7]. In another observational multicenter study, 263 patients 
with RA-ILD were treated with ABA alone, in combination 
with MTX or with another csDMARD. All three treatment 
groups experienced stabilization or improvement in lung 
function and chest high-resolution computed tomogra-
phy (HRCT) findings, suggesting that ABA therapy with 
and without csDMARDs is equally effective [8]. The British 
Society for Rheumatology recommends ABA as a first-line 
biologic agent for patients with RA-ILD [9]. However, previ-
ously published studies were uncontrolled, and uncertainty 
remains regarding the effect of ABA on the disease course 
of RA-ILD compared with csDMARDs.

Therefore, in this multicenter observational retrospective 
study, we aimed to investigate the effect of ABA versus csD-
MARDs on the progression of preexisting ILD and the devel-
opment of ILD in patients with RA. 

METHODS

Study design and population 
This multi-center, retrospective, observational study includ-
ed RA patients aged 19–75 years who were treated with 
ABA or csDMARDs at 10 referral hospitals in South Korea 
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between March 2006 and February 2020. All patients were 
diagnosed with RA according to the 2010 American College 
of Rheumatology/European League Against Rheumatism 
(ACR/EULAR) classification criteria [10] or 1987 ACR clas-
sification criteria [11]. ABA was administered at a standard 
dose intravenously (10 mg/kg/4 wk) or subcutaneously (125 
mg/wk). The ABA group received different treatment mo-
dalities including ABA monotherapy, ABA combined with 
MTX, and ABA combined with non-MTX csDMARDs. csD-
MARDs included MTX, leflunomide, sulfasalazine, hydroxy-
chloroquine, and tacrolimus. 

The study inclusion criteria were as follows: (1) patients 
with RA-ILD who had undergone at least two pulmonary 
function tests (PFTs) and/or HRCT scans, the first within  
3 months before the initiation of ABA or csDMARDs, and 
the second after a follow-up interval of at least six months. 
(2) Patients without RA-ILD at the initiation of ABA or csD-
MARDs who had undergone at least two HRCT scans, the 
first at baseline and the second after a follow-up interval of 
at least six months Patients with other connective tissue dis-
eases, incomplete clinical data, or history of malignancy or 
radiation therapy were excluded. This study was conducted 
in accordance with the Declaration of Helsinki and approved 
by the Institutional Review Board (IRB) of Soonchunhyang 
University Seoul Hospital (IRB Number: 2020-03-020). The 
requirements for patient approval and informed consent 
were waived by the IRB Board due to the retrospective na-
ture of the study and the fact that only anonymous clinical 
data were used for analysis. 

Data collection 
At the start of treatment with ABA or csDMARDs, baseline 
data were collected from the medical records, including 
demographics, clinical data (disease duration, 28-joint Dis-
ease Activity Score with the erythrocyte sedimentation rate 
[DAS28-ESR], body mass index, and smoking history), pres-
ence of anti-CCP and RF, and treatment-related records. 
Among the enrolled patients, a diagnosis of RA-ILD was es-
tablished based on HRCT findings.

In patients with RA-ILD at baseline, the forced vital ca-
pacity (FVC), diffusing capacity for carbon monoxide (DLCO) 
(corrected for hemoglobin), and HRCT data were obtained 
at the start of the study (within 3 months before the ad-
ministration of ABA or csDMARDs) and the most recent fol-
low-up to evaluate the progression of RA-ILD. In patients 
without RA-ILD at baseline, HRCT data were obtained at the 

start of the study (within 3 mo before the administration of 
ABA or csDMARDs) and the most recent follow-up to evalu-
ate the development of RA-ILD. 

Outcome measures 
The main variables were the effects of ABA and csDMARDs 
according to the outcome of ILD at the end of follow-up 
in patients with RA-ILD with respect to the following fac-
tors: (1) progression (meeting any of the following criteria: 
a decline in FVC of ≥ 10%, a decline in FVC of 5–10% with 
a decline in DLCO of 15%, or increased extent of fibrosis 
on HRCT during the follow-up period) [12,13]); (2) non-pro-
gression (stabilization or improvement; a decline in FVC  
< 10% and in DLCO < 15% and no radiological progres-
sion); and (3) death. In patients without baseline RA-ILD, 
the development of RA-ILD was compared between ABA 
and csDMARDs. The follow-up period was from the date of 
baseline HRCT or PFT until the date of progression, new de-
velopment of RA-ILD, discontinuation of ABA or csDMARDs, 
initiation of a new biologic or targeted synthetic DMARD, 
last follow-up HRCT or PFT, or death. Switching between 
different csDMARDs or between ABA monotherapy and 
ABA plus csDMARDs was not a censoring event. Drug 
discontinuation was defined as the absence of dispensing 
within 90 days of the expected refill date. 

