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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease char-
acterized by articular manifestations, such as persistent inflam-
mation and the progressive degeneration of joints [1]. Approxi-
mately 50% of patients with RA show extra-articular symptoms 
involving organs such as the skin, eyes, heart, kidneys, nerves, 
gastrointestinal tract, and lungs during the disease course [2]. 
The lungs of patients with RA often show a wide range of mani-

festations, such as interstitial lung disease (ILD), infections, and 
drug toxicity; such pulmonary complications affect the natural 
course of RA and are consequently associated with increased 
mortality [1,3]. In particular, approximately 10% of all RA cases 
are accompanied by severe ILD. The mean survival is 5~8 years, 
and it is the second-leading cause of death, following cardiovas-
cular disease, in patients with RA [1]. Various patterns of RA-
ILD include usual interstitial pneumonia (UIP), nonspecific 
interstitial pneumonia (NSIP), respiratory bronchiolitis, mixed 
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Rheumatoid arthritis (RA) is a common autoimmune disease that mainly affects the joints and systemic organs, such as the skin, 
eyes, heart, gastrointestinal tract, and lungs. In particular, among various pulmonary involvements, interstitial lung disease (ILD) 
is closely related to the selection of anti-rheumatic drugs and the long-term prognosis of patients with RA. Although the exact 
pathogenesis of RA-ILD is not well defined, several mechanistic pathways, similar to those of idiopathic pulmonary fibrosis, have 
been elucidated recently. Conversely, RA-related autoantibodies, including anti-cyclic citrullinated peptide antibody, are detectable 
in circulation and in the lungs, even in the absence of articular symptoms. RA-ILD can also predate years before the occurrence 
of joint symptoms. This evidence supports the fact that local dysregulated mucosal immunity in the lung causes systemic autoim-
munity, resulting in clinically evident polyarthritis of RA. Because the early diagnosis of RA-ILD is important, imaging tests, such 
as computed tomography and pulmonary function tests, are being used for early diagnosis, but there is no clear guideline for the 
early diagnosis of RA-ILD and selection of optimal disease-modifying anti-rheumatic drugs for the treatment of patients with RA 
with ILD. In addition, the efficacy of nintedanib, a new anti-fibrotic agent, for RA-ILD treatment, has been investigated recently. 
This review collectively discusses the basic and clinical aspects, such as pathogenesis, animal models, diagnosis, and treatment, of 
RA-ILD.
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forms, and unclassifiable interstitial pneumonia, organizing 
pneumonia, desquamative interstitial pneumonia, lymphoid 
interstitial pneumonia, and idiopathic pleuroparenchymal fi-
broelastosis. Among these, two representative histopathological 
patterns of RA-ILD are UIP and NSIP, and the most common 
finding is UIP, which has been reported in up to 66% of patients 
with RA-ILD in previous studies [1]. Lung damage associated 
with RA-ILD causes irreversible changes and increases mortal-
ity in patients with RA; thus, early diagnosis is essential for the 
successful treatment of patients with RA-ILD [4]. In general, 
immunosuppressive agents, such as corticosteroids, cyclophos-
phamide, mycophenolate mofetil, azathioprine, and calcineurin 
inhibitors, are used for the treatment of RA-ILD. Recently, anti-
fibrotic agents, such as pirfenidone and nintedanib, have also 
been used [1]. However, optimal guidelines for the diagnosis 
and treatment of RA-ILD have not yet been established [5]. This 

review aimed to identify risk factors, pathogenesis, experimental 
methods, early diagnosis modalities, and appropriate therapeu-
tic agents for RA-ILD. 

BASIC ASPECTS OF RA-ILD 

Pathogenesis of RA-ILD 
Various genetic, environmental, inflammatory, and immuno-

logical factors are involved at each stage of the development and 
progression of RA-ILD (Figure 1). Several genetic predisposi-
tions, such as the expression of human leukocyte antigen (HLA) 
genes, MUC5B, SFTPC, RTEL1, and TERX, are associated with 
RA-ILD [6]. Recent studies have also suggested that several 
HLA variants, including HLA-DRB1*15 and HLA-DRB1*16, 
are associated with an increased risk of RA-ILD. However, the 
HLA-DRB1 shared epitope is associated with smoking and 
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Figure 1. Pathogenesis of rheumatoid arthritis (RA)-interstitial lung disease (ILD). The first step in RA pathogenesis in ILD is damage 
to the airways and alveolar epithelial cells. Risk factors of airway and alveolar epithelial cell damage include genetic susceptibility, 
smoking, periodontitis, infection and dysbiosis, and gastroesophageal reflux disease (GERD). Persistent and repeated damage to 
epithelial cells leads to the activation of immune cells, such as neutrophils, dendritic cells (DCs), and macrophages. Neutrophils produce 
matrix metalloproteinases (MMPs), tissue inhibitors of metalloproteinases (TIMPs), and neutrophil elastase (NE). Macrophages secrete 
transforming growth factor (TGF)-β and platelet-derived growth factor (PDGF), thereby promoting fibrosis. DCs induce immune responses 
in B and T cells. B cells are associated with the production of anti-citrullinated protein antibodies (ACPAs), which induce the secretion 
of cytokines such as IL-6, IL-8, and tumor necrosis factor (TNF) for inducing epithelial cell damage. ACPAs also induce the formation of 
neutrophil extracellular traps (NETs). T cells activate myofibroblasts through interleukin (IL)-17 and IL-13. In addition, chemokines such 
as CCL2 and CXCL12 are involved in lung fibrosis. Collectively, these effects lead to the excessive deposition of extracellular matrix (ECM) 
components, such as hyaluronan, fibronectin, and interstitial collagens.
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reduced risk of RA-ILD [6,7]. MUC5B polymorphism is as-
sociated with the abnormal production of surfactant protein 
C secreted from type 2 alveolar epithelial cells [8]. The mecha-
nism by which excess MUC5B expression results in idiopathic 
pulmonary fibrosis (IPF) is unknown. However, the abnormal 
production of surfactant protein C promotes macroautophagy 
and the secretion of pro-inflammatory and pro-fibrotic media-
tors from type 2 alveolar epithelial cells, thereby promoting 
inflammatory responses in the lung parenchyma [6,9]. MUC5B 
polymorphism acts as a risk factor for IPF and RA-ILD, whereas 
it is not associated with systemic sclerosis or myositis-associated 
ILD. Hence, RA-ILD may be associated with IPF more closely 
than pulmonary fibrosis is associated with other connective tis-
sue diseases [6]. 