At each center, one or two board-certified thoracic radiol-
ogists independently assessed the chest HRCT images [8]. In 
addition, the presence and progression of ILD were evaluat-
ed. ILD was classified into nonspecific interstitial pneumonia 
(NSIP), usual interstitial pneumonia (UIP), or other (bronchi-
olitis obliterans, organizing pneumonia, lymphocytic inter-
stitial pneumonitis, and mixed patterns) [14]. 

We also collected data on the discontinuation of ABA or 
csDMARDs, reasons for discontinuation, and adverse events 
including infection, hospitalization, reason for hospitaliza-
tion, and development of malignancy. Information regard-
ing mortality and causes of death was obtained from a re-
view of medical records. 

Statistical analysis
Statistical analyses were performed using SPSS (version 22.0; 
IBM Corp., Armonk, NY, USA) and R (version 3.6.2). Continu-
ous variables were expressed as mean (standard deviation) or 
median (interquartile range [IQR]), and categorical variables 
were presented as frequencies and proportions. Intergroup 
comparisons were conducted using Student’s t-test or the 
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Mann–Whitney U test for continuous variables, while cate-
gorical data were compared using the chi-square test or Fish-
er’s exact test. Longitudinal changes in FVC, DLCO, DAS28-
ESR, and glucocorticoid dose were compared between the 
ABA and csDMARDs groups using a generalized estimating 
equation (GEE). Logistic regression analysis was used to iden-
tify the prognostic factors for the progression of RA-ILD.  
p values < 0.05 were considered statistically significant.

RESULTS 

Baseline characteristics
A total of 123 patients with RA were included in a retro-

spective multi-center cohort, with 59 receiving ABA and 
64 receiving csDMARDs. The baseline characteristics of the 
patients are shown in Table 1. The median (IQR) follow-up 
periods with ABA (24.0 mo [14.5–40.5 mo]) were longer 
than those with csDMARDs (20.5 mo [12.0–33.8 mo])  
(p = 0.039). The ABA group had a younger average age (64 
vs. 68 yr) (p = 0.007), higher DAS28-ESR at baseline (5.29 vs. 
3.56) (p < 0.001), and higher positivity for anti-CCP (97.6% 
vs. 82.0%) (p = 0.021) than the csDMARDs group. Nineteen 
(32.2%) patients treated with ABA and 38 (59.4%) patients 
treated with csDMARDs had RA-ILD at baseline. The most 
common HRCT pattern observed was UIP (73.7%), followed 
by NSIP (24.6%). 

In the ABA group, 41 patients (69.5%) received ABA plus 

Table 1. Characteristics of the study population

Variable Total (n = 123) Abatacept (n = 59) csDMARDs (n = 64) p value

Age, yr 66 (59–72) 64 (54–69) 68 (63–73) 0.007

Male 46 (37.4) 18 (30.5) 28 (43.8) 0.183

BMI, kg/m2 23.22 (21.91–25.3) 23.3 (21.92–26.01) 23.2 (21.9–24.45) 0.201

Current smoking 9 (7.3) 1 (1.7) 8 (12.5) 0.057

Disease duration of RA, yr 2.3 (0.7–6.0) 2.0 (0.9–5.4) 2.6 (0.5–8.0) 0.713

DAS28-ESR 4.36 (3.18–5.58) 5.29 (4.31–6.15) 3.56 (2.88–4.55) < 0.001

RA-ILD at baseline 57 (46.3) 19 (32.2) 38 (59.4) 0.003

UIP pattern 42 (73.7) 15 (78.9) 27 (71.1) 0.217

NSIP pattern 14 (24.6) 3 (15.8) 11 (28.9)