Numerous environmental factors, such as smoking, oxidative 
stress, infection, and gastroesophageal reflux disease, induce 
inflammatory stimulation in alveolar epithelial cells [6,10]. Gen-
erally, inflammation activates the repair pathway that comprises 
normal fibroblasts and myofibroblasts, leading to a normal ho-
meostatic response for healing and restoring the lung anatomy 
[11]. However, prolonged inflammation leads to alveolar and 
peribronchial wall proliferation, and an abnormal fibrotic re-
pair process leads to the excessive accumulation of extracellular 
matrix (ECM) components, such as hyaluronan, fibronectin, 
and interstitial collagens [12]. Various cells are involved in this 
process. Neutrophils produce neutrophil elastase, matrix metal-
loproteinases (MMPs), and tissue inhibitors of metalloprotein-
ases (TIMPs). Therefore, they activate transforming growth 
factor beta (TGF-β) and induce the migration of other inflam-
matory cells to the lung, thereby promoting pulmonary fibrosis 
[12,13]. Alveolar macrophages are involved in the pathogenesis 
of fibrotic lung disease and express pro-fibrotic cytokines, such 
as TGF-β1 and platelet-derived growth factor (PDGF), che-
mokines, and proteases, including MMPs. However, alveolar 
macrophages exert both pro-and anti-fibrotic effects, depending 
on the local environment and stages of fibrotic diseases [14]. 
M1 macrophages activate myofibroblast apoptosis and MMP 
for ECM degradation. Conversely, M2 macrophages secrete 
TGF-β1 and PDGF to activate fibroblasts, and M2 macrophages 
secrete TIMPs and inhibit ECM degradation [12]. In case of T-
cells, a distorted Th1/Th2 balance plays an important role in 
lung fibrosis; Th1 and Th22 suppress fibrosis, whereas Th2, 
Th9, Th17, and Treg aggravate fibrosis [12]. However, there have 
been conflicting findings on Th17 and Treg cells, and their roles 

in pulmonary fibrosis remain controversial. Lo et al. showed 
that Th17 cells exert no direct effect on fibrosis [15]. Findings 
from other studies have supported the role of interleukin (IL)-17 
and Th17 cells by demonstrating that the blockade/neutraliza-
tion of IL-17A delayed the progression and promoted the reso-
lution of pulmonary fibrosis in different murine fibrosis models 
[16-19]. Some studies have reported an increase in Tregs in IPF 
[19], whereas others have demonstrated a reduction in Tregs in 
the peripheral blood and bronchoalveolar lavage (BAL) fluid in 
patients with IPF [20]. Fibroblasts are key cells responsible for 
the synthesis and deposition of ECM, as they provide the initial 
scaffold for tissue generation in wound healing observed after 
inflammation [14,21]. Once fibroblasts acquire a pro-fibrotic 
phenotype with resistance to apoptosis, fibroblasts differenti-
ate into myofibroblasts that sustain the fibrotic process. Both 
innate and adaptive immune cells are involved in this process 
[12,14,21]. Fibrocytes produce ECM, cross-linking enzymes, 
chemokines, growth factors, and MMPs, thereby promoting 
pulmonary fibrosis [12]. Chemokines, CCL12, and CXCL12 at-
tract circulatory fibrocytes to the site of pulmonary injury [22]. 
The expression of CXCL13, a B-cell chemoattractant, correlates 
with the extent of inducible bronchial-associated lymphoid tis-
sue (iBALT) in RA-ILD. However, the role of these chemokines 
in the development of RA-ILD has not been clearly elucidated 
[23]. Various other cytokines are also involved in RA-ILD. 
tumor necrosis factor (TNF)-¥á is a key proinflammatory cyto-
kine in the pathogenesis of interstitial lung involvement. TNF-α 
stimulates fibroblast proliferation and triggers the expression of 
PDGF-β, TGF-β, cytokines, and chemokines [23]. IL-1β medi-
ates pro-fibrotic effects through the IL-1R1/MyD88 signaling 
pathway, and IL-13 is involved in the differentiation of human 
lung fibroblasts into myofibroblasts through a JNK-dependent 
pathway. IL-17 interacts with the TGF-β signaling pathway to 
promote pulmonary fibrosis [12]. Although RA-ILD and IPF 
pathogeneses have several similarities, further research is neces-
sary to examine the characteristics of RA-ILD pathogenesis.

 Roles of anti-citrullinated protein antibody (ACPA) and 
lungs in the pathogenesis of RA and RA-ILD 

ACPA is a collection of autoantibodies with different isotype 
usage (i.e., IgG, IgA, and IgM) that recognize citrullinated pep-
tides [24]. In the late 1930s, rheumatoid factors were shown 
to be involved in the onset of RA. Subsequent studies have 
reported that various antibodies, such as anti-perinuclear, 



64 www.jrd.or.kr

Hanna Lee et al.

anti-collagen II, anti-hnRNP (RA33), anti-glucose phosphate 
isomerase, and anti-binding immunoglobulin (BiP) antibod-
ies, may be involved. A study published in 1998 also suggested 
that auto-antibodies against citrullinated self-proteins and self-
peptides, such as homocitrullinated (carbamylated) proteins, 
may also play a role in the pathogenesis of RA [25]. RA-related 
antibodies, including ACPA, RF, and carbamylated proteins, are 
produced several years before the onset of RA joint symptoms 
and are involved in the development of RA [25]. Constant and 
repeated damage to the airway mucosa and distal lung struc-
tures in the preclinical stages of RA activates the innate immune 
system and induces inflammatory responses [10]. Such inflam-
matory responses activate peptidyl arginine deiminase, which 
leads to increased protein citrullination. Immune tolerance 
fails in individuals with specific genetic backgrounds, and au-
toimmune responses induce RA-related ACPA [26]. Persistant 
inflammation leads to iBALT development, particularly near 
the airways, perivascular space, and interstitial region. The sub-
sequent activation of local immune cells, such as macrophages 
and dendritic cells (DCs), and repeated damage to epithelial 
cells leads to the secretion of other cytokines, such as TGF-β 
and PDGF. This promotes epithelial-to-mesenchymal transi-
tion, remodeling, and fibrosis of the airway and distal lung [26]. 
Furthermore, ACPA may regulate neutrophil cell death and the 
secretion of neutrophil extracellular traps, further promoting 
inflammation and autoimmunity. These autoimmune responses 
are initially observed only in the lungs; however, these responses 
may become systemic after additional damage [6]. 