FVC, % predicteda) 81.0 (66.5–96.5) 71.0 (62.6–79.0) 86.5 (75.0–99.7) 0.112

DLCO, % predicteda) 64.42 ± 17.74 62.59 ± 20.11 65.27 ± 16.86 0.681

Laboratory tests 

RF, IU/mL 72.65 (32.50–221.72) 73.1 (40.45–222.10) 69.85 (27.88–207.38) 0.565

Positive RF 108 (87.8) 52 (88.1) 56 (87.5) > 0.999

Anti-CCP, U/mL 198.2 (51.6–360.5) 200.0 (78.0–500.0) 143.0 (42.6–300.0) 0.056

Positive anti-CCP 81/91 (89.0) 40/41 (97.6) 41/50 (82.0) 0.021

Concomitant medication 

Prednisolone dose, mg/d 5.0 (2.5–5.0) 5.0 (2.5–7.5) 5.0 (2.5–5.0) 0.198

MTX 77 (62.6) 41 (69.4) 36 (56.3) 0.183

Dose of MTX, mg/wk 12.0 (3.2–38.5) 11.5 (3.0–20.0) 17.0 (4.7–76.5) 0.108

Previous biologics 11 (8.9) 7 (11.9) 4 (6.3) 0.329

Anti-TNF inhibitors 7 (5.7) 6 (10.2) 1 (1.6) 0.054

Values are presented as median (interquartile range), number (%), or mean ± standard deviation.
BMI, body mass index; CCP, cyclic citrullinated peptide; csDMARDs, conventional synthetic disease-modifying anti-rheumatic 
drugs; DAS28-ESR, 28-joint Disease Activity Score with the erythrocyte sedimentation rate; DLCO, diffusing capacity for carbon 
monoxide; FVC, forced vital capacity; ILD, interstitial lung disease; MTX, methotrexate; NSIP, nonspecific interstitial pneumonia; RA, 
rheumatoid arthritis; RF, rheumatoid factor; TNF, tumor necrosis factor; UIP, usual interstitial pneumonia.
a)For patients with RA-ILD.
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MTX, 11 (18.6%) received ABA plus non-MTX csDMARDs 
(hydroxychloroquine [n=7], leflunomide [n=1], and sulfas-
alazine [n=3]), and 7 (11.9%) received ABA monother-
apy. Among patients with baseline RA-ILD treated with 
ABA, 5 (26.3%) were treated with ABA monotherapy and  
9 (47.4%) received ABA plus MTX. ABA was the first bio-

logic prescribed in 52 patients (88.1%), while 7 had prior 
experience with biologics (6 with TNF inhibitors and one 
with tocilizumab).

In the csDMARDs group, MTX was the most prescribed 
drug (MTX monotherapy: 8 patients, MTX in combination 
with other csDMARDs: 32 patients). Monotherapy with 

Table 2. The effect of abatacept or csDMARDs treatment on the progression of ILD in patients with RA-ILD

Variable Total (n = 57) Abatacept (n = 19) csDMARDs (n = 38) p value

Progression 17 (29.8) 4 (21.1) 13 (34.2) 0.370

Stable or improving 40 (70.2) 15 (78.9) 25 (65.8)  

FVC% predicted

Stable or improving 43 (87.8) 13 (86.7) 30 (88.2) > 0.999

Worsening 6 (12.2) 2 (13.3) 4 (11.8)

Differences between basal and final follow-up 2.5 (-0.75 to 8.75) 0.4 (-1.45 to 10) 3 (0 to 8.5) 0.663

DLCO, % predicted

Stable or improving 39 (83.0) 12 (80.0) 27 (84.4) 0.697

Worsening 8 (17.0) 3 (20.0) 5 (15.6)

Differences between basal and final follow-up 3.6 (-1 to 9) 7 (0 to 13.5) 2.5 (-1 to 8.25) 0.282

HRCT total disease extent 

Stable or improving 44 (84.6) 16 (88.9) 28 (82.4) 0.698

Worsening 8 (15.4) 2 (11.1) 6 (17.6)

Values are presented as number (%) or median (interquartile range).
csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; DLCO, diffusing capacity for carbon monoxide; FVC, 
forced vital capacity; HRCT, high-resolution computed tomography; ILD, interstitial lung disease; RA, rheumatoid arthritis.