Numerous studies have shown that the lungs and ACPA are 
associated with the development of RA. As terms used to desig-
nate cases of ACPA-positive fibrotic ILD without clinical symp-
toms of RA, “lung-limited RA”, “autoimmune-featured ILD”, 
and “interstitial pneumonia with autoimmune features” have 

similar meanings [6]. Other evidence supporting the association 
between the lungs and RA is as follows: smoking may increase 
the expression of citrullinated proteins in BAL cells, and ecto-
pic lymphoid tissues with B-cells that can bind to citrullinated 
proteins have also been observed in the lungs of patients with 
RA. These results suggest that ACPA could be locally expressed 
in the lungs of patients with RA [27,28]. Moreover, a greater 
level of ACPA has been observed in BAL fluid than in the blood 
of untreated patients with ACPA-positive RA [29]. In addi-
tion, in patients with risk factors for progression to RA and no 
joint symptoms, the sputum test showed the local expression of 
ACPA and RF [30]. Also, in Korean patients with RA, the titer 
ratio of ACPA was higher in the airway disease group and in-
terstitial lung disease group than in the normal lung group [31]. 
For this reason, the lung is recognized as a representative organ 
considered to be related to RA development. 

Animal models of RA-ILD 
Representative models using immune stimulants, combina-

tions of environmental factors, and genetic engineering meth-
ods that have been used in previous studies are summarized in 
Table 1. Previous reports have shown that pulmonary inflam-
mation accompanying arthritis develops in several autoimmune 
arthritic mouse models, such as K/BxN arthritis, SKG mice, 
TNF transgenic (TNF‐Tg) mouse model, and collagen-induced 
arthritis (CIA) [32]. In K/BxN arthritis, transgenic mice with 
the KRN T-cell receptor specific for the autoantigen glucose-6–
phosphate isomerase (GPI) were crossed with GPI-specific im-
munoglobulin heavy and light chain knock-in mice. Thus, ar-
thritis develops as a result of the production of pathogenic GPI-
specific autoantibodies [33]. Shilling et al. [33] showed that 67% 
of these mice exhibited lymphocytic infiltration similar to that 
observed in bronchus-associated lymphoid tissue (BALT) in the 

Table 1. Unmet scientific needs related to rheumatoid arthritis (RA)-interstitial lung disease (ILD) concerning translational science 
and clinical science

Domain Unmet needs 

Translational science Identifying biomarkers for the early diagnosis of RA-ILD 
Identifying the mechanism that can link pulmonary diseases and joint symptoms in RA
Developing animal suitable models for RA-ILD 

Clinical science Determining the incidence of RA-ILD
Investigating the characteristics of RA-ILD and early diagnostic methods
Analyzing responses to treatment between subgroups of RA-ILD
Identifying indicators that can evaluate treatment response in patients with RA-ILD
Conducting prospective studies for the stability of existing disease-modifying anti-rheumatic drugs in RA-ILD
Developing therapeutics for RA-ILD
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lungs, suggesting that systemic autoreactivity promotes ectopic 
lymphoid tissue development in the lung through the coopera-
tion of autoreactive T and B cells. However, these BALT-like 
lesions may not be sufficient to promote fibrotic lung disease at 
a steady state or after an inflammatory challenge [34]. SKG mice 
have a spontaneous point mutation in the second SH2 domain 
of ZAP70 relevant to tyrosine-phosphorylated immunorecep-
tor tyrosine-based activation motifs of TCR‐ζ and CD3 chains 
[35]. Zymosan is derived from crude yeast cell wall extract, the 
main constituents of which are β‐glucans [36]. SKG mice were 
administered a single intraperitoneal injection of zymosan to in-
duce severe arthritis and the advanced onset of lung pathology, 
strongly resembling NSIP pathology, similar to that observed in 
human RA‐ILD [36-39]. The TNF‐Tg mouse, overexpressing 
the human TNF‐α gene, also developed inflammatory erosive 
arthritis along with a lung abnormality similar to NSIP [32]. 
CIA leads to polyarthritis and causes chronic and destructive 
joint damage, which is similar to the symptoms of human RA 
in many aspects; thus, it is widely used for research on RA [40]. 
Several reports demonstrated that this model has advantages 
over other RA mouse models because it shows similar findings 
to UIP of RA-ILD and helps study the effects of citrullination 
and ACPA on RA-ILD development [41-43]. The limitation of 
this method is that the spontaneous resolution of lung lesions 

occurs after the onset of active and progressive joint inflamma-
tion (Figure 2, unpublished data). In contrast, a tendency for 
the progression and exacerbation of lung diseases is observed in 
most cases of human RA-ILD. There have been some attempts 
to use interferon gamma receptor-knockout mice, different 
species of tree shrews (Tupaia belangeri chinensis), or inhala-
tional organic dust extract combined with CIA, which can be 
used to develop experimental models showing persistent and 
progressive pulmonary fibrosis with greater clinical relevance 
[41,43,44]. Collectively, it is important to establish appropriate 
experimental animal models to confirm the precise pathogen-
esis and explore the usefulness of candidate drugs or biomarkers 
for RA-ILD. 

CLINICAL ASPECTS OF RA-ILD

Screening and early diagnosis of RA-ILD 
Identifying risk factors is important for RA-ILD screening in 

patients with RA. In case of ACPA, some reports are related to 
RA-ILD. Correia et al. [44] reported that a higher titer of ACPA 
was associated with an increase in the prevalence of ILD (10.3%, 
8.82%, 4.92%, and 1.90% in the high, moderate, low, and nega-
tive titer groups, respectively, p<0.001) [45]. In addition, in a 
recent meta-analysis, serum ACPA positivity was strongly as-
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Figure 2. Changes in pathological lung features on different days in collagen-induced arthritis (CIA). The lung fibrosis score increased till 
day 29 after CIA induction, but decreased spontaneously from day 36 after CIA induction. Masson’s trichrome staining (magnification, 
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66 www.jrd.or.kr

Hanna Lee et al.

sociated with RA-associated pulmonary diseases, particularly 
RA-ILD and IPF. This association was also observed in Korean 
RA patient subgroups. Other factors related to RA-ILD include 
older age, male sex, cigarette smoking, RF, ACPA, erythro-
cyte sedimentation rate, prednisolone use, and disease activity 
[31,46-49]. 

The main clinical symptoms of RA-ILD are exertional dys-
pnea, chronic dry cough, fatigue, and general weakness [49]. 
However, these symptoms may be overlooked. Therefore, 
patients with RA must be assessed carefully by checking the ac-
companying symptoms and RA-associated pulmonary diseases. 
In clinical practice, various tests, such as pulmonary function 
testing (PFT) and high-resolution computed tomography 
(HRCT), are conducted to diagnose and evaluate RA-associated 
pulmonary diseases. In particular, advances in imaging exami-
nations play an important role in RA-ILD diagnosis [50]. In 
the past, the prevalence of RA-ILD based on clinical exami-
nations and chest X-rays was 1%~5% [51,52]. The diagnosis 
rate of RA-ILD is increasing with the development of imaging 
examinations, such as HRCT. In a recent study that conducted 
chest PA, PFT, and HRCT in 150 patients with RA, 28 (19%) 
patients showed signs of fibrosing alveolitis on HRCT [53]. 
However, even though imaging examinations, such as HRCT, 
are helpful in the diagnosis of RA-ILD, these examinations are 
not recommended for the initial screening or routine assess-
ment of patients without respiratory symptoms. Therefore, to 
diagnose RA-ILD, the respiratory symptoms must be closely 
monitored, and in patients who have been diagnosed with RA-
ILD with aggravated respiratory symptoms, it is necessary to 
differentiate between infection, drug toxicity, or worsening of 
existing concomitant diseases [50]. Therefore, the screening 
and diagnosis of RA-ILD as well as continuous observation of 
the clinical course and adequate treatment are important. PFT 
is also important for RA-ILD diagnosis, and the diffusing ca-
pacity of the lungs for carbon monoxide (DLCO) is known as 
the most sensitive test for screening RA-ILD [50]. However, in 
one study, a decrease in DLCO was observed in 80% of patients 
with RA, whereas only 5%~15% of patients showed findings of 
purely restrictive defects on spirometry. Therefore, PFT is not 
considered cost-effective and is not recommended for routine 
assessment in patients with RA [6,50]. A recent study suggested 
a diagnostic algorithm for evaluating RA-ILD. The authors rec-
ommended checking the patient history to determine whether 
dyspnea on exertion is accompanied with climbing stairs or up-

hill. Thereafter, pulmonary crackles and digital clubbing should 
be checked through lung auscultation and physical examination, 
and if these findings are confirmed, DLCO should be measured. 
HRCT is recommended if DLCO is less than 70%. However, if 
there are no accompanying respiratory symptoms in patients 
with RA, the annual screening of symptoms is recommended 
[50]. Another recommended screening method is plain chest 
radiography at RA diagnosis, along with additional examina-
tions. However, plain chest radiography is disadvantageous be-
cause it has low sensitivity and is limited to the detection of early 
ILD or subclinical airway disease [6,54]. In recent times, studies 
have attempted to diagnose ILD using ultrasound and reported 
that findings of multiple B lines, irregularities of the pleural line, 
or pleural nodules on ultrasound might suggest ILD [55]. In 
another study, Manfredi et al. [56] evaluated RA-ILD using a 
Velcro sound detector. The lung sounds of 137 patients who un-
derwent HRCT were recorded and analyzed using a commercial 
electronic stethoscope. The accuracy, sensitivity, and specificity 
of the diagnostic rate were 83.9%, 93.2%, and 76.9%, respec-
tively [56], Other studies have attempted to identify serological 
biomarkers for screening of RA-ILD. Biomarkers, such as serum 
ACPAS, MMP7, and CXCL10, and some heat shock proteins 
have been identified. In the KORAIL Cohort Baseline Data 
study, not only MMP7, but also SP-D and KL-6 were found to 
be useful for evaluating the functional and anatomical status of 
lung involvement in patients with RA-ILD [57]. However, these 
biomarkers are currently not used in clinical practice [58,59]. 
Therefore, to screen and diagnose RA-ILD, respiratory symp-
toms must be evaluated, followed by lung auscultation and plain 
chest radiography at the time of diagnosis. Additional tests, 
such as PFTs and HRCT, may need to be performed depending 
on respiratory symptoms for the clinical diagnosis of RA-ILD. 
Furthermore, continuous studies on establishing serological 
biomarkers would further contribute to the screening and early 
diagnosis of RA-ILD. Based on the reported evidence, the most 
useful tests for the diagnosis of RA-ILD are HRCT and PFT. 
These tests should be conducted actively to diagnose RA-ILD. 

Treatment of RA-ILD
Disease-modifying anti-rheumatic drugs (DMARDs) that are 

used to treat RA can be classified into conventional synthetic 
DMARDs (csDMARDs) and biologic DMARDs (bDMARDs), 
which have been used increasingly in recent times. Methotrexate 
(MTX) is a representative csDMARD, and bDMARDs include 
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anti-TNF agents, IL-6 receptor inhibitors (tocilizumab), T cell 
costimulatory inhibitors (abatacept), and anti-CD20 antibody 
(rituximab). However, there is controversy regarding the effica-
cy and safety of these drugs in RA-ILD treatment. Additionally, 
anti-fibrotic agents, such as nintedanib and pirfenidone, have 
recently been used for the treatment of RA-ILD. Therefore, first, 
we will consider DMARDs that can be used safely, following 
which we will consider anti-fibrotic agents. 

MTX, considered the standard treatment agent for RA for 
long, is not administered to patients with RA-ILD owing to 
potential pulmonary toxicity and MTX-related hypersensitiv-
ity pneumonitis [60-62]. However, unlike findings from initial 
studies, recent results suggest that DMARDs, such as MTX and 
LEF, may be used when ILD is accompanied, and these drugs 
slow the development and progression of ILD [63-65]. In a 
recent meta-analysis of data from patients administered MTX, 
there was no increase in non-infectious respiratory adverse 
events caused by MTX administration [66]. A study on the as-
sociation between MTX and RA-ILD in two independent Brit-
ish cohorts also reported that MTX was not associated with RA-
ILD and MTX delayed RA-ILD development [48]. Additionally, 
a recent review article, in which 29 articles were analyzed, re-
ported that MTX slowed the progression of ILD and improved 
the prognosis of RA-ILD [67]. As such, accumulating evidence 
suggests that cDMARDs, including MTX, may be used to treat 
patients with RA-ILD. Therefore, unlike in the past, MTX can 
be used for the treatment of patients with RA-ILD. However, 
even though various findings have been reported in recent 
times, further studies must be conducted to fully assess the ef-
fects of MTX on the progression of ILD [60]. 