Figure 1. Changes in lung function during the follow-up period. FVC (A) and DLCO (B) were measured during the follow-up. csDMARD, 
conventional synthetic disease-modifying anti-rheumatic drug; DLCO, diffusing capacity for carbon monoxide; FVC, forced vital capacity; 
pgroup X time, p value for generalized estimating equation analysis.
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leflunomide, hydroxychloroquine, and tacrolimus was ad-
ministered to 4 (6.3%), 10 (15.6%), and 6 (9.4%) patients, 
respectively. The detailed use of csDMARDs is shown in Sup-
plementary Table 1. 

Almost all patients (98.3% treated with ABA and 95.3% 
treated with csDMARDs) were taking glucocorticoids at a 
median prednisolone equivalent dose (IQR) of 5.0 mg/d 
(2.5–5.0 mg/d). No patients in either group received antifi-
brotic medication.

Development and progression of RA-ILD
Among patients with RA without ILD at baseline, new 
RA-ILD developed in one patient who received triple csD-
MARDs (MTX, sulfasalazine, and hydroxychloroquine) for  

32 months without any change in medication. In patients 
with RA-ILD at baseline, the median (IQR) follow-up dura-
tion was 21 months (13–37 mo). At the end of follow-up, 
over 80% of patients with RA-ILD had stabilized or improved 
lung function and HRCT extent of fibrosis in both the ABA 
and csDMARDs groups (Table 2). Overall, 4/19 (21.1%) pa-
tients in the ABA group and 13/38 (34.2%) in csDMARDs 
group showed progression of RA-ILD. 

In patients with RA-ILD at baseline, longitudinal changes 
in FVC and DLCO were evaluated using GEE analysis, which 
considered repeated measurements throughout the fol-
low-up period (Fig. 1). Although the ABA group had a lower 
baseline FVC than the csDMARDs group (71.0% vs. 86.5%, 
p = 0.112), both groups demonstrated a trend towards sta-

Table 3. Differences in DAS28-ESR, dose of prednisolone, and rheumatoid factor between the two treatment groups

Variable Total (n = 123) Abatacept (n = 59) csDMARDs (n = 64) p value

Follow-up, mo 24 (13 to 39) 27.0 (14.5 to 40.5) 20.5 (12.0 to 33.8) 0.039

Differences between basal and final 
follow-up

DAS28-ESR -1.0 (-2.57 to -0.04) -2.17 (-3.29 to -0.99) -0.17 (-1.23 to 0.19) < 0.001

Prednisone, mg/d 0 (-2.5 to 0) -2.5 (-2.5 to 0) 0 (-2.5 to 0) 0.004

Rheumatoid factor -9.0 (-49.2 to 8.8) -18.4 (-46.9 to 13.7) -5.7 (-49.0 to 0.0) 0.693

Values are presented as median (interquartile range).
csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; DAS28-ESR, 28-joint Disease Activity Score with eryth-
rocyte sedimentation rate.

Figure 2. Changes in disease activity and glucocorticoid dose during the follow-up. The DAS28-ESR (A) and daily prednisone dose (B) are 
shown during the follow-up. csDMARD, conventional synthetic disease-modifying anti-rheumatic drug; DAS28-ESR, 28-joint Disease Ac-
tivity Score with the erythrocyte sedimentation rate; pgroup X time, p value for generalized estimating equation analysis.
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bilized FVC over time (Fig. 1A). Moreover, both groups also 
showed a stabilized DLCO over time (Fig. 1B). In GEE anal-
ysis, no difference in longitudinal changes in lung function 
was found between the ABA and csDMARDs groups. 

Univariate logistic regression analysis showed that age 
was associated with progression of RA-ILD (OR, 1.147; 95% 
CI, 1.028–1.279; p = 0.014). However, other variables, 
including smoking, male sex, FVC and DLCO at baseline, 
DAS28-ESR at baseline and last follow-up, UIP HRCT pat-
tern, levels of RF and anti-CCP, and use of ABA and MTX, 
were not associated with the progression of RA-ILD. 