Rituximab is one of the most important biologics for patients 
with RA-ILD [61]. Based on the results of various studies in 
which rituximab was used for the treatment of RA-ILD, it is 
considered safe for treating patients with RA-ILD. In a study 
of 43 patients with RA-ILD included in the British Society for 
Rheumatology Biologics Register for RA, who received ritux-
imab and TNF inhibitors as the first biologic, the mortality 
rate was lower in the rituximab group [68]. However, in this 
study, the severity and subtype of ILD could not be assessed. 
In another observational study of 56 patients with RA-ILD 
treated with rituximab, 16% showed improvement, whereas 
52% showed stable findings. A history of ILD progression was 
suggested in that study as a progression factor for ILD [69]. In 
addition, a recent study on 68 patients included in the pneumol-

ogy Rheumatology Autoimmune diseases registry reported that 
the frequency of respiratory impairment was lower in the ritux-
imab group than in other groups [70]. Additionally, an EvER-
ILD using rituximab with MMF and RITUX-IP study using 
rituximab are currently underway [60]. Abatacept is considered 
to be relatively safe for treating RA-ILD. In a retrospective study 
of 44 abatacept-treated patients with RA-ILD in Italy, 81.4% and 
86.1%~91.7% of patients showed stable or improved results on 
HRCT and PFT, respectively [71]. In a multicenter study of 63 
RA-ILD patients treated with abatacept, 11 of 22 patients (50%) 
who were followed up and underwent HRCT showed stable re-
sults, and eight (36.4%) patients showed improved results [72]. 
A multicenter study in Spain reported that non-TNF inhibitor 
biologics, including abatacept, slowed the progression of ILD 
in 69 patients [73]. APRIL, a large-scale study of abatacept, is 
underway [60]. Tocilizumab may also be used in the treatment 
of RA-ILD. In a retrospective study of 28 patients with RA-ILD 
treated with tocilizumab, 56% and 89.3% patients showed stable 
results for PFTs and HRCT, respectively [74]. However, addi-
tional randomized controlled trials (RCTs) will be necessary in 
future. 

Nintedanib was found to be effective for treating progressive 
fibrosing ILD, including RA-ILD, in a double-blinded RCT [61]. 
The INBUILD trial was recently conducted on 663 RA patients 
with 89 ILD patients. In this study, nintedanib slowed the rate of 
decline in forced vital capacity in patients with RA-ILD, but the 
sub-analysis of RA-ILD did not show any effects. Based on the 
results of this study, nintedanib was approved for the treatment 
of chronic fibrosing progressive ILD, including RA [60,75]. In 
addition, pirfenidone, used as an antifibrotic agent in IPF, was 
found to be effective against the UIP pattern. Clinical trials 
(TRAIL trial, a phase 2 double-blind RCT) for evaluating its 
safety and efficacy are currently underway [76].

CONCLUSION

RA-ILD is a common extra-articular symptom observed in 
patients with RA that may develop before the diagnosis of RA 
or at any time point during the disease. Therefore, it is necessary 
to check whether RA-ILD is present in patients with RA at RA 
diagnosis. If there are respiratory symptoms, it is necessary to 
properly conduct PFT and imaging tests, including HRCT, for 
early diagnosis. Recent findings suggest that csDMARDs, in-
cluding MTX, may be used to treat RA in patients with RA-ILD 
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without major restrictions; however, further studies must assess 
the safety and effects of DMARDs. Based on current findings, 
bDMARDs, such as rituximab, abatacept, and tocilizumab, are 
considered relatively safe medications for treating patients with 
RA-ILD. Additionally, nintedanib, an anti-fibrotic agent, may 
also be used to treat RA-ILD. RA-ILD is an important complica-
tion affecting the prognosis of patients with RA. Therefore, sev-
eral translational and clinical investigations on RA-ILD must be 
conducted to improve the prognosis of patients with RA (Table 
1). In conclusion, early diagnosis and adequate treatment for 
RA-ILD are important, and the development of serological bio-
markers and appropriate therapeutic drugs for early diagnosis is 
essential.

FUNDING

This work was supported by grants (NRF-2020R1I1A3071922) 
from the National Research Foundation of Korea (NRF) funded 
by the Korean government (http://www.nrf.re.kr/index). 

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

AUTHOR CONTRIBUTIONS

Conceptualization: H.L., S.-I.L., H.-O.K. Data acquisition: 
S.-I.L. Supervision: S.-I.L., H.-O.K. Writing: H.L., H-O.K.

ORCID

Hanna Lee, https://orcid.org/0000-0002-2129-4269
Sang-Il Lee, http://orcid.org/0000-0002-8283-7001
Hyun-Ok Kim, https://orcid.org/0000-0002-0904-1584

REFERENCES

1. Cassone G, Manfredi A, Vacchi C, Luppi F, Coppi F, Salvarani C, et al. 
Treatment of rheumatoid arthritis-associated interstitial lung disease: 
lights and shadows. J Clin Med 2020;9:1082.

2. Myasoedova E, Crowson CS, Turesson C, Gabriel SE, Matteson EL. 
Incidence of extraarticular rheumatoid arthritis in Olmsted County, 
Minnesota, in 1995-2007 versus 1985-1994: a population-based 
study. J Rheumatol 2011;38:983-9.

3. Yunt ZX, Solomon JJ. Lung disease in rheumatoid arthritis. Rheum 
Dis Clin North Am 2015;41:225-36.

4. Lee H, Choi HN, Kim SH, Kim JH, Park SH, Kim SK, et al. Prognostic 
factors of the RA patients with ILD. J Rheum Dis 2013;20:9-16.

5. Bendstrup E, Møller J, Kronborg-White S, Prior TS, Hyldgaard C. In-
terstitial lung disease in rheumatoid arthritis remains a challenge for 
clinicians. J Clin Med 2019;8:2038.

6. Wang D, Zhang J, Lau J, Wang S, Taneja V, Matteson EL, et al. Mecha-
nisms of lung disease development in rheumatoid arthritis. Nat Rev 
Rheumatol 2019;15:581-96.

7. Karlson EW, Chang SC, Cui J, Chibnik LB, Fraser PA, De Vivo I, et al. 
Gene-environment interaction between HLA-DRB1 shared epitope 
and heavy cigarette smoking in predicting incident rheumatoid ar-
thritis. Ann Rheum Dis 2010;69:54-60.

8. Juge PA, Lee JS, Ebstein E, Furukawa H, Dobrinskikh E, Gazal S, et al. 
MUC5B promoter variant and rheumatoid arthritis with interstitial 
lung disease. N Engl J Med 2018;379:2209-19.

9. Denneny E, Sahota J, Beatson R, Thornton D, Burchell J, Porter J. 
Mucins and their receptors in chronic lung disease. Clin Transl Im-
munology 2020;9:e01120.

10. Holers VM, Demoruelle MK, Kuhn KA, Buckner JH, Robinson 
WH, Okamoto Y, et al. Rheumatoid arthritis and the mucosal origins 
hypothesis: protection turns to destruction. Nat Rev Rheumatol 
2018;14:542-57.

11. Wells AU, Denton CP. Interstitial lung disease in connective tis-
sue disease--mechanisms and management. Nat Rev Rheumatol 
2014;10:728-39.

12. Kolahian S, Fernandez IE, Eickelberg O, Hartl D. Immune mecha-
nisms in pulmonary fibrosis. Am J Respir Cell Mol Biol 2016;55:309-
22.

13. Kinder BW, Brown KK, Schwarz MI, Ix JH, Kervitsky A, King TE Jr. 
Baseline BAL neutrophilia predicts early mortality in idiopathic pul-
monary fibrosis. Chest 2008;133:226-32.

14. Wynn TA. Integrating mechanisms of pulmonary fibrosis. J Exp Med 
2011;208:1339-50.

15. Lo Re S, Dumoutier L, Couillin I, Van Vyve C, Yakoub Y, Uwam-
bayinema F, et al. IL-17A-producing gammadelta T and Th17 lym-
phocytes mediate lung inflammation but not fibrosis in experimental 
silicosis. J Immunol 2010;184:6367-77.

16. Mi S, Li Z, Yang HZ, Liu H, Wang JP, Ma YG, et al. Blocking IL-17A 
promotes the resolution of pulmonary inflammation and fibrosis via 
TGF-beta1-dependent and -independent mechanisms. J Immunol 
2011;187:3003-14. Erratum in: J Immunol 2014;193:5345-6.

17. Simonian PL, Roark CL, Wehrmann F, Lanham AK, Diaz del Valle 
F, Born WK, et al. Th17-polarized immune response in a murine 
model of hypersensitivity pneumonitis and lung fibrosis. J Immunol 
2009;182:657-65.

18. Chen Y, Li C, Weng D, Song L, Tang W, Dai W, et al. Neutralization 
of interleukin-17A delays progression of silica-induced lung in-
flammation and fibrosis in C57BL/6 mice. Toxicol Appl Pharmacol 
2014;275:62-72.

19. Galati D, De Martino M, Trotta A, Rea G, Bruzzese D, Cicchitto G, et 
al. Peripheral depletion of NK cells and imbalance of the Treg/Th17 
axis in idiopathic pulmonary fibrosis patients. Cytokine 2014;66:119-
26.



69https://doi.org/10.4078/jrd.2022.29.2.61

Rheumatoid Arthritis-associated Interstitial Lung Diseases

20. Kotsianidis I, Nakou E, Bouchliou I, Tzouvelekis A, Spanoudakis E, 
Steiropoulos P, et al. Global impairment of CD4+CD25+FOXP3+ 
regulatory T cells in idiopathic pulmonary fibrosis. Am J Respir Crit 
Care Med 2009;179:1121-30.

21. Fernandez IE, Eickelberg O. New cellular and molecular mechanisms 
of lung injury and fibrosis in idiopathic pulmonary fibrosis. Lancet 
2012;380:680-8.

22. Moore BB, Murray L, Das A, Wilke CA, Herrygers AB, Toews GB. The 
role of CCL12 in the recruitment of fibrocytes and lung fibrosis. Am J 
Respir Cell Mol Biol 2006;35:175-81.

23. Cavagna L, Monti S, Grosso V, Boffini N, Scorletti E, Crepaldi G, et 
al. The multifaceted aspects of interstitial lung disease in rheumatoid 
arthritis. Biomed Res Int 2013;2013:759760.

24. Kurowska W, Kuca-Warnawin EH, Radzikowska A, Maśliński W. The 
role of anti-citrullinated protein antibodies (ACPA) in the pathogen-
esis of rheumatoid arthritis. Cent Eur J Immunol 2017;42:390-8.

25. Catrina AI, Ytterberg AJ, Reynisdottir G, Malmström V, Klareskog L. 
Lungs, joints and immunity against citrullinated proteins in rheuma-
toid arthritis. Nat Rev Rheumatol 2014;10:645-53.

26. Audiger C, Rahman MJ, Yun TJ, Tarbell KV, Lesage S. The impor-
tance of dendritic cells in maintaining immune tolerance. J Immunol 
2017;198:2223-31.

27. Klareskog L, Stolt P, Lundberg K, Källberg H, Bengtsson C, Grunewald 
J, et al. A new model for an etiology of rheumatoid arthritis: smok-
ing may trigger HLA-DR (shared epitope)-restricted immune reac-
tions to autoantigens modified by citrullination. Arthritis Rheum 
2006;54:38-46.

28. Rangel-Moreno J, Hartson L, Navarro C, Gaxiola M, Selman M, 
Randall TD. Inducible bronchus-associated lymphoid tissue (iBALT) 
in patients with pulmonary complications of rheumatoid arthritis. J 
Clin Invest 2006;116:3183-94.

29. Reynisdottir G, Karimi R, Joshua V, Olsen H, Hensvold AH, Harju 
A, et al. Structural changes and antibody enrichment in the lungs are 
early features of anti-citrullinated protein antibody-positive rheuma-
toid arthritis. Arthritis Rheumatol 2014;66:31-9.