Disease activity and glucocorticoid sparing 
effect 
Among all patients with and without RA-ILD, the ABA group 
had a significantly higher DAS28-ESR than the csDMARDs 
group (5.4 vs. 3.8) (p < 0.001). The median follow-up du-
ration was significantly longer in the ABA group compared 
with the csDMARDs group (27.0 vs. 20.5 mo) (p = 0.039) 
(Table 3). At the end of follow-up, ABA group showed 
a significant decrease in DAS28-ESR (-2.17 vs. -0.17)  
(p < 0.001) and higher reduction of glucocorticoid dose than 
the csDMARDs group (-2.5 mg/d vs. 0 mg/d) (p = 0.004).  
Longitudinal analysis also showed a significant improvement 
in disease activity (p < 0.001) and the glucocorticoid-sparing 
effect of ABA compared to csDMARDs (p < 0.001) (Fig. 2). 

Adverse events 
Thirty-one of the 123 patients (25.2%) were admitted to 
the hospital at least once. A total of 12/123 (9.8%) patients 
required hospitalization due to infection (10 for bacterial 
pneumonia, one for Pneumocystis jirovecii pneumonia, and 
one for influenza). One patient in the csDMARDs group and 
one patient in the ABA group were diagnosed with non-
small cell lung cancer during the follow-up period. One pa-
tient was treated with MTX for 58 months and was admit-
ted to the hospital because of acute exacerbation of RA-ILD. 
No significant differences were observed in the frequency 
of adverse events. 

The csDMARDs group had a higher discontinuity rate than 
the ABA group (17.2% vs. 6.8%), with marginal statistical 
significance (p = 0.078). In the ABA group, four of 59 pa-
tients discontinued treatment during the follow-up: 2 due 
to RA flares, one due to pneumonia, and one owing to the 
occurrence of lung cancer. Two patients treated with ABA 
plus csDMARDs switched to ABA monotherapy because of 

their improved disease activity. In the csDMARDs group, 11 
of 64 patients discontinued treatment during the follow-up: 
5 due to RA flare, one due to acute exacerbation of RA-
ILD, one owing to pneumonia, one owing to the occurrence 
of lung cancer, 2 owing to gastrointestinal discomfort, and 
one owing to MTX-induced cytopenia. Four patients treated 
with two or three csDMARDs discontinued one agent owing 
to an improvement in disease activity. Details of csDMARD 
use at the final follow-up is presented in Supplementary  
Table 2. 

DISCUSSION

The present study showed a comparable rate of ILD pro-
gression and development among RA patients treated with 
ABA and csDMARDs during a median follow-up period of 
21 months. RA-ILD stabilized or improved in 78.9% of pa-
tients treated with ABA, which is consistent with previous 
studies [15]. Our study had a similar design (retrospective 
multicenter observational) and baseline characteristics to 
a recently published Italian study [16]. Regarding baseline 
characteristics, both studies were characterized by similar 
patient ages (65 yr), high seropositive rates of RF and an-
ti-CCP (approximately 90%), and similar follow-up periods 
(26 mo). The baseline FVC in patients with RA-ILD treated 
with ABA was lower in our study than in the study by Cas-
sone et al. [16] (71% vs. 89%). In both studies, approxi-
mately 25% of patients received ABA monotherapy, and 
MTX was the most prescribed combination drug with ABA 
(38.6% in the Cassone et al. study [16], and 47.4% in our 
study). The effects of ABA on ILD were similar in both stud-
ies; FVC, DLCO, and HRCT remained stable or improved in 
> 80% of patients. 

We compared the effects of ABA on RA-ILD with those 
of csDMARDs. In the csDMARDs group, 65.8% of RA-ILD 
patients were stabilized or improved. In patients with RA-
ILD, variations in the baseline characteristics could have af-
fected the comparison of lung function outcomes between 
the ABA and csDMARD groups. ABA group had a longer 
follow-up duration (27.0 mo vs. 20.5 mo, p = 0.039) and 
lower baseline FVC than the csDMARDs group (71.0% vs. 
86.5%, p = 0.112). In contrast, our analysis showed that 
age was associated with RA-ILD progression, and patients 
in the csDMARD group were older than those in the ABA 
group (mean age, 64 yr vs. 68 yr; p = 0.007). ABA is a fusion 
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protein composed of the Fc region of human IgG1 fused to 
the extracellular portion of the cytotoxic T lymphocyte-asso-
ciated antigen 4 that selectively inhibits T cell activation [17]. 
Autoantibody-mediated neutrophil activation is considered 
as one of the main pathogeneses of RA-ILD. Therefore, bi-
ological agents targeting adaptive immune responses, such 
as ABA, could be potential treatments for RA-ILD because 
ABA significantly lowers the titers of anti-citrullinated pro-
tein antibodies, and seropositivity is associated with the in-
creased effectiveness of ABA [6,18]. In the present study, 
all patients were seropositive; therefore, we could not com-
pare the effects of ABA according to seropositivity status. 
When comparing the effects of ABA on RA-ILD with those 
of TNF-inhibitors, two observational studies showed that 
ABA resulted in a lower rate of RA-ILD worsening than TNF 
inhibitors [19,20]. The present study showed a significant 
difference in RA disease activity and steroid-sparing effects 
between ABA and csDMARDs; however, ABA was not su-
perior to csDMARDs for RA-ILD. Further comparative studies 
between ABA and various DMARDs are needed to confirm 
the effect of ABA on RA-ILD. 