30. Willis VC, Demoruelle MK, Derber LA, Chartier-Logan CJ, Parish 
MC, Pedraza IF, et al. Sputum autoantibodies in patients with estab-
lished rheumatoid arthritis and subjects at risk of future clinically 
apparent disease. Arthritis Rheum 2013;65:2545-54.

31. Kim JW, Lee H, Hwang JH, Park SH, Lee HS, Kim SK, et al. Factors 
associated with airway disease and interstitial lung disease in rheu-
matoid arthritis. J Rheum Dis 2016;23:101-8.

32. Monach P, Hattori K, Huang H, Hyatt E, Morse J, Nguyen L, et al. The 
K/BxN mouse model of inflammatory arthritis: theory and practice. 
Methods Mol Med 2007;136:269-82.

33. Shilling RA, Williams JW, Perera J, Berry E, Wu Q, Cummings OW, et 
al. Autoreactive T and B cells induce the development of bronchus-
associated lymphoid tissue in the lung. Am J Respir Cell Mol Biol 
2013;48:406-14.

34. Wiest DL, Ashe JM, Howcroft TK, Lee HM, Kemper DM, Negishi I, et 
al. A spontaneously arising mutation in the DLAARN motif of mu-
rine ZAP-70 abrogates kinase activity and arrests thymocyte develop-
ment. Immunity 1997;6:663-71.

35. Yoshitomi H, Sakaguchi N, Kobayashi K, Brown GD, Tagami T, 
Sakihama T, et al. A role for fungal {beta}-glucans and their receptor 

Dectin-1 in the induction of autoimmune arthritis in genetically sus-
ceptible mice. J Exp Med 2005;201:949-60.

36. Keith RC, Powers JL, Redente EF, Sergew A, Martin RJ, Gizinski A, et 
al. A novel model of rheumatoid arthritis-associated interstitial lung 
disease in SKG mice. Exp Lung Res 2012;38:55-66.

37. Redente EF, Aguilar MA, Black BP, Edelman BL, Bahadur AN, 
Humphries SM, et al. Nintedanib reduces pulmonary fibrosis in a 
model of rheumatoid arthritis-associated interstitial lung disease. Am 
J Physiol Lung Cell Mol Physiol 2018;314:L998-1009.

38. Keith RC, Sokolove J, Edelman BL, Lahey L, Redente EF, Holers VM, 
et al. Testosterone is protective in the sexually dimorphic develop-
ment of arthritis and lung disease in SKG mice. Arthritis Rheum 
2013;65:1487-93.

39. Brand DD, Latham KA, Rosloniec EF. Collagen-induced arthritis. Nat 
Protoc 2007;2:1269-75.

40. Schurgers E, Mertens F, Vanoirbeek JA, Put S, Mitera T, De Langhe 
E, et al. Pulmonary inflammation in mice with collagen-induced ar-
thritis is conditioned by complete Freund’s adjuvant and regulated by 
endogenous IFN-γ. Eur J Immunol 2012;42:3223-34.

41. Sato T, Satooka H, Ichioka S, Maruo Y, Hirata T. Citrullinated fibrino-
gen is a target of auto-antibodies in interstitial lung disease in mice 
with collagen-induced arthritis. Int Immunol 2020;32:533-45.

42. Poole JA, Thiele GM, Janike K, Nelson AJ, Duryee MJ, Rentfro K, et 
al. Combined collagen-induced arthritis and organic dust-induced 
airway inflammation to model inflammatory lung disease in rheu-
matoid arthritis. J Bone Miner Res 2019;34:1733-43.

43. Gao B, Lin J, Jiang Z, Yang Z, Yu H, Ding L, et al. Upregulation of che-
mokine CXCL10 enhances chronic pulmonary inflammation in tree 
shrew collagen-induced arthritis. Sci Rep 2018;8:9993.

44. Correia CS, Briones MR, Guo R, Ostrowski RA. Elevated anti-cyclic 
citrullinated peptide antibody titer is associated with increased risk 
for interstitial lung disease. Clin Rheumatol 2019;38:1201-6.

45. Zhu J, Zhou Y, Chen X, Li J. A metaanalysis of the increased risk 
of rheumatoid arthritis-related pulmonary disease as a result of 
serum anticitrullinated protein antibody positivity. J Rheumatol 
2014;41:1282-9.

46. Kelly CA, Saravanan V, Nisar M, Arthanari S, Woodhead FA, Price-
Forbes AN, et al. Rheumatoid arthritis-related interstitial lung disease: 
associations, prognostic factors and physiological and radiological 
characteristics--a large multicentre UK study. Rheumatology (Ox-
ford) 2014;53:1676-82.

47. Kiely P, Busby AD, Nikiphorou E, Sullivan K, Walsh DA, Creamer P, et 
al. Is incident rheumatoid arthritis interstitial lung disease associated 
with methotrexate treatment? Results from a multivariate analysis in 
the ERAS and ERAN inception cohorts. BMJ Open 2019;9:e028466.

48. Huang S, Kronzer VL, Dellaripa PF, Deane KD, Bolster MB, Nagaraja 
V, et al. Rheumatoid arthritis-associated interstitial lung disease: cur-
rent update on prevalence, risk factors, and pharmacologic treatment. 
Curr Treatm Opt Rheumatol 2020;6:337-53.

49. Dai Y, Wang W, Yu Y, Hu S. Rheumatoid arthritis-associated interstitial 
lung disease: an overview of epidemiology, pathogenesis and manage-
ment. Clin Rheumatol 2021;40:1211-20.

50. Hamblin MJ, Horton MR. Rheumatoid arthritis-associated interstitial 
lung disease: diagnostic dilemma. Pulm Med 2011;2011:872120.

51. Morrison SC, Mody GM, Benatar SR, Meyers OL. The lungs in rheu-



70 www.jrd.or.kr

Hanna Lee et al.

matoid arthritis--a clinical, radiographic and pulmonary function 
study. S Afr Med J 1996;86:829-33.

52. Walker WC, Wright V. Pulmonary lesions and rheumatoid arthritis. 
Medicine (Baltimore) 1968;47:501-20.

53. Dawson JK, Fewins HE, Desmond J, Lynch MP, Graham DR. Fibros-
ing alveolitis in patients with rheumatoid arthritis as assessed by high 
resolution computed tomography, chest radiography, and pulmonary 
function tests. Thorax 2001;56:622-7.