MTX is a cornerstone DMARD used in the management of 
RA. Whether MTX exposure increases the risk of RA-ILD in-
cidence and progression of RA-ILD is controversial. A retro-
spective cohort study conducted in Japan showed that MTX 
use (OR, 12.75) was significantly associated with worsening 
ILD in patients with RA treated with ABA [21]. In contrast, 
other studies conducted in Caucasian patients with RA sug-
gested that MTX use is not associated with an increased risk 
of RA-ILD [5]. Moreover, a retrospective cohort study report-
ed that MTX use was actually a protective factor for lung 
function (OR, 0.27) in RA-ILD [22]. A recent meta-analysis 
of cohort studies revealed that MTX significantly reduces 
RA-ILD induced mortality [23]. In our study, approximately 
70% of patients in the ABA group received ABA combined 
with MTX. However, we did not find an association be-
tween MTX use and ILD progression in Korean RA patients, 
suggesting that the discordant results in the combination of 
ABA with MTX cannot be explained simply by ethnic differ-
ences between Caucasians and Asians. Further studies are 
required to determine whether the use of MTX in combina-
tion with ABA is a beneficial strategy for RA-ILD. 

Regarding the risk of inducing ILD, data from post-mar-
keting surveillance and pooled analysis of safety data from 
8 clinical trials of ABA showed a low incidence rate of ILD, 
ranging from 0.09% to 0.31% [24,25]. In post-marketing 

surveillance, the mean onset (min-max) of ABA-induced ILD 
was 101.5 days (22–183 d). Consistent with previous stud-
ies, we did not observe newly developed ILD in RA patients 
treated with ABA for a median duration of 26 months. We 
observed only one case of newly developed ILD that was 
treated with triple csDMARDs for 32 months. The course 
of ILD does not have an acute or subacute onset, suggest-
ing an incidental RA-ILD and not MTX-induced pneumonitis 
[5]. ABA also showed a good safety profile and retention 
rate compared with csDMARDs. However, further prospec-
tive cohort studies are required to confirm these findings 
becausewe included patients with RA who underwent at 
least two spirometry and/or HRCT examinations, which may 
have led to selection bias. The reasons for undergoing fol-
low-up chest CT in patients without RA-ILD were as follows: 
suspected symptoms of ILD (n = 12), monitoring of lung 
nodules (n = 4), screening for RA-ILD based on the clinician’s 
judgement (n = 39), and unknown (n = 11).