54. Kim EJ, Collard HR, King TE Jr. Rheumatoid arthritis-associated 
interstitial lung disease: the relevance of histopathologic and radio-
graphic pattern. Chest 2009;136:1397-405.

55. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, 
Kirkpatrick AW, et al. International evidence-based recommendations 
for point-of-care lung ultrasound. Intensive Care Med 2012;38:577-
91.

56. Manfredi A, Cassone G, Cerri S, Venerito V, Fedele AL, Trevisani M, et 
al. Diagnostic accuracy of a velcro sound detector (VECTOR) for in-
terstitial lung disease in rheumatoid arthritis patients: the InSPIRAtE 
validation study (INterStitial pneumonia in rheumatoid ArThritis 
with an electronic device). BMC Pulm Med 2019;19:111.

57. Moon J, Lee JS, Yoon YI, Chang SH, Lee YA, Ha YJ, et al.; Study Group, 
Korean Rheumatoid Arthritis Interstitial Lung Disease (KORAIL). 
Association of serum biomarkers with pulmonary involvement of 
rheumatoid arthritis interstitial lung disease: from KORAIL cohort 
baseline data. J Rheum Dis 2021;28:234-41. 

58. Inui N, Enomoto N, Suda T, Kageyama Y, Watanabe H, Chida K. Anti-
cyclic citrullinated peptide antibodies in lung diseases associated with 
rheumatoid arthritis. Clin Biochem 2008;41:1074-7.

59. Chen J, Doyle TJ, Liu Y, Aggarwal R, Wang X, Shi Y, et al. Biomarkers 
of rheumatoid arthritis-associated interstitial lung disease. Arthritis 
Rheumatol 2015;67:28-38.

60. Juge PA, Crestani B, Dieudé P. Recent advances in rheumatoid 
arthritis-associated interstitial lung disease. Curr Opin Pulm Med 
2020;26:477-86.

61. Conway R, Nikiphorou E. Treating interstitial lung disease in rheu-
matoid arthritis - the embers of hope. Rheumatology (Oxford) 
2020;59:3589-90.

62. Fragoulis GE, Nikiphorou E, Larsen J, Korsten P, Conway R. Metho-
trexate-associated pneumonitis and rheumatoid arthritis-interstitial 
lung disease: current concepts for the diagnosis and treatment. Front 
Med (Lausanne) 2019;6:238.

63. Gabbay E, Tarala R, Will R, Carroll G, Adler B, Cameron D, et al. Inter-
stitial lung disease in recent onset rheumatoid arthritis. Am J Respir 
Crit Care Med 1997;156(2 Pt 1):528-35.

64. Lee HK, Kim DS, Yoo B, Seo JB, Rho JY, Colby TV, et al. Histopatho-
logic pattern and clinical features of rheumatoid arthritis-associated 
interstitial lung disease. Chest 2005;127:2019-27.

65. Olson AL, Swigris JJ, Sprunger DB, Fischer A, Fernandez-Perez ER, 

Solomon J, et al. Rheumatoid arthritis-interstitial lung disease-associ-
ated mortality. Am J Respir Crit Care Med 2011;183:372-8.

66. Fragoulis GE, Conway R, Nikiphorou E. Methotrexate and interstitial 
lung disease: controversies and questions. A narrative review of the 
literature. Rheumatology (Oxford) 2019;58:1900-6.

67. Dawson JK, Quah E, Earnshaw B, Amoasii C, Mudawi T, Spencer LG. 
Does methotrexate cause progressive fibrotic interstitial lung disease? 
A systematic review. Rheumatol Int 2021;41:1055-64.

68. Druce KL, Iqbal K, Watson KD, Symmons DPM, Hyrich KL, Kelly C. 
Mortality in patients with interstitial lung disease treated with ritux-
imab or TNFi as a first biologic. RMD Open 2017;3:e000473.

69. Md Yusof MY, Kabia A, Darby M, Lettieri G, Beirne P, Vital EM, et al. 
Effect of rituximab on the progression of rheumatoid arthritis-related 
interstitial lung disease: 10 years’ experience at a single centre. Rheu-
matology (Oxford) 2017;56:1348-57.

70. Vadillo C, Nieto MA, Romero-Bueno F, Leon L, Sanchez-Pernaute O, 
Rodriguez-Nieto MJ, et al. Efficacy of rituximab in slowing down pro-
gression of rheumatoid arthritis-related interstitial lung disease: data 
from the NEREA Registry. Rheumatology (Oxford) 2020;59:2099-
108.

71. Cassone G, Manfredi A, Atzeni F, Venerito V, Vacchi C, Picerno V, et al. 
Safety of abatacept in Italian patients with rheumatoid arthritis and 
interstitial lung disease: a multicenter retrospective study. J Clin Med 
2020;9:277.

72. Fernández-Díaz C, Loricera J, Castañeda S, López-Mejías R, Ojeda-
García C, Olivé A, et al. Abatacept in patients with rheumatoid ar-
thritis and interstitial lung disease: a national multicenter study of 63 
patients. Semin Arthritis Rheum 2018;48:22-7.

73. Mena-Vázquez N, Godoy-Navarrete FJ, Manrique-Arija S, Aguilar-
Hurtado MC, Romero-Barco CM, Ureña-Garnica I, et al. Non-anti-
TNF biologic agents are associated with slower worsening of intersti-
tial lung disease secondary to rheumatoid arthritis. Clin Rheumatol 
2021;40:133-42.

74. Manfredi A, Cassone G, Furini F, Gremese E, Venerito V, Atzeni F, et 
al. Tocilizumab therapy in rheumatoid arthritis with interstitial lung 
disease: a multicentre retrospective study. Intern Med J 2020;50:1085-
90. 

75. Wells AU, Flaherty KR, Brown KK, Inoue Y, Devaraj A, Richeldi L, et 
al. Nintedanib in patients with progressive fibrosing interstitial lung 
diseases-subgroup analyses by interstitial lung disease diagnosis in 
the INBUILD trial: a randomised, double-blind, placebo-controlled, 
parallel-group trial. Lancet Respir Med 2020;8:453-60.

76. Solomon JJ, Danoff SK, Goldberg HJ, Woodhead F, Kolb M, Cham-
bers DC, et al. The design and rationale of the Trail1 trial: a random-
ized double-blind phase 2 clinical trial of pirfenidone in rheumatoid 
arthritis-associated interstitial lung disease. Adv Ther 2019;36:3279-
87.