Our study has limitations due to its retrospective design, 
variable follow-up periods, varying ILD statuses, and rela-
tively short follow-up time. Recently, progressive pulmonary 
fibrosis (PPF) was defined as the presence of at least two of 
the following three criteria: patients with ILD with worsen-
ing respiratory symptoms, functional decline, and radiologi-
cal progression within 12 months [26]. Monitoring ILD using 
spirometry has limitations due to visit-to-visit variability and 
various factors impacting the results [27]. However, serial 
measurements are important for assessing disease progres-
sion in ILD. In the present study, 52.6% (30/57) of patients 
with RA-ILD underwent baseline and only one follow-up 
spirometry. However, patients with progressive RA-ILD on 
HRCT had significant decline in FVC (median -5% [IQR, 
-7.75 to 0.25] vs. 2% [IQR, 0 to 8], p < 0.05) and DLCO 
(median -3% [IQR, -15.5 to -1] vs. 3% [IQR, -15.5 to -1.0], 
p < 0.01) compared to that in those without progression, 
reflecting correlation between PFTs and HRCT findings. 
Before the recent guidelines for PPF, few studies defined 
progressive ILD as a decline in FVC and/or increased fibro-
sis on HRCT within 24 months [28,29]. A large European 
retrospective study demonstrated a progressive pattern in 
38% of patients with RA-ILD at the 2-year follow-up [30]. 
Similarly, nearly 30% of patients with RA-ILD showed pro-
gression during the median follow-up of 21 months in the 
present study. Most patients with fibrotic ILD experience 
disease progression several years after the diagnosis of ILD. 
Therefore, further long-term cohort studies are needed to 
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reveal the heterogeneity in the course of RA-ILD, even after 
satisfying the PPF criteria. Another potential limitation is the 
relatively small number of patients with RA-ILD. Finally, a 
quantitative or semi-quantitative assessment of HRCT was 
missing. Radiologists at each institution evaluated only the 
presence of ILD, and the pattern and deterioration of ILD-re-
lated fibrosis. In total, 221 HRCT scans were reviewed. Two 
thoracic radiologists reviewed 55 HRCT scans by consensus 
and were blinded to the clinical and PFT results, whereas 
the other HRCT scans were independently reviewed by one 
radiologist per centre. Although expert thoracic radiologists 
assessed ILD progression on HRCT, we did not evaluate the 
inter-reader agreement.

In conclusion,  ABA and csDMARDs have comparable 
effects on the development and stabilization of RA-ILD. 
However, a substantial improvement in disease activity and 
glucocorticoid-sparing effect was observed with ABA com-
pared to csDMARDs.

KEY MESSAGE
1.	 During the median follow-up of 21 months, RA-

ILD progressed in 21.1% of patients with RA treat-
ed with ABA and in 34.2% of those treated with 
csDMARDs without significant difference.

2.	ABA and csDMARDs showed comparable effects 
on development and stabilization of RA-ILD. 

3.	A significant improvement in disease activity and 
glucocorticoid-sparing effect was observed in the 
ABA group compared with the csDMARDs group.
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Supplementary Table 1. Current use of csDMARDs

Medication Abatacept (n = 59) csDMARDs (n = 64)

MTX 41 (69.5) 8 (12.5)

LEF 1 (1.7) 4 (6.3)

HCQ 7 (11.9) 10 (15.6)

SSZ 3 (5.1) 0 (0)

TAC 0 (0) 6 (9.4)

MTX + LEF 0 (0) 6 (9.4)

MTX+ LEF + HCQ 0 (0) 2 (3.1)

MTX + SSZ 0 (0) 3 (4.7)

MTX + HCQ 0 (0) 14 (21.9)

MTX + SSZ + HCQ 0 (0) 1 (1.6)

MTX+ TAC+ HCQ 0 (0) 1 (1.6)

MTX + TAC 0 (0) 5 (7.8)

LEF+ HCQ 0 (0) 1 (1.6)

TAC + SSZ + HCQ 0 (0) 1 (1.6)

TAC + HCQ 0 (0) 2 (3.1)

Values are presented as number (%).
csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, 
methotrexate; SSZ, sulfasalazine; TAC, tacrolimus.
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Supplementary Table 2. Use of csDMARDs at the last follow-up

Medication Abatacept (n = 59) csDMARDs (n = 64)

MTX 40 (67.8) 7 (10.9)

LEF 0 (0) 3 (4.7)

HCQ 7 (11.9) 11 (17.2)

SSZ 3 (5.1) 0 (0)

TAC 0 (0) 8 (12.5)

MTX + LEF 0 (0) 7 (10.9)

MTX+ LEF + HCQ 0 (0) 1 (1.6)

MTX + SSZ 0 (0) 3 (4.7)

MTX + HCQ 0 (0) 12 (18.8)

MTX + SSZ + HCQ 0 (0) 1 (1.6)

MTX+ TAC+ HCQ 0 (0) 1 (1.6)

MTX + TAC 0 (0) 4 (6.3)

LEF+ HCQ 0 (0) 1 (1.6)

TAC + SSZ + HCQ 0 (0) 0 (0)

TAC + HCQ 0 (0) 5 (7.8)

Values are presented as number (%).
csDMARDs, conventional synthetic disease-modifying anti-rheumatic drugs; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, 
methotrexate; SSZ, sulfasalazine; TAC, tacrolimus.
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